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Figurel-1. Structures of AA, DHA, EPA and their oxidized metabolites
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Scheme 1-1. Synthesis of (R)-C1-8 fragment
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1-5 : R=PMB DDQ, CH,Cl,
1-6 : R=H 0°C
(82%, 2 steps)

C7le FaxvH ozt o F4~—Ths (719-1-71F. FKEHZ 11 DO=F v FF~
— &AW T, FEOREZRD Z LT, Sz (Scheme 1-2),
Scheme 1-2. Synthesis of (¥-C1-8 fragment
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Schemel-3. Synthesis of C9-22 fragment
H,, Pd/BaSOy, pyridine IBX

14
HO 22 ’ © 17 10 2 THF/DMSO
80% rt
1-8 o 1-9
TBSO/\/\13 (4 eq)
Et,Zn (4 eq.), Ti(Qi-Pr); (1 eq.) o
o (R)-BINOL (0.4 eq.) TBSO™ N
14 Et,O, rt : 22
OH
1410 63% (2 steps) 1-11
69% ee Lipase AK
vinyl acetate
97% ee 52%
S
o 0
N
Zn | X-"0R; DIAD, PPh; | X x)*N
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Scheme 1-6.  Synthesis of lacton& 22 by enantioselective methanolysis
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Scheme 1-7. Synthesis of C1-10 fragmeit30
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,, OTBS 0/> (COCl),
DMSO Et3N

1-26
(dr=6:1)

OTBS O/>
: w
-78°Ctort

—_—
—_—
2 steps B OH 8 S
H 1-27 H
—_— Br 10 OTBS O/>
N
2 steps = 170
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Scheme 1-8. Synthesis of C11-20 fragmetv36
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R A RES L7, 1-37 @ C11-12 7 V% > % Pd/BaSQ % A 7= K F RIS
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Scheme 1-9. Total synthesis of RvE2
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OH

OTBS

RVE2
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%, 1-39 775, (DHQD)PHAL & (DHQ)PHAL % A~ EINL 1 & L 7= SharplessD R4
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Scheme 1-10.  Synthesis of (1R,18R)-, (175189)-C16-20 fragments
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O OH 2. DIBAL-H, CH,Cl,, 0 °C O O0TBS
pt 7 2
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( )2 ( %) \eo
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OH oTBS

0 050y (0.4 mol%) 1-40a 1-41a

M eok/\/ —— KsFe(CN)g 58%, 98% ee
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1-39 tBuOH/H,0, 0 °C O OH 2DIBALH,CHCLO0C o orps
3. Dess-Martin ox., CH,Cl, 17

(DHQ),PHAL (1 mol%) MeO 64% (3 steps) H 18
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1-40b 1-41b

72%, 98% ee
—F., VA= 1-40a B BRIRANT 2 — N 142 ~EFHE LR, TR ARV
Y — N WAL ERIRA BB SUSIC K W CLTLONAR b F % Kis ST
T— h 1-43 B 457, E D% 1-43 025 4 BEFED M TT VT & R 1-41c %157 (Scheme

1-11),
Scheme 1-11. Synthesis 0175 18R)-C16-20 fragmeni-41c
O OH 1. S0Cl, EtsN, CHyCl, 0 °C o 1. BZONH,, DMF
M 2. RuCl3, NalO4, CH3;CN/CCl4/H,0 2. 20% H,S0, aq. Et,0
MeO < MeO - O
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OH O\S‘
11 ‘o
1-40a 142 O
O OH 1. KoCO3, MeOH O  OTBS 1.DIBAL-H, CH,Cl,, 0 °C o OTBS
’ 2. TBSCI, imidazole, DMF = 2.Dess-Martin ox., CH,Cl, 17 A
MeO MeO H 18
OBz 50% (2 steps) OTBS 75% (2 steps) OTBS
1-43 1-40c 1-41c

TOATE R 1-41d IOV THUA—)b 1-40b S REOEHRER THKR S
(Scheme 1-12),
Scheme 1-12.  Synthesis 017R,189-C16-20 fragmeni-41d

O OH O OTBS
MeO —_— U
OH 8 steps H Xw
oTBS
1-40b 1-41d

RVE3®D C1-107 5 7 AL RN 1471370 A X)L h L— R ERET L% G
ZHAWEZ S22 Dy 7Y oIk LR, a7 a— AL
EHCE Y bk L, AE e (Scheme 1-13),
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Scheme 1-13.  Synthesis of C1-10 fragmei47

o
=z 7
o s, 145 0O 0 TsCl, K,CO;4
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ST

1-47
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EmmonsiJSiZ kY Cl1-207 7 7 A v haAp Lz, I3 URIZEY C15-164 L7
g ERME LS, EONIRMEFEEAET D 149 =5k LT-, TMS & BRE L7k,
K7 VX & L= Cl11-207 7 7 A2 b 1-49a L EicE ik L= C1-107 Z 7 A > b 1-
47 L AN S22 1y 7Y ROl MY A 2 1-50a 2457, R U A v 1-
50a (2% L Lindlar 3#5C21TV, 3 2O 7 /L& v 2 b # BRI RIFFIZE T L, 55% T
~FH o 1-5la 157, FDH% 3 BEREOEW AR T, (17R18R)-RVE3 DAL & AL
L7z,

ARERDR BIER T XEFFHIT. RVESIZHAET D 35D Z-7 /L7 % Lindlar i
TEIZ XY —BBECHRELZLATHDL, UKD, ZZT7 T o H BREICE AT HE
FREICHAT, TREDHIR CE 2R e & AR 2 fiSr LTz, E - RoRIC
LFNIALET (ZEE)-F) U ZHATELAD, ZOAMBREOFRE LT
Fons,
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Scheme 1-14. Total synthesis of (IH,18R)-RVE3

1. TMs “
\_~_PO(OMe),
1-48 1
O OTBS n-BuLi, THF H \ . OTBS
> 2. I, benzene A A
H 20 3 K,COs MeOH " N 0
OTBS ® OTBS
1-41a 81% (3 steps) 1-49a
10
' o
TsO" X = J
o) o)
1-47 1 /> H,, Li
— — », Lindlar cat.
Cul, Nal, Cs,CO3, DMF 10 o quinoline
"y A N 20 hexane
TBSO  OTBS 55%
1-50a
N NS I~
3steps
78BSO OTBS
1-51a (17R,18R)-RVE3

Z DD = S>DOEMER (175189)-, (17S518R)-, (17TR,189)-RVE3IZDW\ T, HElzik~
AR IZHEV, B S N7- (Scheme 1-15),
Scheme 1-15.  (175189)-, (175,18R)-, (17R,189)-RVE3 DAk,

(0]
O OTBS — —
. OH
H 8 st S N
steps
oTBS HO OH
1-41b (17S,18S)-RVE3
(0]
O OTBS — —
: OH
H 0 K A
8 steps
OTBS p Hd H
1-41c (17S,18R)-RVE3
(0]
O OTBS — — OH
—_—
H : 8 steps N NF —
OTBS HO OH
1-41d (17R,18S)-RVE3

F 7V HPLC Z# W2 4 DDOE AL & . RIKRHKRD RVE3 & OIRFFIREH O Ll IZ &
D, RRMOSEIRILFT (1ITRISR)-, (1TR18S-RVE3 ThH 5 Z L NHAL N E o725,
WK ERIETATFEO YT AT VA~ —%2 /R LT LT, A% IR6IZ20TO
MEIETE VEARBIAFZEDN ATRE & 72 0 | FURIETEVELISN DO FT = 22 Fn A B D 2 & 3 Wl fs
b,
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1-3. 1420-Vk Fudxv FaAFHyoo@gme 12-8 K F3-17,18
TRFTT P TR

20104F, HEKFOAHGIX, ~ v ARAMEERET VBT 28N BRI
AFEMTIZE D . 0-3 JENiIEToH 5 DHA X° EPA OFHEM N AT 52 &2 R L

- 26

DHA @ Cl14 fiz & C20 fr2ifgfb &7z 14,20t Ku ¥ Rath~f = g
(14,20-diHDHA) X, ¥+ % VIERKFFEE T LIZE W T, 10ngk 7 A & 9 il
HEOR G & THPERREZ 29%MiH 3 25 Rt RIEEEEH T 5 2 E BB 5 M
SN, E7-. 14,20-diHDHAIL, HIERO fTHE— 12/15-V 7R3 47—+ (12/15-
LOX) Z#3H L CWDAFRERCHICAERK L= Z &, 12/15-LOX / v 7 77 b~ AH
K DIFERERTIX, 14,20-diIHDHAD FEA BN K& JHEFT 5 Z LD, RIERFIC 12/15-
LOX 4 L CEAT D Z RSz,

EPA DI LACH & L CHBES Lz, 12-8 e F3-17,18- = RF o ahF L5
T F% (12-hydroxy-17,18-EpETE} X, MLiBfEO A TH L = R¥ L N2 Fir2 =
— 7 IiEEE AT D, RMEAWIX, 2 2DILEMDOIREM TH LN, ZDH HL—203Y
A BV UIEBERFET T BT, 10 ngle 7 A TO P ERIZEINH 225 39%E | 58
HNBFRIEEEZ O 2 LARENTZE, Z D=, 14,20-diHDHAF L O 12-hydroxy-
17,18-EPETED ARy 1 & L COIEMREL A 7 = X LOFRISC, & OBEEDHTHMEN

HE I TWA,
(o]
NS N+ NN N * %
OH OH OH %

14,20-diHDHA 12-hydroxy-17,18-EpETE
Figurel-2. Structures of 14,20-diHDHA and 12-hydroxy-17,18-EpETE

14,20-diHDHA XS X TY 12-hydroxy-17,18-EpETED £ A iR 1% Scheme 1-162 779~ &
BOICTPESNTWS, 14,20-diHDHAIE, 12/15-LOXIZ &V DHA @ C14{7iC SHEE
Db Ra X=XV ERBEASH 152 L7220 192 Z0#% ClALOE R/ R—FF v
ENe Fex v RIGE TSN %, C20 it X R EAINTERT D EE
ZHNTWD, ZOBEAERKT 5 C12-13L C18-197 V7 VX ERE R D,

14SBLE 2 A4 %5 MaR1 b [FEEIC DHA 75 12/15-LOXIZ & » TAK T2 1-52 725
HEARENTND EEZ BN TS T2, 14,20-diHDHA D C140 A ZARELE 13X MaR1 D
Clat Fu X O FE LR —D SEEETH D EHEINTWD,
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Scheme 1-16. Biosynthesis of 14,20-diHDHA

0
. 1215-L0X _ H = on

4 AL 20

OH OH

1-52 14,20-diHDHA
OH
4
| N X > — OH
14 L o o
H 22
OH
MaR1

RVEL, E2, E3)’ EPA ® C18AL3efb S du7z 18-HEPERHI K Tdh % D xf L | 12-hydroxy-
17,18-EpETEI R BRI TR b b RImD Z-7 v/ » i3k Sz 17,18-EpETE
MHAEERINTNWAH EEZEZ BN TWS, 17,18-EpETEN 12-LOX 12 & v EB{LRGE# %
ZAF T C127ic e R VRN EA SN D Z & T, 12-hydroxy-17,18-EpETEN A ik
EnbLEEZHNTWD, 12-hydroxy-17,18-EpETEL R /1 2 PLRIEEME A2 A3 25— 5
T, 12-E Fed oA abRo 2z g (12-HEPE)X°, 12-hydroxy-17,18-EpETED 4
AROHIEMATH D 17,18-EpETE 3 LY 12-hydroxy-17,18-EpETED =R & ¥ R73BH
HLT- 121718+ Vb Redi s a7 7= (12,17,18-tiHETE)IZIE AN
EAER BN, E DT HEEERAITTEMESFEBL L T 5 U CIER I BLIRTZR Y,
Scheme 1-17. Proposed biosynthetic route of EPA metabolites

(0]

P450ms — OH asplrln COX-2
18
\ — T orpaso N
17 18
17,18-EpETE s ox / 18 HEPE 12115 LOX
12 LOX H-13 abstraction

(0]

— S
| OH
a\l: — 17 18 U8 8 . 7/1/ 18
o )

OH o

12-hydroxy-17,18-EpETE 55(6)-epoxy-18-HEPE RVE2
oH OH OH 0o 0o
[ N N— oH — = o
_~J2 . 17 18 \ PR PR
OH HO OH OH hd OH
12, 17,18-tiHETE RVE1 RVE3
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1-4. AWFEOHB

1-3 Tk _72 X 512, 14,20-diHDHAF L O 12-hydroxy-17,18-EpETELIEH (258 /1 72
MABIEEEEZ AL TV D, LnL, v~ 7 RAEPER» 5572 14,20-diHDHA 5 X T
12-hydroxy-17,18-EpETED &3 &E T - 72%°, 14,20-diHDHA & 12-hydroxy-17,18-
EpETED FimfEiE & . —HES O EFRIE, MSIMSHiEHr & UV AT MLinb 2
NEN 14,20-P b R %344772,102,126,16Z,18E- K 2 - ~FH T g, 12-t Rk
-52,87,10E,14Z-17,18 =R F L oA a PR X U EHEE SN, L L., B E
IZH M7 NMR FEBRICHET 2 Z ERRARETH o 72728, 2 b OfE T 2RIk
EENT, b FaFERLTRE Y FONMERIIRRE TH -7,

AWFFETIE, AHLICE > CTHEESNEZFRIEEAT 4+ =—4%—Tbh D 14,20-
diHDHA 13 X OY 12-hydroxy-17,18-EpETED &4k & HIN L Lz, BERIIZIL, 522t
ERTE & EETETEM BIAFZE 2 L8P I Adu, Figure 1-31279° 8 R vkl =R ¥ v
FEITBT 2 ATREZR SE AR B 4 T (14R,209)-, (14S,20R)-, (14R,20R)-, (14S,209)-diHDHA
B L T (12R)-hydroxy-(1518R)-, (129-hydroxy-(15,18R), (125)-hydroxy-(1R,189-,

o o)
== OH == OH
_ A _ PN
OH OH OH OH
(14R,20S)-diHDHA (14S,20R)-diHDHA
1-53a 1-53b
o o)
== OH == OH
_ AL _ A
OH OH OH OH
(14R,20R)-diHDHA (145,20S)-diHDHA
1-53¢ 1-53d
_ OH _ OH
L _ _ _
OH o] OH o)

(12R)-hydroxy-(17 S,18R)-EpETE
1-54a

(12R)-hydroxy-(1R,189)-EPETE DA K Z1T 9 Z & & 3t L 7=,

(125)-hydroxy-(17 S,18R)-EpETE
1-54b

_ OH _ OH
L _ L _
OH ) OH o
(12S)-hydroxy-(17 R 18S)-EpETE (12R)-hydroxy-(17R,18S)-EpETE

1-54¢

1-54d

Figure1-3. Four stereoisomers of 14,20-diHDHA and 12-hydroxy-17,18-EpETE



ATEN Tl 7= & 9512, 12/15-LOX X DHA & ORUi T CL40LIC SELE THeE 238 A
SNDHZERMBENTNWASZ D, 14,20-diHDHA® Cl4 bt Fax it SHEET
b RIS, Lo LAMIZETIX, C14,20071C B4 2 AIRE /e A AR BAMER 4 Ff &2 A
% L7=,

F 72 12-hydroxy-17,18EpETEZ D\ TiX, EPA OKGD Z-7 V7 VU inffb & iz
17,18-EpETED Cl12fiick Fr ¥ v HENEAINIZEEZZ BILD, ZDTD CL12ALD
SR & VA CLT-18 7R & 3 RODNLARIL T DUV TR REZR YA SR 4 T 2 B Rk
L7z,

A G SCTI, 5 2 %2 T 14,20-diHDHAD 24 1%, 5 3 #(2 T 12-hydroxy-17,18-
EPETED AU HOWTIRAD, o, AFEOWBRE TR I T V¥ -390 k
SR AN LT Z2T7 N VTR T DO W T 4 B 2R 5,

¥, AW TERR LI NLREMER & KR & O HPLC 3#TIE A H HIZ L - TiTh
Y. DHA 3k o K8k ¥ 1% (42,72,102,12E,14S,16Z,18E,20R)-14,20- & R o & -
4,7,10,12,16,18-F == # ~ F% % = » i (1-53b) ** . EPA M X ® K K W i1
(5Z,8Z,10E,125,147,17S18R)-, (5Z,8Z,10E,125,14Z,17R,189)-12-t K 1 % -17,18<L 7K &%
-5,8,10,14- 1 297 b T = g (1-54b, 1-54c)31 T 5 Z E NBICH ST E T,
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AKEETIL, (42,72,102,12E,167,18E)-14,20 & R 11 % +-4,7,10,12,16,18F =1 -~ H
T UM% (14,20-diHDHA) @ C14 5 LN C20id b K u & VISR ZRIZBI 5 4 oD
NEARFPER D IR A BIEIZ DWW TR D,

JBE AT 4 ==X —DERITFHE —FE TR LA BIOIEN, B DT NV—TI1T X
STHEINTWD, ZNHLOEKEZBEL T, KU = ALBEWOEREE %2 3 T HER
IZBET HREZEEUTICRT, EMFHIE~OREME G2 B & T 285680 %
Wi, B EEMOME ORI NEREND, T2bb, Ot KafEo+5y7k
%?%E\@7»7V®jWM$@%ﬁﬁ%%éhézgﬁ%é F-. @A —L
T TR R AR ET DONEMNTH D, £ DO OITIFIERN 2GRV — b
DEENAARETRD, OBLVQZFEBLTLH20D ii‘%rﬂbf:t [N -SSR
W B ARE R TR L LW &%%aﬁéfﬁgAﬁ/I/
FY DT AROKBITHERE T 2008 EE LV, £/, T7 UREEIZIIN AR
72 Ot (Wittig, Horner-Wadsworth-Emmons, Julia-Kocienskijii: 72 £) Z W5 &9
SEEORIBENAE L D7, SARFRRA 72RO (Lindlar 325672 &) 2@ L7215 2 &
WEEBZTz, @FERBTH7-DI2IE, WO AL — O, F7-. & List
TO HPLC FflZ B L LW E L — F O ENEEN TH S, L EOFHEZRE
Z ARG AN E LT,

14,20-diHDHA (2-) DA f#dT % Scheme 2-1279, ABKTIX, 7F D%
RIS A R KRIBFIAT 22 & L, 7725, 14,20-dHDHADH T 5 Z-7 )V
I BATHINT D 22 DNET X OEZETCICEIVEETHZ L & LT, 221%
CL-1MAZICARYE T2 U A > (2-3) &, C12-221C48Y ¢ 5 3 b =)L (2-4) & &7
WX = REHWCEED v 7)) 7LD ERET 22 23 B Lz, MU A2 2313,
7= REHAWE 2RO S2 K2 LY 2-6, 2-5, CLO-1100IZFHY T 5 2 fkFE
=y MEIERERET L2 E L, —F, 2241328 OB E LT AF=FRD, 7V
¥R URER 2-7 12T DR G D%, 3 — FE= HRIC KV AR TE D & B X7,
BB, ENTNRFEM R 2.7 B LN 2-8 DAAEDEELE XD Z & T, 14,20-diHDHA
? Cl420f7IZB¥ 5 4 FEIREMEEZGR T2 & L Lic, REAMGHEIZE S
(14R,20R)-diHDHA DA IZ—EHIHIZ L » TiTbizt L, 27 &L 28D 75 7 A
¥ PRSI T AR EFHEEOZ LS, FAMMO (14R,20R)-diHDHA D #iE D
REIZRERMER DV | BERESCED TN RICHET 2 2 &1 TEhholz, £
T, BEGEREEORME 2 EA LE L, BBLME, ML § I RAF72 14,20-diIHDHA O A Rl
i3 AVAC R RN DY e
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Scheme2-1. Synthetic plan of 4 stereocisomers of 14,20-diHDHA
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22, Cl11 757 A2 NDOERK

MU A 2-31%, 7 vF= 2R SN XV ARk LT, BEE LG TH 5
K7 Ny 2-62& AR L OUREE > v A3 CUE LT, JGRFTHT L X =R
& L7t by b— b 2-502xE T D oREZEWREOS A T S, VA 29 2 457- (Scheme
2-2), 25 [ TEREDOT NV a— L EFT LN, T NAF=ROT v b AIZ X DD
FHEX SN -T2, K7 V¥ (pKa25) IZEIMENT D & pKald 10FEEIK T35
% O, KEBEYTADL ) RFHWERLTT e h O EENAREL 20 | IR
MR EETHT VX = RBNER LT EB AN D, £, ARISITE W TIE SN2/ A
BOT O ENBEINTZN, 25 BNETAF U THLHI2D, T a0 NfLo A F
VUMNIRREE 2D HIIO SN2 T X = b OHPHET LT, COMOFE—fke N
2XUHE 12-BR (VT 2= )LIRAT 4 /) =4 (DIPHOS) & WERAVKRSE Z VT
TaEEANEEBOLT R, T o VR X D R E O SN2 SJUSEITV, BIWO b
VA 23%8M LT, SO A2 2347 NVTa VX% 20AT 5
IEFBNCARLEREED T2 FRZE HIZROUE~E LT,

Scheme 2-2. Synthesis of C1-11 fragme2+3

9 Cul
Ho 0/> Nal />
/\/OTS + No CSQCO3 w
o 4 DMF, rt

2-5 5 2-6

0/>

=——MgBr, CuCl
CBry DIPHOS B> .~ o 9
THF, rt

2410

CH,Cly, 0 °C

W\*3

3 (26%, 3 steps)
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2-3. Cl2-22 757X FOERR

2-3-1. 7 b 2-13 AR

C16-227 5 7 A F 22131 HilRD E-7 BEE =L h U AF LT 211 12%bT 5
TIWEIZ LY 2212 %7 e~A R4 RO LLIRAEWE LTEL%, TMS T
FL U EOEED v 7Y 72Xk 0BT (Scheme 2-3).2-12, 2-13 X2 {Kih s b &
MThHdHIZD, h7br7a~v N7 7 4 =X —T VI & DIREVIE
s & L CTHWE,
Scheme 2-3. Synthesis of keton2-13

TMS—=
Cl Cul, EtzN T™S
B~ T:(\ AlCly X2 Pd(PPho), N2
™S E—— >
o THF o
2-11 CH,Cl, 0°C 212 78% (2 steps) 2413

X=Cl or Br (1:1)

2-3-2. C200i%7 b v DARFKEIEI

C20 b FrF I BT, 7 h 213 DAFEICIZE Y =F o FARRBITHEES L 2
&L L, 2-131Ckf¥ % CBSIE L A fix Mt L7- (Table 2-1), Z ZCi, 2-15a% 5-%
H(-AFH PR Y P 2-14a Z MV, Rz 2 M EO(9-Me-CBS A&
Aue Yl 224 &0 BHrMeS # AW\ E 2 A, 2-15a FRELGELNDI HEDOD,
AFIHEIL 79% eeTh > 7= (entry 1), REIFTITCBSFIKIZI L T, ia% D BHs Me:S
ERWETZH, IO REEEREERETRT CORTEILNEIT LT EE T, T2
T, BHzMeS OYEZ O LI G2 Aoy, T OIS TIIINE, AFIERLIZK
ERTT DR L o7 (entry 2), — ., ISEEAZ SV 7 H CHLCLIZZER L
el Z A RFDCRIL8TWIM LT 5 Z & &2 LA, i dDwn < RFNEE TR D
>72 (entry 3), hx=rH CBSHRIEDKRUFR T LOEHRKEZ -7 FNICEET S
&L REMICAFICEEN M E L, B Z2 SEIRICE S Z L3 k72 (entry 4), La»
L. entry 5CIZZ ORIEDOMAGOETHUEL LYE~LEHOLT &, RHFDEENRKE L
KFT5Z LD, entry 4% REFRITOEEFICRE LT,
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Table2-1. The asymmetric reduction of keto2d.3 with the CBS reagents

H Pho,
N 0
B
 2-14
R a
TMS S (S)-R-CBS oxazaborolidine 2-14a TMS
N BH;-Me,S X _
o toluene (0.1 M), -78 °C OH
2-13 2-15a
entry R=  2-14a(eq) BHzMe,S yield ee’
1 Me 2.0 2.2 quant. 79%
2 Me 2.2 1.8 1% 33%
3’ Me 2.0 22, S99% 87%
(including impurity)
4 n-Bu 2.0 2.2 64% 96%
5 n-Bu 1.0 1.1 80% 78%

a The ee value was determined by "H NMR analysis of the corresponding MTPA ester.
b CH,CI, was used as a solvent.

ALOGTHEFE LTz e R e % oA b2, B MoshenE212 X v P7E LTz, 2-15a
DF ke Rr¥Hicx L, MTPACI ZZi 4 EN, DMAP % HWWCTHia S,
MTPA = AT L EZHR LTZ, fW\ T, fR MosherEDERIZHEV, 'H NMR A7 |
NPT 7 MEDZEZ KD, C20 B K T IO TARBLE 13 RELE & RE LT
(Figure 2-1)

™S
X 009 (R-MTPACI — 2-15a: ResH——————
N Et;N, DMAP [ (S)-MTPACI
0.08 0.11 CH,Cl, 2-16a: R=(S)-MTPA Et;N, DMAP
e CH,Cl,
OR 2-16b: R=(R)-MTPA ~—

Figure2-1. Determination of the absolute stereochemistry at C20. The numbers are
difference (A 8) in the'H chemical shifts betweet16a and2-16b (A § = §(2-16a) — §(2-16b))
in CDC|3
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(R-n-Bu-CBS-AFH ¥R U 2 2-14b % v 7z 2-13 DIEIL b [RERIZITV., mDA
HUILHE T C20HZI SEED E Fu X a2 HF9 5 2-15b #137- (Scheme 2-4),
Scheme 2-4. Asymmetric reduction of ketore13

Ph

C?X :
o)
N-g"  2-14b

Bu

T™MS S (R)-n-Bu-CBS oxazaborolidine 2-14b (2 eq.) TMS S
N = BH;-Me,S (2.2 eq.) \/\/\
o toluene (0.1 M), -78 °C 6H
213 65%, 96% ee 2-15b

2-3-3. BETNXF=ROZ Y ¥ K= ~OMNMKIGIZED Cl2-22 75 7 A FOA
04

TR RECED C20k Fr ¥k KA T 25 2-15a % JHN T AEHIZ OV TR D,
REFRILTHEON- 2-15aD RuF v iks TBS=—7 /L& L, C16/LD TMS ZDkR
EEITV, RIT L% 2-8a~L#HE L7- (Scheme 2-5),
Scheme 2-5. Synthesis of terminal alkyriz8a

™S TBSCI 'MS N
16 20R o R R
= 5, imidazole = K,CO, =
OH - —_— OTBS
DMF oTBS MeOH
2-15a 2-17a 68% (2 steps) 2-8a

BEWT, T v¥ v 2-8ax W=7 Y & R— L8R~ D BB R X 5 C12-22
T IR NOARKRAERE L=, Scheme 2-6Z1% 20SHEE D 2-8b & H\V /= Hi{EH D
RERLIZ, ZORIGTIEL, 77Uy R8s 1 Y& ERHWEICHLED LT, i
Bt cd b 2-80 NHAEET, BIOMOILRITHRREICE -7, £/, B & RS
D7V R—=LFFEREDSEREUNANETCHL LV MENRD-T-, S HIZ, 2-18a
D Cl4t FuF o TBS=—T7 ULIiZB W T, AT L7 u~ 7T 7 ¢4 —EROK
2. D TESEN —HFREIND Z ERHE I TV,
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Scheme 2-6. Masuda’s result

13

14 15
TESO
/\Z (1.2 eq)
16 L
X 2-7a 16
N2 TESO N "
: 2 . OH "
oOTBS n-BuLi (1.2 eq.) :
BF3-OEt, (1.2 eq.) OoTBS
2-8b HE 278 °C 2-18a
66:% (containing 2-7a)
TBSOTf (2.0 eq.) " 14
2, 6-lutidine (10 eq.) TESO T N HO/\I/\/\ZD/\
CH-Cl,. 0°C oTBS 7 + oTBS 7
e oTBS OTBS
2-19a (>54 %) 2-20a (<33 %)

ZIZTID2RICODVWTEVFELLRRZBRE LT, TORME, 2-80hbiFE LY
FUOLTNF=RE 2.7 0D S22 USTIE, R 7 V¥ DOfi7m b AL +5H#4T L
TR, HHWEZ Y ¥ F= A F 8RS, £OMOREICEENDKITEY 7%=
RR78 F AN TNDZ ENEZ N, £ Z C U FORICHEE LS EIT> T2,
(1) BEHZ Frm 3 2 TV, BUBHS & £ 5 K33 RS LT,

(2) FUSEEED THE X0y 7 = ) U FUNBARRE LT,

B) =7V kAR TVFEIIPOs LVEE LT bDET KIS LT,

4) VFouLTNF= RERKZRESESHT, nBuli 2-78 EETINx7-%. %% 0
EETHIR LT,

(5) BRlzZLV@EIITADE ), U R—)L 27 % 282k L. 0.854&H -,
ZOREF, BEMER < BRO 2-18b % 64% TCTHIEEL 72 (Scheme 2-7),

Scheme 2-7. Investigation of nucleophilic addition with protected glycidalb

n-BuLi (1.1 eq.)

-78'to 0 °C, 30 min.;

BF5-OEt, (0.9 eq.)
13

TESO” "
o

2-7b (0.85 eq.) 1315
X _ -78°C, 1h TESO ¥ _
22 THF OH 22
oTBS 64% OTBS
2-8a 2-18b

ZOEETT, ZU Y R— B8RO F o F A ~— 2-Ta O TCREDORISZ1T >
2o COEGAELHHLL 22180 DT AT LA~ —{KTH 5 2-18c = 15%7- (Scheme 2-8),
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Scheme 2-8. Nucleophilic addition with protected glycid7a

n-BuLi (1.1 eq.)
-78to 0 °C, 30 min.;
13

TESO” 7"
O 13
[ 2-7a(0.85eq.) TESO N
X
16 s : 7810 -40 °C, 2 h oH A
oTBS THF otes *
2.8a 79% 2-18¢c

2-3-4. Cl2-227 7 7 A > N DAL

2-18 ® Cl4 b FuF 3o TBS =—F /LT, 2-3-3 TilR_7= K 912, KRR
TESHEO—HBREINTLE Y LW MBEARD o7, £ 2 THAMH LR, A
FIGTELND 2-19 1%, HERHORETCRLETHY ., 17 2B CTT U B
T E~OEFFHFRIN RV E . CI3LD TES KA BRESN S E. TBS HKOBRELE Z
D ALAYORINENE LK TT 52 208 bhotz, ZORDMKIGEEIE L, SO
Licth, YUBTNDYa— N7 AL TR ZREL, ) VEDRBRE S
RN L ERERR LTtR, BEREAEEL, AT o7, ZTOFRIREHWSZ LT,
FEtOT7 va—izxt L, 1.1 480 TBSOTR, 2.4 %4 &0 EtN 2{EHEE 5 2 & T,
HEY® TBS =—7 /L 2-19b Z FBIME L < 57 (Scheme 2-9)

Scheme 2-9. TBS protection of C14 hydroxygroup of 2-18b
TBSOTf (1.1 eq.)

TESO™ Y "\ Et;N (24eq) TESO™ Y "\
OH = —>CH PP OTBS
0° tort
OTBS 2V OTBS
2-18b 219

fEV T 2-19b D TES KA | PPTSA AW 7o Sk T TEIRAYICERZE L, B Y4 2-20b
% 2 BePEIN R 66% C157- (Scheme 2-1Q) 2-20b @ b K % 2 Jk % Dess-Martinfig{b L
TT7 AT e R 221b & LTz, &% THRID A% 3 VIRAREC P CE A L 7 1 v 18%%
1TV, ERD 3 7{b e =/ (14S20R)-2-4b #1572, Z DS TIX Z KD 3 vk e =%
LGN o T,
Scheme 2-10. Synthesis of C12-22 fragme2db

TESO PPTS HO™ Y N
o =
OTBS ~ MeOH/THF OTBS |
2-19b OTBS 66% (2 steps) 2-20b

DMP |

NaH003 _ CrCh, CHIs 12/ éTBS\\ _ 2
CHZCIZ OTBS THF/dioxane

OTBS OTBS
7% 2-21b 68% 2-4b
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2-18b 75 2-4b DA R IZIEVN, 2-4b DT AT LA~ —Tdh 5 Cl2-227 7 7 A
¥ b (14R20R)-2-4c IZ DWW T b [FEIERIZA R L7 (Scheme 2-11)
Scheme2-11. Synthesis of C12-22 fragme2wic

TBSOTf (1.1 eq.)
TESO Et;N (2 4eq.) TESO
= N OTBS
OTes  CHoClo, 0°Cto rt OTBS
2-18c 2-19¢
DMP
PPTS /\l/\/\l/\ —»NaHC03 /\l/\/\l/\
OTBS =
MeOH/THF oTBS CH,Cl, |
63% (2steps) 2-20c 85% 2-21¢c
[
CrCl, CHI; 2 A
- . otBs 2
THF/dioxane OTBS
61% 2-4c

—RBZ - EF T AT RI=EA VLI WEESNTWDA, 77Tk R
2-21b BN 2-21c 1B W TH, CHANOZE X (AT L TRV, fERTHZ
Elli, L, YT AT LAY—ORKRTH D 2-4b & 2-4c D 'H NMR L[ —Th
D (2-4b : Sr12 6.33 PPMPu13 6.64 ppmM2-4C : du12 6.33 ppMniz 6.64 ppm) L5 7 D
EONSZE A VLOFBEMGET D52 LIXTE R o7z, £ T24b,2-4c DV Vv
KE2ENZFhBE L%, (9-MTPACI TAUEL L, B A(R-MTPA = 25 /L 2-22b B L}
2-22c ~L#FHE L7= (Scheme 2-12), C12,48 D 'H NMR{b¥> 7 MEZ IR L7- & 2
5, 2-22b & 2-22c M TEN L OILFEY 7 MED R D Z & MR8 LTz (2-22b: 61126.19
ppM, dr1z 6.25 ppm2-22¢ : S12 6.05 ppmoniz 6.11 ppm), ZALE12-4b I L O 2-4c ) 7%
ELUIALEOFIZIE, 'H NMR T2-22c 8LV 2-22b O v — 7 BBl S Lz o 722
EMD CLANEO=E A VRIZEEE TR Efim L7,
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Scheme 2-12. Confirmation of no epimerization at C14

/— 5 6.64 ppm /— 8 6.25 ppm
H H
| i 1. TBAF, MeCN | »
= % _ reflux, 25 min = S
'1\ OTBS 2. (S)}-MTPACI ) 0.0 &
oTBS
5 6.33 ppm CE:ENC’:PMAP 56.19 ppm MeOI 00
2.4b 2> Ph” CF3  MeO., o
2-22b Ph 8
’/— 5 6.11 ppm
1. TBAF, MeCN N

reflux, 25 min I~

o

2. (S)-MTPACI /H
EtsN, DMAP 0._0
C}f"ZCIZ 8 6.05 ppm MeO:,
P’ CF3  MeO.,
CF
2-22¢ Ph 3
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2-4. (42,72,10Z,12E,16Z,18E)-14,20- & R u ¥ --4,7,10,12,16,18-

Rap~FH = BOERKR

2-4-1. WEAS v 7V T XD CLl-11B LN CL12-227 7 7' A v h i

22BN 23HTENENER LI CL117 7 7 A 23 &, Cl2-227 5 7 A
k2-4 L E@EIEED v 7V 7Bz kg L7z (Scheme 2-13), = v kb =/2-4b |Zx}
L. FUAr23% 1.2&M\ ., Pd(PPB)s% 15 mol% Hifkéhi 30 mol% HEH:L LT
EARY DR IOYEHNNT, XUBUVHRER TS EITo7E ZA, HEWDOT 7
/1’ v 2-2b & 70"/0@&%3(“?%7‘10 AKEJNE 240 DT AT L A~—Th 5 2-4c =AW=

A b FRIERICHESIT L7z (Scheme 2-14), Z U2 & ¥ 14,20-diHDHA D3 X T DR FH

%ﬁ?é 22 DERITII LTz, 222 1FBEHEOZF T NT a )V, ZEEGZAT
DAL FENCRO CTREE Th o272, 3 <IZRO Ot L7,
Scheme 2-13.  Synthesis of full carbon structure by Sonogashira coupli@gibfand2-3

o

Zz N~z T1°

' 23(12eq)
Pd(PPh3)4 (15 mol%)
Cul (30 mol%)
piperidine (3.0 eq.)

-

112
/
T 2
OTBS =
benzene, rt

OTBS 1"
70% 12

OTBS 0TBS

2-2b
Scheme 2-14. Synthesis of full carbon structure by Sonogashira coupligdafand2-3

2-4b

2-3(1.2 eq.)
Pd(PPhj), (15 mol%) o
I Cul (30 mol%)
= [ piperidine (3.0 eq.) ‘ ‘ - - 10
OTBS benzene, rt = — XX 22
OTBS 70% OTBS OTBS
2-4c 2.2¢

2-4-2. SEPRD HEEDOIRET

2-4-1 THELNTET FIA 2 22 ODNETIVF 2 D Z-T N7 v ~DEW T, K
BRI 2 ODT N AFIET, 4 ODT NVF oL 2@t L, ~X2 Yoo 2559 &7
LTI BB TH D, £, 2-212xF9 5 LindlariE gt & Bt L 7= (Table 2-2),
REEDOr v FOEWZ LD HEMEDR T ZBL <o, FISZITmR Tl <, AL
7= Lindlar il & Fiu 7214, 2-2b (%19 % Lindlar e N & CfE Lk Liz720, ZO#RE
il A8 L. BUSZIBEF L7 (entry 1) L2cL. 2-2b (ZHKT 20D, C16-177
w%/%ﬁﬁémA%zmb&EMWZMbincLT TRELIZ S < BOSIBERAN A
HThoTl, RINEKRDOEEIITIZE W TR ILEDFEDHER SN b, BEAh
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DILEY) 2-24b ZEHNCHEL Z L IFREETH D Z L3572, CL6-17TT /L F DR
JCIHFEDMBLD T L% AR OIE, RIS FET D CL14,20070D TBS =—F /LD
BEDEDTHDLEEZLND, AWEERBRICHE T 5 720121F, MEOEWEAEY
EERLRITIUTR OO T, BILRELRaia L, 2-230 ZRINMICHL 2 & &
L7z, PdBaSQ%x HWWCiB LA {To72E 2 A, 3.8: 1D T, 2-23b 73 2-24b 1Z%xF L T
HIRIIZAER LT (entry 2) & 512, Lindlari#tic B\ C TLC EEEMITIC L D EE
R PG EBHS 5 Z LT, 2-230 BIRIIZA KT D Z &0k L7z (entry 3) JIEFE A
7 L% W2 HPLCIZ T 2-23b & 2-24b O BESIE AT LTey, T b2 0BET 25
XA OB R oz, LinL, BIARVERHEES ) B ZF v W56, 2-24b &
DOBENFTRE L 720 . 2-23b Zflidh & L C 55%D IR CHEE L 7=, = O EIZERMEN
<, 2-23b D REEEAFREL IR o7,

Table2-2. Partial reduction 02-2b

Ly

H,, quinoline (12 eq.)

. hexane, rt
OTBS OTBS
2-2b /> O/>
— — (0] — — (0]
‘ Pz 16 17 X ‘ P o N
OTBS OTBS oTBS OTBS
2-23b 2-24b
. result
entry conditions
2-23b : 2-24b yield
1 Lindlar cat. (up to 500 wt%) 1:53 223band2-24b
30%
2 Pd/BaSO, (up to 830 wt%) 3.8:1 N.D.
. 2-23b
0 .
3 Lindlar cat. (up to 400 wt%) 5:1 55%)
2 NMR yield

b 2.23b was purified by COOH-supported silica gel (Fuiji silysia).
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(14R,20R)-2-2¢c IZ DT & [AIERIC Lindlar i £ 21T\, 2-23c % B L 7= (Scheme 2-15)
Scheme 2-15. Patrtial reduction of tetrayri2c

Lindlar cat. />

| | — — (0] quinoline (12 eq.) | — — (0]
_—
F — "X hexane, 0 °C = — X
OTBS OTBS 55% OTBS OTBS
2-2¢ 2-23¢c

2-4-3. C16-177 /L% DAL 2R AR T

2-23 /5 C16-177 V% DERIHE LA FE T, 14,20-diIHDHA~ L §FE 45 < | =9
DA % %% LT- (Scheme 2-16)2-4-2 T C16-177 /L% > @ Lindlar iZc3Mlod 7
X ATK L TEVOIE, C1l4,200LD & FEV TBS A 2 EEIZ X USRIV S 4T
WHZDELEEZ-, £ T, R 1L LT, C16-177 v F &2 Lo E, 2-25 ~
LN, KBS CL6-17T VX U DRI AT O T LT XV 14,20-diHDHA
ZA T DRt & N T, 2-2515 9 TIZ C14, 200 N AR EDO & R X TH 5720,
SEARBEEN D 72 TR URFRIGIGE TN EIT TV BRGNS LB X T, F
72 14,20-dHDHA ME T oMz M ET 5. XM T4 77 v AT
14,20-diHDHA K U F 7 MMESAZ W5, 2 OEGRIKZ ST 2B, Bl i f& B
TRIFULEEATDHZENEE LD, ZORKE CREDNEMR TEIIE, AR
2R U FULERIADEGR b FREL 2D B R T,

—J7. g2 L LT, 2-23 2% LT Lindlar i#c LSO T )L o D ER 43R TG % i
T4 LT, AKRINTIRAA o712 C16-1TT V¥ L 2 o ZBIE L 2-24 L L=, W
~NEFHETDH L EFE LT,

Scheme 2-16. Two synthetic strategies toward 14,20-diHDHA

0/> Q
= — o} route 1 — — OH
_ 1617 L - = 1817
OTBS OTBS OH OH
2-23 2:25
route 2
\ ¥
0/> ]
&S — (o} — — OH
o -
% . % .
OTBS OTBS OH OH
2-24 14,20-diHDHA (2-1)
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2-4-4, ¥ 112X % 14,20-diHDHA D 425 &

FPRKE 1 E2ME L7 (Scheme 2-17p-23b O 7 & % —/L % TBS =—7 VIF/E T,
FER I B D FEPIZ L0 BIREITIR L, 747k K 2-26b & L7z, IRWT, TT
b K% Pinnick B2 L0 VR VB E L, TBAFIZ XK 22 U VEEDBRE 21T\ 2-25D
1T,

Scheme 2-17. Transformation of-23b to 2-25b

O/> (e}
TMSOTT, 2,6-lutidine; L o NaClO,
| 0 HZO | H NaH2PO4'H20
= N = X - =
z — CH,Cl,, -20to 0 °C : - 2-methyl-2-butene/
OTBS OTBS OTBS OTBS t-BuOH/H,0
2-23b 2-26b
o
| — — OH TBAF | — — OH
—_—
= Y - X THF F v — X
OTBS OTBS C
56% (3 steps) OH 2-25p OH

fEVN T, 2-25b 225 C16-177 /L% DAL BRI 72 e 2 st L7 (Table 2-3).entry
1 CTIHEIEAR B BEFE L7z PAIPE 2 TV T2 KBRS 2 kA T2, Z OfiEEiX Lindlar
b ~TEPEDME S L BT VT ISR L TV T | ROSHEDEWT L A%k
PR ITCHDR D E VWO FrRZA L TWD, LAl 2-25b IZxf L CZ OIS Z I L
T Z A TAXET AT OBILEREIZEN L BELEBELNL DA TH -
7. & ZC. NBSHBZFIBRIA L Lizv A 2 R ailAT-, ZOKETIEX, B9 2-1b
IFAERT D OO, EEOBERRIE ORIARY 2R L= (entry 2), IRW\T, &=
A VDTINF BRI Z-T NV o~ EIRITET D Z E N TE D Zn(CulAg) & W
TG ZE T-72 (entry 3), LovL., HHIXE &S CIIBHI T 200, @il
THEE RS 5 Z L1 TE R0 o7, P2-NPZ W 5AITIE, &< SUSAEIT L)
-7z (entry 4),
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Table2-3. Chemoselective reduction f25b

2-25b

entry conditions results and comments

H,, Pd/PEI (large excess)
dioxane/MeQOH(1/2, viIv), rt

Cr
SO,NHNH, 2-1b and some products (unknown structure)

NBSH, EtzN were detected.
i-PrOH/THF (1/1, viv), rt

Only over-reduced products were detected.

3 Zn(Cu/Ag) TM was detected by ESI-MS, but
MeOH, rt it was decomposed under concentration.
P2-Ni
4 H2N/\/NH2 No reaction was occured.

EtOH, rt to 50 °C

Lﬁ@@ﬁfmzab%@ﬁ%:ﬁé:&ﬁm%f%okt . INHDORETHEDS
N5 2-1b LEIERY TH HiEETIE L OB R A M5 L7z, Table 2-3 T 6L/
2-23b, 2-24b B L OufEE %@@ WE 3 TROEHZR T, (14S20R)-diIHDHA % &
TIRAW~ L E - (Scheme 2-18), Z DEEC2042I1ZBA L T 76% den b &a¥ & Hv iz,
Scheme 2-18. Total synthesis of impure (520R)-diHDHA

7D DU

| — — o . | O 4+ overreduced product
= X\ X P . 20
OTBS OTBS oTBS OTBS
2.23b 76% de 2.24p ~ 76% de
1. TMSOTf
2,6-lutidine

CHzclz, -20°Ctort

2. NaClO,
glﬁétiai‘féﬁene + over-reduced product
t-BuOH/H,0, rt

3. TBAF, THF

76°/ de 76% de
2-25b 2-1b (14S,20R)-diHDHA

HoNTZIREW D HPLC 4 ﬁ*@%@ﬁ&ﬂbtﬁ% IE¥R D 1 = 2% VY, EtOAC
& CHCL ik & LI Ga i — 7 0353 L7z, Figure 2-2127r4 2 DD — 27 ZH
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BE L. "H NMR, ESI-MSIZ £ 0 Z L E i 2 M8 L7z, 2-25b (peakD) & 2-1b (peak2)
\“%ﬂ ETHDHHDOD, peakdld 2-1b LB LKDIREM Th o272, Zh b
DEEIREECH -7, ZOREENS, 2-1b LiEE TN HPLC & v C b B Al
ﬁ%é&#%bko%_?ﬁ%l%Mﬁb\ﬁ%Z;(a@ﬂmdmmmmia
il rle, ZOES, C16-17 7 /L% & DR IUITMRD TE B F&E R CTHEIT L, Sl
D228 %1FDH T ERMEE D,

condition : Normal-phase HPLC Inertsil®10x250 mm
EtOACc/CH,Cl, 20-50% (1%AcOH), 2.5 ml/min
Detection : 238, 254, 270 nm

s
=
3
:

-

20.0

30.0
Retention Time [min]

+ over-reduced product

OH OH OH OH
2-25b 2-1b
The structure was determined by ESI-MS

Figure2-2. HPLC chart of the mixture d-25b, 2-1b and over-reduced product

2-4-5. &% 212 X % 14,20-diHDHA D &k

2-4-2 THWAKBIRINT L 238 I01E TR, 2-23 D C16-177 /L > Z B INAIZER L T
T LAHREMENMEWE B 2| OGO R B 28 cikaRlAr b L b Lz, Thbb
B 51 L > T Lindlar 2t Dfllik & UL THE SN2, 7% -a200 MERDIRITTH
it = L MUEBOSR % 5P T, ARIFIRC & 2 &R bic B9~ 2 s 7 M 3R 4 &I
WD, 22Tl L RO BRT,

F9. TR TFA 22201k L, Co(COREIEHIHE, 7 hI7FXFAT/LF L -a,L k
BEIR 2-28 ~LFFE L, 4 ODOT VT a0 MMERE | B DO, T2bh, 65
BEIZBWTKEIL N TTFNARBERASE, —EIZZ-T Vo ~EE T 52 L2
F7= (Scheme 2-19), L2 UARBUGSMTIX, EE OO E LS BHEMRAY E 525
DIHT, Lip 2-24b 1T AR Liso Tz,
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Scheme 2-19. Reductive decomplexation of tetrakis alkyne-dicobalt compie&b

0/> X=X X=X 0
Co,(CO X

| o 2(CO)g | P (o]

CH,Cly, 0°C X - X
OTBS OTBS 94% TBSO  xZ_x oTBS
2-2b 2-28b X=Co(CO);
P
n-BusSnH (15 eq.) | — — o
benzene, 65 °C Z — X

OTBS OTBS
2-24b

>3 products were detected by TLC.
Neither SM nor TM weren't detected by ESI-MS.

FITE/TNF L 22280 T VF -a )0 MER 2-20b ~EFFE L, 2w L
B OO EZ#EMA LI 2 A, IR 41%THMO~F Y 2-24b % Hiff L7-
(Scheme 2-20), ARBUGEMF T CIEEEHITE R L, —5EE OHEBEN R 5 47-2-29 13,
FOSHEDEWZ TILT VAR T U AT L a— a2 L TWAT-D, JIEk
FETTCINONEA L2 GENEZ 572 B 2T,

Scheme 2-20. Chemoselective reduction of C16-17 alkyne 2#23b by reductive
decomplexation

0 o)
— "= 0" CoyCO) n-BusSnH (15 eq.)
| _— 16 17 _ _—
=N CH,Cl, - toluene, 65 °C
OTBS otes 0°Ctort ™SO I/ OTBS 41%
93% (0C)3C0—Co(CO);
2-23b 2-29b
P
== o
= X
OTBS OTBS
2-24b

ZDD, IVIKRCRISZETIE L, WRIEOKF LN TFLAXE LG
IZEIAIE LT NMO 2 A CRUSEIT 72, ZOfEFR., 0 CEADIEITLHIHL = 3L
MESEIT L, ~FH o 2-24b 234K L7z (Scheme 2-21), Z 0%, £ < @iEjiki
R LpnoTz, o, WEIOKFBIL N TFNVAKNI Y ATV T AT~ N T 5
74 —TCORFRIZBWNT, 7ok ) v L% 1IowmWEie U D75 vE . 1T L0
15-VI0EM AT 5 Z LI L 0 BRIk Z N TE 2
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Scheme 2-21. The modified Isobe reduction of mono alkyne-dicobalt compiagb

o)
n-BusSnH (15 eq.) 03
NMO (10 eq.) _ _ o
- toluene, 0 °C = S X\
TBSO OTBS 0 B
(OC)3C0—Co(CO)s 87% oTBS oTBS
2-29b 2-24b

723, 2-280 DVT AT LA~ —2-23c IZOWNWT b DL T~ F 4 2-24c B
Bt L7= (Scheme 2-22),
Scheme 2-22. Chemoselective reduction of C16-17 alkyne2e3c by the modified Isobe
reduction

0]

0]
/> n-BuzSnH (15 eq.)
— (o} Cox(CO)g

NMO (10 eq.)

O,

_—
F — X CH,Cly toluene, 0 °C
OTBS otes 0°Clort TBSO |/ OTBS 86%

92% (OC)3Co—Co(CO),
2-23¢ 2-29¢
7
= — o
= N
OTBS OTBS
2-24¢

Bonle~FHhor 224 )6 3 BREOE# AR T, (14S20R)-diHDHA (2-1b).
(14R,20R)-diHDHA (2-1c) % &A% L 7= (Scheme 2-23, 2-24), WifbAM & &, NS D4
HEFCT v H—NONMKDREITV, TATE K 2-30 ~EHLTZ, 7T b et
L. WIVRUEE2-31 & LTz, bz 2311kt L, TBAF Z{EH&E 22 L T2om
TBS R & FRE L, 14,20-diHDHA~ L&\, EWIT VANV T 2 a~ N7
74— CHB®ZITV, £O% HPLC TR L7 (Inertsik ODS-4 10X 250 mm
MeOH/H,O/AcOH=7:3:0.1, 3.0 mI/min2-1b : 33 min,2-1c : 40 min), (14S20R)-diHDHA &
(14R,20R)-diHDHA @ C NMR A7 MV ZHIE LT & 2 A, CL1-3(LICHY T H —7
DB SN2 ERbhoTz, 2D, HMBC OHIEZIT-> 7273, 3250 BC dfl
FUTNERET DI EIXTE R ole, —J T, TVT B R 2300 DRFEAI1TT
T NMR _ECHER S, IR g 2-31b OIRFIFR 71T, CLALAMERR Sz, D2
EMG. 14,20-diHDHAIZ I VAR U fig & . Cl45H 5T C20 e R 2 M3 )y 7PN TH
AAER L, HHE-C 2Bl B A% L C\WD & TRIL, 7235, 14,20-diHDHA I3%
NENUV AT MVERIE L, ZOMKRINEEN D V= OEEHT5 2 L 2
Bl £, HNMR O v 7V TEEMN D, BIZ V=B b L TN &
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ZHERR L7z, HPLCHFRUZ I TN SR EIToTE 2 A, YU T VREN
i@ék\f—7®%%%ﬁﬁﬁ%@£ké &#%%#k&oto:ﬂﬁ\ﬁ%WT
KEREEZLSTEBY, ZOEARERREICL S THERLTZOTHLEBZ X, 2D
oA RIOMTIET, A V=7 v a VRRBIORE, K2 —EIZ L, RS frfriy
MOBBMENEND LS T RLE, SBIZ, 120 —27 2 3E L THImL, ETnEh
DHAEE % i U Too 15 DAV et L 22 KA % e/ NRIZ S 2 72 80 Img FR L A Jiife L .
IEMRERISF I VT B LTz, £7o, Bk, B2 R/NRICT D720, o 7R
FZIE, WAL T Z G, 134 70 3mgll FE L, BEEIX Img/mLLL T & Lz,
AR ) —=NVH20 FETIRIE L2 BAEMIIDR LN & 2R L T\ 5,

Scheme 2-23. Transformation fron2-24b to (14S,20R)-diHDHA (2-1b)

TMSOTf, 2 6 lutidine; NaCI02
NaH2PO4
—>
CH,Cl,, -10 °C 2-methyl-2-butene/
t-BuOH/H,0

OTBS OTBS OTBS
2-24b 2-30b
_—
OTBS OTBS 50% (3 steps)
2-31b

Scheme 2-24. Transformation fron2-24c to (14R,20R)-diHDHA (2—1c)

TMSOTT, 2,6-lutidine; NaClO,
H,O _ NaH,PO,H;0
CH,Cl,, -10 °C 2-methyl-2-butene/ -methyl-2-butene/
-BUOH/H,0

OTBS OTBS OTBS
2-24c 2-30c
_—
OTBS OTBS 24% (3 steps
2-31c

AR LT 2-1b B LN 2-1c i, FEEZED, 2 ofbE&H o H, ¥*C NMR 7 —
AN T AT VA~ —RT, 1ZE—H LT, Z0kd, SAFHFELHNTIZ, 20
TNOALE M & XI5 M2 8RR L=, (14S20R)-diHDHA (2-1b), (14R,20R)-diHDHA
(2-1¢) ® HPLC TOyBfEsf % fEi~ Mgt L7-#5 %, Figure 2-31R77 X 512, #fHD
ODS-4 71 7 5% HV T MeOH/H,O DIRGIHIK T S ¥ 15612, 20t a sy
BfcxpZ L RHELEE



(14R,20R)-diHDHA (2-1c)
purified by silica gel

OH OH
(14S,20R)-diHDHA (2-1b)
purified by HPLC

2-1c + 2-1b

2
z
b
B
=

20.0

30.0
Retention Time [min]

Intensity [uV]

20.0 30.0
Retention Time [min]

Intensity [uV]

20.0

30.0
Retention Time [min]

HPLC condition:ODS-4 (4.6x250 mm), MeOH/H,O 70% (AcOH 0.05%), 1.0 ml/min

Figure2-3. HPLC analysis of diastereomers of 14,20-diHDHA
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2-5.  (14R,20S)-diHDHA # X Tt (14S,20S)-diHDHA D&

2-4 £ TOMFHERZFEIC, (14S20R)- B L (14R20R)-diHDHA D) FH~—
T D (14R209-diHDHA (2-1a) 1 LT (14S209-diHDHA (2-1d) % Kt 7 /L% > 2-8b
MH AR LT,

2-5-1.  (14R,209)-diHDHA D& Rk

(14R,209)-diHDHA DA %% Scheme 2-2827~4, 2-15b ™ C20 bt Fu ¥ k% TBS
FETHR#EL, TMS EDOREZEITV, 280 & L7z, 2-8b &2V F U AT LF = R~ LA
L. =7 MR U RFET 7 U ¥ R ARGE R 2-Ta lZxt3 2 RIS 21T 2-18a
Z3lc, Clade FaXx 5% TBS=—7 /Lt L, C13{LD TES KA EINICRE L,
2-20a ~ L 2 L7, Dess-Martiniz{b. & e < @4 v 7 4 M1bER T3 v{bke =/ 2-4a
AL, RWT, 244 & C1-117 97 A M 23 L A2WEEAN v 7Y 72k b
L, BURIGETT NI A v 22a% 5372, 7 N7 A 2 2-2a® Lindlar #76 Tld, K&
BEZ 0 FIZTHZ T, LVREMCKICHEITTsZ xR/ L, X ZxT 223
EEBMICE, XUZ Ty 2-23a T VX -as L MR~ EFHE L, i< EILH
B = v MEBOS ZATV, ~F o 2-24a 21537, D%, 78X —/LDERE, Pinnick
AL ZATV, DIV R A G LICEBE T, RTPOEEZRS 2O V5NV T L7 1
<~ T T 4 —E{To T, I, 25D TBSEDEREETTV, (14R,209)-diHDHA (2-1a)
DERRESE T LTz,

49



Scheme 2-25. Total synthesis of (12209)- diHDHA (2-1a)

n-BuLi (1.1 eq.)
-78 to 0°C;

13
TESO” N\
o}

1. TBSCI
™S, imidazole iy _§-273)(&g§gq.)
N2 DMF N2
- 22 2. K2003 ; THF
OH OTBS
MeOH 579%
2-15b 82% (2 steps) 2-8b
" 1. TBSOTY, Et;N
H,Cly, 0 °
TESO A 208 5 CHClp 07Clort HO/\l/\/\/\
OH 7 2. PPTS oTBS Y
OTBS MeOH/THF oTBS
2-18a 2.20a

62% (2 steps)

|
DMP, NaHCO; ON\/\/\ CrCly, CHlg \/\l/\/\/\
— OTBS - A A 2

CH,Cl : THF/dioxane oTBS 7Y
oTBS 1Bs
80% 43%
2-21a 2-4a
o
1 4 % 4 10

2-3(1.2eq.)

Pd(PPhs), (15 mol%) H,, Lindlar cat.

Cul (30 mol%), piperidine (3.0 eq.) quinoline
benzene hexane, 0 °C
62% 75%

0/> 03 n-BugSnH (15 eq.)

Coy(CO)g 0 NMO (10 eq.)
- €H20|2 : toluene, 0 °C
oTBS otes 0°Clortt  1BSO oTBS 85%
95% (OC)3Co—Co(CO);
2-23a 2-29a
1. TMSOTf, 2,6-lutidine;
CH,Cl,, -10 °C

2-methyl-2-butene/
t-BuOH/H,0

< 3. TBAF, THF
OTBS OTBS 36% (3 steps)
2-24a 21a

O/> 2. NaC|02, NaH2P04-H20
o
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2-5-2. (14209-diHDHA DA
(14S,209-diHDHA (Z >\ T b [RIERIZ AL L 7= (Scheme 2-26), AMLEWIZ BT IV
AT I\/l/%f/ﬁ”ﬁgb ?/I/*%Ljd‘fﬁ—d—é &%ﬁﬁmubfb‘éo
Scheme 2-26. Total synthesis of (13209)-diHDHA
n-BuLi (1.0 eq.)
78100 °C
13
TESO™ "
0 PRI 1. TBSOTf, Et;N
2-7a (0.85 eq.) TESO Y ' 0 °C
X A EREET- AN 208 CH,Cl,,0°Ctort
16\\/\/:/\22 -72to0 -40 °C OH AN o 2v2
OTBS THE OTBS 2. PPTS
28b 61% 2-18d MeOH/THF
58% (2 steps)
HO™ ™ N I
OTBS\ A DMP,NaHCO:; O/\C:):BS\/\/—/\ CrC|2 ’ CH|3
OTBS CH,Cl, OTBS  THF/dioxane
2-20d 90% 2-21d 44%
11M
| 23(12eq 0/>
7Y N » Pd(PPh3) (15 mol%) o~
2 oTBS Z Cul (30 mol%), piperidine 3.0eq.) | "= — 10
: 11~ X 22
4d L benzene 12 : :
. OTBS OTBS
71% 2.2d
Hy, Lindlar cat. o 0/> n-BuzSnH (15 eq.)
quinoline | — — o  Coy(CO)g NMO (10 eq.)
hexane, 0 °C = — X CH,Cl, toluene, 0 °C
100% : : 0°Cto 87%
oTBS OTBS  100%
2-23d (OC)3Co—Co(CO);

1. TMSOT, 2,6-lutidine; H,0
CH,Cl,, -10 °C o)

NaC|02, NaH2P04 H20 . .
2-methyl-2-butene/t-BuOH/H,O ‘ OH
% _
3. TBAF : \ :
OTBS OTBS . OH OH
2.24d 32 % (3 steps) 21d
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KRR TITKLCOs% v U I FATIRETRIET, " 7 AL B U T F 0 2 X0
B R Y TFNAXPERIT D EMESNTNDE, KoCOsZ AWV RERI TR Z &3
TERVWKFIL R TFALRRET b B U 7 L%k RO TRFRCE L BRIT T,

(23) Bk L7z 4 FENLARFMERIZ, A H S XK > TULF oW HPLC OS5 ColfE L 7=,
(column: CHIRALPAK AD-3R, 4.6 mm x 150 mm, eluent: 50% 4CiNI/MeOH (4/1) in
0.1 % aqueous AcOH for 5 min, 50-95% £ /MeOH (4/1) in 0.1 % aqueous AcOH
over 22.5 min, and then 95% @EN /MeOH (4/1) in 0.1 % aqueous AcOH for 8 min at
0.5 mL/min, retention times of the synthetic 4 =t17.3 min for2-1b, 14.6 min for2-1a
and2-1c, 14.0 min for2-1d, retention time of the naturdilb: t = 17.2 min).

IhD ATRMERZ invivo URIEET L TH D, FAEF L AICBT DAFHER

I IEIEMRRBR A | 512 X - TfThi/=, Goto, T.; Urabe, D.; Masuda, K.; Isobe,
Y.; Arita, M.; Inoue, M.J. Org. Chem. 2015, 80, 7713-7726Z#5 & 7=k Brft SR %
Figure 2-4iZ7r L7z, Z Z Tl (14R, 205-diHDHA (2-1a)7%° 1bb, (14S, 20R)-diHDHA
(2-1b)78 1aa, (14R, 20R)-diHDHA (2-1c)%’ 1ba, (14S 209-diHDHA (2-1d) 73 1ab (2
YT 5, IERRIKTHD 2-1a, 2-1c, 2-1d iF, RAMTH 5 2-1b & FEOHLRIE
EHEEZR LTz, ZOREND, 14,20-dHDHADHT 5 2 DOt Fua X IO K
(LI PIRIETE B A RSN ER LN E o T,
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Figure 2-4. Bioassay of syntheti2-1b, 2-1a, 2-1c and2-1d. The compounds (1 ng)
were injected intravenously through the tail vein, followed by peritoneal injection of
zymosan A (1 mg/ mL). After 2 h, peritoneal lavages were collected and the number of
PMN leucocytes was counted. Values represent mean + SE,*#®<0.05, *P<0.01

PMN % inhibition

versus vehicle control.

(24) 7 VTFE R 2-21d v I — RA L7 4 AL ZIT-TBRIC, B4R & LT C18-19
DD E-T IV VN Z-T Vi v~ & B LTz 2-32d Z2HEER LT,

2 N CrCl,(6eq.) | 145 I OTBS
TN Gitban YN s YN
: —— oTBS 7 oTBS =

OTBS THF / dioxane 8 OTRS 1819
2-21d 10% 2.4 OTBS 2-32d
42% 6.6%
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(52,82,10E,142)-12-t K ¥ -17,18 R * -5,8,10,14-

TA aVT b T UBRO 4ATEREMERDE AR
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AE T, (52,82,10E,142)-12-t K1 % +-17,18= K% +-58,10,14- 1 =4 F h T =
‘/ﬁz@“ (12-hydroxy-17 18-EpETEYD C12k Rr ¥ IO CL7,18(iD v A-TR¥F
2B % 4 DONAREMERDIURA G AU DN TR D,

3-1. ARErE-1

14,20-diHDHA D 245k & F512 L C, 12-hydroxy-17,18-EpETE (3)10D & ka1 & 3. 42
L7= (Scheme 3-1).3-1 D 320D Z-7 V47 0%, XIS DNERT V% o O F3 R 72
BRI E VA EE L, FUA Y 3-21F CLOMICHYS T2 7T 7 A2 | 3-3
&, Cl0-20iicHHY 4257 T 7 A b 3-4 LOEHEY v 7V 72k 0 Akt i
N Clzy, C1-97 77 A2 b 3-31F, CT9D 3 jxFE21=v F3-5¢, KT /LF %
BIDHCL6 7T AL N36LEDHy T TICL0ELZ L L, —J7, C10-20
7T AN 341, ClI-A57 T A RN 3T 2T VF = F~LiFE L Cl6-207 7
AR 386 LLIE 39T D REEMPISIZE > THRKTE D LEXTZ, (IR
BLO (129 ©» C11-157 7 7 A k37 L, (17TR18 B LW (17S18R) @ C16-207
FI7A 38 b LLIE39EHNDI LT, 31D 4 ODONKEMEREERTDHZ &
L7,

Scheme 3-1. Synthetic plan of 4 stereocisomers of 12-hydroxy-17,18-EpETE

1

__ OH ]
17 18 20 10

OH o OTBS
3-1a: 12R,17S,18R 3-2
3-1b: 125,17S,18R
3-1¢: 125,17R,18S
3-1a: 12R,17R,18S
/7\ S O/> I 32 ®
+ _
Z N __L Y= %
9 170 OTBS o}
3-3 3-4

4 U
/\Br + \/\/K/> CHI +TBSO/>’/\\ +ROW\0

OTBS 15
3-5 3-6 3-7 3-8
or
OR
1847
18> 20
0)
3-9
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3-2. Cl97F5 7 A NDOERK

Cl-97Z 7 A b 3-3133 UMk, KLU LFHET, 3-6 2HI7 /LF=F~Lil
X, 35LD ST NF=MEIGIZ LY 3-10 & Lictk, BFRIRIMOSEM: N, TBAF IZ
k5 TMS D BREARTER L7 (Scheme 3-2) FigZ WM+ 52 & T, #7117
PV T D CTAOPLT v b A L B0 fE sl L, 3-3 ZICRE L AT 5
ZENTET,

Scheme 3-2. Synthesis of C1-9 fragment

7

oz :

6 o/> T™S 25 6 O/>
) : Z X

o Cul, Nal, Cs,CO; TMS o

1 TBAF, AcOH
—_—
3-6 DMF 3-10 THF, -5 °C

56% (2 steps)

4/\/\/2}

9 1
3-3
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3-3. Cl0-207 77 A v FDERK

3-3-1. Cl1-157 77 A k 3-TDERK

HEEHNTIRIE SRR 7Y & R—)L 3-11 (98% ee)IZkf LT, =7 vtk U EFLE T,
WERIEDOVF LT TV REMINSE, 7Tha—)L 312 #1457, Cl2kt RrXxv
%4 TBSHETHE# L, 3-13 L L7= (Scheme 3-3),3-13 ® C15{i. TMS £DEE1T-
el 2 A, FERNEEAT DRENC, BAOY 3-140 C1LALD TESENRE ST 3-15, &
512 3-14 D C12/70 TBS HS CLLNLITHRNL L7z 3-16 DAL R TE 72, Z D7)
INOERAMOE E TBAF ZEA S, U4 —/L 3-17~EEH L 7-1%, Cl11,12t K
n% A TBSETREL., 3-7T4Hm LT,
Scheme 3-3. Synthesis of C11-15 fragmeBt7

14 15

=—TMS
1 n-BuLi " 12
TESO 13 BF3-OEt2 TESO \\15 TBSOTH, Et3N TESO %
O  THF, -78to -40 °C OH TMS  CH,Cl,, 0 °C to rt OTBS  TMS
3-11 (98% ee) 312 44% (2 steps) 3-13
K,CO TBAF
23 TESO/\l/\\\ . HO/\l/\ . TBSO % _—
MeOH OTBS OTBS OH THF
3-14 3-15 (proposed) 3-16 (proposed)
11
TBSOTf, Et;N
HO™ Y 3 TBSOT YN
OH CH,Cl,, 0 °C OTBS
317 94% 3-7

3-3-2. C16-207 7 7 A b 3-8 DAL

Cl6-20 7 7 7/ A v b ERDIFAIENT AR X LT N a— L DOERICEF LIz, £
B D (2)-pent-2-en-1-0lZxf L T, Sharplesst# =R k2% 5 7= (Table 3-1) (+)-1H
AT = TF N EANTRISEIT T8 2A BUSIZMEIZETL, BRIOZRF 70
a—)L 3-18 Z FRREDILE T (entry 1), L2vL., REFNEIT82%E fii & D < b
DOTE7eroTe, ZOTH, RENEOR EZBE L, L0 &m&EW (H)-EABY A Y
Tr e ERONTRIGEAT o727, BiFE L7cdGEI TR 6o 72 (entry 2),
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Table 3-1. Sharpless asymmetric epoxydaion forgp£nt-2-en-1-ol

tartrate (0.2 eq.)
Ti(Oi-Pr)4 (0.2 eq.)
TBHP (2 eq.)
4A MS 16

20
HO™ >N=""> HO
CH,Cly, -20 °C /\g/\
(Z)-pent-2-en-1-ol

3418

entry tartrate yield ee?
OH O

1 EtO_~ " oEt 41%°  82%
O OH
OH O

2 i-PrONOi_Pr 48%°  84%
O OH

@ Enantiopurity was determined by the analysis of '"H NMR
of the correspondingMosher ester.

b Yield was determined by "H NMR analysis due to the
inseparable impurity derived from tartrate.

3-18 DYEAME X, (9-MTPACI & iV T, 3-19(24H#a L7=% . THNMR (2 X v e
L7 (Scheme 3-4),
Scheme 3-4. Conversion of epoxy alcoh8t18to MTPA este3-19,

(S)-MTPACI
EtsN, DMAP
HO = . (R-MTPAO” X +  (R-MTPAO™ <"
-
318 §2.74 ppm 3-19 52.81ppm  3-20
82% ee 91 : 9

FEWT, Bohl-mRF T a—1 3180 Cle b Ku & i afE 4 OfifElk~ &
L L 7- (Table3-2), k3 L — h3-8a~DZEHSISTIHIBICHEIT L, B % E &I
57 (entry 1), FU 75— h3-8blL, NEETHSTbDD, HBW % T 7 LFERIC
L VHETHZ LN TET (entry 2), £72, /7 L —F3-8c, FAZx— |k 3-8d
3-18 LV E L FNTE - (entry 3, 4),
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Table 3-2. Conversion oB-18to 3-8

conditions
H O/V\ T X/V\ 20

0] O
3-18 3-8a-d
entry conditions yield

1 TsCl, Et;N, DMAP 3-8a : X=0Ts
CH,Cly, rt, o.n. quant.

2 Tf,0, EtzN 3-8b : X=OTf
CH,Cl,, -78 °C, 40 min 42%

3 McCl , 3-8c : X=0SO,CH,CI
pyridine, 0 °C, 40 min 19%

4 (PhO),P(O)CI, DMAP 3-8d : X=OP(O)(OPh),
CH.Cly, 1t, 1h quant.

Table 3-2CTHAMK L7z=AR ¥ Nizkt L, 3-3-1 TAL7Z C11-157 /v %> 3-7 B
BLETAF = RICK D REEBNS 272 (Table 3-3).3-8a%x W =56, B
DOAEBIIHFETEZ 200, FiR L THMOMIETET, B 17%T LMEo i
2o dz (entry 1) entry 2Tl 14%T 321035 6= b DD, WEOGRIZL VAT
720 &® TfOH 73, THF O EA L &Rt S E 7=, D78, 3-8b %ﬁ% ELTHERT S
ZEIIRETH L LYW L, —F, B/ 7L — k38X A AT = — b 3-8dE AV
Yt BOSIEELHEIT L2272 (entry 3, 4)

Table 3-3. Nucleophilic substitution

1
15
TB8S0” Y Ny

OTBS
16 3-7 1
20 . —_— 20
x/\g/\ n-BuLi, HMPA TBSOW
THF
3-8a-d 3-21
entry substrate conditions yield(%)
1 3-8a: X=0Ts -78°Ctort, 12 h 17
2 3-8b: X = OTf -78 °C, 30 min 14
3 3-8¢ : X =OMc -78°Ctort,2h 0
4 3-8d : X = OP(O)(OPh), -78°Ctort,12h 0

3-3-3. Cl1-157 9 7/ A |k 3-22D 8k,
3-3-1, 3-3-2ITBIT HFN G, REEHIZH WD ZARF T RORFEMEE DA +45 0
DUIEMENT L F7-CLL-A57 T VAL R E CL6-207 57 A FOmEFENIE L A
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EHAT Le o Te 2 &0 n, GREHHAZAEE L7z, C16-200 5 kF=2=v & LTH
7212 3-9axFHE Lz, 3-9alikf L, 3-22amLAELSHZ U FU AT AF = RE/EH S
., Cl1-207 7 7 A |k 3-23az 145l # %L L7 (Scheme 3-5), =4 ¥ NiZxd
% SN2 SRiX, Table 3-3T/RL7Z K 97l O SN2 G L D T LT W0 E AL
Teo 7236, C11-167 7 7 A v MIKDOEWAZEE L T, CLLLOF —fkt Ru ¥ Ko
RiERZ PMB R~ AH LT 3-22ax VWb & & LTz,

Scheme 3-5. Synthetic plan for 3-23a

11

PMBO™ T N
oTBS
s OTs 3-22a 11 "
’>)\/2° n-BuLi , BF3-OEt, PMBo/\l/é/\W/\
o > oTBS'® '° ]
3-9a 3-23a

Cl11-157 7 7' A > h DA k% Scheme 3-627~7, PMB A Cif#ESN/=27 U ¥ K—
JVEREAR 3-24a(98% ee)iZxf LT, =7 v bR URIFE R, WEIEOV F VLT EF
U R&EMMsHE, 7rva—n3-25ak Lz, IRWTCL2k Fr X ikofki#, C15(7
TMS 2 DOBREZRKT 3-22a% 1372, LirL, Cl2t Rux vEofR#E T, H¥ELE
MU THERNERET, IR ZEME T 41%E PRIEICE B o7,

Scheme 3-6. Synthesis of C11-15 fragmeBit22a

— TMS (6.9 eq.)
n-Bui (6.9 eq.) Y TBSOTf (2.2 eq.)
PMBO Ny, _BFoOEt: (67ea) PMBOA(\ﬁ Et,N (4.5 eq.)
o THF, -78 °C OH TMS CH,Cl,, 0°C to rt
3-24a 3-25a
K,CO !
PMBO S 2C0; .
N _ %" pMBO &
OTBS > TMS  MeOH /\E;;;§§
41% (3 steps)
3-26 3-22a

Cl2t Fa X R OKISHEDIKSIL, CI5L TMS DN {KEETH DL LB X T-, %
Z T, CI5/7. TMS A FRFEL/-%ICCl2 Fux e TBSHTHR#ELZL Z A,
FOSEMAMICH#EIT L, IZIEEEMICEIMZ 5 %2 7= (Scheme 3-7), £7-. —EEHD
UF LT VF=RiE, BEITHLT2YETHHOICUCHETT 5 2 LR bho
oo ZHUT KV 3-22aDKEBERMBAREE 72572,
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Scheme 3-7. Synthesis of 3-22a

=TMS 2eq.)

PMBO n-Buli (2.1 eq.) /\I/\
/\g BF,OFt, 2eq) MO X KaCO3  PMBO™ Y
— = OH ™S OH
3042  THF,-78t040°C MeOH

3-25a 3-27a

TBSOTY
26-dtidine _ PMBO™ Yy

CH,Cl,, 0°C to 1t OoTBS
95% (3 steps) 3-22a

7V Y K= VFEROT ) FA~—Th 5 3-24b(98% ee) & WV 7-5A b, [AEED
LT Cl1-157 7 7 A F DM 67z (Scheme 3-8),
Scheme 3-8. Synthesis of C11-15 fragme3i22b

TMS (2 eq.)
n-BuLi (2.1 eq.)

PMBO BF5-OEt, (2 K,CO
% sOEt; (2eq) PMBO/\E/\ €% pMBO Y
OH

THF, -78 to 40 °C OH T™MS  MeOH
3-24b (98% ee) 3-25b 3-27b

TBSOTf

2,6-utidine _ PMBO™ 17 Ny

CH,Cl,, 0 °C to 1t OTBS
97% (3 steps) 3-22b

3-3-4. C16-207 7 7 A k 3-9DERK

HFIEME C16-20 7 7 7 A b 39 Ak LTz, £7 . (E)-pent-2-en-1-0liZ%f3 5%
Sharplesst# ¥t Fu ¥ bz T->7- (Table 3-4), entry L CIZHRIH D U A4 —/L 3-
28a IX 85%L FINETHLINLDL bDOD, AFIERIT 84%LTHED W D TIIRM) >
2o 72, AD-mixa ZHAWVWTAEZE VL RuxifbaiTo &, RFIERIT 88%TH 7=
HOD, IERDY 40%E RIFIZIE T L7z (entry 2),
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Table 3-4. Asymmetric dihydroxylation ofE)-pent-2-en-1-ol

OH
P conditions
HO N Ho/\j/l\//
(E)-Pent-2-en-1-ol OH
3-28a
entry conditions result
1 0s0Oy (0.4 mol%) 85% (84% ee)?
KsFe(CN)g (3 mol%)
(DHQ),PHAL (10 mol%)
MeSO,NH, (1 eq.)
K2C03 (3 eq)
t-BuOH/H,0 = 1/1 (0.19 M)
0°C,13h
2 AD-mix o 40% (88% ee)?

MeSO,NH, (1 eq.)
t-BuOH/H,O = 1/1 (0.33 M)
0°C,17h

@ The ee value was determined by "H NMR analysis of the corresponding
MTPA ester.

3-28a DY D] EIZHOWTHT o e MR RENI DWW T FITRT, 2 2Tl
3-28a DHFHMEDPREIZ OV TR LT, 3-28a DF ikt Ku USRI koL
b BRI L) =R X AL L7k, (9-MTPACIHIZ LD MTPA = X7 4k L7, 3-
30L& 331Dk %A "HNMR THER T 5 Z & T 3-28a% 84% eeCh D L LE L= (Scheme
3-9).
Scheme 3-9. Conversion of trioB-28ato MTPA este3-30

H - S)}-MTPACI,
/\|)O\/ 1.TsCl, pyridine OH Egth’ DMAP O(R)-MTPA Q(R)—MTPA
HO cHCL -
2 K2CO3, MeOH ’>)\/ CH20|2’ rt c’)>£)\/ + c[)\l/\/

OH (6)
35% (2 steps) H‘\« 3 2.61 ppm HLB 2.70 ppm
3-28a 3-29 3-30 3-31
84% ee

NU A —L 3-28aDFE—fkt Ko x U EOERM e o fbix, BLNICRT HIETIT
~7- (Table 3-5), TsCl & 2 YEAWT F b EIToT2 & 2 A, F ke Fox ik
b FbSNTACEMDBEIE L, o ERBIR(E L2720, BRI O 3-32ald 42%L
FREEDINRTLNMEO N -7 (entry 1) Z D728 TsClOYEERS L, HEE%L
BT DL TUERN R b Z AT ICRITIE T L7z (entry 2), STRRBIIZHEW Y,
1,2-PF = O—HBIR RIS E LT, AXT v E— L E2RE L Rk a iRz
(entry 3y, L2xL. HEED 3-28a73 N A — W iEE G 5720, AXT X —1LOE
RS —FEFICRE ST B E T 5 3-32aTRINKR THOLNDIDATH 72, £ 2 T,
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FoVEED bEEW AT TFAEEZAOIUL, K0 FE ke Fe X RN R OG0
HITTHDOTIE RN EEX, AVTFAral ReHWTRILEIT>72 (entry 4), L
L. BHEIZ 18%L 3 b iv7eroT=, F I EREEE TsClnb b A I HX Y —)b
(CEE L2, &< AR E SN0 -7 (entry5) entry 6, 7CIIA F /LA I &4 —
S ATV RN 7T —MZED, R IFZY— L (HDOWE R LA IH Y —
N N-ATF UL, KO ROSHEDORmWRIEIR- L7 b &2l L7z, F I —h
3-32ad U= LM kL hr o725,

Table 3-5. Transformation 08-28ato 3-32

OH OH

/\|)\/ conditions
OH OH
3-28a 3-32a-c
entry conditions result
1 TsCl (2 eq.), py. (0.1 M), it, 22 h 3-32a: R=Ts, 42%
2 TsCl (1.2 eq.), py. (0.5 M), rt, 11.5 h 3-32a: R=Ts, 28%

3 Bu,SnO (1.05 eq.), toluene, reflux, 2 h; 3-32a : R=Ts, 28%
TsCl (1.05 eq.), CHCI3, rt, 18.5h

4 MisCl(1.0eq.) 3-32b : R=Mts, 18%
py. (0.1 M), MW (80 °C, 40 min)

5 Ts-imidazole (1.0 eq.), Et3N (1.0 eq.) no reaction
THF (0.1 M), rt, 1.5d

6 Ts-imidazole (1.0 eq.), MeOTf (1 eq.) 3-32a: R=Ts, 35%
Me-imidazole (2.0 eq.)
THF (0.1 M),0°Ctort, 13.5h

7 Trisyl-imidazole (1.0 eq.), MeOTf (1.0 eq.) 3-32c : R=Trisyl, < 56%
Me-imidazole (1.0 eq.)
THF (0.1 M), rt,1.5d

Mts , Trisyl SA
3 S,
2

RO TE LN A2 A5 U4 —)L 3-32a 3-32ciTEHIKTH - 772D,
AR X D ARFURE _ EORR 24T > 7= (Scheme 3-10)3-32a% Ffildn L. 557 [EH
KEZRFTTVa—L 329 ~LFE L%, MTPA =27 Ak LIRS 2 il L
7= (method A), JFUEFA384% eeTdh - 7= DIt L, FfiiL%I1% 98% eex Ty L L7z, L
U B Bl OEIEIT 37%E RINETH > 72, —F 3-32¢id, LT EIRZ~F
T TUEE L AR 2 B BRONTERRIC, ¥ 7 ma A X T Y R A VR CE AL
S, 3-32¢"%157- (method B), =ARF T/ a—~LiF#Ek =) FAEEIRE
R LIZE Z A, 91%E JFEL L 0 b1 L L2 b OO HEANTHE 2R 6135 e )
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olz, £l mARF TV =)L 329 |1 FIHEHICHEHFEMENE S, BRISERTLH L
DHNEETH -7,
Scheme 3-10. Recrystallization 08-32aand3-32c

i) method A
OH OH OH
A')\/ recrystallized from EtOAc/hexane W K,CO4
TsO TsO 2, ,>)\/
OH 37% OH MeOH, rt 0
3-32a 3-32a’ 3-29
84% ee
(S)-MTPACI
Et,N, DMAP O(R-MTPA
CH,Cly, rt o
3-30
98% ee
if) method B
OH OH
) washed with hexane recrystallized from CH,Cly/hexane
TrisylO TrisylO
OH OH 93%
3-32¢ . 3-32¢'
containing impurity pure (white solid)
84% ee
(S)-MTPACI
OH K,COs OH Et:N, DMAP O(R)-MTPA
A . _— =
Trlsylo/\|)\/ MeOH, rt ’>)\/ CH,Cl, 1t ’>)\/
(@) (@)
OH
3-32¢" 3-29 3-30
91% ee

Scheme 3-9C/&ELN7-=ARF T /a3 —/L 3290 b kiz kD, C16-207 7 7 A
> b 3-9ad Bk ET T 7= (Scheme 3-11), TOFER, PV ZFAT I U EZHWZZ £
FRToHDHEBZBNHM, Payneishilc LD =RF v R L7k, B Re 3k
2 Rk Eiuie 3-33 & HEI D 3-9an3, YU 46%, 11D TARL L 7=,

Scheme 3-11. Tosylation of epoxy alcohd-29

OH ETVICAP OTs
[>)\/ then EtsN [>)\/ + TSO/\T;/\
© CH,Cl,, 1t, 1.5d © ©
3-29 (volatile) 3-9a 3-33

92% ee
46% (3-9a:3-33=1:1)

P EDOFRERNS, OREFYE FaXifbOAREFFENAR 0 THD, OQFFMEICED
KM DM EIZR SN b OOREREIENRV, @=RF T 7/ a—/b 3-29 MK
R DT DHEENNETH D L VWO RIENR D - 72720 . 3-9aD B RIEZ AT+ & &
L7,
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Scheme 3-1227R L72 HIEIC LV | 3-Qax AT HtE ATz, ZOHETIE,
TIZYWFIEEIT T, AT ERATRE T D Z E N FFES TV D 3-358% AW
52 ET, FRMERO, OQrSE x5 EEx, £72, MU A—/L 3-28ah b 3-9a
SNOEBTIE, TRy MEAEEAT UL KR O REOHEEZ R T 5 (F
BER) B &,

Scheme 3-12. Synthetic plan for epoxy alcoh&i9a

1.NaH
Q ref. 6 o M OH 2 Tsim OTs
W APRLLENN B NS e
OH OH one-pot (6)
3-34 3-35a 3-28a 3-9a

o, B-RELFI = AT /L 3-3412%F L, REZRFALEITV., BBO VA —/L 3-35a% 15
7= (Scheme 3-18) =) F A4 ~—3-35biC >V T b FEEEICARL LT, 3-35a3 LN 3-
ST T o Tolod, TNENFB T TV, =—T )b XU Z o GIREET,
WORSZER LT,
Scheme 3-13. Asymmetric dihydroxylation od, B-unsaturated est&34
050, (0.4 mol%)
KaFe(CN)g (3 mol%)

(DHQ),PHAL (1 mol%)
fo) MeSOZNHz (1 eq.) o) OH

K,CO3 (3 eq.)
Meo)%/ _ MeO)H/K/ [a]p?® -7.55 (¢ 1.55, CHCl3)
3.34 EBUOHIE,0 =111 (035 M) OH lit. [oJp'7 7.0 (¢ 0.93, CHClj)
, 3-35a
82% (containing EtOAc)

0s0, (0.4 mol%)
KsFe(CN)g (3 mol%)
(DHQD),PHAL (1 mol%)

o) w‘eggngz (1) eq.) O OH
2 3 eq. =
MeO)W MeO)W
£-BUOH/H,0 = 1/1 (0.35 M) W
334 0°C,21h 3-35b

2%
(containing t-BuOH, Et,0 and pentane)

3-35al T L HE Y E & SCHRAE & Heile U, Moo SEARRLE 2 iR L 728, S bz 1,204 —

DARFUCROFEME L LTHESN TV R, 3hbbArINnT =R @
EERIEM A T 2 X T T R UL EMEA SE S HEE AV, THNMRIZX Y 3-35a0RK
FINHE %A 989l | L PE L= (Scheme 3-14), =) > F 4 ~—"Tdh Z8-35b L FRIEEDO T
EEHOWTAFINER QU CTH D Z & AR LT,
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Scheme 3-14. Determination of enantiomeric purity of 1,2-diol

o o @,

B
[O1gaeN N
Meo I cocl, 0
MeO c/\<_Me

3-35a 2 \_ 55.42 ppm

3-36a 98% de

P NH,
HO,
B
MeO™ HO o-B. H
OH CDCl, o \<
3-35b MeO,C Me H

8 5.32 ppm
3-36b 99% de

VT, 3-35aD T AT VRS DIRILHIT - 72 (Table 3-6), #=irHl& L TKFE{LY F
VAT NI = LW (entry 1), BRI EBED N Y A — L Th 5729, Bk,
KEKEEIT NY T LKEREMA, KBALT VI =0 AEHHSETHE, BT 1A
WUL7REE DT L~ NI T7 7 4 —TCRM L, TORE, BHO MU A4 —L 3-
28a% 46% CH37-, IRIEDOFK E LT, MU A= ET NI =y AOENIAHELS, |k
FLOBRMEETIIHEMIME T VI =T A E DR+ THLHZ BB b, £ 2
T, HBRARIZ Rocchelledi D fafkKiask 2 M, —BfidE L, 2% 7 nakL il 1-
TH =) TEEIE L, BRAETTo7 (entry 2), Z DA DOILHIZ6%E 1 ALEE N
MR THHT-Z ERBTRE LTS, entry3 T, BILBICE D27 VXY =0 D4
AR THE SNTEKRFEATEZEST N A X DB TGO RMHEEZEHAT 52 &
ELT, FAVEEX Y= VORKIZBWT Y, HEE LCafitke b Y A —L A&
L7 BR R Tk E21T o SRR TH D & 9 F"ﬁﬁﬁ,ﬁbdboko &Il B
FOCBABRIZEE R 2 N2, A X ) — VB L JER EEEVIRL, AU N A F L%
PrEL., MIETRI A=V Z2HELZ LTI LTS, £ 2 CRROFIEAMEA L,
FTRETHLT= ATV 3-35adD THF WIRIKFLAUHET MU UL ZMAIEL |
B 2 FEiE STz, £ DO®RMEI D DTGIEITHEN, A Z / —/VALER & I s 2k 0k L
T GONTFEEZ VATV T LR VFRLTEE ZA BIIIRHRLND H DD,
RUBHBCRO ARG Z I RS 2N TET, ZHBRK ERD | ROKIEDFFBED
ZLWZ ERDhoTo, 2O i N A — B BIFRIGETHDL Z LN TE S,
entry 20O 50 & Fam st & LTz,
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Table 3-6. Reduction of este3-35ato triol 3-28a

O OH OH

conditions
MeO HO/\l)\/
OH OH
3-35a 3-28a

(containing EtOAc)

entry conditions / workup precedue result

LiAlH4, THF,0°Ctort,45h
1 workup : addition of H,O, 15 wt% NaOH aq., 46%
then filteration through celite

LiAlHg4, THF,0°Ctort,6 h
2 workup : addition of sat. K*/Na* tartrate aq., 96%
then extraction with CHCI3, 1-butanol (x5)

NaBH,4, THF, rtto 60 °C, 1 h a
3 workup : dilution with MeOH, quenching with AcOH, N.D.
evapolation, addition of MeOH (x3)

@ The product contains impurity generated from boronic acid.

T FA~—Th b 3-35biTkt L Theiifb L= 5 CEILEITV, B Y A —1 3-28b %
RAF72 N T (Scheme 3-15)
Scheme 3-15. Reduction of este3-35bto triol 3-28b

O OH OH

: LiAlH, :
MeOJ\:/\/ W’ Ho N
OH o OH
3-35b 78% 3-28b

(containing t-BuOH, Et,O and pentane)

U A=) 3-28a% INRE L H-720, 3-28a0°H VU Ry b TILAEW 3-9a~DZEHh
ZiA 7= (Scheme 3-16) KSDOHEATZFEERLS TLC TEMT 5 Z & T, IERL 3-
QalxGHr LN TE R, bbb, FUA— 3-28alzxf L, KFETFTFI DAL L
VA I E Y = EERT, LSRG S, FREAO=RF 7 v a—/L 3-2904
AR L, D%, KFEILT NI TLE NI AAIXY— L ENZ, =R FCERF
MR Lo, BOSEIRICIZY VRN Y 7 7 — & Wz, RTRIE, 3-9an =) v F 4~
—3-9Ob DARICBNTH, HEHEOHLFIETH D Z & ZEE Lz,
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Scheme 3-16. One-pot conversion &28to 3-9

OH 1. NaH (3 eq.) 2. NaH (3 eq.) OTs

THF,0°C,1h; T OH 4‘ 0°C to rt, 80 min;
HO Tso“')\/ b)\/
Ts-im. (2.5 eq.) 0 Ts-im. (25eq) ©
oH 0°Ctort 1.5h OH i, 19 h
3-28a 1 3-32a 3-29 ’ 3-9a (65%)
1. NaH (3 eq.), THF, 0 °C, 1 h;
OH Ts-im. (2.5eq.),0°Ctort, 1.5 h OTs
HO” """ 2 NaH(3eq) 0°Ctort, 1.5h; ">~
OH Ts-im. (2.5eq.), 1t, 17 h o
3-28b 69% 3-9b

3-3-5. REZEHLUGICE D C10-207 T 7 A > N DA

AFEiLVLLITIX C16-207 7 7 A b 3-9az AWz >\ Tk 5, (12R)-C11-
15713 3-22a L C16-20—/R¥x ¥ K 3-9az v, =7 vk UHRFIET, REZER
KIMZ &5 Cl10-207 F 7 A v b aEK LTz, ©=HRFT K 3-9alzxfL, 7% 3-22a
Z LAYMEH, EORE 0.2 M TRIGZIT O &, fTIIA 3-37a7y 56%DILHE T H
L7 (Scheme 3-17), BRI TIX, EKT L7 7 V3% K3, CI8ALD k¥
L= b ~EREHEST D2 L ToRE Y R 3-23an kT D alfetEn H o728, Hoh
HALEWIE 3-37TaD B TH - 1=,
Scheme 3-17. Nucleophilic addition of 3-22t0 3-9a

PMBO™ Y Ny
OTBS 3-22a(1.4 eq.)

OTs OTs
n-BuLi (1.5 eq.), BF;-OEt, (2 eq.)
PMBO =
0 THF (0.2 M), -78t0 0 °C OTBS OH
92 56% 3.37a

(129-C11-15 7 7 7' A >k 3-22b & V72842 FREOER TR 21512
(Scheme 3-18),
Scheme 3-18. Nucleophilic addition 08-22bto 3-9a

PMBO™ Y Ny
OTBS 3.22b (2.4 eq)
OTs QTs
[>)\/ n-BulLi (2.6 eq.), BF3-OEt, (2.4 eq.) PMBOw\l)\/
0 THF (0.2 M), -78 to 0 °C OTBS OH
3-9a 3-37b

51%
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IR 3-37 3G LTz 7=, C10-207 7 7 A > b 3-40~DEW %A 1T > 7= (Scheme
3-19), 3-37aZ T L, =HE¥ T K 3-23a% 577, T PMB OifR# L 7L
21—/ ® Dess-Martini2{b. T, 77 & K 3-39a% BAf 720K T,

Scheme 3-19. Synthesis of aldehyd®39a

OTs
_ K>CO3 _
PMBO = PMBO =
OTBS OH MeOH OTBS (o)
3-37a 94% 3-23a
DDQ HO — DMP, NaHCO4
CH,Cl,/pH 7 phosphate buffer OTBS 0 CHxCl,
89% 3-38a 94%
o~ S
OTBS o

TAT e R 339l LA L7 1 Abz T, 3 v ke =)L 3-da ~ DA A
7z (Table 3-7), b7 v 26 Y&, I— RHLLA2YEMAN-HKMETIE, 9—F4 L
T4 IR TELELODO, ZPTRAE LI VLAKRICL DR F Y FORRBRKGA
o7 bEaW) 3-40 NE—DAM E LTH LN (entry 1) £Z2 T, ZAF T KD
BABR IS 2T 5 _<, b7 a Lt a— RAVADOYEEZRDS L T EITo T2
(entry 2), L2>L. 3-39all%l4 2 =RFy ROBIRNE Z > 72/b&W 3-41 D155
Nic, 22T, OSRFTEL D 3 UIKFELEET 2 HHYT 2,670F 2 &2 RHI2N
2T, ZoHBEL I b= a5 s noT7- (entry 3),

Table 3-7. Takai olefination for aldehyd& 39a

CrCly, CHI3 | —

o~ = = =
OTBS o THF/dioxane OTBS 0
3-39a 3-4a
entry CrCl, (eq.) CHIs(eq.) additive result
1 6 2 - 3-40 : 26%
2 3 1 - 3-41:52%
3 6 2 2,6-lutidine (10 eq.) 3-41: 14%
| |
: = - o~ -
OTBS OH OTBS OH
3-40 3-41
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FRLOBEORE RS, =ARF Y REF7 5 3-39az ikt LTHWD &, mAd
7 4 AMETORBRBRICHRARETH D Z b orole, 2 T bl ba& 3-40 %
PP L =R R~ EH L, Cl10-207 7 7 A b 3-4a%1%7- (Scheme 3-
20),

Scheme 3-20. Conversion for epoxidg-4a

I _ — K,CO43 | % —
OTBS OH MeOH, rt, 2.5 h OTBS o
3-40 3-4a

Yield was not determined.
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34, BWEEHIY TV TICEB CL9E Cl0-207 5 7 A v DR

32 THOLNIEY A 33L 336 THROLNIIVILE =L 3da%, I YT v
I X0 s L7z (Scheme 3-21), 1352 T ~7z 14,20-diHDHA DA B DBRIC
AW, TRbBIEEICH L YA 33%22%&E, T hI7FAL Y T x=)LKA
7 4TV A 15mol% I b 30 mol%, BXY Y 3 EE B SR
THIGEET, LrL, 26 0EEZAWEGEIE, B R A 2 3-213 17%E
FEIRNETH T, ZhE, =ARX Y FORLEMICTER TS LB X T,

Scheme 3-21. Sonogashira coupling of vinyl iodid4aand diyne3-3

(@)
R = OJ (2.2 eq)
3-3

Pd(PPhs)4 (15 mol%)

Cul (30 mol%) e}
| = _ piperidine (3 eq.) ‘ ‘ - j
— O
OTBS (0] benzene, rt, 14.5 h Z =
3-4a 17% OTBS 3.2a o

VI EDORET LY | GROYIIBERSIC = AR F o R 28 A LIRS Tld, £ DOARLE I )
5. ZOH%OTMEL OB C 5 Lfilfim LT,

66



3-5. ARkEHE-2

3-4 EFTOMFIT, FRCZARF Y REGROYMEMICER T D LIk v, @K
JMZE D3 — R = /HMEIZBWCHERE LD Z LWL E 2ol 2D, HWH
Ny TN TIIHND 7T 7 A ME LTHTZIZ C10-207 7 7 4 b 3-43 i iE L,
TRF ¥ NIXA D A CHEE T 2872 705l 222 L7z (Scheme 3-22),
Scheme 3-22. Revised synthetic plan of 12-hydroxy-17,18-EpETE

1

_ OH 1 Oj
| P B g :> . |Il//¥_/\/\<o
12 17 18 20 MO

OH e} oTBS TBSO OTs
12-OH-17, 18-EpETE 3-42
- {
O/> N 5 718
Z X * Y= 2
9 10 1 orgs TBSO  OTs?®
3-3 3-43

g

n OTs

10 12 16
CHI; + PMBOT Y N 4 Wzo

OTBS 15 (0]
3-22 39
A2F5. 36 D 3-9 ICBNTIE. (12R)-F L /(129-C11-15 75 7 A+ | 322 L,
(17S189-C16-20 7 5 7 A > k 3-9a % I 7=, (12R175189-F5 L 1}(125175189-12-
hydroxy-17,18-EpETED & FIZ DWW Tk %,
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3-6. Cl0-207 77 A v FDOERK

BT E LT Cl10-20 77 7 A v b 3-43 (., oA MIK 3-9a L0iFE L~
(Scheme 3-23B-22an HiFE L7 U F 7 AT V¥ = RO 3-9a~DREMMBISIZ X0 |
7 va—)L 3-37ax %77, 3-37aD i ke Ku kA TBSH CR#E L, L&YW 3-44a
& L7z, PMB R DBRE, ook Ka xRk 1TV, 747 b K 3-46a% &

% L7,
Scheme 3-23. Synthesis of aldehyd&46a
PMBO™ Y
OTBS
OTs 3-22a OTs
i BFa TBSOTY, Et;N
n-BuLi, BF3-OEt, PMBO — —o,
(6) THF, -78 to 0 °C OTBS OH CH,Cl,, 0to 30 °C
3-9a 93% (2 steps)
3-37a
OTs OTs
DDQ
PMBO = HO =
OTBS OTBS CH,Clo/pH 7 buffer OTBS OTBS
3-44a 94% 3-45a
DMP OTs
NaHCO, o
hiialiciet BN —
CHCl OTBS OTBS
95% 3-46a

G0N T 3-46a okt L. @HFRIGIC LD 3 — Re =k %f7-7- (Table 3-8) 14,20-
diHDHA D& BIZBICHW TV R T2 b bk 7 v Ak LV E — Rk /L b % THF/
UAXH L (U14) TEHSE &M EEAT L L, RWKIGKMZET 55 2, AW
WL 22%E RINR TH - 7= (entry 1), Evansh (X, @SBV T WD THF 13X
JEIREEDRHE, A X ANIT T DR TEMERIRMEICH R TH L Z L2 ME LT
WD Z DT IV O EMERIREOK FOBRENRH D b OO SR E &
W D720, THE OFIE 28I L7 &0 CRIGEIT 572, T ORER, L= 50% T C10-
20777 A b 3-43a%5DH LN TE Iz (entry 2), £7o, Z-T7 NV v OERRIIHER S
Nipiolz, S DITHRBEGICAT, BIRME R E IR R E 2 E 1Y, THF &
UAXY D L3DREEBE TG EIT 7o & 2 A NI 63%F Tl L L7 (entry 3),
Witk % THF OB TITo728A81E,. BFITHREOIETHELND L OO, SUGHRH
BHAL L, B E 35 3-43ald R #lim & DIREM T LG bR D o7 (entry4), ULk
DFERNG | THR A XV 134 siE At & L, S Ik m b 3 — Rk
WVADYBEZNEIN6.9YE 23 YBE~LHSCL TG EIT T8 245, INHRE 87%
FCHEIEDZEITKII LT (entry 5) Z D=, entry SO & st & Lz,
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Table 3-8. Takai olefination of aldehyd&-46a

OTs CrCl, (6eq) OTs
> _ CHI; 2eq) |~ _
oTBS OTBS solvent, rt OTBS oTBS
3-46a 3-43a
entry solvent time result
1 THF/dioxane=1/14  26.5 h 22%
2 THF/dioxane=1.2/1 18 h 50%
3 THF/dioxane=1/3  12.5h 63%
4 THF (0.061 M) 18h  <47%
5%  THF/dioxane=1/3 13h 88%

4 CrCl, (6.9 eq.) and CHI; (2.3 eq.) were used.

3-43aD VT AT LA~ —Th % C10-207 7 7 A b 3-43bIZ DV T b RO AL A
MW, MR 9 v{bke =/ 3-43b % 437- (Scheme 3-24)
Scheme 3-24. Synthesis of (1317518R)-C10-20 fragmen3-43b

1.PMBO™ Y Ny
OTBS
3-22b OTs
oTs n-BuLi, BF3-OEt,
b)\/ THF, 78100°C  PMBO™ Y = DDQ
o) 2. TBSOTf, Et;N oTBS oTBS CH,Cly/pH 7 buffer
' CH,Cly, 0 to 30 °C 3-44b
3-9a 2L, V1o 74%
75% (2 steps)
e oseese
— NaHCO3; = — - - o .
HO™ ¥ ™= — O T = THF/di =1/3
oOTBS OTBS CH,Cl, oTBS OTBS loxane=
3-46b (0.061 M)
3-45b 95% 69%
OTs
N _
OTBS OTBS

3-43b

AEREIICBWN T, AlHFRAE LTT7 LT e K 3-46aF L 3-46b 2 fEH T
Lz, C12 iD=’ A VAL D& NS - 72, 3-46aL 3-46bD 'HNMR (X F]T& 7
Motz LFOFEICL Y Cl2fiicm v A2 Vb O F LA TR L 7= (Scheme 3-25)
3-46a3 LN 3-46b L W #FHiE L7~ 3 vk =)L 3-43a, 3-43bFNENIC VT, TBAF IT
FO VI NVEDRREERF Y NER ATV, AU C12 (DT V=2 —/1 % (9-MTPACI
ZHW. (R-MTPA =27 /L 3-47a, BL N 3-4Th ~LZEH LTz, 2D MTPA ZAT /LD
CeDe TP H NMR ZH|iE L, CLOHr, CLLALDfbZET 7 RS 3-47ak LN 3-47b T—%k
LignWZ & Fo, ZNEFNORISHERM T, —BT 2kahr el aEni L
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M, CI2ALTOTE X VAKITE Z o> T & fda L.

Scheme 3-25. Confirmation of no epimerization at C12 hydroxy group.

/— 8 6.66 ppm
J=146,55Hz
H OTs

I~ -

H OTBS OTBS
3-43a
3 6.31 ppm
J=146,14Hz

’/— 3 6.66 ppm
J=143,52Hz
H OTs

I~ -

H OTBS OTBS

3-43b
8 6.32 ppm
J=14.3,1.8 Hz

1. TBAF, THF
rt, 10 h

—_—_—

2. (S)-MTPACI
Et;N, DMAP
CH,Cl,

1. TBAF, THF
rt, 10 h

2. (S)-MTPACI
Et;N, DMAP
CH,Cl,
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’/— 5 6.31 ppm
H J=149,75Hz

= —_—
H OMTPA o
3-47a
8 6.24 ppm in CgDg
J=149 Hz

/— 86.11 ppm
H J=149,63 Hz

I~ -

H OMTPA 0
\_ 347
3 6.08 ppm

J=149Hz  "MCeDe



3-7. Cl975 7 AL FELCLO-2075 7 A NOBEEI YTV T

3-6 CHAM LI CL0-207 77 A | 3-43a LN 3-43b&k C1-97 77 A | 33 &
DEIET » TV o T 2fTolel 2A, RUSITMIBICET L, ARD MY A > 3-423 3-
42b & Z AL, T70%86 LT 86% & SR TH S Z LTk L7z (Scheme 3-26),
Scheme 3-26. Sonogashira coupling of vinyl iodide43a 3-43band diyne3-3

O,
N gz
SZTTD)
3-3(1.5eq)
OTs Pd(PPh3)4 (15 mol%)
Cul (30 mol%) O
— piperidine (3 eq.) ]
OTBS oTBS
3-43a

benzene (0.041 M), rt

70% OTBS TBSO OTs
3-42a

3-3 (1.5eq)
Pd(PPhs), (15 mol%)
OTs Cul (30 mol%) Oj
= piperidine (3 eq.) ‘

6TBS OTBS benzene (0{.)041 M), rt
3-43b 86%

OTBS TBSO OTs
3-42b
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3-8, FURTAFL-a,)U REKROBTARB LT
12-hydroxy-17,18-EpETE D2A A

W7V TRER 3-A23 G T T 3 DT AR D Z-T VT L ~DERSTE T
BiTo70, £, 2 T72 NMO 2RI L 7= BHEEE L2 L7z, 3-42a%
MU AT IVF-a330 | 3-48a~L#5E L7z (Scheme 3-27), Z#uZxf L T30 Y&
DOKFAL N T7F AL 2048 NMO % 0 FECEH & &, &= v Mes
1795 &, BEY 3-49at . pBEREEZRBIAERD AR LTz (IR 42%), 156N 7IREG
WG, 82 ETHRARELMICHE, TBSHFE T, 72X — VAR S O&MEIZ X -

TE?RE’J IREL. 7 AT e RE LI, b AR TR 3-5la~bifga LT,
HBonlfbEmicxt L, TBAF Z/EH S E71 L 2 A, 250 TBSEDRE LA U7 C17

TaAXxy RO CI8 b I VA XV IHAD SN2 LD ET LT, ZORERTARE T FR

B &, (12R)-hydroxy-(15,18R)-EpETE (3-1a # &K T2 Z LN T& /-,

Scheme 3-27. Total synthesis of 12-hydroxy-17,18-EpEBELa

X—X
(e} N O
— j Co,(CO)g (up to 7 eq.) >|< j
I _ 0 CH,Cl, VAN 0
OTBS TBSO OTs 84% OR /N OR OTs
3-42a 3-48a : X=Co(CO)3;, R=TBS
n-BuzSnH (30 eq.) 0] TMSOTf, 2,6-lutidine; 0
NMO (20 eq.) | — j H,0 | — Z
_—
toluene, 0 °C = 0 _ CH,Cl,, -10 °C = — _
42% (NMR yield) OTBS TBSO OTs OTBS TBSO OTs
3-49a 3-50a
containing byproduct containing byproduct
NaClO,, NaH,PO,-H,0 m TBAF (W//Y\_/\WA
2-methyl-2-butene/t-BuOH/H,O
TBSO OTs
3-51a 3-1a
containing byproduct containing byproduct
HPLC |2 THrEUERI 297V, FEl i 7e (12R)-hydroxy-(175,18R)-EpETE (3-13 %

HAEEL | 13C NMR ZHIE L7=, 6 c1758.0 ppm, 6 c1859.8 ppmD B —7 L Y =/RF T R
DERZMER LT (Figure 3-1), F7=. BIAEKY % 5T —2 ONMR fi#HT 2170, Fl
R D 5 H D 1-21% CLA,AB.D Z-T )L/ s BE-T VA o~ & BE(L LU= 3-52 & #E
E LT,
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3-1a + 3-52

ODS-4 10 x250 mm, MeOH/H,0=50-70% (0.1% AcOH), 2.5 ml/min

— OH . OH
| 9 | /ﬁog
on 858 0(’ no'1 ?59 8 ppm OH :
31a (1SC.N|‘\)/|pR) . 3-52

Figure 3-1. HPLC chart of impure 12-hydroxy-17,18-EpETE

BIAE BB ST 2 S0 MUESEDBRIZARR L2 Z LD Z ORIS O KRG
RSB REdZ L & Lz (Table3-9), ZDahE, U AT LFca L L
& 3-49b % AW TRt 21T > 7=, Scheme 3-2TH D Tk, SUSHKE TH. MUSTAIR %
B DTN T AT ¥ —Y LT ZITo 7020, 7 A B CRISED RS
NiZREThH o7, 201D, UGRPTHRAETLEEX NSV e KU R
MBSO 2R LAl b b, Z 07, 7 v b B U 7 LKIRIE TG & 5 1k &
W, DREBEZITO 2 & T, a0 NEHRROKHEY % bR < BALBA~ LT LT
LA, T DBRMARIIHER SN o= (entry 1) ZOfEREZZ T, KDY
BEEWO L, MBICEISDNEITT 205 L7z, entryl TiX, 3 2O 7 /vFr-a,3L
NERZIRITTT D DI A5 Y EDOKFENL D) T FAAXE Wiz, ZHUZxt L, entry 2
TS Y EDOKFEL N Y TFNAAREANTRUGEIT- 72 & 2 A, LR THEER
HRLE, Lo, BT B 3-490 & C14-15(7 7 /L% 2 3k~ 7- 3-53b & D
BEMThoTe, LEOFRERNSG., OBBYO 3-49b Z 8 IRAYITIT 2D 72 O I3 R F
DRIENUETHLHZ L, @3 DDOTIVF -a L MNEKREE —FEIOETT 5L H
BB TR ALz, &0V O R Z A TE WD, ZOHETOIRT A
&LT,
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Table 3-9. Reductive decomplexation of tris alkyne-cobalt complex

0] n-BusSnH (X eq.)
NMO (Y eq.)

toluene (2 mM), 0 °C

: 4 B
OR yZ *x OR OTs
3-48b : X=Co(CO);, R=TBS

S 14 15 : -
OTBS TBSO OTs

OTBS TBSO OTs

3-49b 3-53b
entry X Y time (h) yield
17 upto4s up to 30 35 3-49b : <40%®
2° 15 10 15 3-49b and 3-53b : <68%”

@ Reduction was quenched with sat. KF aq., then extracted Et,O/hexane
b The ratio of 3-49b and 3-53b could not be determined due to the impure mixture.
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3-9.  Lindlar 325t & B8 T % I\ 72 12-hydroxy-17,18-EpETE D& A X

3-9-1. Lindlan&ic & BEHE T A W2 B U A o OES3 R T

FURTFR a0 MERORETCPNETH 727280, FU A2 3-42 ITKF L,
Lindlar iZcic K o8 c ik iz, U A 2 3-42az T, HEELS GBI 1T
ST FER, £/ A v 3-53a% HIR CTHEEL 7= (Scheme 3-28), Z #ULiX C14-157 /L%
%, C12,1707.0 2 50D TBS =—7 /WZ & o TYVARIIC R SV CTHR Y . SUSES RN
ZENFRNTHD EE Z -, 3-53a% X 5I(Z Lindlar i#c OIS LA, Cl4-
157 L% AN L T FRICEEAET 27 V7 o DETE Z T,
Scheme 3-28. Lindlar reduction of triyn&-42a

o O] H,, Lindlar cat., o oj
- inoli 12 eq.
(g A quinoline (12eq) [~ s o
— z hexane, rt — z
OTBS TBSO OTs 97% OTBS TBSO OTs
3-42a 3-53a

3-42aDVT AT LA~ —Tdh 5 3-42bI2k L TH Lindlar i@ e 2k AL 2 A,
BMER < BHWOE 7 A 3-53b & @R CHEES 5 Z L ITsE L7z (Scheme 3-29)
Scheme 3-29. Lindlar reduction of triyn&-42b

0o H,, Lindlar cat., 0o

‘ ] quinoline (12 eq.) j

Y — Z hexane, rt - — <

OTBS TBSO OTs 85% OTBS TBSO OTs
3-42b 3-53b

BoNT-E A 353ax T F L -a)L MR~ LFHE L, S BEERE TN L
7= (Scheme 3-3Q) 154 ED/KFE(L R U 7F /LA XL 10 48D NMO % 0 £ CTIEM &
Wk UG E 7 b Y U LKSER CEIESEZE A BHIOT F 7= 3-49a%
/L LT 52% Tz,
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Scheme 3-30. Chemoselective reduction of C14-15 alkyn&4alkene by modified Isobe
reduction

(@]
| j Coy(CO)g = O]

= _ Y - ‘ P [e)
— A 1,2-dichroloethane, 30 °C -
OTBS TBSO OTs 87% OR X—\X OR OTs
3-53a 3-54a : X=Co(CO);, R=TBS
n-BusSnH (15 eq.) O
NMO (10 eq.) ‘ — ]
_ O
toluene (2 mM), 0 °C H
52% OTBS TBSO OTs
3-49a

3-50aD VT AT LA~ —"Tdh D 3-49bIC oW T H[EEEICARK L7Z (Scheme3-31)
Scheme 3-31. Synthesis of tetraer8249b

o o
Oj Co,(CO)g ‘ — Oj
—_—
- - < CH,Cl, Z T -
OTBS TBSO OTs 90% OR 4/ OR OTs
3-53b 3-54b : X=Co(CO);, R=TBS

n-BuzSnH (15 eq.) O
NMO (10 eq.) = ]
o)
toluene (2 mMM), 0°C N — _
0, z Z
7% OTBS TBSO OTs
3-49b

EDOHEHER LD, NV A U OEHZETCIZBNT, TF -390 MEKROREIT
Hfit =S MEBOS, Lindlar 2ot a2 £ En M THW G ST, #RICT F 7=
Y 3AE/FLENRVEDD, L EMAELETHNSZ LT, a2 -4t
e LD 2 EITRRII LTz,

3-9-2. (1R)-hydroxy-(15,18R)- L " (129-hydroxy-(175,18R)-EpETE DA ik

3-9-1 TF F T 349 RELNT-D T, =B D2 # % % T (12R)-hydroxy-
(17S18R)- B L (129-hydroxy-(1818R)-EpETE%# &% L 7= (Scheme 3-32, 3-338-49
IR T, BRSO TR LY TBS 2K LIcEE T X — L &REL, 74T E R
3-50 2157, %\ T Pinnickf#{t. &, TBAF IC LDV U LEEDBREL C1l7T7 3 xR
D C18 h I/ AF VR T D S SN LV =R+ REMEEL, 3-laks L' 3-1b
DERE ZIEFZER LT, 3-1lallkt L T, flix NMR HIE %175 7275, 14,20-diHDHA
ERERIZ, C1-3(7D ¥C NMR v¥'— 7 X8l S ieinodz, Tz, T/LTE R 3-
50alZiFE L 7= B © 3C NMROJIE 21TV & TORBDFET D 2 L 2B Lz,
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Scheme 3-32. Total synthesis of (I)-hydroxy-(175,18R)-EpETE (3-1a

_ 01 TMSOTY, 2,6-Iutidine; o
~
‘ H20 —
Z CH,Cl, -20 °C =
3-49a 3-50a
1. NaClO,, NaH,PO,-H,0 s 2
2-methyl-2-butene/t-BuOH/H,0 = OH
o)
2. TBAF, THF Z —
34% (3 steps) OH e}
3-1a

Scheme 3-33. Total synthesis of (19-hydroxy-(175,18R)-EpETE (3-10)

o) TMSOTH, 2,6-lutidine; _ _0
[ Oj H20 ©
N = - CH,Cl,, -20 °C 7
OoTBS TBSO  OTs OTBS TBSO OTs
3-49b 3-50b
1. NaClO,, NaH,P04-H,0 oH
2-methyl-2-butene/t-BuOH/H,0 = X
2. TBAF, THF AN
36% (3 steps) OH 0
3-1b



3-10. (12%-hydroxy-(17R,189- B X' (12R)-hydroxy-(17R,189-EpETE
DE L

3-9 £ TOMFHE R A T, (12R)-hydroxy-(1818R)- LTt (129-hydroxy-(175,18R)-
EpETE ® —~ F > F 4 ~ — T & % (129-hydroxy-(1R,189- ¥ L % (12R)-hydroxy-
(17R,189)-EpETE# C16-207 7 7 A > | 3-9b /b A L 7=,

3-10-1. (1®-hydroxy-(1R,189)-EpETE (3-13D Ak

KA IEORIZ C16-207 5 7 A2 b 3-9b BL N C11-1567 5 7' A > |k 3-22b %
VN, 3-9 ERIERICA L L7z (Scheme 3-34), ZICHIL =L MESIGED T L7 o< b
757 4 —DEROEIA~FH 2 AND L BER, BUEZEL THA~F 03k
F72hote, 22T ALEMT — 2 ZINET DB, HENBRT F LIS 2 TR A
Tole A, 7 7=y 3-49¢ BMEFNCRLETH DT, —iH T L THfiF
THIENHALTE, 207, 3-49cDILERFTA AR T Lz, 3-9 TOERKIZEWNT
(12R)-hydroxy-(15,18R)- 35 L TY (129)-hydroxy-(175,18R)-EpETE ® C1-3/\Z.IZfH% 7%
BC NMR OB — 7 Nl S e o =72, AENE A VARV 3-51ciliFE Li- s =
AT, BC NMR ZHIE LTz, TORER, BVERVER 3-51ci2oWV Tk, &2 TOREID
MM T8 —7 2R LT,
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Scheme 3-34. Total synthesis of (19-hydroxy-(1R,189-EpETE (3-1¢%

1.
2-22b
OTs OTs
: n-BuLi, BF5-OEt, :
D7 THF 18100°C PMBO™ > = bba
3-9b 2. TBSOTf, Et;N OTBS OTBS CH,Cly/pH 7 buffer
CH,Cl,, 010 30 °C 3-44c 93%
66% (2 steps)
OTs DMP OTs
HO/\/E/\/:\/ NaRCOs e~ A CrClz CHIs
o7BS o7BS C:;SIZ OTBS oTBS THF(’gigg?ﬁ): 73
-4 (J - .
3-45¢ 3-46¢ 75%
3-3(1.5eq.)
Pd(PPhs),
OTs ~ Cul 0 H,, Lindlar cat.,
N N L. LN = ) quinoline
z o z O
: B benzene =
oTBS OTBS = N hexane
3-43c 76% O0TBS TBSO OTs 81%
3-42¢
0
— Co,(CO)g n-BuzSnH, NMO
| 0 — 2R
7 Y = N CHJCl,, 30 °C toluene, 0 °C
OTBs TBSO OTs 96% 48%
3-83¢ 3-54c : X=Co(CO)3, R=TBS
1. TMSOTY, 2,6-lutidine;
o) H,O OH
= j CH,Cly, -20 °C =
| (0] | _ (0]
N e 2. NaClO,, NaH,PO,-H,0 SN—=TN
&TBs TBSO OTs  2methyl-2-butene/ &TBS TBSO OTs
£-BuOH/H,0
3-49¢ 3-51¢
TBAF = OH
— 9
THF :
OH o

18% (3 steps)
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3-10-2. (1R)-hydroxy-(1R,185)-EpETE (3-1D &k

3-10-1 L [FA#RIZ, (12R)-hydroxy-(1R,189)-EpETED A k% 1T~ 7= (Scheme 3-35) A&
ILEHDERITBNTH, B R R 3-51d0 BCNMR 2 JIE L, & TORHEICHY
THE—T HHER LT,
Scheme 3-35. Total synthesis of (B)-hydroxy-(1R,189-EpETE (3-14

1. PMBOW

3.225 OTBS

n-BuLi, BF 3 OEt, :
" THF, -78t00°C PMBO™ Y ="y DDQ

OTs QTs

o) -
OTBS OTBS
3-9b 2. TBSOT, EtsN CH,Cl,/pH 7 buffer
CH,Cl,, 0t0 30 °C 3-44d 97%
74% (2 steps)
OTs DMP OTs
o : NaHCO; - : CrCly, CHly
: : THF/dioxane=1/3
OTBS 6TBS CH,Cl 0T333 64 oTBS (0.061 M)
3-45d 95% 81%
33
Pd(PPhs),
OTs ~ Cul o) Hy, Lindlar cat.,
I B piperidine ‘ ‘ — j quinoline
e —_—— o _— -
- = __
OTBS OTBS benzene — > hexane
3-43d 69% OTBS TBSO OTs 92%
3-42d
o Oj Co,(CO)g Oj n-BuzSnH, NMO
\ g
/ 0 CH,Cly, 30 °C toluene, 0 °C
- 3 95% 3 48%
OTBS TBSO OTs OR OR OTs
3-53d XX
3-54d : X=Co(CO);, R=TBS
0 1. TMSOTY, 2 6-lutidine; H,0 OH
— j CH,Cl,, -20 °C =
\ o) \ 0
= i = _
. 2. NaClO,, NaH,PO,-H,0 N
OTBS TBSO OTs  2Mmethyl-2-butene/t-BuOH/H,0 OTBS TBSO OTs
3-49d 3-51d
TBAF _ OH
— | o)
THF Z —
32% (3 steps) OH o
3-1d
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3-11. 12-hydroxy-17,18EpETED V7 X F L A~ —0 HPLC 4347

14,20-diHDHA DA L [RIEk, ARk L7z 4 FENLAREPEARIZIBS W T, H B LUV BC NMR
MYT AT UAY—MT—E L, £Z T, RARMEDHIAFREICT 572, HPLC
I X D KB &2 R AT, WM, IEFEOREA OB T 2 ANTYOT AT LA~—%%y
Bri7edd, =2 BolEd 22 Lidhoiz, £2C EHOF TV H T K% FANTH
Wrafto72 & Z A, CHIRALPAK® AD-H THEIFHA IPA/hexane=10% 55122 T AT
VA~ — T 5 2 & & R L7- (Figure 3-2),

OH o
(12R)-hydroxy-(17 S,18R)-EpETE
(3-1a)

OH 0
(12S)-hydroxy-(17 S,18R)-EpETE
(3-1b)

3-1a + 3-1b

CHIRALPAK®AD-H 4.6x250 mm, IPA/hexane=10%,1.0 ml/min
3-1a: tg=17 min, 3-1b : tg=19 min

Figure 3-2 HPLC analysis 08-laand3-1b
ARk L7z (129-hydroxy-(1R,189-EpETE (3-1%, (12R)-hydroxy-(17R,189)-EpETE (3-

1d) IZOWTHFERIZF T T AT LV 538 &1T - 7= (Figure 3-3), % DOk Figure
32 LARRDERMET DO VT AT LA~ —I3 50 LT,
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| P 9
OH o
(12S)-hydroxy-(17 R,18S)-EpETE
(3-1¢)
_ OH
| P 9
OH o

(12R)-hydroxy-(17 R,18S)-EpETE
(3-1d)

3-1c + 3-1d

CHIRALPAK®AD-H 4.6x250 mm, IPA/Hex=10%;
3-1c : tg=16 min, 3-1d : tg=18 min

Figure 3-3. HPLC analysis 08-1cand3-1d

CHOUT AT VA~ —MTTIREFFH AR D L AR LIZOT, 4 OYT A
T U A~—%RAE L THN LT (Figure 3-4) TOFER 3 2OV —7 PR TE -,
(12R)-hydroxy-(18518R)-EpETE (3-1a& = F > F 4~ — @ (129-hydroxy-(1R,189)-
EPETE (3-13 TE— 7/ WNHEMA LA, TN HILCD AT hAEZHETHZ LT, K
BRI AIREZR 72D, LLEDSHT L Of T 4FDO T T A7 LA~ — O SEARELE & X5
THZENTER,
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100 20.0 5.0

IGV-115-01-10+151-01-1C2 - CH1

15.0
Retention Time [min]

20.0 5.0

V-119+V-151+V-1984+VI-015 - CHL

150
|

3-1a + 3-1b + 3-1c + 3-1d

100 20.0

150
Retention Time [min]

CHIRALPAK®AD-H 4.6x250 mm, IPA/Hex=10%

Figure 3-4. HPLC analysis of 4 isomers of 12-hydroxy-17,18-EpETE
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3-12. ERB L OSZE TR

(1) Balas, L.; Durand, T.; Saha, S.; Johnson, I.; Mukhopadhyaly M&d. Chem. 2009 52,
1005-1017.

(2) Katsuki, T.; Sharpless, K. B.. Am. Chem. Soc. 1980, 102, 5974-5976.

(3) (a) Shimizu, T.; Hiranuma, S.; Nakata,TEtrahedron Lett., 1996 37, 6145-6148. (b)
Shimizu, T.; Ohzeki, T.; Hiramoto, K.; Hori, N.; Nakata,3nthesis 1999 1373-1385.

(4) (a) Tsuda, Y.; Haque, M. E.; Yoshimoto, Bhem. Pharm. Bull., 1983 31, 1612-1624. (b)
Sun, C.; Bittman, RJ. Org. Chem., 2004 69, 7694-7699.

(5) Gerspacher, M.; Rapoport, H.Org. Chem., 1991, 56, 3700-3706.

(6) (a) Hayashi, Y.; Shoji, M.; Yamaguchi, J.; Sato, K.; Yamaguchi, S.; Mukaiyama, T.;Sakali,

K.; Asami, Y.; Kakeya, H.; Osada, Bl.Am. Chem. Soc., 2002 124, 12078-12079. (b)
Kandula, S. R. V.; Kumar, Hetrahedron: Asymmetry 2005 16, 3268-3274.(c) Carda, M.;
Murga, J.; Falomir, E.; Gonzélez, F.; Marco, JTAtrahedron 200Q 56, 677-683.

(7) Zhang, Z.-B.; Wang, Z.-M.; Wang, Y.-X.; Liu, H.-Q.; Lei, G.-X.; Shi, Mtrahedron:
Asymmetry 1999 10, 837-840.

(8) Urabe, D.; Todoroki, H.; Masuda, K.; Inoue, Mtrahedron 2012 68, 3210-3219.

(9) Kelly, A. M.; Pérez-Fuertes, Y.; Fossy, J. S.; Yeste, S. L.; Bull, S. D.; JamesNatube
protocols 2008 3, 215-219.

(10) Shimokawa, J.; Harada, T.; Yokoshima, S.; Fukuyama,Am. Chem. Soc., 2011, 133,
17634-17637.

(11) De Silva, E. C. A.; Silk, P. J.; Mayo, P.; Hillier, N. K.; Magee, D.; Cutler, Q. Chem.
Ecol. 2013 39, 1169-1181.

(12) ABUS DRSS (129-C11-157 /L% > 3-22b & AW TR 21T - 7= (Table 3-
10), REEEHSIGEZ, 30 MM TITo72 & 24, 3-37Th DINRIT DT ) 5.5%TH -
7= (entry1l) ZAUIHEEORENHENZ ENFNTHHIEEZ, BEL 02ME L
7= (entry2) ZOFEFL, UL 53% & REEMICH E LT, entryl, 2TiX, 7%=
R OFHRIB I CIREE A2 0 B £ THIE L TW s, entry 3TIE-78ETT L F = K4
L, 3-22bDMEHHS L7z, TORER, 3-37Tb DIERITIL F L TL £ o7, entry
4 TiX, entry3 & FIERDOSEM T, BUSKRFDIREE 0.5 MIZ L7722y, IUERIZKE 7
SEIL A Do T2, entry3, ADFER IV, TEF U ROFARIX-78 £ TIT- T
HIIGERHFO TLC I X entryl, 2& FERFTIRICZR A 2 &, 78T Y ROYEEJS T
EROBEZRES LTHIENMET T2 b7z, entry5TIE T &F U
RIZOEECTHRLTHREL, 7EF U FEZRF T FITxiL 248 &AWL 2
A, 3-37biX 51% TH LN, entry5DFEMEEZH WD & FERENG LN, Z
D% Fidi St & U TRRE LTz,
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Table 3-10. Nucleophilic addition 08-22bto 3-9a

PMBO™ Y7 Ny
OTBS  3.22b (x eq.)
OTs n-BulLi (y eq.) QTs
BF4-OEt, (x eq.) PMBO™ =
O THF (z M), temp., 1.5h OTBS OH
3-9a 3-37b
entry X y z temp. 3-37b

14 2 2.2 0.0 -78°Ctort 5.5% (containing rac-3-9a)

w

28 2 2 0.2 -78°C <53% (containing rac-3-9a)
3> 14 15 02 -78t00°C 38%

4b 14 1.5 05 -78to0°C <43% (containing 3-9a)

5 24 26 0.2 -78t0 0 °C <51% (containing 3-9a)

@ Rac-3-9a and 3-22b were used.
b Alkynide was prepared at -78 °C. In other entries, alkynide was
prepared at-78 to 0 °C.

(13) Evans, D. A.; Black, W. Q. Am. Chem. Soc. 1993 115, 4497-4513.

(14) Phoenix, S.; Reddy, M. S.; Deslongchamps]. Bm. Chem. Soc., 2008 130, 13989-
13995.

(15) Ak L7= 4 FNTARELPERIE, A H HIZX > TLULFO#i HPLC O 4Tl L 7=,
(column: CHIRALPAK AD-3R, 4.6 mm x 150 mm, eluent: 50% 4CiNlI/MeOH (4/1) in
0.1 % aqueous AcOH for 5 min, 50-95% £CH /MeOH (4/1) in 0.1 % aqueous AcOH over
22.5 min, and then 95% GBN /MeOH (4/1) in 0.1 % aqueous AcOH for 8 min at 0.5
mL/min, retention times of the synthe8iel: tr = 19.0 min for3-1a 22.3 min for3-1b, 25.9
min for 3-1¢ 19.4 min for3-1d, retention times of the naturkltr = 28.4 min for3-1¢ 24.0

min for 3-1b).

s AFEEMERZ invivo FIRIEET VL Ch D, AT AICBIT D 4HERR
TS RER A A H 512 X - TfThir7=, Goto, T.; Urabe, D.; Isobe, Y.; Arita, M.;
Inoue, M. Tetrahedron 2015 71, 8320-8332.12# 5 = v 7= skl % J % Figure 3-5127%
L7z, Z Z TiE. (12R)-hydroxy-(15,18R)-EpETE @-1a) 7% 1bb, ¥ LT (129-hydroxy-
(17S,18R)-EpETE (3-1) 7% lab, (129)-hydroxy-(17R,185)-EpETE (3-1¢ 7% 1laa. (12R)-
hydroxy-(17R,189)-EpETE (3-18 7% 1ballfiX44 2, K&K 3-1cit. i) o Kk
) 3-1b & bl U CIEFITHM D R PIRIETEEZ R L, S 612, FERARTH S 3-1d 1%
KR D 3-1b LCIERIRD 3-1a LV HLIRWIEMEZ /R LTZ, ZOREND ., M 7eht
PAETEME DR BIZIE, (1TR189)-TRF o ROMENEE CHH —J7, Cl12fitk K n
VOV EFITTE I E L RN E A LN E o T,
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*kk

50

40 A *kk

30 . *k

20 -

PMN % inhibition

10 1

1aa 1ab 1ba 1bb

Figure 3-5. Bioassay of syntheti®-1¢ 3-1b, 3-1dand3-1a The compounds (1 ng) were
injected intravenously through the tail vein followed by peritoneal injection of zymosan A
(2 mg/ mL). After 2 h, peritoneal lavages were collected, and the number of PMN
leucocytes was counted. Values represent mean * SE, #° <0.05, **P <0.01, ***P

<0.001 versus vehicle control.
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4-1. TR -, MEEE BRI

T NZK LT Co(CO)s ZAEM &85 LT 200 T O—LIRFEE T\, T
NFx Ay kA VR =V OSERE T 5 (Scheme 4-1), LA T Z DK
T IVFR L -aN)L MR LS,

Scheme4-1. Formation of alkyne-dicobalt complex
Co,(CO)g R R

R——R'

(CO);,C0——C0(CO);

ZOTIF AL MERIE B T TORRMBABTT L o~ BAET D
e, TAFORFERLE L CEASNTERYL, £70, 7% -390 MEED afir
DINRITFFNEEMNESND ZEEFIH L, FEx 2 REH & ORISR HE ST
W5, ZORIGE Nicholas Bt & FEIFAL, A 512 K % oxocane DA BT & 41T
W52 (Schemed-2), 7L - L MEED o ffDT L — L& ALt 5 e, A
VI— FOBBEZE O B TF AU BE LT, ED%., THF BROEEFRE T 23RS L.

oxocane = H— DAk & L CTH 2 7,

MS

Co,(CO)g MsCI (1 eq.)
(1 eq ) EtsN
o) Et20 CH20|2, reflux
o
97% N, T
(0C)5Co

0(CO);
41

Scheme4-2. Synthesis of oxocane by Mukai et al.
0(CO);

CAN
PE——
MeOH, 0 °C “
S
74% © Ph
4-5

ZDEFENT R -3 0 MEREZFIR L7 SOGIZ Pauson-Khand &3 8 %3, AR
SR, TovF - gL REIRE TV v B RO LR E D D [ 242+ BR(L AT X
DEHL 7 aXT ) ANIEBRT DRISTH D, Tx -3 u MERIZT Vi RN
B U721, — PR bRSE DA L CoxCO)x DULEEZ o Ty 7 a7 ) U AT
%o RBUGEFIHAL, 7 aXv T ) VBT —T7 26T D2 KM D RERRNT
PIVTWD A, fRFfFlE LT, S L. Schreiber 512X % (+)-epoxydictymene D & k232
FHib?t (Scheme 4-3),
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Scheme4-3. Synthesis of (+)-epoxydictymene by S. L. Schreiber et al.

Co(CO)3
\ M
Co(CO); NMO (0.6 eq.)

B ———

) o></ CH.Cl,, 1t

70%

dr=11:1atC12 (+)-epoxydictymene
4-6 47

FROMIGETN-AFLENLRY U N-AFT R (NMO) BEHMENTND LT, A
PO =7 I AF v RICEIVRES D Z EBRMEINTVA% Yoo b b R
WZT 2 A% Y RS Pauson-Khand SIS ZRHET 5 Z & 285 L7285, =7 v
FH Y RET T CPRALT D 3900 MR EO—FRIERE 2 LRI BB S &, =
sV bk BICZE ORI E TRt 5B A R L TV D EE X BTV S (Scheme 4-4),
Scheme4-4. Suggested effect of NMO

00, %o )
co N Os ?OCO
; , Coa(CO)s \ /co AN \/C\\Co/
_ _
R-=-R R N\=cg-co o SN
A g2 €O R \=Co-co
B C R2 CO
|
NN+ co
O/\ / o C [ j ? (I:(/)CO
LonE L Tleo 0
0"/Co A co
1 /%\: Lo R \co-co
R Co-CO 0°C
, CO
, CO R
p R E
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4-2. BB = v MeRE
(TIVF-asN)u WEIRD Z-T Vi v ~DIBTTX)

TNF - R EORE AW BRIl a v MEBORIZ K D | Z-T v v DA
AN FIRE T d 5,

BEER &1, 1993 AT T /L -m L0 REEIRIZ®E LT, Wilkinson filfi 4 F - & &
KBNS ZEAT D & TAT UPREBEASINTRIR=—T VRGN 2 L a2HE L
7297206 4-81Z5%F L T Wilkinson filt i 2 FH N 7o i@ FE K SBIRIN S 2k Ao & 2 A
TN o EEDRBRIRT—T L 49 & 410 B L% 1.1 OERL THEEE LAOLEY
4-10 1XZE D%, AKFEL RV TF L RAX AIBN ZHW=T ORI D AL T 4
VA1l NS TS, RE R Tl TV R om0 SRR TR = 80 B
(BROS 2 BIRACHEIT S E D DD, L7 4 VORMEAREE 725> T2, L
L. FEARETORR, TAF-a3,90 MK 4-8 123t L, INESIE FAKRFEM Y 7
NWARENERH &2 LbEY 4-11 NEIE TR LD Z &2 R L7 (Scheme 4-5),
Scheme 4-5. Reductive decomplexation of akyne-dicobalt complex by Isobe et al.

OC)3C° Rh(PPha),Cl H Ho
H, (100 kg/cm?) =0 /
(oc) 3Co \ =
benzene, 40 % o = IR HO H
NN Y H S H
n-BuzSnH
n-BuzSnH AIBN

benzene, 65 °C benzene, 70 °C

81% 86%
4-11

B DI X D8k &2 gt HAKFEL B Y 7 F 2 X e VW ii#@ it =2 30 Meo
—MEIZEL T O LD ICFE L O BILD,

1. HLFEOE Mo X 3R it =2 L MEBOR 2R Lauy,

2. K7 X, TEBETAXCDNTIG KSITETT S,

3. CEHT VXX, TNV IR END,

ABIGIE. 72 ARIRA gavinoxyl (ICE > THESND Z 206, T Vb L i
ThdEHESIN TS, L, AIBN O X577 P NEREAIZ LI E LTz
W, TAF-as)L MERBE, HD5WIERFIAET 2BENEOERFIZ R LT
WHEBEZLNTWD

F7-. BITANIAFL NY TF AR XM, EHEEOKRIEY R R U A G
TEXDHZENRHLNIZEN TV D® (Scheme4-6), KLY R Y U A& HAWZHA
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HARFN Y TFNRAXEIZZFFEOSUSNET, T F r-a v MNERE Z-T7 v v
(CEMTE D Z LR ENT, —FH T, KEF) TFAAXE N GEITEE O
TAXNIATRILBELIND OO, WREEY UBS N) U LAEHWEGAEIE. Ehb
FEITC SNV, o, RBOSIZITEITCAI ERE (10-12 &) [THEERDT720, &
PEDEVIKFEL N Y TF A AR L, R U M) LA TELAY v b
IREWVWENZ D,

Scheme 4-6. Comparison of NaH2PO, and n-BusSnH in reductive decomoplexation

a) NaHgPOZ-HQO

OH
MeO™ >
60 °C
_—
b) n-BuzSnH
toluene, 65 °C

4-13 : R=1:55% (method A)
4-12 4-14 . R =H : 50% (method B)

—H T, RO BARLFIEICL O T X r-a 0 MERN S TV v BT
W5, 1997 4£(Z Ingenol DEBKICBNWTT L -a,3L KA W20+
Nicholas SN2 KV 5-7-7 BERDFe R A WA F-T 0 M A REREZEKR LA,
BAL% O T V¥ -2 0 MEIRIZKR L Birch BrofM2@A L., BAICAL 7 4 >
ZEANLTW5YP (Scheme4-7),

Scheme4-7. Reductive decomplexation under Birch conditions

AcO \_@00)3
| on Sco(coy, MeAIOCOCF:)(OA)
= CH,Cl,, -23 °C to rt
Ar=2,6-(CH3),-4-(NO,)CgH
OMe (CH3)2-4-(NO2)CgH,
4-15 4-17
7%
Li, NH3 aq.
-78 °C, 15 min

75%

Ingenol

AL, TAFr-as0 MEREMBAORTETTE S Z L 2HE L7z (Scheme 4-
8)', HE D 4-19 (ZxF L, /LA ABRD MeAIC, Z VT Y7 mr A ¥ SR CRL S+
THELNTE, B 7 v531 kAW 4-20 %, KI MV o HMBGER AT 7oL 2 A, EoT
FOSMHET LTe= ) v 421 RGBTz, ARIGITHFEERT VX -390 MERICKHL T
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— R ETH D Z ENMBLILTEY , 7I/LF -a, )L NMERO SRR AR T 5 a
JL bt RU R HCo(COX Al LTHBEL TWAH EEZ BN TWNAYR
Scheme 4-8. Decomplexation under the heating conditions

QTBS TBSO
2 Co(CO)3 MeA|C|2.(2..O eq.)
| /’ 2,6-di-t-Bupyridine (0.1 eq.) O
Ph Co(CO)s ) \ —0(CO)s
7 CH,Cl,, -78 °C, 20 min /
o] Ph o Co(CO)

4-19
4-20
75%

TBSO
——
toluene/H,0=5/1
reflux, 2 h Ph
66% 0

4-21

TIFRINETIF - MNERERT, ZT7 VT a5 2 ENTEL T,
TIVX LD Z-T N o ~OETRIGIE Lindlar 3B eBe Y4 2 RiE, P2-Ni®ic k%
BILREVMOENTWDY, Filr i&zﬁ% K0T R — Rt & L C
PA/PEIY s ST\ 5, £, oo kT 2 E58 121 Zn(CuAg) e
WHTE D Z EnHgBEInTVD, \_M%ODEPT“% Lindlar iE i3 RAF 2 b s il &

BHEAREORE ENS, TAX D Z-T IV o ~OETRTOE —EIR & L TIA
SHWHLNLFETH D, DD, TILF L -a3L0 MR U B 7 v
XD TN U SOEBIRIT E L EHE ST,

92



4-3. 1420-Vk Fuxy Rag~AsHx B FEIE~OwE A

%2 E T _7=i@ Y | 14,20-diHDHA OH KA THHT b T A > 422 )25, Lindar i#
TEIZ KD ~F Yo 423 ~CRB LSBT 5 2 LIINETH > 72 (Scheme 4-9), 2
T, B DI L - THE SRl = v MEBOG O F 2 3 A 72,

Scheme 4-9. Transformation of tetrayne 4-22 to hexaene 4-23

O} O}

Lindlar reduction — =

+ over-reduced products
X

< 30% (NMR yield) :
OTBS OTBS OTBS OTBS

4-22 4-23

4-22 05 423 HAGDAERREE & LT 293 L L7 (Scheme4-10), 7 7 A > 4-22 %
HREREE LT, 7 R I X RAT AN -a30 MK 4-24 O TN 2 30 MUK G %
AT DR A, HDHWIE 422 % Lindar iBCIc LY X Fx 4258 L, TFo-
a0 MBS 4-26 12 L. GBI = N0 MESOR & AT o v 4-23 215 2 1K
BO Y THH FTIIREADT FTF AT I)IVF-a3)L MERDIEITC &2 R T,
Scheme 4-10. Two possible routes to synthesis hexaene 4-23

O/> route A X—X  X—X O/>
‘ ‘ — — (o] Co,(CO)g )|( (0]
= — X X = . X
oTBS OTBS TBSO ¢/  OTBS

4-22 4-24 : X=Co(CO);

route B Lindlar reduction
76%

K

OTBS 2
(OC)3COLCO(CO)3 OTBS OTBS

4-26
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T hT A2 422 12K LT, Co(CO)s REAFEH S D &, HLMNZT hTFRT
JL )L MEEIK 4-24 23AERE LT (Scheme 4-11),
Scheme4-11. Synthesis of tetrakis alkyne-dicobalt complex

0/> X—X X—X O’>
COZ(CO)g

=" = o X o

= = >
X = X

I = N CH,Cl,, 0 °C

OTBS OTBS 66% TBSO 4N OTBS
4-22 4-24 : X=Co(CO),

FEER & O SCERG Y 2B E 12T b T X AT LF L -a 30 MEK 4-24 DR THINL =230
MU Gz kI T- (Tabled-1), /kFEL b Y 7F 2 X EE RN H O HA T, BT
HERTH2HO0, HEMIIHEONT, #HERHO 3 DOLEMBRHELNDL DR -7
(entry 1), F7=, WY T MU U AZECH L LTRIEEITY &, EOHBEN A
LTz (entry2), = Z T WENEE L2V XVKIR T CRISDITZ RV EEB X T,
B DI Ko TIRE I TV DIEITLHIN = 7L MERIS O G % Scheme4-12 |Z7R
L7z, TFr-a,L MERENNET 2 Z LT, B @ Co-Co fEG N HEMA L, &
Fl& RS 5, EDOHRAKRKIR T Co-CHREAITEINL L, H, | B34& U7, Eoorliikic
XU CoxlCO)s DMLEEZ 1N, Z-T W RS D, 2 Z Tld Co-Co fif & 23 % B AL
SNDTZOITENMEL SN TWDE, —HF T, TAF-a,L hEKREZ BT 5 &, —
FRALIRBIWEE L. ZZOBRNLIGN—DE LD EHEINTWDY, ZoZ Lk, BTl
it =L MEIZEBW T | 24T Co-Co A ERA LV & —WR{biRFEDONBEICLET
bHZ LETRETH, ZOSH, XVIKIECTKISEIT O, BUTZE DY Gz i S
LA ZFIHT LI N EBZ BND, 41 THRRIZL ST, TAF a0 bk
% N2 SO 21X Pauson-Khand SOS23 SV TW D8, 2 ORUG & ek X1 2 ¥
I kk %2 Wt ST 5D, £2T, BEIHl =L MEBOSIZE N TS, 2 b ORI
FlEMZ 52 & TRVIKIETORIGOETZ WA L7, NMO iRl &Nz, KFEL b
VT FNARX%Z 60 YEMZ TG CRIGEIToTo 2 2A, BUNMTIERTEITT 52 &
B0 B O~FTH = ZildE TR E OREY & LT (entry 3), #sIIAIZ N
252 T, LVIKIBECRIGHATREIZ 2o 272, X BITIKIRD-15 FEE D 0 FED SR
TIIGETo 728 2 A, 4-23 DILHRIT 38%E 10%1F £ EFH- L= (entry 4),

FNT, BILAIZKFENLFY 7 2=V ARITE 27208, 4-23 DILRITAL R L7z (entry
5)., £7=. entry6 Tik., RUARUAFALUNLLT L EHNCIRIEEFT> 7275, 4-23
T Gonrolz, iUk, NVARNIAFAT U AT T IKE N 7F LR
AL HEE LT, S-HEAOR A= R L X =N Sn-HEAOZR LV BV EBERE
ThdEEZDHD, Ubnd, BTANIAEN N Y 7F L2 W EE & HWr Lz,

OSEEZ b b7 b=, YraarAF ey A% ) —)U b= DR
BRI, THE ICE 2 TRISZEIT 27203, 2 b OB IXRIZE OISR, BEE 72K R34
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SN7-7= (entry 7~10), F/Lo i & s SOSARE L L=,

FE OB DIBILANIAKEL N TFARR | KISERIT hv>=> & L, Pauson-
Khand 2 38 THEFI D & 2 I A Fi 2 i35t L7c (entry 11~17), n-7 F /L A F )b
FA =T N2 WA, 0 E CRIGHEIT Lo 772, 80 FE £ TMEL 7=
D BEBEITCERDO BB GBI (entry 11), feWTHEY Vg b Y 7 = = 2% W TG %
To7zdd, BT B Ll v MERIERBE L, BROA~XHI T 423 LT N T A
VAR DREWES 2T (entry 12), b 7 ==Lk AT 0 UBEEINFIE LTHWD
L AT NI/ LENDL DD, T%EIEFITIRIFETH -7 (entry 13), NMO & [FA
LTIV AXRVRTHD FUAFALT I NAFL K (TMANO) & V7834 (entry
14) &, DMSO*% fl\W 72354 (entry 15) 1E. entry 3 L IZIZFEROFE R Z 52, NMO &
BRI RN DN Do T, Y7 a~F T I U EAWEEAIL. BRI E 45%
THz252bD0D, X2 P FICE TSN REL T,

UL EDFER DS BRI 4-23a 3T 2 (AT W< D& D b DD, 4-23 &I
WCIRTOHI & D BERREETH VO | Eo B AR mE R R RIS E L TER D
FER Lo, TORD, Wi A~FH T 423 ZHEET HICIEES R o7, iR
JeRIE, BOSRFTERT D EBEZ NS HCo(CO)x (IZXL D ~FH T 423 RE BT
BILSITARL TS EBE LT, KSR TOD HCo(CO)x DIF/EITLMEFE TE T
RN, BEHSOIE NI = F ATl EBuiiia L MEIZ X D A U7z Coy(CO)s 72
5., HCo(CO); & EtsSICo(CO)s 234 U 5 Al Z "2 L T % (Scheme4-13), HCo(CO)s
IR A L7 4 OB LA SR ZIVESERTH D LRI TV D, £
D= KB R Y TF LA XL CoxlCO)s 75 b [AEEIC HCO(CO)x A LTV 5 & & %
72 2T, 2D HCO(CO)x Z T 5 L HE SN TNDHEARATMS 7T EF L P& RIC
INZ CTRUGSEAT 27208, EETERDO A RINHENIZE S 22 h- 72 (entry 17),
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Table 4-1.

Investigation of reductive decomplexation of tetrakis alkyne-dicobalt complex

Ly

X=X X=X O/>
O

_ =

X x solvent (10 mM) -
TBSO y’ >y oTBS OTBS OTBS
4-24 : X=Co(CO)3 4-23
a
entry  reductant (eq.) additive (eq.) solvent temp. result
o Over 3 products was detected by TLC.
1 n-BusSnH (15) benzene 65°C Neither 4-24nor 4-23 weren't detected by ESI-MS.
2 NaH,PO,'H,0 (32) MeO_~gy 65°C decomp.
3 n-BusSnH (up to 60) (larg(';”:fgess) benzene t <28%
4 n-BusSnH (30) NMO toluene  -1510 0 °C 38%
(large excess)
5 Ph3SnH (60) NMO toluene 0°C 27%
(large excess)
6  (TMS):SiH (60) (Iarggu\eflgess) toluene 0°C 0%
7 n-BusSnH (60) NMO MeCN 0°C 11%
(large excess)
NMO o
8 n-BuzSnH (60) (large excess) CH,Cl, 0°C <30%
9 n-BuzSnH (60) NMO toluene 0°C 34%
(large excess)
10 n-BusSnH (60) (Iarggu\eflgess) THF 0°C <3%
11 n-BuzSnH (60) ?z_guez'\;le toluene 0to 80 °C Only over-reduced products were obtained.
g P(OPh)3 o The mixture of 4-23 and
12 n-BusSnH (60) (10 eq.) toluene 0t080°C decomplexation product 4-22 were obtained.
13 n-BusSnH (60) (2PoP:§) foluene 01065 °C 7%
14 n-BusSnH (up to 60) Iz'\g/z"cﬁ toluene 0°C 22%
15 n-BuzSnH (60) (ggﬂesc?) toluene 0to 80 °C 31%

aThe yield was determined by "H NMR analysis after column chromatography
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a
entry  reductant (eq.) additive (eq.) solvent temp. result

CyNH, o <45%
16 n-BugSnH (60) (20 eq.) toluene 0t080°C over-reduced product(s) 39%
b
17" n-BusSnH (60) NMO toluene 0°C 48%

(upto45eq.)

aThe yield was determined by "H NMR analysis after column chromatography.
b TMS—=—TMS (up to 50 eq.) was added.

Ly

oTBS oTBS

Scheme 4-12. Peoposed reaction mechanism by Isobe et al.

OC\ co OC\ /oo o\ o
0Cc~¢4 Cco- o H-LW) co
N 0 —— e EE—— Y. o —
R’ COCCO 65°C R CoCO reductant R Co\fCO
CcO CcO co
RZ R2 RZ
B E G
OoC co
oc—)/ oG co 0
~Co oc-\/_cé—co H H
AR, —— S
R'I Co—¢0 :) ) 5
DA R’ -Co,(CO)s R R
e H
R R2
H | J

Scheme 4-13. Reported undesired reactions probably caused by HCo(CO)s species.
H H /CO(CO)3

Et;SiH (5 eq.)

CICH,CH,CI, 60 °C

4-28

HCo(CO)s |

4-28:4-29:4-30=77:19:0(2h)
4-28:4-29:4-30=0:0:80(24 h)

Et;SiH  +  CoyCO)y ———  EtsSiCo(CO); +  HCo(CO)s
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7T R T XRRATIVF AL NEER 4-24 [ZBUS R 4 OIFE L, TLC X2 MS TO UG
DIEMARNETH D720, SISO EZ RO L D0NRRNETH -T2, FRFITKREID
AT 5 THAH HCo(COX IZ K DRIIEMBIETH - 7=, £ T, 422 /5 Lindar
BITICE o TR & Linth, DT AX U T VF -390 MK 4-26 ~ L4
#al 7 (FRF% B, Scheme4-10), Z @ _BEMEOZEHUIFIM:, [ERE QIR THDH Z &
MOMoTe, IRWNT, TF-a,90 FEK 4-26 (23T 58 T O 217> 72, W
Bl A L2 WB R R CRUS E T ol & 2 A, BINO~FH = 4-23 B3 41%7¢
MHELND Z ERbhoTe (Scheme4d-14), — 5 T, £ OMITIEE OB HA LT,
ZHUTANR OFOFRER D b JUSREN@mWIZ ENFRK EEZ BND,
Scheme 4-14. Application of the origina condition of reductive decomplexation to 4-26

o) o)
/> Lindlar cat. />
| 0] quinoline | — — o) Co,(CO)g
_ hexane = . — N CH,Cl,
OTBS OTBS 76% TBSO OTBS 93%
4-22 4-25
0/> 0/>
o n-BuzSnH (15 eq.) — — o
toluene (10 mM) N e
TBSO TBg  95°C/ %5 min 6TBS OTBS
(OC)3Co—Co(CO), 41% 4-23

% Z T Table 4-1 L [AIERIC, USNAIZ AWz, X 0IKIR TOBRITHINL = S0 MESE
DiRFt T o7 (Table4-2), entry1,2 TlL, RAT 4 U FF T N, RAT 4V A)VT 4
REZZNZNRMAIE L THWER, KISOEITITEL  1IZIEEREIZEEZ R L
7z, entry 3 T NMO ZiRMAIE LTHWA L, 0 ETKINTMBICHEITL, B E
84% & BIE TRz, ALK T Iv-AF Y FTHDH TMANO ZIRMLIZEA S, [FEk
DRER%E 5 272 (entry 4), N-A ¥ ROFEFHIZ X > TRINIZH 2 2B S Z Eniz
D, K72 NMO &2 HWT, BaAlOMEt 21T o7, Y Ui MY U A EEIT
FNZFHWT, NMOAFIE T, Kn& To7-& A, 0 JECTRIGAHEIT L, B 4-23 %
H.27- (entry 5), L2rL., W=/ 30 MESJSDSHEIT L7Z 4-25 HRIFFICAER L7, 21
X, KB NV T FARARZHART, I T N U U AOBREITLIBFHNTZHTH D
EEZTT, PUARYAFILV U AT T FRTR LI LBV | S-H S ORS A i~
FNAF =N S-HFEA LD bEW, 207, BB L MESRIZAWS & H
I DILFEITE LK F L7z (entry 6), £7o, MUSEDIR S D 425 bEIAEL, £
Ofie Ka U AL HEST LRI bR L7228, KB R 7 2 =L 2 X3kFHE
LY TF AR E RO BEEN R Z R L, BRI 94% T L vz (entry7), L
2L EIeHl AR & 3 2 ARBOSIZIE, 0 2l AKF ) TFAAXE D
DOREHLEZ SHICREOYBBEERF L, KFELLFY 7T LA (3 4 &), NMO
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(2 BE)L WD entry 8 DS TIISUSHE MR T LT LEW, RISKFFH# 6.5 FFH T,
HHUWOILFEIT 58% Th -7, L, KFELFY TFLZAX (75 H&), NMO (5 4
B)EHWEEAIEL, ~F VT 423708 81%E B RINRTE LN (entry9), LLED
METE D 0 ECAMISZAT O BRIE. KFE(LNY TF AN 75 48 = NMO A 5
WLl BRI TH D &l L7122,

Table4-2. Optimization of reductive decomplexation to alkyne-dicobalt complex 4-26

O/> reductant O/>
(0] — = (¢}

additive ‘
—_—
solvent (10 mM) 7S — X
- 0°C, ti N
TBSO OTBS ime oTBS OTBS
(OC)3CO CO(CO)3 4-23

4-26 O/>

oTBS 0TBS

4-25
entry reductant (eq.) additive (eq.) solvent time 423 reiilzts 4.25
1 n-BuzSnH (15) O=PPh; (10) toluene 5h 14%> 81%P
2 n-BusSnH (15) S=PPh3 (10) toluene 5h 9%P 89%P
3 n-BuzSnH (15) NMO (10) toluene 50 min 84%32
4 n-BuzSnH (15) TMANO (10) toluene 35 min 84%32
5 NaH,PO,-H,O (15)  NMO (10) MeO\/\OH 6h 48%b 17%®
6 (TMS)3SiH (15) NMO (10) toluene 2h 18%° 3.5%°
7 Ph3SnH (15) NMO (10) toluene 2h 94%2
8 n-BuzSnH (3) NMO (2) toluene 6.5h 58%° 19%°
9 n-BuzSnH (7.5) NMO (5) toluene 25h 81%72

@ |solated yield
b The yield was calculated from "H NMR of a mixture of 4-26, 4-23 and 4-25 due to their inseparable nature.
¢ The yield was calculated from "H NMR of a mixture of 4-23, 4-25 and hydrosilylated product

due to their inseparable nature.

TIVAFTROGRIT, INETHESNTWD L HIT, 2290 MET R4 O/
NG a BT D7 DITHERE L TV D LB X biLd (Schemed-4), = ZITEICHIDEA L,
BICHIBL LV MESIEDRHEITT D B2 6 d, L L, BTl ENEW, 1307
R 72 R TR ITAID EE IR D Z I WES . =20 MEBOS2SEIT L, entry 5,6
TROLNDEIIT 425 BEIELIZEZEXT, 20D, KSKRPTHEITLED S0
FOGD 5 B BT 2 L MEZERRACHEIT S B 5720, BOSIZAW D EINFNLE
AL D Y EEZWDS LT,
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EICHIL = L MED BOSHEREIL, BEES 512 X - T Scheme4-12 277§ K 9 ITHEE &
N, TNE CTORBMEREEE 2, EHITARKIEOHME % Scheme4-15 O X 5 (2H#E
ELT, RPTELDTHA I EN, BRICL - THLINDLZ L TK £7225%, 20
%, KEMFNVTTFNALAXED NT UV ARAZALBEZY | a0 h-AKBREEGHTE
HIETMMPAELD EERT, BIUHHBEHI I NDETZE, FROBREZHETP
WAL D, wEIZa90 FOBETHRBESEIT L. BO Z-7 v Q BERKT 5 6
DEBEZTZN, —FHT, RRUGHEEICEBRENREES L TWDEARHTH D, E LKFEL
N TFNARNG, BBEN ST M PBPERTHAREEDLEZHILD,

Scheme 4-15. Therole of NMO and the proposed reaction mechanism
R'-———R2
A

] decomplexation

CcO 0
CO
OoC | _-Co |/ o ° \|4
Co co " co . . L £O  BusnH
\ / NMO \ / 0-0 \ / u3
R Co\—CO —_ ] Co—CO ————™ ] CO\TCO >
R N R
R2 co R2 co R2 CcO
B E K
\n-Bu3SnH
n-BugSn—-H )OC . OC
RN |/CO n-BuzSn—0-0 |/ reductive
0—0ox& g co } Co'” co elimination Co' CO
Co—CO Co—CO —CO
R’ . R! AN O
R2 co R2 co
L M
O(|: CcO
. . H
0-0 ~ oc \
n-BuzSnH H CO"\ /CO reductive / C° —CO  Coy(CO)s
elimination R! H H
—= e //{ e
R R
R2 CcoO
Q
(o]

FREOMETORER, T A 422 15T D TV F -3 MR 4-26 OE ST
2 MESRIZ K D ~FH T 423 % iR TTARDBAERT D 2 L {fHFbhi,
PLEDORER%Z Scheme 4-16 IZE 205D, T 8 T7A L 42 %7 N T7F AT /LF L -an
S EEIR 424 ~EFFE L, ZHUCkT S OB T2 L METik. BRONK
IR BENEE 2 BRI RE & 7 > T2, LZL, T F T4 v 4-22 % Lindlar
BITIC L W R X 425 ~LIETT L, mﬁﬂﬁ@Yw#yaﬂwk%m¢%*ﬁ
T BRI 20 MESIEEITH 2 & T @@ nRnER T2 2 &<, @IRTH
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BID~FH T 52585 2 LI LT,
Scheme 4-16. Successful constraction of hexaene 4-23

0/> X—X X—X O/>
— XTSI N
OTBS OTBS TBSO ¢/ OTBS \5&

4-22 4-24 : X=Co(CO)3

T

Lindlar reduction ‘ — — 0
76% N e
OTBS OTBS
4-23
O/> O/> /
| — — O Co,(CO)g 6] n-BusSnH
P 1617 E—— NMO
o — - 84%
OTBS OTBS TBSO BS
(OC)3Co——Co(CO);
4-25 4-26

ARE T, BILAIN =2 L MEBJSIZBWTEHRMAIZ M2 5 Z LicXb, 0 ETEL
DIGEDHBHELT U, BIERPOERZ T 5 2 & &2 R L2 ZoRE5R, b¥0
ICARLERARPHEEEZ BRI EGRT D ERREE 2o Tz,

Fo, BIWIBWTH, AFENENHERE L, Lindlar ET, Eomiia v
MEZNENEIR CTHOWZSA IR IR BN E Sy, A >0 Z2-7 v
7 SDEPBETTIZB W T2 DT vF 2% LT Lindlar 504 3 L7z, kW T
Lindlar i& ¢ TITERATIEITT T E 2V, mmWEBEIZH ENTEY O 7 ¥ Tkt
L. &Il = v MEG &9 5 Z & C, 12-hydroxy-17,18-EpETE DA F% 2 kth
L7z,
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HHEWVWZ D,

X
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Oﬁ/ 428:R=H
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NS TMS |/ TMS)3S|\ |/ reductive

H Si; - co! jole] elimination
oo A AN - —_—
(TMS),Si H - \CO/_CO Co—CO
R’ L
R2 Co
E

oc \/ /CO —CO  CoyCO)s
/ H. Si(TMS);
l,,R2 R1 R2

Si(TMS);
s T

(32) & v RIE CHEERE L 21T - 721 : Shibuya, S.; Isobe, M. Tetrahedron 1998, 54, 6677-6698.

H .
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13 DHA & EPA HROFHINEEAT 4+ =— % —Th % 14,20-diHDHA & 12-
hydroxy-17,18-EpETE Ot Fu X3t RS NI 5 4 FNREMEREZ 22
NEGER LT, WTho&ks ., 7V OMIGH % i KRE R L7 G ik ki <A
Lz, T80, IRBEEFHITEMAR 7T 7 A M S22 TVF= AL L EEED » 7
VoL BOREFE UIBE LT, £/, Z7 7 I3 TR T 2 NE 7 L2
Y DOETEITCIZE VR LT,

75 2 B ClX, 14,20-diHDHA O 4 fiNA AR BMER 2 Gk LT, 4 FE A2 fR&E L T (14S20R)-
diHDHA (2-1b) ®& %% Scheme5-1 127”7 ¥, 7 b 2-131Z%f L, (9-CBS A F ¥R
nY Py 2l WA FECEZEMA L, REED C0 b Frf izt T
HIRAICHEEL L 72 (96% ee), T D%, C20 b FuFxi o TBS=—7 Lk & TMS i
DREZFZET,.CL6-22 7T 7 A F2-8an B LIz, 28anbiifi LIz FU LT v
X= RE =7 oAbR U RGIE T, RFHEES U & F—)L 2-7Tb (98%ee) & D S\2 7 /L%
=/ kIZAE L, 2-18b 457z, #Hi=IZAE U7z 2-180 @ Cl4 b Mo & % TBS i CfF
HFELT-%. TES HOBREALITHT L —)L 2-200 ~LZEH11L7-. 2-20b @ Dess-Martin
b &. fek A X UITHRIRGEES ComAA L 7 4 itk v, Efkoa vk
Co NV EATDH CL2-2 7T 7 Ak 2-4b HH—DARY E L TE, Bli&ER L
Cl-1l 777 A» h 23 & Cl2-22 7Z VA Nl » 7V > 712 X 0L,
14,20-diHDHA D& TORFEKREHETHT v T7 A4 2 220 ZH LT-, 220 1ZxfL 0
EIZT Lindlar 38t 217V, 42D 9 H 35D T v R miEos Lz 2-23b =157,
ENT, FE8D CI6-17 TAX LU AT AT -0 MEA~LFHFE L. KELLNY 7T
LA X NMO Z W E e = 3L MEROG AT 9 & (0 TEA DS HEIT L,
HRJO~FH o 2-24b B L7z, Zed5, Z OBREREE TR O A RUIIMERR S e h
STz, BRI 2-24b D7 2 X —)V & TBSIEAFIE T, BRI & ORI Ko TERIIZER
ELTee WWTAHELTZT AT e RORbE, 2 2O TBS EDREZ#E T (14S20R)-
diHDHA (2-1b) Z4&A/k L7,

WESE U 7o KA RGRBRIZRANY | fthod 3 FESNZARBNERIZ O T R FEN R 7 T 7 A v
k27 & 28 DHABRDOEEEZDHZ LIZLVERK LT,
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Scheme 5-1. The overview of total synthesis of (14S,20R)-diHDHA (2-1b)

Ph

H ' Ph
~B
2414
Bu a
T™MS S (S)-n-Bu-CBS oxazaborolidine 2-14a TMS S . TBSCl T™S S
IS _ 20 BH, Me,S \/\l/\ imidazole X =
o Z toluene, -78 °C OH DMF oTBS
213 2-15a (96% ee) 2-17a
. 1. TBSOTY, EtzN
n-BuLi (1.1 eq.) 13 15 el
K.CO 16 ! o, 148 CH,Cl,, 0 °C tort
BN P 2 78100°C; TESO 7Y o 20R
MeOH oTBS BryOF, (08.29) o ~ = 2 I|\:/IP1C—)SH/THF
0 OTBS e
96% (2 steps) »tn TESO” " 2186 66% (2 steps)
5 X

2-7b (98% ee, 0.85 eq.)
-78°C

THF

64%

o~
OTBS _DMP.NaHCO; OTBS CrCly , CHig 7 OTBS

- OTBS  cHCl, 2216 OTBS  THF/dioxane
77% 68%
>
nZ N_# °
2-3(1.2eq.) (0]

Pd(PPhgz)4 (15 mol%)
Cul (30 mol%), piperidine (3.0 eq.)

Hy, Lindlar cat.
quinoline

_ =

benzene 11 22 hexane, 0 °C
12 z 0,
70% OTBS OTBS 55%
2-2b
1. TMSOTf, 2,6-lutidine; H,O
1. COZ(CO)g CHQClz, -10 °C
CH,Cl,, 0 °C to rt 2. NaClO,, NaH,PO,4-H,0
93% 2-methyl-2-butene/t-BuOH/H,0
s
2. n-BuzSnH (15 eq.) - 3 TBAF
NMO (10 eq.) OTBS otBs  THF
toluene, 0 °C 50% (3 steps)
87% 2-24b

2-1b
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% 3 FE TIX, 12-hydroxy-17,18-EpETE @ 4 N R EMERZ SRR LT-, 4FEEZRFE L T
(12R)-hydroxy-(17R,189)-EpETE (3-1a) D& k% Scheme5-2 (27~ d, HFIEMEY A — L 3-
35a(98%ee) % LiAlH4lZ XV iET L, bV A—/ 3-28a #4572, 3-28alixt LT, K&
IEF MU O AGFET, hIAA I =N EERASE, Fke R R RN
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(17R189)-EpETE (3-1a) DA &R L=,

FENT U 7o AN A RIS 2 RO fthod 3 DD NLAREMERIC OW TG 2/ MR 7 T 7 A v
NCHD 39 L 3I2DMAEDLEELEZDLZEICLY, BEMERIAKLE,
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Scheme5-2. Theoverview of total synthesis of (12R)-hydroxy-(17R,18S)-EpETE (3-1a)

O OH OH 1.NaH (3 eq.) OH

LiAIH, THF, 0°C, 1 h oH
MeO ———— > HO TSO/\l)\/ —_— b/'\/
OH THF OH 2. Ts-im. (2.5 eq.) OH [e)
3-35a (98% ee) 739, 3-28a 0°Ctort, 1.5h 3-32a 3-29
11
1. PMBO™ Y Ny 8
OTBS
3-22a OTs
3.NaH (3eq.) OTs n-BulLi, BF3-OEt, PMB " o 1 o
0°Ctort, 80 min 16 THF, -78 to 0 °C O =
o) *® 2 TBSOTF, EtN oTBS oTBS
i . ’ 3
4 feim. (25e4) . CH,Cl,, 010 30 °C 3-37a
: 3-9a (65%) 93% (2 steps)
554 OTs DMP OTs
NaHCO _
HO = s, oF =
CH2C|2/pH 7 buffer OTBS OTBS CH2C|2 OTBS OTBS
94% 3-45a 95% 3-46a
o)
Z XX
9 1.0
OTs 3-3 o]
CrCly, CHI3 o o Pd(PPhgz)4, Cul, piperidine ‘ ‘ = 3 j
THF/dioxane 10 - 2 _— o
) OTBS OTBS benzene P = <
88% 3-43a 70% OTBS TBSO OfTs
3-42a

Hy, Lindlar cat. 1. Coy(CO)g, CH,Cl,

e}
quinoline — Oj 87% | — j

—_—
hexane | = _ o 2. n-Bu3SnH, NMO > — 0
97% . B toluene, 0 °C z
OTBS TBSO OTs 52% OTBS TBSO OTs
3-53a 3-49a

1. TMSOTf, 2,6-lutidine; H,O OH OH

CH,Cl,, -20 °C = TBAF =

P 5 —[ 5

2. NaClO,, NaH,PO,4-H,0 — - THF —
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3-51a 3-1a
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i, ZHUE, @@ TBS =—7 /U L » T RIICEfi ST\ b 72, C16-17 7
X OEGIBEITLPEV ENRETH L LB AT, £ T, 7T URRNH
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2-23b D C16-17 7 /L% > % C0ox(CO)g &2 IV T T /L& -2 3)L R (R 2-29b ~ L Z5H
L7z, 67T v a0 MR 2-20b 1I2xf L, B O O AU ¥ v O INEGA:
AT LT 2A, 22240 1 TAEKT 2 b DD, MEDHR L Z -7 (method A), FEEIC
IEBOSEDEHNE T AT VAR TII AT va—LeEtelzd, KK
BN CORISOEITHRMETH T, € 2T, 7F -390 MEA% V5 Pauson-
Khand SGIZEW T, BOMEERNR O &H L @00FIE LT 6N TWD NMO ZisnL
7T AhA, OFETELOBETLIUCHET L, 2-24b 2155 Z &£ BN TE 7 (method B).
Scheme5-3. Transformation of tetrayne 2-2b to hexaene 2-24b
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2.23b (OC)3Co—Co(CO)3 87% (by method B)
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N LTz EREOEMRBRKICR W T, HZ P o B TEZ 65, 7 vk o
RO S . B ISCEROAERRZIEIT 2 Z LIS LTc, HPLC FRIIE&EmIC
XL TCOHITV, BIOFHNEEA T 4 =— X —2 DT DN T, &4 4T IREMERE
HHMELLS, FME LGS 2N TE - (Figure5-1), AAKICEY ., ZhE TR
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Figure5-1. Four sterecisomers of 14,20-diHDHA and 12-hydroxy-17,18-EpETE
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EXPERIMENTAL SECTION

General methods: All reactions sensitive to air or moisture were carried out under argon atmosphere in dry
solvents, unless otherwise noted. THF,,Chl and toluene were purified by Glass Contour solvent dispensing
system. EMN and piperidine were purified by distillation over GaHBF;-OEtL was purified by distillation over

P,Os. All other reagents were used as supplied. Analytical thin-layer chromatography (TLC) was performed
using pre-coated TLC glass plates (silica gel 60 F254, 0.25 mm). Flash chromatography was performed using
silica gel [spherical, neutral, 40-50m; granular, neutral, 32-58m; spherical, carboxylic acid supported
(Chromatorex-ACD COOH), 45-7pm]. Medium pressure liquid chromatography was carried out by using a
system equipped with a pre-packed silica gel#[14 g (20 x 75 mm), 45 g (26 x 150 mm) or 120 g (46 x 130
mm)]. Melting points are reported uncorrected. Optical rotations were measured using the sodium D line.
Infrared (IR) spectra were recorded as a thin film on a NaCl disk using a FT/IR spectrothetmrd*C NMR

spectra were recorded on 400 or 500 MHz, and 100 or 150 MHz spectrometers, respectively. Chemical shifts were
reported in ppm on th&scale relative to residual CHGbr *H NMR (3 = 7.26), CDJ for 13C NMR (8 = 77.0),

CeHDs for IH NMR (8 = 7.16), GDe for 13C NMR (8 = 128.06), CBHOD for*H NMR (3 = 3.31), and CBOD for

13C NMR (8 = 49.0) as internal references. Signal patterns are indicated as s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broaden peak. High resolution mass spectra were measured on ESI-TOF or DART-TOF
mass spectrometers. Elemental analysis was performed by the Analytical Laboratory at the Graduate School of
Pharmaceutical Sciences, The University of Tokyo.

Triyne2-3. [TG-llI-116, 117, 118] A mixture of Cul (833 mg, 4.37 mmol), Nal (650 mg, 4.34 mmol) a@gs

(1.41 g, 4.32 mmol) was dried at 95 °C in vacuo. After the mixture was cooled to 0 °C, a solution of2aicohol

(548 mg, 4.35 mmol) in DMF (4.0 mL) was added. The mixture was stirred at 0 °C for 5 min, and then a solution
of alkyne 2-6(1.18 g, 4.91 mmol) in DMF (4.8 mL) was added. The reaction mixture was warmed to room
temperature and stirred for 16 h, and then saturated aquea@ (28 mL) was added. The resultant solution

was filtered through a pad of Celite with.@t and the filtrate was extracted with@t(30 mL and 20 mL x2).

The combined organic layers were washed wigd KBO mL) and brine (30 mL), dried over 188, filtered, and
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concentrated. The residue was purified by medium pressure liquid chromatography on silica gel (45 g,
hexane/EtOAc 9/1 to 3/2) to afford the crude diyh® which was used in the next reaction without further
purification.

DIPHOS (1.48 g, 3.72 mmol) and GBB27 mg, 2.49 mmol) were successively added to a solution of the above
crude2-9 in CH,Cl> (12 mL) to 0 °C. The reaction mixture was stirred at 0 °C for 15 min, and then was directly
subjected to medium pressure liquid chromatography on silica gel (45 g, hexane/EtOAc 20/1 to 8/1) to afford
bromide2-10, which was immediately used in the next reaction.

CuCl (181 mg, 1.83 mmol) was dried at 90 °C in vacuo, and then THF (25 mL) was added. Ethynyl magnesium
bromide (0.5 M in THF, 27 mL, 14 mmol) was added to the suspension at room temperature. The mixture was
stirred for 10 min at room temperature, and then a solution of the above b htide THF (30 mL) was added.

The reaction mixture was stirred at room temperature for 14 h, and then saturated aqu€dSMNidL) was

added. The resultant solution was filtered through a pad of Celite, and the filtrate was extracted with EtOAc (50
mL and 30 mL). The combined organic layers were washed wi{th(BO mL) and brine (30 mL), dried over
NaSQ, filtered, and concentrated. The residue was purified by flash column chromatography on silica gel (40 g,
hexane/EtOAc 20/1 to 9/1) to afford triy@e3 (228 mg, 1.13 mmol) in 26% vyield over 3 steps. TrigrRwas
immediately used in the next reaction due to its instability under air: yellow oil; IR {n&28)7, 2887, 1413, 1317,

1138, 1038 cr; 'H NMR (400 MHz, CDGCJ) 5 1.85 (2H, tdJ = 7.3, 4.6 Hz, H2), 2.06 (1H,d1,= 2.7 Hz, H11),

2.30 (2H,ttJ=7.2,2.3 Hz, H3), 3.13 (2H, 1= 2.3, 2.3 Hz, H6), 3.17 (2H, di= 2.7, 2.3 Hz, H9), 3.82-3.91 (2H,

m, acetal), 3.91-4.00 (2H, m, acetal), 4.96 (18=t4.6 Hz, H1)*C NMR (100 MHz, CDGJ) § 9.6, 9.7, 13.6, 32.9,

64.9 (x2), 68.7, 73.4, 73.9, 75.5, 78.1, 79.7, 103.2.

Ketone2-13. [TG-1-191, TG-1I-002] A solution of propionylchloride (0.2 mL, 117 mmol) inZCH (50 mL) and

a solution o2-11 (15.0 mL, 97.6 mmol) in C¥Cl, (50 mL) were successively added to a solution of A(T5.8 g,

118 mmol) in CHCI» (300 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 1.5 h, and then saturated
aqueous NECI (200 mL) was added. The resultant mixture was extracted witlCleH50mL, 50mL x2), and

the combined organic layers were washed with water (150 mL) and brine (150 mL),dried £3@y, fléered, and

concentrated. The residue was purified by medium pressure liquid chromatography on silica gel (120 g, pentane
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to pentane/kO 9:1) to afford2-12 (a 1 : 1 mixture of bromide chloride and chloride bromide) along with pentane

and E$O, which was used in the next reaction without further purification due to volatilta®f(X = Br).

Pd(PPh)s (1.14 g, 0.987 mmol), Cul (375 mg, 1.97 mmol};NE(34 mL, 240 mmol) and trimethylsilyl
acetylene (15 g, 110 mol) were successively added to a solution of the above 2-12 at room temperature. The
reaction mixture was stirred at room temperature for 20 h. After the reaction mixture was cooled to 0 °C,
saturated aqueous NEI (200 mL) was added. The resultant mixture was extracted with pentane (400 mL, 100
mL x2), and the combined organic layers were washed with water (150 mL) and brine (150 mL), washed with brine,
dried over NaSQ,, filtered, and concentrated. The residue was purified by flash column chromatography on silica
gel (150 g, hexane to hexane/EtOAc 47/3) to afford kePeli& (24.8 g, 76.5 mmol, a 1 : 0.0375 : 1.97 mixture of
ketone 2-13, E4O and pentane). The yield®f13 was determined to be 78% over 2 steps bytheMR analysis
of the mixture. For characterization @f13, the residual solvents of the above mixture were completely
removed: colorless oil; IR (neatR962, 2940, 2902, 1692, 1677, 1596, 1252, 1081, 1020'¢hNMR (400 MHz,

CDClk) 6 0.22 (9H, s, €3 of TMS), 1.10 (3H, tJ = 7.3 Hz, H22), 2.56 (2H, d,= 7.3 Hz, H21), 6.53 (1H, d,=
16.0 Hz, H19), 6.64 (1H, d,= 16.0 Hz, H18)*C NMR (100 MHz, CDGJ) 6 -0.5 (x3), 7.8, 34.3, 101.9, 105.5,

122.4,137.7, 199.4; HRMS (DART) calcd foto8,70Si 181.1043 [M+Hj, found 181.1076.
Alcohol 2-15a. [TG-1I-158] BHsMeS (1.5 mL, 16 mmol) was added to a solution of

(9-2-butyl-CBS-oxazaboroliding-14a (1.0 M solution in toluene, 14 mL, 14 mmol) in toluene (46 mL) at room
temperature. The mixture was stirred at room temperature for 30 min.  After the mixture was cooled to -78 °C, a
solution of keton@-13 (2.42 g, 7.41 mmol, a 27 : 53 : 1 mixture @13, pentane and ED,) in toluene (23 mL)

was added over 35 min. The reaction mixture was stirred at -78 °C for 1 h, and then 0.4 M aqueous HCI (60 mL)
was added. The mixture was filtered through a pad of Celite wi, Bnd the filtrate was extracted with@t

(100 mL and 50 mL). The combined organic layers were washed with saturated aqueous &&HI0), HO

(50 mL) and brine (50 mL), dried over MO, filtered, and concentrated. The residue was purified by medium
pressure liquid chromatography on silica gel (120 g, hexane to hexane/EtOAc 5/1) to afford2al&ah@68 mg,

4.77 mmol) in 64% yield. The enantiopurity?f5a was determined to be 96% ee by#HeNMR analysis of the
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corresponding MTPA-ester: colorless oil]§? -4.2 € 1.1, CHC}); IR (neat)v 3357, 2962, 2935, 2877, 2155,
2130, 1457, 1250 cf*H NMR (400 MHz, CDCJ) § 0.19 (9H, s, €z of TMS), 0.94 (3H, t) = 7.3 Hz, H22), 1.46
(1H, d,J = 4.6 Hz, ®1), 1.57 (2H, qdJ = 7.3, 6.0 Hz, H21), 4.09 (1H, m, H20), 5.73 (1H, di¢,16.0, 1.4 Hz,
H19), 6.20 (1H, ddJ = 16.0, 6.0 Hz, H18):3C NMR (100 MHz, CDGJ) § -0.12 (x3), 9.5, 29.8, 73.5, 95.1, 103.1,
110.0, 146.5; HRMS (DART) calcd forigH140Si 183.1200 [M+H], found 181.1208.

(9-MTPA ester 2-16a. [TG-IV-153] (R-MTPACI (12 L, 64 umol) was added to a solution f15a (3.0 mg,
16 umol), E&N (16 pL, 0.12 mmol) and DMAP (10 mg, §#mol) in CH:Cl> (1.0 mL) at room temperature. The
reaction mixture was stirred at room temperature for 20 min, and tb@n(3HmL) was added. The resultant
mixture was extracted with EtOAc (5 mL x3), and the combined organic layers were washeg(fl®khL) and
brine (10 mL), dried over N&Q, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (1 g, hexane/EtOAc 20/1) to aflQrtTPA ester2-16a (4.9 mg, 13umol) in 81%
yield: colorless oil!H NMR (CDCk) 8 0.19 (9H, s, €3 of TMS), 0.94 (3H, tJ = 7.3 Hz, H22), 1.67-1.80 (2H, m,
H21), 3.55 (3H, s, OMe), 5.40 (1H, dt=7.3, 6.4 Hz, H20), 5.70 (1H, d= 16.0 Hz, H18), 6.02 (1H, dd= 16.0,
7.3 Hz, H19), 7.36-7.42 (3H, m, aromatic), 7.48-7.51 (2H, m, aromatic).

(R)-MTPA ester 2-16b. [TG-1V-159] According to the synthetic procedure2ei6a, (R)-MTPA ester2-16b (4.1
mg, 11umol) was synthesized frofil15a (2.6 mg, 14umol) in 79% yield by usingg)-MTPACI (5.5uL, 29umol),
Et:N (10 L, 0.12 mmol) and DMAP (4.4 mg, 36nol) in CH:CI, (0.7 mL). The residue was purified by flash
column chromatography on silica gel (1 g, hexane/EtOAc 20/1): colorledd &IIVIR (CDCk) 5 0.19 (9H, s, El3

of TMS), 0.83 (3H, tJ = 7.3 Hz, H22), 1.55-1.75 (2H, H21), 3.54 (3H, s, OMe), 5.42 (1H, t#1=6.8, 6.8 Hz,
H20), 5.79 (1H, dJ = 16.0 Hz, H18), 6.10 (1H, dd= 16.0, 6.8 Hz, H19), 7.38-7.42 (3H, m, aromatic), 7.48-7.51
(2H, m, aromatic).

Alcohol 2-15b. [TG-111-085] According to the synthetic procedure of alcodl5a, alcohol2-15b (965 mg, 5.30
mmol) was synthesized from keton2-13 (2.82 g, 8.65 mmol, a 27 : 53 : 1 mixture @13, pentane and ED) in
65% yield by usingR)-2-butyl-CBS-oxazaborolidin2-14b (1.0 M solution in toluene, 16.3 mL, 16.3 mmol) and

BHs-MeS (1.8 mL, 18 mmol) in toluene (83 mL). Purification was performed twice by medium pressure liquid
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chromatography on silica gel (120 g, hexane to hexane/EtOAc 6/1; 45 g, hexane to hexane/EtOAc 6/1). The
enantiopurity of2-15b was determined to be 96% ee by tHeNMR analysis of the corresponding MTPA-ester:
colorless oil; fi]p°° +4.3 € 0.84, CHCY); Anal. Calcd for GoH150Si: C, 65.87; H, 9.95; found: C, 66.04; H, 9.71.

The other analytical data 8f15b were identical to those @f15a.

C16-22 fragment 2-8a. [TG-1I-163, 164] TBSCI (1.43 g, 9.49 mmol) was added to a solution of al@hoh

(864 mg, 4.75 mmol) and imidazole (1.29 g, 20.0 mmol) in DMF (47 mL) at 0 °C. The reaction mixture was
warmed to room temperature and stirred for 6 h, and thén(tD0 mL) was added. The resultant solution was
extracted with EO (60 mL and 40 mL), and the combined organic layers were washedittbbl mL) and brine

(50 mL), dried over N&SQ, filtered, and concentrated to afford the crude TBS étigia, which was used in the

next reaction without further purification.

K2CO; (980 mg, 7.10 mmol) was added to a solution of the above crude TBR-dffeein MeOH (45 mL) at room
temperature. The reaction mixture was stirred at room temperature for 1.5 h. After the reaction mixture was
cooled to 0 °C, EO (50 mL) and saturated aqueous &8H(60 mL) were successively added. The resultant
mixture was extracted with £ (100 mL and 50 mL), and the combined organic layers were washedittb6i

mL) and brine (50 mL), dried over b&0O, filtered, and concentrated. The residue was purified three times by
flash column chromatography on silica gel (40 g, hexane to hexane/EtOAc 25/1; 30 g, hexane/EtOAc 100/1 to 50/1;
30 g, hexane to hexane/EtOAc 100/1) to afford C16-22 frag®8at(718 mg, 3.21 mmol) in 68% over 2 steps:
colorless oil; fi]p24+19 € 0.16, CHCY); IR (neatv 3427, 2956, 2930, 2858, 2221, 1471, 1463, 1362, 1255%Mm

NMR (400 MHz, CDCJ) § 0.04 (3H, s, €ls of TBS), 0.05 (3H, s, Bs of TBS), 0.88 (3H, t) = 7.3 Hz, H22), 0.90

(9H, s,t-Bu of TBS), 1.52 (2H, m, H21), 2.86 (1H, 3= 2.3 Hz, H16), 4.12 (1H, dtd,= 6.0, 6.0, 1.8 Hz, H20),

5.65 (1H, dddJ) = 16.0, 2.3, 1.8 Hz, H18), 6.23 (1H, dd; 16.0, 6.0 Hz, H19):*C NMR (100 MHz, CDGJ) § -4.9,
-4.6,9.2,18.2, 25.8 (x3), 30.5, 73.3, 77.2, 82.2, 107.6, 148.3; Anal. CalcgHhi@sSi: C, 69.58; H, 10.78; found:

C, 69.42; H, 10.48.

Alcohol 2-18b. [TG-II-157] n-BuLi (1.6 M in hexane, 2.0 mL, 3.2 mmol) was added to a solution of C16-22

fragment2-8a (714 mg, 3.19 mmol) in THF (25 mL) at -78 °C over 10 min. The mixture was stirred at -78 °C for
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10 min, warmed to 0 °C and stirred for 30 min.  After the mixture was cooled to -78 SOHEBK0.36 mL, 2.9

mmol) and a solution of glycidol derivatiZe7b (503 mg, 2.68 mmol) in THF (6.0 mL) were successively added.
The reaction mixture was stirred at -78 °C for 1 h and warmed to -40 °C over 3 h, and then saturated aqueous
NH4CI (30 mL) was added. The resultant mixture was extracted with (B0 mL x3), and the combined organic
layers were washed with-8 (30 mL) and brine (30 mL), dried over #$&), filtered, and concentrated. The
residue was purified twice by medium pressure liquid chromatography on silica gel (45 g, hexane to hexane/EtOAc
9/1) and flash column chromatography on silica gel (30 g, hexane to hexane/EtOAc 9/1) to affordal8bhol

(707 mg, 1.71 mmol) in 64% yield: colorless oi]$?® +31 € 1.3, CHC}); IR (neat)v 3566, 2956, 2926, 2852,

1956, 1478, 1255 cm*HNMR (400 MHz, CDC{) 5 0.03 (3H, s, €l of TBS), 0.05 (3H, s, Bs of TBS), 0.63 (6H,
q,J=8.2 H, CHCH; of TES x3), 0.86 (3H, ] = 7.8 Hz, H22), 0.90 (9H, &;Bu of TBS), 0.97 (9H, t) = 8.2 Hz,

CHsCH; of TES x3), 1.50 (2H, qdl = 7.8, 6.0 Hz, H21), 2.50-2.60 (2H, m, H15), 3.62 (1H,Xd,10.0, 5.9 Hz,

H13a), 3.72 (1H, ddl = 10.0, 4.1 Hz, H13b), 3.81 (1H, m, H14), 4.08 (1H, dtd6.0, 6.0, 1.8 Hz, H20), 5.61 (1H,

dtd,J = 16.0, 1.8, 1.8 Hz, H18), 6.04 (1H, dd; 16.0, 6.0 Hz, H19}3C NMR (100 MHz, CDGJ) § -4.9, -4.6, 4.3

(x3), 6.7 (x3), 9.3, 18.2, 24.1, 25.8 (x3), 30.7, 65.4, 70.4, 73.6, 80.8, 85.8, 108.7, 145.6; HRMS (ESI) calcd for
C22H4403SiNa 435.2721 [M+N4d] found 435.2726.

Alcohol 2-18c. [TG-IV-160] According to the synthetic procedure 18b, 2-18c (760 mg, 1.84 mmol) was
synthesized from C16-22 fragmefiBa (610 mg, 2.72 mmol) and glycidol derivati2era (436 mg, 2.32 mmol) in

79% yield by using-BuLi (1.6 M in hexane, 1.8 mL, 2.9 mmol) and 8PEt (0.30 mL, 2.4 mmol) in THF (26

mL). Purification was performed by flash column chromatography on silica gel (40 g, hexane to hexane/EtOAc
9/1): colorless oil;¢]p*° +6.2 € 1.2, CHC}); IR (neat)v 3429, 2956, 2931, 2877, 1463, 1362, 1255;ctd NMR

(400 MHz, CDC4) 5 0.03 (3H, s, €ls of TBS), 0.04 (3H, s, Bs of TBS), 0.63 (6H, ) = 7.8 H, CHCH, of TES

x3), 0.86 (3H, tJ = 7.3 Hz, H22), 0.90 (9H, &Bu of TBS), 0.97 (9H, t) = 7.8 Hz, G4sCH. of TES x3), 1.50 (2H,

qd,J= 7.3, 5.5 Hz, H21), 2.50-2.60 (2H, m, H15), 3.62 (1H,Jd10.0, 6.0 Hz, H13a), 3.72 (1H, dts 10.0, 4.1

Hz, H13b), 3.81 (1H, m, H14), 4.08 (1H, dik 6.0, 5.5, 1.4 Hz, H20), 5.61 (1H, ditk 16.0, 2.3, 1.4 Hz, H18),

6.03 (1H, dd,) = 16.0, 6.0 Hz, H19}*C NMR (100 MHz, CDGJ) § -4.9, -4.5, 4.3 (x3), 6.7 (x3), 9.3, 18.2, 24.1,
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25.8 (x3), 30.7, 65.3, 70.4, 73.6, 80.8, 85.8, 108.7, 145.6; HRMS (ESI) calcgHas@SiNa 435.2721 [M+N4]

found 435.2744.

Alcohol 2-20b. [TG-11-160, 161] TBSOTf (0.43 mL, 1.9 mmol) was added to a solution of al@héb (704 mg,

1.70 mmol) and EN (0.60 mL, 4.3 mmol) in CkCl> (17 mL) at 0 °C. The reaction mixture was warmed to room
temperature and stirred for 30 min, and then saturated aqueous NABIC@L) was added. The resultant
mixture was extracted with £ (50 mL and 20 mL), and the combined organic layers were washed xt{38l

mL) and brine (30 mL), dried over by, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (30 g, hexane to hexane/EtOAc 9/1) to afford the crude TBS ether, which was used in
the next reaction without further purification.

PPTS (37 mg, 0.15 mmol) was added to a solution of the above crude TBS ether in a mixture of MeOH (15 mL) and
THF (2.5 mL) at room temperature. The reaction mixture was stirred at room temperature for 15 min. After the
reaction mixture was cooled at 0 °C, saturated agueous NafB0@L) was added. The resultant mixture was
extracted with EO (50 mL and 20 mL), and the combined organic layers were washed@it(2BlmL) and brine

(30 mL), dried over N&Q,, filtered, and concentrated. The residue was purified three times by flash column
chromatography on silica gel (30 g, hexane to hexane/EtOAc 9/1; 20 g, hexane to hexane/EtOAc 9/1; 20 g, hexane
to hexane/EtOAc 20/1) to afford TBS etl#20b (463 mg, 1.12 mmol) in 66% over 2 steps: colorless o]k

+21 (€ 1.2, CHCY); IR (neat)v 3449, 2955, 2929, 2857, 1471, 1461, 1362, 1255, 1113%¢hNMR (400 MHz,

CDCl) § 0.03 (3H, s, €5 of TBS), 0.04 (3H, s, Bz of TBS), 0.11 (3H, s, Bs of TBS), 0.12 (3H, s, B3 of TBS),

0.86 (3H, tJ = 7.3 Hz, H22), 0.90 (9H, $Bu of TBS), 0.91 (9H, <-Bu of TBS), 1.50 (2H, qd] = 7.3, 6.4 Hz,

H21), 2.42 (1H, ddd] = 17.0, 6.4, 1.8 Hz, H15a), 2.53 (1H, dde;, 17.0, 6.9, 1.8 Hz, H15b), 3.58 (1H, dd; 11.4,

5.0 Hz, H13a), 3.68 (1H, dd= 11.4, 3.7 Hz, H13b), 3.91 (1H, m, H14), 4.07 (1H, tt4d 6.4, 6.0, 1.4 Hz, H20),

5.60 (1H, dtd) = 16.0, 1.8, 1.4 Hz, H18), 6.02 (1H, dd; 16.0, 6.0 Hz, H19)*C NMR (100 MHz, CDGJ) § -4.6,
-4.5,-4.24,-4.21, 9.6, 18.4, 18.5, 25.1, 26.1 (x3), 26.2 (x3), 31.0, 66.2, 72.0, 74.0, 81.0, 86.7, 109.1, 145.8; HRMS
(ESI) calcd for GH40sSikNa 435.2721 [M+Nd] found 435.2709.

Aldehyde 2-21b. [TG-II-165] Dess-Martin periodinane (693 mg, 1.63 mmol) was added to a suspension mixture

of alcohol2-20b (449 mg, 1.09 mmol) and NaHG(B87 mg, 10.6 mmol) in Cil» (23 mL) at 0 °C. The mixture
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was warmed to room temperature and stirred for 5 h, and #1439 mL) was added. The resultant mixture was
extracted with EO (50 mL and 30 mL x2), and the combined organic layers were washed x@it{86i mL) and
brine (30 mL), dried over N&Q,, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (40 g, hexane to hexane/EtOAc 20/1) to afford al@2dtulé343 mg, 0.835 mmol)

in 77% yield: colorless oil;]p?° -3.4 € 1.2, CHC}Y); IR (neat)v 2956, 2930, 2858, 1741, 1472, 1464, 1362, 1255
cm’; 'HNMR (400 MHz, CDC4) § 0.03 (3H, s, €ls of TBS), 0.04 (3H, s, Bs of TBS), 0.13 (6H, s, Bs of TBS

x2), 0.86 (3H, tJ= 7.3 Hz, H22), 0.89 (9H, £Bu of TBS), 0.93 (9H, :Bu of TBS), 1.50 (2H, qdl = 7.3, 6.0 Hz,
H21), 2.57 (1H, ddd] = 16.9, 7.8, 1.8 Hz, H15a), 2.71 (1H, ddd; 16.9, 5.0, 1.8 Hz, H15b), 4.07 (1H, &k 6.0,

5.5 Hz, H20), 4.13 (1H, ddd,= 7.8, 5.0, 1.4 Hz, H14), 5.60 (1H, brdd 16.0 Hz, H18), 6.04 (1H, dd~= 16.0, 5.5

Hz, H19), 9.65 (1H, dJ = 1.4 Hz, H13)3C NMR (100 MHz, CDGJ) 5 -4.9, -4.82, -4.78, -4.6, 9.3, 18.22, 18.23,
24.1, 25.7 (x3), 25.8 (x3), 30.7, 73.6, 76.2, 81.2, 85.0, 108.6, 145.9, 202.2; HRMS (ESI) calgH fDSi-Na
465.2827 [M+MeOH+N4d] found 465.2819.

C12-22 fragment 2-4b. [TG-II-167] lodoform (644 mg, 1.63 mmol) and a solution of alde®«2&b (334 mg,
0.813 mmol) in 1,4-dioxane (13.5 mL) were successively added to a suspension,db@dChg, 4.88 mmol) in
THF (0.98 mL) at room temperature. The reaction mixture was stirred at room temperature for 15 h, ap@ then Et
(40 mL) and HO (20 mL) were successively added. The resultant mixture was extracted@ittb&mL and 30
mL), and the combined organic layers were washed wih 0 mL) and brine (30 mL), dried over 1$&x,
filtered, and concentrated. The residue was purified twice by flash column chromatography on silica gel (40 g,
hexane to hexane/EtOAc 20/1; 40 g, hexane/EtOAc 20/1) to adid (297 mg, 0.555 mmol) in 68% vyield:
colorless oil; f(]o3 +47 € 1.0, CHCY); IR (neat)v 2956, 2929, 2857, 1607, 1471, 1463, 1362, 1255, 1092%m
NMR (400 MHz, CDCY) § 0.03 (3H, s, €3 of TBS), 0.05 (3H, s, Bs of TBS), 0.06 (3H, s, B3 of TBS), 0.09 (3H,

s, (Hsz of TBS), 0.87 (3H, tJ = 7.8 Hz, H22), 0.896 (9H, 5Bu of TBS), 0.899 (9H, $;Bu of TBS), 1.50 (2H, qd,
J=17.3,6.0 Hz, H21), 2.42 (1H, dd#lF 16.9, 6.9, 2.3 Hz, H15a), 2.49 (1H, ddd; 16.9, 6.9, 2.3 Hz, H15b), 4.08
(1H, td,J = 6.0, 6.0 Hz, H20), 4.24 (1H, td= 6.9, 5.5, 1.4 Hz, H14), 5.61 (1H, ddt 16.0, 2.3, 1.8 Hz, H18),

6.03 (1H, dd,J = 16.0, 6.0 Hz, H19), 6.33 (1H, dii= 14.8, 1.4 Hz, H12), 6.64 (1H, dii= 14.8, 5.5 Hz, H13):*C
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NMR (100 MHz, CDCY}) § -4.89, -4.86, -4.7, -4.5, 9.3, 18.19, 18.22, 25.7 (x3), 25.9 (x3), 28.8, 30.7, 73.6, 74.0,
76.7,81.1, 86.1, 108.8, 145.7, 147.6; HRMS (ESI) calcd g &0-SibNa 557.1738 [M+Nd] found 557.1733.
Alcohol 2-20c. [TG-11-170, 171] According to the synthetic procedur@-@0b, 2-20c (427 mg, 1.04 mmol) was
synthesized from alcoh&}t18c (676 mg, 1.64 mmol) in 63% yield over 2 steps by usialy .58 mL, 4.2 mmol),
TBSOTf (0.42 mL, 1.8 mmol) in Ci€l, (16 mL) for the first step, and PPTS (37 mg, 0.15 mmol) in a mixture of
MeOH (15 mL) and THF (2.5 mL) for the second. Purification was performed by flash column chromatography
on silica gel (30 g, hexane to hexane/EtOAc 9/1) for the first step, and twice on silica gel (30 g, hexane to
hexane/EtOAc 9/1; 30 g, hexane/EtOAc 9/1) for the second: colorlessleil: 17 € 1.2, CHCY); IR (neat)v

3434, 2956, 2929, 2857, 2221, 1634, 1472, 1464, 1362, 1253diNMR (400 MHz, CDCJ) § 0.03 (3H, s, €3

of TBS), 0.04 (3H, s, Bs of TBS), 0.11 (3H, s, B; of TBS), 0.12 (3H, s, B3 of TBS), 0.86 (3H, tJ = 7.8 Hz,

H22), 0.895 (9H, <:Bu of TBS), 0.904 (9H, $;Bu of TBS), 1.50 (2H, qdl = 7.8, 6.0 Hz, H21), 1.87 (1H,d= 6.0

Hz, OH), 2.47 (1H, dddJ = 16.9, 6.0, 2.3 Hz, H15a), 2.53 (1H, dd&; 16.9, 7.3, 2.3 Hz, H15b), 3.58 (1H, ddd,
=11.4,6.0, 5.0 Hz, H13a), 3.68 (1H, dde; 11.4, 6.0, 3.7 Hz, H13b), 3.91 (1H, m, H14), 4.07 (1H,1dd6.0, 6.0,

1.4 Hz, H20), 5.60 (1H, ddi,= 16.0, 2.3, 1.4 Hz, H18), 6.01 (1H, dd; 16.0, 6.0 Hz, H19):*C NMR (100 MHz,

CDCl) 6-4.9,-4.8,-4.6,-4.5,9.3, 18.1, 18.2, 24.8, 25.77 (x3), 25.84 (x3), 30.7, 65.9, 71.7, 73.6, 80.7, 86.4, 108.8,
145.5; HRMS (ESI) calcd for £H440sSibNa 435.2721 [M+N4d] found 435.2744.

Aldehyde 2-21c. [TG-I1-173] According to the synthetic procedure2e®1b, 2-21c (352 mg, 0.856 mmol) was
synthesized from alcoh@20c (418 mg, 1.01 mmol) in 85% yield by using NaH£@®18 mg, 10.8 mmol) and
Dess-Martin periodinane (645 mg, 1.52 mmol) in.CH (21 mL). Purification was performed by flash column
chromatography on silica gel (40 g, hexane to hexane/EtOAc 20/1): colorlesg ;447 € 1.1, CHC}); IR

(neat)v 2956, 2930, 2858, 1741, 1472, 1464, 1362, 1255 1117%hNMR (400 MHz, CDCJ) 5 0.03 (3H, s, €El3

of TBS), 0.04 (3H, s, Bs of TBS), 0.132 (3H, s, s of TBS), 0.136 (3H, s, s of TBS), 0.86 (3H, tJ = 7.3 Hz,

H22), 0.90 (9H, st-Bu of TBS), 0.93 (9H, &;Bu of TBS), 1.50 (2H, qd] = 7.3, 6.0 Hz. H21), 2.57 (1H, dddi=

17.0, 7.8, 1.8 Hz, H15a), 2.71 (1H, ddd; 17.0, 5.0, 1.8 Hz, H15b), 4.08 (1H, &k 6.0, 6.0 Hz, H20), 4.13 (1H,

ddd,J=7.8, 5.0, 1.0 Hz, H14), 5.60 (1H, dd5 16.0, 1.8 Hz, H18), 6.04 (1H, d# 16.0, 6.0 Hz, H19), 9.65 (1H,
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d,J = 1.0 Hz, H13)33C NMR (100 MHz, CDGJ) § -4.9, -4.82, -4.78, -4.6, 9.3, 18.2 (x2), 24.1, 25.7 (x3), 25.8 (x3),
30.7,73.6,76.2,81.2, 85.0, 108.6, 146.0, 202.2; HRMS (ESI) calcdsfeusOsSi-Na 465.2827 [M+MeOH+N43]

found 465.2851.

C12-22 fragment 2-4c. [TG-II-174] According to the synthetic procedure2edb, 2-4c (270 mg, 0.505 mmol)

was synthesized from aldehy&1c (342 mg, 0.832 mmol) in 61% yield by using iodoform (657 mg, 1.67 mmol)
and CrC} (615 mg, 5.00 mmol) in a mixture of THF (1.0 mL) and 1,4-dioxane (14 mL). Purification was
performed three times by flash column chromatography on silica gel (40 g, hexane/EtOAc 20/1; 30 g,
hexane/EtOAc 20/1; 30 g, hexane/EtOAc 20/1): colorlessaji®f -16 € 1.0, CHCH); IR (neat)v 2956, 2929,

2857, 1607, 1463, 1362, 1255, 1090°cAH NMR (400 MHz, CDC4) § 0.03 (3H, s, € of TBS), 0.05 (3H, s, B3

of TBS), 0.06 (3H, s, Bs of TBS), 0.09 (3H, s, Bs of TBS), 0.87 (3H, tJ = 7.8 Hz, H22), 0.896 (9H, &5Bu of

TBS), 0.899 (9H, &-Bu of TBS), 1.50 (2H, qd] = 7.8, 6.0 Hz, H21), 2.42 (1H, dddi= 16.9, 6.9, 1.8 Hz, H15a),

2.49 (1H, dddJ =16.9, 6.9, 1.8 Hz, H15b), 4.08 (1H, dit; 6.0, 6.0 Hz, H20), 4.24 (1H, td= 6.9, 5.5 Hz, H14),

5.61 (1H, ddJ = 16.0, 1.4 Hz, H18), 6.03 (1H, db= 16.0, 6.0 Hz, H19), 6.33 (1H, di= 14.6, 1.4 Hz, H12), 6.64

(1H, dddJ=14.6, 5.5 Hz, H13)}*C NMR (100 MHz, CDGJ) § -4.89, -4.86, -4.7, -4.5, 9.3, 18.19, 18.23, 25.7 (x3),
25.9 (x3), 28.8, 30.7, 73.7, 74.0, 76.7, 81.0, 86.1, 108.8, 145.7, 147.6; HRMS (ESI) calegHigOzSi;Na
557.1738 [M+Naj, found 557.1754.

Tetrayne2-2b. [TG-111-018] Pd(PPh)4 (91.6 mg, 79.21mol), Cul (31.9 mg, 0.167 mmol), a solution of C12-C22
fragment2-4b (278 mg, 0.520 mmol) in benzene (4.5 mL), and piperidine (0.16 mL, 1.6 mmol) were successively
added to a solution &3 (157 mg, 0.777 mmol) in benzefigl mL) at room temperature. The reaction mixture
was stirred at room temperature for 15 h, and the® Et0 mL) and saturated aqueous A8H(40 mL) were
successively added. The resultant mixture was extracted wi@h(82 mL and 10 mL), and the combined organic
layers were washed with.8 (20 mL) and brine (20 mL), dried over #$&, filtered, and concentrated. The
residue was purified by flash column chromatography on silica gel (30 g, hexane/EtOAc 15/1) to afford tetrayne
2-2b (223 mg, 0.366 mmol) in 70% yield. TetrayB®b was immediately used in the next reaction due to its

instability under air: pale yellow oitH NMR (400 MHz, GDs) & 0.00 (3H, s, €; of TBS), 0.03 (3H, s, Bs of
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TBS), 0.05 (3H, s, B3 of TBS), 0.06 (3H, s, Bz of TBS), 0.83 (3H, t)= 7.3 Hz, H22), 0.95 (9H, &Bu of TBS),

0.97 (9H, st-Bu of TBS), 1.42 (2H, qd] = 7.3, 6.0 Hz, H21), 1.86 (2H, td= 7.8, 5.0 Hz, H2), 2.28 (2H, brd=

7.8 Hz, H3), 2.30 (1H, dd,= 16.0, 6.4 H15a), 2.41 (1H, dii= 16.0, 6.9 Hz, H15b), 2.85 (2H, br s, H6), 2.94 (2H,

s, H9), 3.25-3.33 (2H, m, acetal), 3.38-3.47 (2H, m, acetal), 3.91 (1H ®ID, 5.5 Hz, H20), 4.16 (1H, td= 6.0,

5.5 Hz, H14), 4.87 (1H, = 5.0 Hz, H1), 5.78-5.87 (2H, m, H12 and H18), 6.16 (1H,J&d15.6, 5.5 Hz, H13 or

H19), 6.20 (1H, ddJ = 15.6, 5.5 Hz, H13 or H19)3C NMR (100 MHz, GD¢) § -4.73, -4.71, -4.5, -4.3, 9.5, 9.9,

10.5, 14.0, 18.41, 18.43, 26.0 (x3), 26.1 (x3), 29.5, 31.1, 33.6, 64.8 (x2), 71.9, 74.1, 74.4, 74.5, 75.8, 79.1, 80.1,
81.2,85.2,87.5,103.4,109.9, 110.1, 144.8, 145.6; HRMS (ESI) calcgsftysQsSi-Na 631.3609 [M+Nd] found
631.3587.

Tetrayne 2-2c. [TG-III-055] According to the synthetic procedure 2b, 2-2c (174 mg, 0.286 mmol) was
synthesized fron2-4c (218 mg, 0.407 mmol) arit3 (127 mg, 0.629 mmol) in 70% yield by using Pd(BP{v4

mg, 64umol), Cul (23 mg, 0.12 mmol), and piperidine (0.12 mL, 1.6 mmol) in benzene (14.5 mL). Purification
was performed by flash column chromatography on silica gel (15 g, hexane to hexane/EtOAc 15/1): pale yellow
oil; *THNMR (400 MHz, GDs) 5 0.00 (3H, s, €ls of TBS), 0.03 (3H, s, Bs of TBS), 0.05 (3H, s, Bs of TBS), 0.06

(3H, s, Gis of TBS), 0.83 (3H, tJ = 7.3 Hz, H22), 0.95 (9H, §Bu of TBS), 0.97 (9H, ¢;Bu of TBS), 1.41 (2H,
qd,J=7.3, 6.0 Hz, H21), 1.86 (2H, tdl= 7.3, 5.0 Hz, H2), 2.28 (2H, tt= 7.3, 2.3 Hz, H3), 2.30 (1H, dddl= 16.5,

6.0, 1.8 Hz, H15a), 2.42 (1H, ddbs 16.5, 6.9, 1.8 Hz, H15b), 2.85 (2H Xt 2.3, 2.3 Hz, H6), 2.94 (2H, d= 2.3

Hz, H9), 3.27-3.33 (2H, m, acetal), 3.38-3.47 (2H, m, acetal), 3.92 (1Hz=d,0, 6.0 Hz, H20), 4.16 (1H, dk=

6.0, 6.0 Hz, H14), 4.87 (1H,3= 5.0 Hz, H1), 5.78-5.88 (2H, m, H12 and H18), 6.16 (1H,)&d]5.6, 5.5 Hz, H13

or H19), 6.20 (1H, dd] = 15.1, 5.0 Hz, H13 or H19}3C NMR (100 MHz, GDe) 6 -4.74, -4.72, -4.5, -4.3, 9.5, 9.9,

10.5, 14.0, 18.42, 18.43, 26.0 (x3), 26.1 (x3), 29.5, 31.1, 33.6, 64.8 (x2), 71.9, 74.1, 74.4, 74.5, 75.8, 79.1, 80.1,
81.2,85.2,87.5,103.4,109.9, 110.1, 144.8, 145.6; HRMS (ESI) calcgsftysQsSi-Na 631.3609 [M+Nd] found
631.3613.

Alkyne 2-23b. [TG-111-032] A suspension of tetrayr2b (32.4 mg, 53.24mol), quinoline (75uL, 0.64 mmol)

and Lindlar catalyst (65 mg) in hexane (3.0 mL) was stirred 0 °C for 1 h undgimidsphere (1 atm). Then
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Lindlar catalyst (39 mg) was added. The reaction mixture was stirred 0 °C for further 40 min under H
atmosphere, and was filtered through a pad of Celite with hexane. The filtrate was concentrated, and the residue
was purified by flash column chromatography on silica gel (4 g, hexane to hexane/EtOAc 9/1), and twice on
Chromatorex-ACD (10 g, hexane/EtOAc 500/1 to 300/1; 8 g, hexane/EtOAc 500/1 to 200/1) to afford alkyne
2-23b (18.1 mg, 29.41mol) in 55% vyield: colorless oilp]|p?’ +41 € 0.81, CHCY); IR (neat)v 2961, 2926, 2855,

1733, 1457, 1260, 1029 cim*H NMR (400 MHz, CDC¥) § 0.03 (3H, s, €5 of TBS), 0.06 (3H, s, B3 of TBS),

0.12 (3H, s, €3 of TBS), 0.16 (3H, s, Bs of TBS), 0.83 (3H, tJ = 7.3 Hz, H22), 0.97 (9H, &Bu of TBS), 1.04

(9H, s,t-Bu of TBS), 1.43 (2H, m, H21), 1.81 (2H, m, H2), 2.31 (2H, m, H3), 2.45 (1H,Xddd6.9, 5.9, 2.3 Hz,

H15a), 2.59 (1H, dddl = 16.9, 7.3, 2.3 Hz, H15b), 2.87 (2H, m, H6), 2.99 (2Bi=t6.4 Hz, H9), 3.35-3.42 (2H, m,
acetal), 3.52-3.60 (2H, m, acetal), 3.93 (1HJdt,6.0, 6.0 Hz, H20), 4.38 (1H, dt= 6.4, 6.0 Hz, H14), 4.84 (1H,

t,J= 4.6 Hz, H1), 5.47-5.50 (5H, m, H4, H5, H7, H8 and H10), 5.77 (1H] dd,5.6, 6.0 Hz, H13), 5.86 (1H, ddt,
J=15.6,1.4, 1.4 Hz, H18), 6.02 (1H, dd; 11.4, 11.4 Hz, H11), 6.19 (1H, dbs 15.6, 6.0 Hz, H19), 6.74 (1H, dd,
J=15.6, 11.4 Hz, H12}3C NMR (100 MHz, CDGJ) § -4.9, -4.8, -4.6, -4.5, 9.3, 18.2, 18.3, 21.9, 25.5, 25.80 (x3),
25.83 (x3), 26.0, 29.6, 30.7, 33.7, 64.9 (x2), 72.0, 73.7, 80.4, 87.3, 104.1, 109.0, 124.7, 127.6, 128.0, 128.3, 128.6,
129.2, 129.9, 135.6, 145.2; HRMS (ESI) calcd fegHs,04SizNa 637.4079 [M+Nd] found 637.4094.

Alkyne 2-23c. [TG-IV-176] According to the synthetic procedure 223b, 2-23c (34.0 mg, 55.3umol) was
synthesized fron2-2c (61.7 mg, 0.101 mmol) in 55% yield by using Lindlar catalyst (500 mg) and quinoline (0.14
mL, 1.2 mmol) in hexane (6.2 mL). Purification was performed by flash column chromatography on silica gel (4 g,
hexane to hexane/EtOAc 30/1 to 20/1), and three times on Chromatorex-ACD (20 g, hexane/EtOAc 300/1 to
100/1; 15 g, hexane/EtOAc 300/1 to 100/1; 15 g, hexane/EtOAc 300/1 to 100/1): colorlessdik20 € 1.7,

CHCLy); IR (neat)v 2956, 2928, 2856, 1472, 1255,1136%AH NMR (400 MHz, GDs) 5 0.03 (3H, s, €l; of TBS),

0.06 (3H, s, €3 of TBS), 0.12 (3H, s, B of TBS), 0.17 (3H, s, Bs of TBS), 0.84 (3H, tJ = 7.3 Hz, H22), 0.97

(9H, s,t-Bu of TBS), 1.04 (9H, &;Bu of TBS), 1.43 (2H, m, H21), 1.81 (2H, m, H2), 2.31 (2H, m, H3), 2.45 (1H,
ddd,J=16.9, 5.9, 2.3 Hz, H15a), 2.59 (1H, ddd; 16.9, 7.3, 2.3 Hz, H15b), 2.87 (2H, m, H6), 3.00 (2HI7t6.4

Hz, H9), 3.35-3.42 (2H, m, acetal), 3.52-3.60 (2H, m, acetal), 3.93 (1H=&,0, 6.0 Hz, H20), 4.38 (1H, dt=
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6.4, 6.0 Hz, H14), 4.84 (1H,3= 4.6 Hz, H1), 5.47-5.50 (5H, m, H4, H5, H7, H8 and H10), 5.77 (1H] dd,5.6,

6.0 Hz, H13), 5.86 (1H, ddd,= 15.6, 1.4, 1.4 Hz, H18), 6.02 (1H, dds 11.4, 11.4 Hz, H11), 6.19 (1H, diiF

15.6, 6.0 Hz, H19), 6.75 (1H, ddi= 15.6, 11.4 Hz, H12}3C NMR (100 MHz, CDCJ) § -4.9, -4.8, -4.6, -4.5, 9.3,

18.2, 18.3, 21.9, 25.6, 25.81 (x3), 25.84 (x3), 26.0, 29.6, 30.7, 33.7, 64.9 (x2), 72.0, 73.7, 80.4, 87.3, 104.1, 109.0,
124.7, 127.7, 128.0, 128.3, 128.6, 129.2, 129.9, 135.6, 145.2; HRMS (ESI) calcgHe:OeSiNa 637.4079
[M+Na]*, found 637.4080.

Complex 2-28b. [TG-11-118] Co(CO) (213 mg, 0.623 mmol) was added to a solutio2-8b (38.3 mg, 62.8

pmol) in CHCl> (5.0 mL) at 0 °C. The reaction mixture was warmed to room temperature, stirred for 4 h and then
concentrated. The residue was directly subjected to flash column chromatography on silica gel (10 g, hexane to
hexane/EtOAc 20/1) to affor2k28b (104 mg, 59.4umol) in 94% yield: brown oil. Because signals in the

NMR spectrum oR-28b were broaden, the formation was confirmed by the MS analysis: LRMS (ESI) calcd for
CeoHs6C0s026SiNa 1774.7 [M+Na], found 1774.7.

Complex 2-29b. [TG-111-039] Cx(CO) (69 mg, 0.20 mmol) was added to a solutior2-@3b (31.1 mg, 50.5

pmol) in CHCI» (4.5 mL) at 0 °C. The reaction mixture was warmed to room temperature, stirred for 2 h, and
then concentrated. The residue was directly subjected to flash column chromatography on silica gel (8 g, hexane
to hexane/EtOAc 20/1) to affo429b (42.2 mg, 46.8imol) in 93% yield: brown oil; IR (neat)2956, 2930, 2858,

2088, 2048, 2018, 1255, 1061 ¢mH NMR (400 MHz, CDCY) 5 0.04 (3H, s, €3 of TBS), 0.07 (3H, s, Bs of

TBS), 0.09 (3H, s, Bs of TBS), 0.11 (3H, s, Bs of TBS), 0.89 (3H, t) = 7.8 Hz, H22), 0.90 (9H, &Bu of TBS),

0.93 (9H, st-Bu of TBS), 1.54 (2H, m, H21), 1.72 (2H, m, H2), 2.20 (2H,Jtd,7.3, 7.3 Hz, H3), 2.82 (2H, 1=

6.4 Hz, H6), 2.89-3.00 (2H, m, H9), 3.15-3.26 (2H, m, H15), 3.80-3.90 (2H, m, acetal), 3.91-4.01 (2H, m, acetal),
4.13 (1H, tdJ = 6.4, 6.0 Hz, H20), 4.44 (1H, td= 6.0, 5.0 Hz, H14), 4.87 (1H,d= 4.6 Hz, H1), 5.30-5.47 (5H,

m, H4, H5, H7, H8 and H10), 5.74 (1H, dds 15.6, 6.0 Hz, H13), 5.99 (1H, dd#l= 15.6, 6.0 Hz, H19), 6.00 (1H,

dd,J = 11.5, 11.5 Hz, H11), 6.58 (1H, dbs 15.6, 11.5 Hz, H12), 6.62 (1H, 8= 15.6 Hz, H18):*C NMR (100

MHz, CDCk) 6 -4.8, -4.54, -4.46, 9.6, 18.26, 18.34, 21.9, 25.5, 25.8 (x3), 25.9 (x3), 26.0, 31.0, 33.7, 44.0, 64.9 (x2),

73.6, 74.4,93.8, 104.1, 125.9, 126.4, 127.6, 128.0, 128.3, 128.7, 129.2, 130.5, 135.3, 140.4, sofi@ p¢dks
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were missing due to broadening of the spectrum; HRMS (ESI) calcd4d§.C0,010SiNa 923.2438 [M+N4d]

found 923.2457.

Hexaene 2-24b. [TG-111-040] n-BusSnH (0.19 mL, 0.71 mmol) ardmethylmorpholine oxide (54.9 mg, 0.469
mmol) were successively added to a solutior2-@8b (42.2 mg, 46.umol) in tolueng45 mL) at 0 °C. The
reaction mixture was stirred at 0 °C for 1.5 h, and was directly subjected to flash column chromatography [a column
consecutively packed with silica gel 4 g and 10% (w/w) KF contained silica gel 4 g, hexane to hexane/EtOAc 20/1]
to afford2-24b (25.2 mg, 40.8imol) in 87% yield: colorless oilp|n?’ +10 (€ 0.93, CHCY); IR (neat)y 2955, 2928,

2856, 1471, 1463, 1361, 1255 &mMH NMR (400 MHz, CDCJ) § 0.03 (3H, s, €l; of TBS), 0.04 (3H, s, Bs of

TBS), 0.05 (3H, s, Bs of TBS), 0.07 (3H, s, Bs of TBS), 0.87 (3H, tJ = 7.3 Hz, H22), 0.90 (18H, 5Bu of TBS
x2),1.52 (2H, m, H21), 1.72 (2H, m, H2), 2.21 (2HX4,8.2, 6.9 Hz, H3), 2.40 (2H, m, H15), 2.83 (2Hl £, 6.4

Hz, H6), 2.94 (2H, t) = 6.4 Hz, H9), 3.80-3.90 (2H, m, acetal), 3.91-4.02 (2H, m, acetal), 4.07 (1 6t4, 6.0

Hz, H20), 4.22 (1H, td) = 6.0, 6.0 Hz, H14), 4.87 (1H,d= 5.0 Hz, H1), 5.32-5.48 (6H, m, H4, H5, H7, H8, H10

and H16), 5.62 (1H, dd,= 15.6, 6.0 Hz, H13 or H19), 5.66 (1H, dd; 15.6, 6.0 Hz, H13 or H19), 5.98 (1H, dd,
=11.0,11.0 Hz, H11 or H17), 6.04 (1H, d&; 11.4, 11.0 Hz, H11 or H17), 6.38 (1H, d&; 15.6, 11.0 Hz, H12 or

H18), 6.48 (1H, dd) = 15.6, 11.4 Hz, H12 or H18%C NMR (100 MHz, CDGJ) 5 -4.8, -4.7, -4.4, -4.3, 9.7, 18.2,

18.3, 21.9, 25.6, 25.87 (x3), 25.90 (x3), 26.0, 31.1, 33.7, 36.8, 64.9 (x2), 72.9, 74.4, 104.1, 124.5, 124.6, 126.9,
127.7, 128.2, 128.3, 128.6, 129.2, 129.5, 129.8, 136.6, 137.2; HRMS (ESI) calcgHaOSiNa 639.4235
[M+Na]*, found 639.4233.

Complex 2-29c. [TG-1V-182] According to the synthetic procedure2p9b, 2-29c (41.3 mg, 45.umol) was
synthesized fron2-23c (30.5 mg, 49.¢umol) in 92% yield by using G(CO) (69 mg, 0.20 mmol) in C¥Ll, (4.4

mL). Purification was performed by flash column chromatography on silica gel (4 g, hexane to hexane/EtOAc
20/1): brown oil; IR (neaty 2955, 2929, 2857, 2088, 2048, 2018, 1472, 1255, 10684dMIMR (400 MHz,

CDCl) 8 0.04 (3H, s, €3 of TBS), 0.07 (3H, s, Bz of TBS), 0.09 (3H, s, Bs of TBS), 0.11 (3H, s, Bz of TBS),

0.88 (3H, tJ= 7.8 Hz, H22), 0.90 (9H, &;Bu of TBS), 0.93 (9H, ¢:Bu of TBS), 1.54 (2H, m, H21), 1.72 (2H, m,

H2), 2.20 (2H, tdJ = 7.3, 7.3 Hz, H3), 2.81 (2H,3= 6.4 Hz, H6), 2.89-3.00 (2H, m, H9), 3.15-3.26 (2H, m, H15),
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3.80-3.90 (2H, m, acetal), 3.91-4.01 (2H, m, acetal), 4.13 (1Bit6,4, 6.0 Hz, H20), 4.44 (1H, t8i= 6.0, 5.0 Hz,

H14), 4.87 (1H, t)= 4.6 Hz, H1), 5.30-5.47 (5H, m, H4, H5, H7, H8 and H10), 5.75 (1Hl€dd 5.6, 6.0 Hz, H13),

5.99 (1H, dd,) = 15.6, 6.0 Hz, H19), 6.00 (1H, dii= 11.5, 11.5 Hz, H11), 6.59 (1H, di 15.6, 11.5 Hz, H12),

6.62 (1H, dJ=15.6 Hz, H18):*C NMR (100 MHz, CDGJ) 5 -4.80, -4.78, -4.6, -4.5, 9.6, 18.26, 18.33, 21.9, 25.5,
25.8 (x3), 25.9 (x3), 26.0, 31.0, 33.7, 44.0, 64.9 (x2), 73.5, 74.3,91.8,93.7, 104.1, 125.8, 126.4, 127.6, 128.0, 128.3
128.7,129.2, 130.4, 135.3, 140.5, 199.7, some of@@eaks were missing due to broadening of the spectrum;
C42He2C0:010SkNa 923.2438 [M+N4d] found 923.2425.

Hexaene 2-24c. [TG-1V-183] According to the synthetic procedure 2324b, 2-24c (25 mg, 41umol) was
synthesized fron2-29c (41.3 mg, 45.9umol) in 86% vyield by using-BusSnH (0.19 mL, 0.71 mmol) and
N-methylmorpholine oxide (54 mg, 0.46 mmol) in toluéh@ mL). Purification was performed by flash column
chromatography [a column consecutively packed with silica gel 3 g and 10% (w/w) KF contained silica gel 1 g,
hexane to hexane/EtOAc 20/1]: colorless ailpf® -24 € 0.85, CHCY); IR (neat)v 2956, 2927, 2856, 1471, 1462,
1362, 1255 cm; *H NMR (400 MHz, CDCY) 5 0.03 (3H, s, €5 of TBS), 0.04 (3H, s, B3 of TBS), 0.05 (6H, s,

CHs of TBS x2), 0.87 (3H, ] = 7.3 Hz, H22), 0.90 (18H, 5Bu of TBS x2), 1.52 (2H, m, H21), 1.72 (2H, m, H2),

2.21 (2H, tdJ = 8.2, 6.9 Hz, H3), 2.40 (2H, m, H15), 2.83 (2H] £ 6.4 Hz, H6), 2.95 (2H, ] = 6.4 Hz, HO),
3.80-3.90 (2H, m, acetal), 3.91-4.02 (2H, m, acetal), 4.07 (1Bi=d,4, 6.0 Hz, H20), 4.22 (1H, td= 6.0, 6.0 Hz,

H14), 4.87 (1H, t)=5.0 Hz, H1), 5.32-5.48 (6H, m, H4, H5, H7, H8, H10 and H16), 5.62 (1H,<5.6, 6.0 Hz,

H13 or H19), 5.66 (1H, dd,= 15.6, 6.0 Hz, H13 or H19), 5.98 (1H, dd; 11.0, 11.0 Hz, H11 or H17), 6.04 (1H,
dd,J=11.4,11.0 Hz, H11 or H17), 6.38 (1H, dd; 15.6, 11.0 Hz, H12 or H18), 6.48 (1H, dd; 15.6, 11.4 Hz,

H12 or H18):3C NMR (100 MHz, CDGJ) § -4.8, -4.7, -4.4,-4.3,9.7, 18.2, 18.3, 21.9, 25.6, 25.86 (x3), 25.90 (x3),
26.0, 31.1, 33.7, 36.8, 64.8 (x2), 72.9, 74.5, 104.1, 124.5, 124.7, 127.0, 127.7, 128.2, 128.3, 128.6, 129.1, 129.5,
129.8, 136.6, 137.2; HRMS (ESI) calcd fosidss0.SiNa 639.4235 [M+N4] found 639.4247.

(14S,20R)-2-1b. [TG-IV-170, 171, 172] TMSOTf (0.15 mL, 0.83 mmol) was added to a soluti@?2db (34.1

mg, 55.3umol) and 2,6-lutidine (0.15 mL, 1.3 mmol) in @&, (3.5 mL) at -10 °C. The reaction mixture was

stirred at -10 °C for 45 min, and thenQH (1.0 mL) was added. The resultant mixture was warmed to room
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temperature and stirred for 30 min. Then the mixture was extracted with EtOAc (8 mL x2), and the combined
organic layers were washed with aqueous 0.1 M HCI (4 mi(), (4 mL) and brine (4 mL), dried over P&,

filtered, and concentrated. The residue was purified by flash column chromatography on silica gel (4 g, hexane to
hexane/EtOAc 20/1) to afford the crude aldehgdgOb, which was used in the next reaction without further
purification. Aldehyde 2-30b *HNMR (400 MHz, CDC}) § 0.03 (3H, s, €3 of TBS), 0.04 (3H, s, B; of TBS),

0.05 (6H, s, €5 of TBS x2), 0.87 (3H, t] = 7.3 Hz, H22), 0.90 (18H, 5Bu of TBS x2), 1.50 (2H, m, H21), 2.40

(4H, m, H3 and H15), 2.50 (2H, = 6.8 Hz, H2), 2.84 (2H, fi = 5.9 Hz, H6), 2.95 (2H, § = 6.4 Hz, H9), 4.07

(2H, dt,J=6.4, 6.0 Hz, H20), 4.23 (2H, §= 6.0 Hz, H14), 5.30-5.46 (6H, m, H4, H5, H7, H8, H10 and H16), 5.62
(1H,dd,J=15.1, 6.4 Hz, H13 or H19), 5.67 (1H, dd&; 15.1, 6.0 Hz, H13 or H19), 5.91 (1H, dd; 11.0, 11.0 Hz,

H11 or H17), 6.04 (1H, dd,= 11.0, 11.0 Hz, H11 or H17), 6.38 (1H, dd&; 15.1, 11.0 Hz, H12 or H18), 6.47 (1H,
dd,J=15.1, 11.0 Hz, H12 or H18), 9.77 (1H, s, H4; NMR (100 MHz, CDG)) 5 -4.8, -4.7, -4.4, -4.3,9.7, 18.2,

18.3, 20.1, 25.6, 25.87 (x3), 25.90 (x3), 26.1, 31.1, 36.8, 43.7, 72.9, 74.4, 124.3, 124.5, 126.9, 127.7, 128.0, 128.2,
128.3, 129.2,129.3, 129.8, 136.7, 137.2, 201.9.

A solution of NaCIQ (80% purity, 55.3 mg, 0.489 mmol) and N&dx-2H,O (80.0 mg, 0.513 mmol) in 4

(1.5 mL) were added to a solution of the above crude aldePya® in a mixture oft-BuOH (1.5 mL) and
2-methyl-2-butene (1.5 mL) at 0 °C. The reaction mixture was warmed to room temperature and stirred for 1 h.
Then the mixture was extracted with EtOAc (8 mL x2), and the combined organic layers were washe®with H

(4 mL) and brine (4 mL), dried over anhydrous,81a,, filtered, and concentrated. The residue was purified by
flash column chromatography on silica gel (4 g, hexane/EtOAc 4/1 to 3/1) to afford the crude carboxgd&lhcid

which was used in the next reaction without further purification. Carboxylic Z8ith: *H NMR (400 MHz,

CDCl) § 0.03 (3H, s, €l of TBS), 0.04 (3H, s, Bs of TBS), 0.05 (6H, s, Bs of TBS x2), 0.87 (3H, {J = 7.3 Hz,

H22), 0.90 (18H, %7Bu of TBS x2), 1.44-1.55 (2H, m, H21), 2.35-2.42 (6H, m, H2, H3 and H15), 2.84 (24, t,

6.0 Hz, H6), 2.95 (2H, t] = 6.4 Hz, H9), 4.07 (2H, dff = 6.4, 6.4 Hz, H20), 4.23 (2H, dt= 6.0, 6.0 Hz, H14),
5.30-5.46 (6H, m, H4, H5, H7, H8, H10 and H16), 5.62 (1HJdd15.1, 6.4 Hz, H13 or H19), 5.67 (1H, dd;

15.1, 6.0 Hz, H13 or H19), 5.98 (1H, dds 11.0, 11.0 Hz, H11 or H17), 6.04 (1H, d& 11.0, 11.0 Hz, H11 or

H17), 6.38 (1H, dd) = 15.1, 11.0 Hz, H18), 6.47 (1H, diiz 15.1, 11.0 Hz, H12}3C NMR (100 MHz, CDG)) 6
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-4.8, -4.7, -4.4, -4.3, 9.7, 18.2, 18.3, 22.5, 25.6, 25.87 (x3), 25.91 (x3), 26.0, 31.1, 33.9, 36.8, 72.9, 74.4, 124.4,
124.6, 126.9, 127.6, 128.0, 128.3 (x2), 129.3, 129.5, 129.8, 136.6, 137.2, the C1 peak was missing due to
broadening of the spectrum; HRMS (ESI) calcd feuHzo04Si, 587.3957 [M-Hj, found 587.3951.

TBAF (1.0 M in THF, 0.55 mL, 0.55 mmol) was added to a solution of the above crude carboxyRe3abidh

THF (3.5 mL) at 0 °C. The reaction mixture was warmed to room temperature and stirred for 18 h, and then
saturated aqueous NEl (4 mL) and 0.1 M HCI (10 mL) were successively added. The resultant mixture was
extracted with EtOAc (10 mL and 5 mL), and the combined organic layers were washedQv{thrAlL) and brine

(5 mL), dried over Ng&5Q,, filtered, and concentrated. The residue was purified by flash column chromatography
on silica gel (4 g, hexane/EtOAc/AcOH 40/60/0.05 to 50/50/0.05 to 40/60/0.05) to afford the cru@@g-2Rb.

Then the crud@-1b was further purified by HPLC (Inertsil ODS-4, MeOH(ACOH 7:3:0.1 3 mL/ming= 40

min) to afford2-1b (10.0 mg, 27.8imol) in 50% over 3 steps.(14S,20R)-2-1b: pale yellow oil; f]p'®-28 € 0.42,

MeOH); IR (neat) 3348, 3010, 2956, 2923, 2851, 1726, 1451, 1389, 1274 #hNMR (400 MHz, CROD) §

0.91 (3H, tJ = 7.8 Hz, H22), 1.53 (2H, m, H21), 2.27-2.52 (6H, m, H2, H3 and H15), 2.87 (2H, m, H6), 2.98 (2H,
t,J=6.4 Hz, H9), 4.01 (1H, d§,= 6.4, 6.4 Hz, H20), 4.18 (1H, dt= 6.4, 6.4 Hz, H14), 5.32-5.50 (6H, m, H4, H5,

H7, H8, H10 and H16), 5.65 (1H, db+ 15.1, 6.9 Hz, H19), 5.69 (1H, d#lF 15.1, 6.9 Hz, H13), 5.98 (1H, dilx

11.0, 11.0 Hz, H11), 6.08 (1H, d#i= 11.0, 11.0 Hz, H17), 6.50 (1H, db+= 15.1, 11.0 Hz, H18), 6.57 (1H, dilF

15.1, 11.0 Hz, H12)**C NMR (100 MHz, CROD) § 10.2, 26.6, 27.0, 31.2, 36.8, 73.1, 74.8, 126.5, 126.7, 128.1,
128.7, 129.3, 129.5, 129.7, 130.2, 130.8, 131.1, 137.2, 137.8, the C1, C2, and C3 peaks were missing due tc
broadening of the spectrum; HRMS (ESI) calcd feiHz:104 359.2228 [M-Hj, found 359.2222; UV (MeOH)max

237 nm £ 2.82x10).

(14R,20R)-2-1c. [TG-IV-184, 185, 186] According to the synthetic procedurg-tb, 2-1c (5.60 mg, 15.¢umol)

was synthesized fror-24c (40.7 mg, 66.Qumol) in 24% yield over 3 steps by using TMSOTf (0.18 mL, 0.99
mmol) and 2,6-lutidine (0.18 mL, 1.5 mmol) in &, (4.2 mL) for the first step, NaCkKJ80% purity, 68.2 mg,

0.603 mmol) and NaiPQy-2H,0 (99.2 mg, 0.636 mmol) ina 1l : 1 : 1 mixturd-&uOH, 2-methyl-2-butene and

H-0 (4.5 mL) for the second, and TBAF (1.0 M in THF, 0.66 mL, 0.66 mmol) in THF (4.2 mL) for the third.
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Purification was performed by flash column chromatography on silica gel (4 g, hexane/EtOAc 4/1 to 3/1) for the
second step, and by flash column chromatography on silica gel (4 g, hexane/EtOAc/AcOH 40/60/0.05 to
50/50/0.05 to 40/60/0.05) and HPLC (Inertsil ODS-4, MeGMHACcOH 7:3:0.1 3 mL/min,g= 33 min) for the

third.  Aldehyde 2-30c: *H NMR (400 MHz, CDC4) § 0.03 (3H, s, €3 of TBS), 0.04 (3H, s, Bs of TBS), 0.05

(6H, s, Gz of TBS x2), 0.87 (3H, 1) = 7.3 Hz, H22), 0.90 (18H, 5Bu of TBS x2), 1.50 (2H, m, H21), 2.40 (4H,

m, H3 and H15), 2.50 (2H, 3= 6.8 Hz, H2), 2.84 (2H, §,= 5.9 Hz, H6), 2.95 (2H, §,= 6.4 Hz, H9), 4.07 (2H, dft,

J=6.4, 6.0 Hz, H20), 4.23 (2H, m, H14), 5.30-5.46 (6H, m, H4, H5, H7, H8, H10 and H16), 5.62 (1H,X&],

6.4 Hz, H13 or H19), 5.67 (1H, dd~= 15.1, 6.0 Hz, H13 or H19), 5.91 (1H, dds 11.0, 11.0 Hz, H11 or H17),

6.04 (1H, ddJ=11.0, 11.0 Hz, H11 or H17), 6.38 (1H, dd; 15.1, 11.0 Hz, H12 or H18), 6.47 (1H, dd; 15.1,

11.0 Hz, H12 or H18), 9.78 (1H, s, HBC NMR (100 MHz, CDGJ) § -4.8, -4.7, -4.4, -4.3, 9.7, 18.2, 18.3, 20.1,

25.6, 25.86 (x3), 25.91 (x3), 26.0, 31.1, 36.8,43.7,72.8, 74.5, 124.4,124.6, 127.0, 127.4, 128.0, 128.2, 128.3, 129.2
129.3, 129.8, 136.7, 137.2, 201.9Carboxylic acid2-31c: *H NMR (400 MHz, CDCY) § 0.03 (3H, s, €l of TBS),

0.04 (3H, s, B3 of TBS), 0.05 (6H, s, B3 of TBS x2), 0.86 (3H, t] = 7.3 Hz, H22), 0.90 (18H, 58Bu of TBS x2),

1.44-1.55 (2H, m, H21), 2.35-2.42 (6H, m, H2, H3 and H15), 2.84 (& 6.0 Hz, H6), 2.95 (2H, § = 6.4 Hz,

H9), 4.07 (2H, dt) = 6.4, 6.4 Hz, H20), 4.23 (2H, dt= 6.0, 6.0 Hz, H14), 5.30-5.46 (6H, m, H4, H5, H7, H8, H10

and H16), 5.62 (1H, dd,= 15.1, 6.4 Hz, H13 or H19), 5.67 (1H, dd&; 15.1, 6.0 Hz, H13 or H19), 5.98 (1H, dd,

=11.0, 11.0 Hz, H11 or H17), 6.04 (1HJds 11.0, 11.0 Hz, H11 or H17), 6.38 (1H, dd&; 15.1, 11.0 Hz, H12 or

H18), 6.47 (1H, dd) = 15.1, 11.0 Hz, H12 or H18%C NMR (100 MHz, CDGJ) 5 -4.8, -4.7, -4.4, -4.3, 9.7, 18.2,

18.3, 22.5, 25.6, 25.87 (x3), 25.91 (x3), 26.0, 31.1, 33.9, 36.8, 72.9, 74.5, 124.4, 124.7, 127.0, 127.6, 128.0, 128.2,
128.3, 129.3, 129.5, 129.8, 136.6, 137.2, the C1 peak was missing due to broadening of the spectrum; HRMS (ESI)
calcd for G4Hsg04Si, 587.3957 [M-Hj, found 587.3974. (14R,20R)-2-1c: pale yellow oil; fi]p?’ -16 € 0.28,

MeOH); IR (neaty 3380, 3011, 2958, 2925, 2855, 1713, 1556, 1415, 1260 '¢hNMR (400 MHz, CROD) §

0.91 (3H, tJ= 7.3 Hz, H22), 1.53 (2H, m, H21), 2.27-2.52 (6H, m, H2, H3 and H15), 2.87 (2H &5 Hz, H6),

2.98 (2H, tJ=6.0 Hz, H9), 4.01 (1H, dj,= 6.4, 6.4 Hz, H20), 4.18 (1H, dt= 6.4, 6.4 Hz, H14), 5.32-5.50 (6H,

m, H4, H5, H7, H8, H10 and H16), 5.66 (1H, d&; 15.5, 6.4 Hz, H19), 5.69 (1H, d#i= 15.5, 6.4 Hz, H13), 5.98

(1H,dd,J=11.0, 11.0 Hz, H11), 6.08 (1H, dbs 11.0, 11.0 Hz, H17), 6.51 (1H, ddt= 15.1, 11.0. 1.4 Hz, H18),
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6.58 (1H, ddJ=15.6, 11.0 Hz, H12}3C NMR (100 MHz, CROD)  10.2, 26.5, 27.0, 31.2, 36.7, 73.1, 74.7, 126.5,
126.6, 128.1, 128.7, 129.3, 129.4, 129.6, 130.1, 130.8, 131.1, 137.1, 137.8, the C1, C2 and C3 peaks were missin
due to broadening of the spectrum; HRMS (ESI) calcd fgt£0. 359.2228 [M-Hj, found 359.2243.

C16-22 fragment 2-8b. [TG-111-091, 092] According to the synthetic procedure2e8a, 2-8b (1.73 g, 7.72

mmol) was synthesized fro@15b (1.71 g, 9.40 mmol) in 82% yield over 2 steps by using TBSCI (2.84 g, 18.8
mmol) and imidazole (2.55 g, 37.5 mmol) in DMF (100 mL) for the first step, aDK(1.94 g, 14.1 mmol) in

MeOH (100 mL) for the second. Purification was performed twice by medium pressure liquid chromatography on
silica gel (120 g, hexane to hexane/EtOAc 30/1 to 20/1; 45 g, hexane to hexane/EtOAc 30/1 to 20/1): colorless ail;
[a]p?* -18 (€ 1.3, CHCY); Anal. Calcd for GsH240Si: C, 69.58; H, 10.78; found: C, 69.39 H, 10.48. The other
analytical data o2-8b were identical to those @f8a.

Alcohol 2-18a. [TG-111-107] According to the synthetic procedure 218b, 2-18a (777 mg, 1.88 mmol) was
synthesized from C16-22 fragme2iBb (867 mg, 3.87 mmol) and glycidol derivati2e/a (624 mg, 3.32 mmol) in

57% vyield by using-BuLi (1.6 M in hexane, 2.6 mL, 4.2 mmol) andBPEt (0.43 mL, 3.5 mmol) in THF (37

mL). Purification was performed by medium pressure liquid chromatography on silica gel (45 g, hexane to
hexane/EtOAc 20/1): colorless oilg]p?* -32 € 1.1, CHC}); HRMS (ESI) calcd for &H440sSiNa 435.2721
[M+Na]*, found 435.2713. The other analytical dat2-4Ba were identical to those @f18b.

Alcohol 2-20a. [TG-IlI-109, 110] According to the synthetic procedur@fOb, 2-20a (480 mg, 1.16 mmol) was
synthesized from alcoh@t18a (766 mg, 1.86 mmol) in 62% yield over 2 steps by usinly .65 mL, 4.7 mmol),
TBSOTf (0.47 mL, 2.0 mmol) in CKI, (19 mL) for the first step, and PPTS (41 mg, 0.16 mmol) in a mixture of
MeOH (16 mL) and THF (2.6 mL) for the second. Purification was performed by flash column chromatography
on silica gel (30 g, hexane to hexane/EtOAc 9/1) for the first step, and twice on silica gel (30 g, hexane to
hexane/EtOAc 20/1; 10 g, hexane to hexane/EtOAc 9/1) for the second: colorlesk®il:Z0 € 1.2, CHCY);

HRMS (ESI) calcd for €H440:SizNa 435.2721 [M+Nd] found 435.2738. The other analytical data2¢#0a

were identical to those @20b.
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Aldehyde 2-21a. [TG-IlI-114] According to the synthetic procedure2?1b, 2-21a (378 mg, 0.920 mmol) was
synthesized from alcoh@20a (472 mg, 1.15 mmol) in 80% vyield by using NaH{®04 mg, 10.8 mmol) and
Dess-Martin periodinane (1.20 g, 2.83 mmol) in,CH (24 mL). Purification was performed twice by flash
column chromatography on silica gel (40 g, hexane to hexane/EtOAc 9/1; 30 g, hexane to hexane/EtOAc 9/1):
colorless oil; fi]p?* +12 € 1.2, CHC}); HRMS (ESI) calcd for &Has04SizNa 465.2827 [M+MeOH+N4] found
465.2825. The other analytical date2ei?la were identical to those @f21b.

C12-22 fragment 2-4a. [TG-llI-115] According to the synthetic procedurefib, 2-4a (213 mg, 0.391 mmol)

was synthesized from aldehy&&1la (370 mg, 0.900 mmol) in 43% yield by using iodoform (571 mg, 1.45 mmol)
and CrC4 (657 mg, 5.34 mmol) in a mixture of THF (1.1 mL) and 1,4-dioxane (15 mL). Purification was
performed by flash column chromatography on silica gel (40 g, hexane to hexgDe/@M1 to 12/1): colorless

oil; [a]p?2-50 € 0.77, CHCY); HRMS (ESI) calcd for €Hs3lOSiNa 557.1738 [M+N4d] found 557.1719. The

other analytical data &*4a were identical to those @t4b.

Tetrayne 2-2a. [TG-1lI-119] According to the synthetic procedure b, 2-2a (144 mg, 0.236 mmol) was
synthesized fror2-4a (203 mg, 0.380 mmol) arit43 (92.9 mg, 0.459 mmol) in 62% yield by using Pd(pP{%4.8

mg, 56.1umol), Cul (21.6 mg, 0.113 mmol), and piperidine (0.12 mL, 1.20 mmol) in benzene (13 mL).
Purification was performed by flash column chromatography on silica gel (30 g, hexane to hexane/EtOAc 15/1):
pale yellow oil. ThéH NMR spectrum o-2a was identical to that ¢f-2b.

Allkyne 2-23a. [TG-III-122] According to the synthetic procedure 2£3b, 2-23a (51.7 mg, 84.Jumol) was
synthesized fron2-2a (68.4 mg, 0.112 mmol) in 75% yield by using Lindlar catalyst (173 mg) and quinoline (0.16
mL, 1.4 mmol) in hexane (7.0 mL). Purification was performed by flash column chromatography on silica gel (10
g, hexane to hexane/EtOAc 20/1), and twice on Chromatorex-ACD (20 g, hexane/EtOAc 500/1 to 100/1; 15 g,
hexane/EtOAc 300/1 to 100/1): colorless fil]p?! -43 (€ 0.69, CHCY); HRMS (ESI) calcd for €Hs204Si-Na
637.4079 [M+Na], found 637.4128. The other analytical dat2-@Ba were identical to those @ 23b.

Complex 2-29a. [TG-111-128] According to the synthetic procedure2:329b, 2-29a (92.0 mg, 0.102 mmol) was

synthesized from2-23a (66.0 mg, 0.107 mmol) in 95% yield by using(f0)% (149 mg, 0.436 mmol) in GiEl>
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(10 mL). Purification was performed by flash column chromatography on silica gel (10 g, hexane to
hexane/EtOAc 20/1): brown oil; HRMS (ESI) calcd fapidsC0,010SibNa 923.2438 [M+Nd] found 923.2449.

The'H NMR spectrum o2-29a were identical to those of compl&x29b.

Hexaene 2-24a. [TG-111-129] According to the synthetic procedure P4b, 2-24a (52.4 mg, 84.umol) was
synthesized fron2-29a (92.0 mg, 0.102 mmol) in 85% yield by usingBusSnH (0.40 mL, 1.50 mmol) and
N-methylmorpholine oxide (119 mg, 1.02 mmol) in tolués@mL). Purification was performed twice by flash
column chromatography on silica gel (5 g, hexane to hexane/EtOAc 20/1; 10 g, hexane to hexane/EtOAc 20/1):
colorless oil; fi]p?-10 € 1.1, CHCY); HRMS (ESI) calcd for €Hs404Si-Na 639.4235 [M+Nd] found 639.4240.

The other analytical data 8f24a were identical to those @f24b.

(14R,209)-2-1a. [TG-III-160, 161, 166] According to the synthetic procedurg-ab, 2-1a (4.59 mg, 12.8imol)

was synthesized fro@24a (22.0 mg, 35.¢umol) in 36% vyield over 3 steps by using TMSOT(f (85 0.52 mmol)

and 2,6-lutidine (9%uL, 0.82 mmol) in CHCI; (2.2 mL) for the first step, NaCkK)(80% purity, 35.4 mg, 0.313
mmol) and NabkPQO,-2H,0 (53.9 mg, 0.345 mmol)inal: 1 : 1 mixturg-®uOH, 2-methyl-2-butene and.@

(3.0 mL) for the second, and TBAF (1.0 M in THF, 0.36 mL, 0.36 mmol) in THF (2.3 mL) for the third.
Purification was performed by flash column chromatography on Chromatorex-ACD (4 g, hexane/EtOAc 4/1 to 3/1)
for the second step, and by flash column chromatography on silica gel (4 g, hexane/EtOAc/AcOH 50/50/0.05 to
40/60/0.05) and HPLC (Inertsil ODS-4, MeOHBIACOH 7:3:0.1 3 mL/min,g= 42 min) for the third: pale
yellow oil; [a]p*” +22 € 0.21, MeOH); HRMS (ESI) calcd for,@13104 359.2228 [M-H]j, found 359.2224. The

other analytical data & 1a were identical to those @f1b.

Alcohol 2-18d. [TG-IlI-101] According to the synthetic procedure f8b, 2-18d (791 mg, 1.92 mmol) was
synthesized from C16-22 fragme2iBb (833 mg, 3.72 mmol) and glycidol derivati2erb (596 mg, 3.17 mmol) in

61% vyield by using-BuLi (1.6 M in hexane, 2.5 mL, 4.0 mmol) and8PEt (0.41 mL, 3.3 mmol) in THF (31

mL). Purification was performed by medium pressure liquid chromatography on silica gel (45 g, hexane to
hexane/EtOAc 9/1): colorless oilg]p?® -5.9 € 0.98, CHCY); HRMS (ESI) calcd for &H440sSiNa 435.2721

[M+Na]*, found 435.2716. The other analytical dat2-dBd were identical to those @ 18c.
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Alcohol 2-20d. [TG-111-103, 104] According to the synthetic procedur@@0b, 2-20d (453 mg, 1.10 mmol) was
synthesized from alcoh&t18d (780 mg, 1.89 mmol) in 58% yield over 2 steps by usiny £1.66 mL, 4.7 mmol),
TBSOTf (0.48 mL, 2.1 mmol) in CKI, (19 mL) for the first step, and PPTS (40 mg, 0.16 mmol) in a mixture of
MeOH (16 mL) and THF (2.6 mL) for the second. Purification was performed by flash column chromatography
on silica gel (30 g, hexane to hexane/EtOAc 20/1) for the first step, and on silica gel (20 g, hexane to
hexane/EtOAc 9/1) for the second: colorless ailpf° -17 € 1.1, CHC}); HRMS (ESI) calcd for €H440sSiNa
435.2721 [M+Na], found 435.2721. The other analytical dat2-@0d were identical to those @f20c.

Aldehyde 2-21d. [TG-III-105] According to the synthetic procedure21b, 2-21d (393 mg, 0.956 mmol) was
synthesized from alcoh@-20d (437 mg, 1.06 mmol) in 90% vyield by using NaH{O®61 mg, 10.3 mmol) and
Dess-Martin periodinane (677 mg, 1.60 mmol) in.CH (22 mL). Purification was performed by flash column
chromatography on silica gel (40 g, hexane to hexane/EtOAc 9/1): colorlesds¥i;-b2 € 1.2, CHC}); HRMS

(ESI) calcd for GsHas0sSibNa 465.2827 [M+MeOH+N4&] found 465.2832. The other analytical date2<#1d

were identical to those @21c.

C12-22 fragment 2-4d. [TG-111-106] According to the synthetic procedurezsdib, 2-4d (218 mg, 0.407 mmol)

was synthesized from aldehy#e1d (384 mg, 0.934 mmol) in 44% yield by using iodoform (739 mg, 1.88 mmol)
and CrC} (687 mg, 5.58 mmol) in a mixture of THF (1.1 mL) and 1,4-dioxane (15.5 mL). Purification was
performed three times by flash column chromatography on silica gel (30 g, hexane/EtOAc 20/1; 30 g, hexane to
hexane/EtOAc 20/1; 30 g, hexane/&CHy 100/1 to 20/1): colorless oilp]p?® +25 € 1.1, CHCH); HRMS (ESI)

calcd for GgHa3l02SibNa 557.1738 [M+N4d] found 557.1728. The other analytical dat2-@fd were identical

to those oR-4c.

Tetrayne 2-2d. [TG-I1I-124] According to the synthetic procedure b, 2-2d (175 mg, 0.287 mmol) was
synthesized fror2-4d (218 mg, 0.407 mmol) arfd3 (98.2 mg, 0.486 mmol) in 71% yield by using Pd(BP{69.0

mg, 59.7umol), Cul (23.3 mg, 0.122 mmol), and piperidine (0.12 mL, 1.6 mmol) in benzene (14 mL). Purification
was performed by flash column chromatography on silica gel (30 g, hexane to hexane/EtOAc 15/1): pale yellow oil.

TheH NMR spectrum of2-2d was identical to that ¢f-2c.

134



Alkyne 2-23d. [TG-IlI-127] According to the synthetic procedure2g3b, 2-23d (87.8 mg, 0.143 mmol) was
synthesized fror@-2d (86.9 mg, 0.143 mmol) in 100% yield by using Lindlar catalyst (180 mg) and quinoline (0.20
mL, 1.4 mmol) in hexane (8.8 mL). Purification was performed by flash column chromatography on silica gel (10
g, hexane/EtOAc 30/1): colorless oil]p*° +16 € 1.4, CHCY); HRMS (ESI) calcd for &Hs20sSizNa 637.4079
[M+Na]*, found 637.4083. The other analytical dat2-@8d were identical to those @f23c.

Complex 2-29d. [TG-IlI-157] According to the synthetic procedure 2329b, 2-29d (80.2 mg, 89.Jumol) was
synthesized fron2-23d (54.2 mg, 88.Jumol) in 100% vyield by using GECO) (119 mg, 0.348 mmol) in CGigl,

(6.0 mL). Purification was performed by flash column chromatography on silica gel (8 g, hexane to
hexane/EtOAc 20/1): brown oil; HRMS (ESI) calcd fopdsC0,010SkhNa 923.2438 [M+Nd] found 923.2507.

TheH NMR spectrum o2-29d were identical to those of cobalt compR29c.

Hexaene 2-24d. [TG-III-159] According to the synthetic procedure 234b, 2-24d (47.2 mg, 76.3umol) was
synthesized fron2-29d (80.2 mg, 89.1umol) in 87% yield by using-BusSnH (0.34 mL, 1.3 mmol) and
N-methylmorpholine oxide (101 mg, 0.86 mmol) in tolugte mL). Purification was performed twice by flash
column chromatography on silica gel (10 g, hexane to hexane/EtOAc 20/1; 8 g, hexane to hexane/EtOAc 20/1):
colorless oil; §i]p?? +21 € 0.96, CHCY); HRMS (ESI) calcd for &Hs:OsSi:Na 639.4235 [M+N4d] found
639.4246. The other analytical data?e?24d were identical to those @Bba.

(14S,209)-2-1d. [TG-llI-162, 163, 165] According to the synthetic procedurg-ab, 2-1d (8.64 mg, 24.Jumol)

was synthesized fro2+24d (47.2 mg, 76.4umol) in 32% yield over 3 steps by using TMSOTf (0.21 mL, 1.2 mmol)

and 2,6-lutidine (0.20 mL, 1.7 mmol) in GEl» (4.7 mL) for the first step, NaCkJ80% purity, 76.0 mg, 0.672
mmol) and NakPQOy-2H,0 (113 mg, 0.73 mmol) inal: 1 : 1 mixture®@uOH, 2-methyl-2-butene and.@ (6.0

mL) for the second, and TBAF (1.0 M in THF, 0.76 mL, 0.76 mmol) in THF (5.0 mL) for the third. Purification
was performed by flash column chromatography on Chromatorex-ACD (8 g, hexane/EtOAc 4/1 to 3/1 to 3/2) for
the second step, and by flash column chromatography on silica gel (6 g, hexane/EtOAc/AcOH 40/60/0.05 to

30/70/0.05) and HPLC (Inertsil ODS-4, MeOHMBIACOH 7/3/0.1 3 mL/min,g= 36 min) for the third: pale
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yellow oil; [a]p!® +13 € 0.41, MeOH); HRMS (ESI) calcd for,gH3:04 359.2228 [M-H], found 359.2223; UV
(MeOH) Amax 236 nm £ 2.60x10). The other analytical data 2f1d were identical to those @f1c.

C1-9 fragment 3-3. [TG-V-108, 109] A mixture of Cul (287 mg, 1.51 mmol), Nal (227 mg, 1.51 mmol) and
CsCQOs (491 mg, 1.51 mmol) was dried in vacuo at room temperature. After the mixture was cooled to 0 °C, a
solution of propargy bromid&-5 (0.27 mL, 1.7 mmol) in DMF (2.6 mL) was added. The mixture was stirred at

0 °C for 5 min, and then a solution of alky8+ (332 mg, 1.80 mmol, a 1:0.3:0.3 mixture3ed, E£O and pentane)

in DMF (2.6 mL) was added. The reaction mixture was warmed to room temperature and stirred for 15 h, and then
saturated aqueous MEI (5 mL) was added. The resultant mixture was filtered through a pad of Celite ¥@th Et
The filtrate was extracted with & (20 mL and 10 mL x3), and the combined organic layers were washed®ith H

(10 mL) and brine (10 mL), dried over }y, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (20 g, hexane to hexane/EtOAc 20/1) to afford the touddich was used

in the next reaction without further purification.

AcOH (0.21 mL, 3.7 mmol) and TBAF (1.0 M in THF, 3.7 mL, 3.7 mmol) were successively added to a solution
of the above crud&-10 in THF (50 mL) at-5°C. The reaction mixture was stirred at -5 °C for 1 h, warmed to
room temperature, and stirred for 2 h. Then saturated aqueosSl K5 mL) was added. The resultant
mixture was extracted £ (50 mL), and the organic layer was washed wit® K20 mL) and brine (20 mL), dried

over NaSGQ,, filtered, and concentrated. The residue was purified by flash column chromatography on silica gel
(15 g, hexane to hexane/EtOAc 20/1) to afford C1-9 frag@&rtL65 mg, 0.927 mmol) in 56% over 2 steps based

on 3-5: colorless oil; IR (neaty 3288, 2953, 2882, 2233, 2124, 1473, 1455, 1435, 1414, 1312, 1135, 1033, 942
cnt?; *tHNMR (400 MHz, CDCJ) § 1.59-1.67 (2H, m, H3), 1.73-1.80 (2H, m, H2), 2.05 (1H,%,2.7 Hz, H9),

2.23 (2H,ttJ=7.3, 2.7 Hz, H4), 3.14 (2H, dt= 2.7, 2.7 Hz, H7), 3.81-4.01 (4H, m, acetal), 4.87 (181t4.6 Hz,

H1); **C NMR (100 MHz, CDGJ) 5 9.4, 18.4, 22.9, 32.7, 64.7 (x2), 68.4, 73.4, 78.7, 80.5, 104.0; HRMS (DART)
calcd for GiH150, 179.1067 [M+H], found 179.1073.

Cli1-15fragment 3-22a. [TG-V-056, 058, 059] According to the synthetic procedurg-22b, C11-15 fragment
3-22a(1.58 g, 4.73 mmol) was synthesized frat#4a (970 mg, 5.00 mmol) and trimethylsilyl acetylene (1.4 mL,

9.9 mmol) in 95% vyield over 3 steps by usmBuLi (1.6 M in hexane, 6.6 mL, 11 mmol) and 8PEL (1.2 mL,
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9.7 mmol) in THF (25 mL) for the first reaction,®0s (899 mg, 6.51 mmol) in MeOH (40 mL) for the second, and
TBSOTf (1.3 mL, 5.7 mmol) and 2,6-lutidine (1.4 mL, 12 mmol) in,Ckl (45 mL) for the third. Purification was
performed by medium pressure liquid chromatography on silica gel (45 g, hexane/EtOAc 6/1 to 5/1) for the first
reaction, on silica gel (45 g, hexane/EtOAc 6/1 to 2/1) for the second and on silica gel (45 g, hexane to
hexane/EtOAc 30/1) for the third: colorless oit]§?’ +0.51 € 1.1, CHC}); IR (neat)v 3310, 2953, 2929, 2856,

2121, 1613, 1514, 1464, 1249, 1123 tAH NMR (400 MHz, CDCJ) 6 0.07 (3H, s, €l of TBS), 0.09 (3H, s, Bs

of TBS), 0.89 (9H, s-Bu of TBS), 1.95 (1H, t) = 2.7 Hz, H15), 2.35 (1H, ddd= 16.9, 6.0, 2.7 Hz, H13a), 2.47

(1H, ddd,J=16.9, 6.0, 2.7 Hz, H13b), 3.45 (1H, d&; 14.2, 5.5 Hz, H11a), 3.47 (1H, dbts 14.2, 5.5 Hz, H11b),

3.81 (3H, s, OMe), 3.96 (1H, &t= 6.0, 5.5 Hz, H12), 4.47 (2H, s, ®KAr), 6.87 (2H, d,J = 8.7 Hz, aromatic), 7.26

(2H, d,J = 8.7 Hz, aromatic}3C NMR (125 MHz, CDGJ) § -4.7, -4.6, 18.1, 24.7, 25.8 (x3), 55.3, 69.8, 70.2, 73.0,
73.3, 81.4, 113.7 (x2), 129.2 (x2), 130.4, 159.1; HRMS (ESI) calcd ifbt:f:SiNa 357.1856 [M+N4d] found
357.1862.

C11-15 fragment 3-22b. [TG-V-183, 184, 185h-BulLi (1.35 M in hexane, 12.5 mL, 16.9 mmol) was added to a
solution of trimethylsilyl acetylene (2.3 mL, 16 mmol) in THF (34 mL) at -78 °C. The solution was stirred at -78
°C for 10 min, warmed to 0 °C and stirred for 50 min. After the mixture was cooled to -783;°CEBF2.0 mL,

16 mmol) and a solution &24b (1.56 g, 8.04 mmol) in THF (6.0 mL) were successively added. The reaction
mixture was stirred at -78 °C for 30 min and warmed to -40 °C over 1 h, and then saturated aqu@b{BONH.)

was added. The resultant mixture was extracted wiB E80 mL and 30 mL), and the combined organic layers
were washed with #0 (30 mL) and brine (30 mL), dried over 1$&, filtered, and concentrated. The residue was
purified by medium pressure liquid chromatography on silica gel (45 g, hexane/EtOAc 6/1 to 4/1) to afford the
crude alcohoB-25b, which was used in the next reaction without further purification.

K2CGO; (1.44 g, 10.4 mmol) was added to a solution of the above crude aB@bBblin MeOH (62 mL) at room
temperature. The reaction mixture was stirred at room temperature for 11 h. After the mixture was cooled to 0 °C,
saturated aqueous MEI (10 mL) was added. The resultant mixture was extracted with (B0 mL x4), and the
combined organic layers were washed wi#OH40 mL) and brine (40 mL), dried over 184, filtered, and

concentrated. The residue was purified by medium pressure liquid chromatography on silica gel (45 g,
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hexane/EtOAc 4/1 to 1/1) to afford the crude alcohol, which was used in the next reaction without further
purification.

TBSOTf (0.28 mL, 1.2 mmol) was added to a solution of the above crude alcohol and 2,6-lutidine (0.32 mL, 2.8
mmol) in CHCl> (70 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 5 min, warmed to room temperature
and stirred for 1.5 h, and then TBSOTf (0.40 mL, 1.7 mmol) and 2,6-lutidine (0.68 mL, 5.8 mmol) were added.
After 20 min, TBSOTf (1.4 mL, 5.9 mmol) and 2,6-lutidine (1.3 mL, 11 mmol) were added. After further 40 min,
TBSOTf (1.0 mL, 4.4 mmol) and 2,6-lutidine (0.70 mL, 6.0 mmol) were added again. The mixture was stirred for
10 min and cooled to 0 °C, and then saturated aqueous NafdG@nlL) was added. The resultant mixture was
extracted BEO (60 mL x3), and the combined organic layers were washed wdh(#40 mL) and brine (40 mL),

dried over N&SQ, filtered, and concentrated. The residue was purified by medium pressure liquid
chromatography on silica gel (45 g, hexane to hexane/EtOAc 7/1) to afford C11-15 fr&@egbn.61 g, 7.79

mmol) in 97% yield over 3 steps: colorless ail]d?® -0.60 ¢ 0.90, CHCJ). The other analytical data 8{22b

were identical to those @f22a.

Triol 3-28a. [TG-VI-083] According to the synthetic procedure328b, triol 3-28a (390 mg, 3.25 mmol) was
synthesized fron3-35a (1.00 g, 3.39 mmol, a 2.5: 2 : 1 : 2 mixture3a35a, t-BUOH, EtO and pentane) in 96%

yield by using LiAIH, (520 mg, 13.7 mmol) in THF (36 mL). Purification was performed by flash column
chromatography on silica gel (20 g, CH®™eOH 5/1): colorless oil. The other analytical dateB<#8a were
identical to those reported previously [ref. 6b in chapter 3].

Triol 3-28b. [TG-V-170] A solution 0f3-35b (3.71 g, 8.38 mmol, a 1.8 : 4.5: 1 : 1.6 mixtur&&bb, t-BuOH,

Et,O and pentane) in THF (20 mL) was added to a solution of Lif&lk28 g, 33.7 mmol) in THF (65 mL) at 0 °C

over 25 min. The reaction mixture was warmed to room temperature and stirred for 5 h. After the mixture was
cooled to 0 °C, saturated aqueous potassium sodium tartrate (50 mh)Bax@H (100 mL) were added. The
resultant mixture was warmed to room temperature and stirred for 19 h.  After separation, the aqueous layer was
extracted withn-BuOH (20 mL x4). The combined organic layers were dried oveS®a filtered, and

concentrated. Purification was performed by flash column chromatography on silica gel (30 giMeBel 9/1
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to 5/1) to afford triol3-28b (783 mg, 6.51 mmol) in 78% yield: colorless oil. The analytical dag28b were

identical to those reported previously [ref. 6b in chapter 3].

C16-20 fragment 3-9a. [TG-VI-089] According to the synthetic procedure3g8b, C16-20 fragmen3-9a (549

mg, 2.14 mmol) was synthesized fr@28a (393 mg, 3.28 mmol) in 65% yield by using NaH (60 wt% in mineral

oil, 789 mg, 19.7 mmol) and tosyl imidazole (2.97 g, 13.4 mmol) in THF (65 mL). Purification was performed by
medium pressure liquid chromatography on silica gel (45 g, hexane/EtOAc 9/1): white solid; mp 61e43'eC;

+16 (€ 1.0, CHC}). The other analytical data 8f9a were identical to those &9b and the previously reported

data [ref. 11 in chapter 3].

C16-20 fragment 3-9b. [TG-V-173] NaH (60 wt% in mineral oil, 784 mg, 19.6 mmol) was added to a solution of
3-28b (783 mg, 6.53 mmol) in THF (130 mL) at 0 °C. The mixture was stirred at 0 °C for 1 h, and then tosyl
imidazole (2.89 g, 13.0 mmol) was added. The reaction mixture was stirred at 0 °C for 50 min, warmed to room
temperature, and stirred for 40 min. After the mixture was cooled to 0 °C, NaH (60 wt% in mineral oil, 392 mg,
9.80 mmol) was added. The reaction mixture was warmed to room temperature and stirred for 1.5 h, and then tosyl
imidazole (2.89 g, 13.0 mmol) was added. The reaction mixture was stirred at room temperature for 17 h. After
the mixture was cooled to 0 °C, pH 7 phosphate buffer (20 mL) was added. The resultant mixture was extracted
with EtOAc (150 mL and 100 mL), and the combined organic layers were washed:@i{B®HmL) and brine (50

mL), dried over NgSQi, filtered, and concentrated. The residue was purified by medium pressure liquid
chromatography on silica gel (45 g, hexane/EtOAc 20/1 to 9/1) to afford C16-20 fregybie(it.16 g, 4.53 mmol)

in 69% yield: white solid; mp 61 °Ca[p!® -16 € 1.0, CHC}); IR (neat)v 2976, 2935, 2886, 1598, 1459, 1358,
1189, 1174, 1097, 931 cin*H NMR (400 MHz, CDCY) § 0.95 (3H, tJ = 7.4 Hz, H20), 1.76 (2H, qd,= 7.4, 6.4

Hz, H19), 2.44 (3H, s, 8 of Ts), 2.63 (1H, dd] = 4.6, 2.3 Hz, H16a), 2.78 (1H, dii= 4.6, 4.6 Hz, H16b), 3.05

(1H, ddd J= 6.4, 4.6, 2.3 Hz, H17), 4.28 (1H, dt 6.4, 6.4 Hz, H18), 7.33 (2H, d= 7.8 Hz, aromatic), 7.82 (2H,

d, J = 7.8 Hz, aromatic)**C NMR (100 MHz, CDGJ) § 9.3, 21.5, 25.0, 44.6, 52.3, 84.6, 127.7 (x2), 129.5 (x2),

134.0, 144.5; HRMS (ESI) calcd for41160sSNa 279.0662 [M+N4] found 279.0661.
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TBS ether 3-44a. [TG-V-130, 132]According to the synthetic procedure3#4c, 3-44a (781 mg, 1.11 mmol)

was synthesized frot+22a (988 mg, 2.95 mmol) ar@9a (306 mg, 1.20 mmol) in 93% yield over 2 steps by using
n-BuLi (1.6 M in hexane, 2.0 mL, 3.2 mmol) and 8PEt (0.37 mL, 3.0 mmol) in THF (5.9 mL) for the first
reaction, and TBSOTf (0.95 mL, 4.1 mmol) andNE{1.4 mL, 10 mmol) in 1,2-dichloroetha(i mL) for the
second. Purification was performed by flash column chromatography on silica gel (30 g, hexane/EtOAc 20/1 to
3/1) for the first reaction, and on silica gel (10 g, hexane to hexane/EtOAc 20/1) for the second: coldidgs¥ oil;

-15 (€ 1.4, CHC}); IR (neat)v 2953, 2929, 2856, 1920, 1613, 1514, 1463, 1364, 1250, 1177, 1098HNMMR

(400 MHz, CDC#) 4 0.04 (3H, s, €3 of TBS), 0.06 (6H, s, B3 of TBS x2), 0.08 (3H, s, d; of TBS), 0.75 (3H, t,

J = 7.3 Hz, H20), 0.86 (9H, $;Bu of TBS), 0.88 (9H, ;Bu of TBS), 1.49 (1H, m, H19a), 1.76 (1H, m, H19b),
2.13-2.37 (4H, m, H13 and H16), 2.43 (3H, §:0©f Ts), 3.41 (1H, ddJ = 10.0, 6.0 Hz, H11a), 3.49 (1H, dbs

10.0, 5.0 Hz, H11b), 3.80 (3H, s, OMe), 3.86-3.94 (2H, m, H12 and 17), 4.35 (1H,d8d7, 4.1, 4.1 Hz, H18),

4.48 (2H, s, OBAr), 6.86 (2H, d,J = 8.2 Hz, aromatic), 7.26 (2H, di= 8.2 Hz, aromatic), 7.32 (2H, d= 8.2 Hz,
aromatic), 7.79 (2H, d,= 8.2 Hz, aromatic):*C NMR (100 MHz, CDGCJ) § -4.9, -4.8, -4.64, -4.59, 10.1, 17.9, 18.1,
21.4, 21.6, 22.2, 25.0, 25.7 (x3), 25.8 (x3), 55.2, 70.8, 71.5, 72.9, 73.5, 78.4, 78.7, 85.5, 113.6 (x2), 127.8 (x2),
129.1 (x2), 129.7 (x2), 130.5, 134.2, 144.5, 159.0; HRMS (ESI) calcdsfblsdD;SSkNa 727.3490 [M+Nd]

found 727.3469.

Alcohol 3-45a. [TG-V-135] According to the synthetic procedure3ed5c, alcohol3-45a (606 mg, 1.04 mmol)

was synthesized frol+44a (781 mg, 1.11 mmol) in 94% yield by using DDQ (279 mg, 1.23 mmol) in a mixture of
CHxCIl; (10 mL) and pH 7 phosphate buffer (1.0 mL). Purification was performed by flash column
chromatography on silica gel (30 g, hexane/EtOAc 9/1 to 4/1), and three times by medium pressure liquid
chromatography on silica gel (45 g, hexane to hexane/EtOAc 4/1; 45 g, hexane to hexane/EtOAc 4/1; 14 g,
hexane/EtOAc 9/1 to 4/1¢olorless oil; fi]p?” -24 € 0.91, CHCY); IR (neat)v 3465, 2954, 2929, 2857, 1644, 1463,
1363, 1255, 1189, 1177, 1100, 931-§tH NMR (400 MHz, CDC}) § 0.05 (3H, s, €l; of TBS), 0.07 (3H, s, B3

of TBS), 0.10 (3H, s, B; of TBS), 0.11 (3H, s, B3 of TBS), 0.74 (3H, tJ = 7.8 Hz, H20), 0.86 (9H, $;Bu of

TBS), 0.90 (9H, st-Bu of TBS), 1.49 (1H, m, H19a), 1.75 (1H, m, H19b), 1.93 (1HJdd 7.3, 5.9 Hz, ®),
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2.15-2.42 (4H, m, H13 and H16), 2.45 (3H, Bl:©f Ts), 3.57 (1H, ddd] = 11.9, 7.3, 5.0 Hz, H11a), 3.68 (1H, ddd,
J=11.9,5.9, 3.6 Hz, H11b), 3.85 (1H, m, H17), 3.91 (1H, m, H12), 4.35 (1HJdd8l2, 8.2, 4.1 Hz, H18), 7.34

(2H, d,J = 8.7 Hz, aromatic), 7.79 (2H, di= 8.7 Hz, aromatic):*C NMR (100 MHz, CDGJ) § -4.94, -4.86, -4.69,
-4.66, 10.1, 17.9, 18.0, 21.3, 21.5, 22.2, 24.1, 25.6 (x3), 25.7 (x3), 65.6, 71.3, 71.7, 78.0, 78.9, 85.5, 127.7 (x2),
129.7 (x2), 134.1, 144.6; HRMS (ESI) calcd foes:0sSSpNa 607.2915 [M+Nd] found 607.2897.

Aldehyde 3-46a. [TG-V-136] According to the synthetic procedure of aldehgdisc, 3-46a (577 mg, 0.990
mmol) was synthesized froB45a (606 mg, 1.04 mmol) in 95% yield by using Dess-Martin periodinane (887 mg,
2.09 mmol) and NaHC£(832 mg, 9.90 mmol) in Ci€l, (10 mL). Purification was performed by flash column
chromatography on silica gel (30 g, hexane/EtOAc 9/1 to 4/1): colorlesa]ef® {13 € 0.83, CHCY); IR (neat)v

2953, 2930, 2857, 1741, 1463, 1365, 1254, 1177, 1119, 1097*eMIMR (400 MHz, CDC}) 5 0.05 (3H, s, €3

of TBS), 0.06 (3H, s, Bz of TBS), 0.12 (6H, s, Bs of TBS x2), 0.75 (3H, tJ = 7.3 Hz, H20), 0.86 (9H, &Bu of

TBS), 0.93 (9H, st-Bu of TBS), 1.49 (1H, m, H19a), 1.75 (1H, m, H19b), 2.19 (1H, Het16.5, 8.2, 2.3 Hz,
H16a), 2.35 (1H, m, H16b), 2.45-2.55 (2H, m, H13), 2.45 (3HHs, & Ts), 3.92 (1H, dt) = 7.3, 4.6 Hz, H17),

4.07 (1H, td)= 6.8, 1.4 Hz, H12), 4.34 (1H, dk= 9.2, 3.7 Hz, H18), 7.34 (2H, d= 8.2 Hz, aromatic), 7.79 (2H,
d,J=8.2 Hz, aromatic), 9.63 (1H,x= 1.4 Hz, H11)*C NMR (100 MHz, CD{J) § -4.92, -4.87, -4.82, -4.6, 10.1,
17.9, 18.2, 21.3, 21.6, 22.2, 23.4, 25.6 (x3), 25.7 (x3), 71.3, 76.0, 76.5, 79.7, 85.4, 127.8 (x2), 129.7 (x2), 134.1,
144.6, 202.1; HRMS (ESI) calcd fordEls:0;SSbNa 637.3021 [M+MeOH+N4] found 637.3020.

C10-20 fragment 3-43a. [TG-V-137] According to the synthetic procedure of C10-20 fragn3efdc, 3-43a

(613 mg, 0.868 mmol) was synthesized from aldel8td6a (577 mg, 0.990 mmol) in 88% yield by using GrCl

(836 mg, 6.80 mmol) and iodoform (903 mg, 2.29 mmol) in a mixture of THF (4.0 mL) and 1,4-dioxane (12.4 mL).
Purification was performed by flash column chromatography on silica gel (30 g, hexane to hex@hel(ht
colorless oil; fi]p?* -41 € 1.0, CHCY); IR (neat)v 2953, 2929, 2856, 1917, 1600, 1463, 1363, 1255, 1188, 1177,
1098, 931 crmt; tHNMR (400 MHz, CDC}) § 0.05 (3H, s, €5 of TBS), 0.06 (3H, s, Bs of TBS), 0.07 (3H, s, B3

of TBS), 0.08 (3H, s, B; of TBS), 0.76 (3H, tJ = 7.4 Hz, H20), 0.87 (9H, $Bu of TBS), 0.89 (9H, «;Bu of

TBS), 1.51 (1H, m, H19a), 1.75 (1H, m, H19b), 2.16-2.40 (4H, m, H13 and H16), 2.45 (34,6, 3), 3.91 (1H,
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dt,J=8.7,4.5Hz, H17), 4.19 (1H, m, H12), 4.35 (1H Jdt,8.7, 4.1 Hz, H18), 6.31 (1H, ddl= 14.6, 1.4 Hz, H10),

6.66 (1H, ddJ=14.6, 5.5 Hz, H11), 7.34 (2H, 8= 8.7 Hz, aromatic), 7.80 (2H, d= 8.7 Hz, aromatic);*C NMR

(100 MHz, CDC}) & -4.94, -4.88, -4.81, -4.6, 10.2, 17.9, 18.2, 21.3, 21.6, 22.2, 25.68 (x3), 25.73 (x3), 28.2, 71.4,
73.9, 76.6, 77.6, 79.5, 85.5, 127.8 (x2), 129.7 (x2), 134.1, 144.6, 147.5; HRMS (ESI) calegHiglOeSSbNa
729.1933 [M+Nadj, found 729.1923.

TBSether 3-44b. [TG-VI-092, 093] According to the synthetic procedur@d#ic, 3-44b (319 mg, 0.452 mmol)

was synthesized froi®22b (504 mg, 1.50 mmol) ang8-9a (155 mg, 0.605 mmol) in 75% yield over 2 steps by
usingn-BuLi (1.6 M in hexane, 1.0 mL, 1.6 mmol) and8PEt (0.19 mL, 1.5 mmol) in THF (3.0 mL) for the first
reaction, and TBSOTf (0.23 mL, 1.0 mmol) angNe{0.34 mL, 2.4 mmol) in 1,2-dichloroethafte0 mL) for the

second. Purification was performed by medium pressure liquid chromatography on silica gel (45 g, hexane/EtOAc
9/1 to 3/1) for the first reaction, and flash column chromatography on silica gel (15 g, hexane to hexane/EtOAc 9/1)
for the second: colorless oi[p?®-7.5 € 1.1, CHCY); IR (neat) 2952, 2929, 2856, 1614, 1514, 1463, 1363, 1250,
1177, 1097 cnt; *HNMR (400 MHz, CDCJ) § 0.04 (3H, s, €5 of TBS), 0.065 (3H, s, 5 of TBS), 0.067 (3H, s,

CHs of TBS), 0.09 (3H, s, Bs of TBS), 0.76 (3H, tJ = 7.8 Hz, H20), 0.86 (9H, &Bu of TBS), 0.89 (9H, ¢;Bu

of TBS), 1.52 (1H, m, H19a), 1.76 (1H, m, H19b), 2.14-2.43 (4H, m, H13 and H16), 2.43 (3,cf 3), 3.42

(1H, dd,J=10.0, 5.5 Hz, H11a), 3.50 (1H, dbs 10.0, 5.0 Hz, H11b), 3.80 (3H, s, OMe), 3.87-3.94 (2H, m, H12

and 17), 4.38 (1H, ddd,= 8.7, 4.1, 4.1 Hz, H18), 4.48 (2H, s, B4A\r), 6.87 (2H, dJ = 8.7 Hz, aromatic), 7.26

(2H, d,J = 8.7 Hz, aromatic), 7.32 (2H, di= 8.7 Hz, aromatic), 7.80 (2H, d= 8.7 Hz, aromatic)}:*C NMR (100

MHz, CDCk) 5 -4.9, -4.8, -4.61, -4.56, 10.1, 17.9, 18.2, 21.5, 21.6, 22.3, 25.0, 25.7 (x3), 25.8 (x3), 55.2, 70.8, 71.5,
73.0, 73.6, 78.4, 78.7, 85.5, 113.7 (x2), 127.8 (x2), 129.1 (x2), 129.7 (x2), 130.6, 134.3, 144.5, 159.0; HRMS (ESI)
calcd for G/HeoO7SSkNa 727.3490 [M+N4d] found 727.3470.

Alcohol 3-45b. [TG-V-079] According to the synthetic procedure of alcahdbc, 3-45b (452 mg, 0.773 mmol)

was synthesized frod+44b (736 mg, 1.04 mmol) in 74% yield by using DDQ (402 mg, 1.81 mmol) in a mixture of
CH.CI; (80 mL) and pH 7 phosphate buffer (8 mL). The residue was purified twice by medium pressure liquid
chromatography on silica gel (45 g, hexane/EtOAc 9/1 to 4/1) and flash column chromatography on silica gel (15 g,

hexane/EtOAc 20/1 to 6/1): colorless oit]§?2-6.6 € 2.0, CHC}); IR (neat)v 3571, 2953, 2929, 2857, 1923, 1599,
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1463, 1363, 1255, 1189, 1176, 11005AH NMR (400 MHz, CDCY) § 0.05 (3H, s, €z of TBS), 0.07 (3H, s, B3

of TBS), 0.10 (3H, s, Bs of TBS), 0.11 (3H, s, B; of TBS), 0.75 (3H, tJ = 7.3 Hz, H20), 0.86 (9H, &Bu of

TBS), 0.90 (9H, st-Bu of TBS), 1.51 (1H, m, H19a), 1.75 (1H, m, H19b), 1.92 (1H,Jdd 6.4, 6.4 Hz, @),
2.14-2.42 (4H, m, H13 and H16), 2.45 (3H, Bl:®f Ts), 3.58 (1H, dddl= 11.0, 7.3, 5.0 Hz, H11a), 3.67 (1H, ddd,
J=11.0, 5.5, 3.6 Hz, H11b), 3.85 (1H, m, H12), 3.90 (1H, m, H17), 4.37 (1H,)dd8l3, 8.3, 3.7 Hz, H18), 7.34

(2H, d,J = 8.2 Hz, aromatic), 7.80 (2H, d= 8.2 Hz, aromatic):*C NMR (100 MHz, CDGJ) § -4.93, -4.85, -4.68,

-4.66, 10.1, 17.9, 18.0, 21.3, 21.5, 22.2, 24.1, 25.6 (x3), 25.7 (x3), 65.6, 71.3, 71.7, 78.0, 78.9, 85.4, 127.7 (x2),
129.7 (x2), 134.2, 144.6; HRMS (ESI) calcd fosid:0sSSkNa 607.2915 [M+Nd] found 607.2919.

Aldehyde 3-46b. [TG-V-083] According to the synthetic procedure of aldehgdtsc, 3-46b (303 mg, 0.520

mmol) was synthesized frog45b (320 mg, 0.547 mmol) in 95% yield by using Dess-Martin periodinane (471 mg,
1.11 mmol) and NaHC£X(449 mg, 5.35 mmol) in Ci€l, (32 mL). Purification was performed twice by flash
column chromatography on silica gel (20 g, hexane/EtOAc 9/1 to 6/1; 10 g, hexane/EtOAc 9/1 to 6/1): colorless oil;
[a]p?"-22 (€ 1.6, CHCY); IR (neat)v 2953, 2929, 2857, 1741, 1600, 1471, 1463, 1363, 1255, 1177, 1120,931 cm
IHNMR (400 MHz, CDCY) § 0.05 (3H, s, €ls of TBS), 0.07 (3H, s, Bs of TBS), 0.117 (3H, s, s of TBS),

0.122 (3H, s, B3 of TBS), 0.76 (3H, t) = 7.3 Hz, H20), 0.86 (9H, &Bu of TBS), 0.93 (9H, ¢;Bu of TBS), 1.51

(1H, m, H19a), 1.75 (1H, m, H19b), 2.20 (1H, dé&; 16.0, 7.8 Hz, H16a), 2.37 (1H, m, H16b), 2.45-2.55 (2H, m,
H13), 2.45 (3H, s, B3 of Ts), 3.91 (1H, dt) = 7.8, 4.6 Hz, H17), 4.08 (1H, td= 6.4, 1.4 Hz, H12), 4.36 (1H, dt,
J=9.2,3.7 Hz, H18), 7.34 (2H, d= 8.2 Hz, aromatic), 7.80 (2H, d= 8.2 Hz, aromatic), 9.63 (1H,X= 1.4 Hz,

H11); 3C NMR (100 MHz, CDGJ) § -4.9, -4.85, -4.78, -4.6, 10.1, 17.9, 18.2, 21.4, 21.6, 22.2, 23.5, 25.67 (x3),
25.69 (x3), 71.3, 76.1, 76.6, 79.8, 85.4, 127.8 (x2), 129.7 (x2), 134.2, 144.6, 202.1; HRMS (ESI) calcd for
CsoHs407SSbNa 637.3021 [M+MeOH+N4] found 637.3011.

C10-20 fragment 3-43b. [TG-V-084] According to the synthetic procedure of C10-20 fragr@etic, 3-43b

(244 mg, 0.346 mmol) was synthesized from aldel8/déb (291 mg, 0.499 mmol) in 69% yield by using GrCl

(434 mg, 3.53 mmol) and iodoform (469 mg, 1.19 mmol) in a mixture of THF (2.0 mL) and 1,4-dioxane (6.2 mL).
Purification was performed by flash column chromatography on silica gel (30 g, hexane to hex@hel(lht

colorless oil; f]o?” +12 € 1.1, CHCY); IR (neat)v 2954, 2929, 2857, 1600, 1463, 1363, 1255, 1189, 1177, 1098,
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931 cnt’; *HNMR (500 MHz, CDCY) § 0.06 (6H, s, €l of TBS x2), 0.07 (6H, s, I8; of TBS x2), 0.77 (3H, ] =

7.5 Hz, H20), 0.87 (9H, ¢;Bu of TBS), 0.89 (9H, -Bu of TBS), 1.50 (1H, m, H19a), 1.76 (1H, m, H19b),
2.17-2.42 (4H, m, H13 and H16), 2.45 (3H, #s0f Ts), 3.91 (1H, dtJ = 6.9, 4.5 Hz, H17), 4.18 (1H, m, H12),
4.37 (1H, dtJ=8.0, 4.0 Hz, H18), 6.32 (1H, dd= 14.3, 1.8 Hz, H10), 6.66 (1H, dil= 14.3, 5.2 Hz, H11), 7.34

(2H, d,J = 8.6 Hz, aromatic), 7.80 (2H, di= 8.6 Hz, aromatic):*C NMR (125 MHz, CDGJ) § -4.95, -4.86, -4.81,

-4.6, 10.2, 17.9, 18.1, 21.4, 21.6, 22.2, 25.68 (x3), 25.72 (x3), 28.2, 71.4, 73.9, 76.6, 77.6, 79.5, 85.4, 127.8 (x2),
129.7 (x2), 134.2, 144.5, 147.5; HRMS (ESI) calcd faiHgl0sSSbNa 729.1933 [M+N4] found 729.1952.

Triyne 3-42a. [TG-V-139] According to the synthetic procedure of triyid2c, 3-42a (181 mg, 0.240 mmol)

was synthesized frot43a (242 mg, 0.342 mmol) ari3 (91.2 mg, 0.512 mmol) in 70% yield by using Pd(BPh
(59.4 mg, 51.4umol), Cul (19.6 mg, 0.103 mmol) and piperidine (0.10 mL, 1.0 mmol) in benzene (5.1 mL).
Purification was performed twice by flash column chromatography on silica gel (30 g, hexane to hexane/EtOAc 6/1;
30 g, hexane to hexane/EtOAc 9/1). Triy3ié2a was immediately used in the next reaction due to its instability
under air: pale yellow oitH NMR (400 MHz, GDs) § 0.03 (3H, s, €5 of TBS), 0.07 (3H, s, B; of TBS), 0.14

(3H, s, G of TBS), 0.16 (3H, s, Bs of TBS), 0.81 (3H, tJ = 7.3 Hz, H20), 0.94 (9H, &Bu of TBS), 0.97 (9H,
s,t-Bu of TBS), 1.52 (1H, m, H19a), 1.58-1.65 (2H, m, H3), 1.75-1.81 (3H, m, H2 and H19b), 1.86 (BH 0, C
Ts), 2.03 (2H, tt)= 6.9, 2.3 Hz, H4), 2.24-2.33 (2H, m, H13a and H16a), 2.40 (1H, m, H13b or H16b), 2.53 (1H, m,
H13b or H16b), 3.04 (2H, di,= 1.8, 1.8 Hz, H7), 3.29-3.38 (2H, m, acetal), 3.45-3.54 (2H, m, acetal), 4.17 (1H, dt,
J=6.8,4.6 H, H17), 4.27 (1H, dt= 5.5, 5.0 H, H12), 4.69 (1H, dddl= 8.7, 4.6 Hz, H18), 4.73 (1H,3= 5.0 Hz,

H1), 5.93 (1H, ddt] = 16.0, 2.3, 1.8 Hz, H10), 6.37 (1H, dbs 16.0, 5.0 Hz, H11), 6.75 (2H, d,= 8.2 Hz,
aromatic), 7.83 (2H, d] = 8.2 Hz, aromatic); HRMS (ESI) calcd for:8640;SSkNa 779.3803 [M+Nd] found
779.3819.

Triyne 3-42b. [TG-V-110] According to the synthetic procedure of triygid2c, 3-42b (152 mg, 0.201 mmol)

was synthesized fro8+43b (166 mg, 0.235 mmol) ari3 (63.4 mg, 0.356 mmol) in 86% yield by using Pd(BPh
(41.0 mg, 35.5umoal), Cul (13.5 mg, 70.9 mmol) and piperidine (KD, 0.71 mmol) in benzene (3.6 mL).

Purification was performed by flash column chromatography on silica gel (15 g, hexane to hexane/EtOAc 6/1).
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Triyne 3-42b was immediately used in the next reaction due to its instability under air: pale yelldR i (ESI)

calcd for GiHs40;SSbNa 779.3803 [M+N4d] found 779.3828. Th¥d NMR spectrum oB-42b was identical to

that of3-42d.

Alkyne 3-53a. [TG-V-143] According to the synthetic procedure353c, 3-53a (96.0 mg, 0.126 mmol) was
synthesized fror3-42a (98.1 mg, 0.130 mmol) in 97% by using quinoline (0.18 mL, 1.6 mmol) and Lindlar catalyst
(800 mg) in hexane (10 mL). Purification was performed by flash column chromatography on silica gel (8 g,
hexane to hexane/EtOAc 9/1): colorless ailjof* -37 € 1.3, CHCY); IR (neat)v 2952, 2929, 2856, 1461, 1364,
1254, 1177, 931 crh *HNMR (500 MHz, CDCY) 5 0.04 (3H, s, €l; of TBS), 0.066 (3H, s, s of TBS), 0.071

(3H, s, GHs of TBS), 0.09 (3H, s, B3 of TBS), 0.76 (3H, t) = 7.5 Hz, H20), 0.86 (9H, &Bu of TBS), 0.92 (9H,

s,t-Bu of TBS), 1.45-1.55 (3H, m, H3 and H19a), 1.64-1.70 (2H, m, H2), 1.75 (1H, m, H19b), 2.11 (P 7dH,

Hz, H4), 2.15-2.29 (2H, m, H13a and H16a), 2.32-2.39 (2H, m, H13b and H16b), 2.44 (Blip§T8), 2.92 (2H,

m, H7), 3.83-3.87 (2H, m, acetal), 3.90 (1H, m, H17), 3.94-3.98 (2H, m, acetal), 4.30 A& pd, 5.7 Hz, H12),

4.36 (1H, dtJ = 9.0, 4.0 Hz, H18), 4.85 (1H,= 5.0 Hz, H1), 5.33-5.45 (3H, m, H5, H6 and H8), 5.79 (1H,Jdd,
=15.0, 5.5 Hz, H11), 6.00 (1H, d#+ 11.0, 11.0 Hz, H9), 6.54 (1H, dik= 15.0, 11.0 Hz, H10), 7.33 (2H,3+ 8.5

Hz, aromatic), 7.80 (2H, d,= 8.5 Hz, aromatic):3C NMR (125 MHz, CDGJ) § -4.9, -4.8, -4.64, -4.59, 10.1, 17.9,
18.2,21.4,21.6, 22.3, 23.9, 25.7 (x3), 25.8 (x3), 26.0, 27.0, 29.0, 33.3, 64.8 (x2), 71.5, 71.8, 78.6, 78.7, 85.5, 104.5,
124.6, 127.8 (x2), 127.9, 129.7 (x2), 129.9, 130.0, 134.2, 135.5, 144.5; HRMS (ESI) calagHigDSSiNa
783.4116 [M+Naj, found 783.4117.

Alkyne 3-53b. [TG-V-113] According to the synthetic procedure 353c, 3-53b (64.0 mg, 84.2umol) was
synthesized fron3-42b (75.3 mg, 99.6umol) in 85% by using quinoline (0.14 mL, 1.2 mmol) and Lindlar catalyst
(330 mg) in hexane (7.5 mL). Purification was performed by flash column chromatography on silica gel (4 g,
hexane to hexane/EtOAc 9/1): colorless ailof’ +15 € 0.93, CHC); IR (neat)v 2953, 2928, 2856, 1599, 1471,
1462, 1364, 1257, 1177, 1099, 932-&tH NMR (400 MHz, CDCY) § 0.04 (3H, s, €5 of TBS), 0.07 (6H, s, Bs

of TBS x2), 0.08 (3H, s, s of TBS), 0.76 (3H, t) = 7.8 Hz, H20), 0.86 (9H, &Bu of TBS), 0.91 (9H, ;Bu of

TBS), 1.45-1.55 (3H, m, H3 and H19a), 1.63-1.70 (2H, m, H2), 1.76 (1H, m, H19b), 2.11 (2H, 18, 7.3 Hz,
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H4), 2.20-2.28 (2H, m, H13a and H16a), 2.33-2.41 (2H, m, H13b and H16b), 2.44 (3H,06,T3), 2.92 (2H, m,

H7), 3.82-3.87 (2H, m, acetal), 3.90 (1H, m, H17), 3.93-3.98 (2H, m, acetal), 4.30 (1, &0, 6.0 Hz, H12),

4.37 (1H, dddJ = 8.7, 8.7, 3.6 Hz, H18), 4.85 (1H )t 5.0 Hz, H1), 5.33-5.45 (3H, m, H5, H6 and H8), 5.79 (1H,
dd,J=15.1, 5.0 Hz, H11), 6.00 (1H, dg&+ 11.0, 11.0 Hz, H9), 6.45 (1H, d#i= 15.1, 11.0 Hz, H10), 7.33 (2H, d,
J=8.7 Hz, aromatic), 7.80 (2H, di= 8.7 Hz, aromatic)}3*C NMR (100 MHz, CDQ) § -4.9, -4.8, -4.61, -4.56, 10.1,

18.0, 18.3, 21.4, 21.6, 22.3, 23.9, 25.7 (x3), 25.8 (x3), 26.1, 27.0, 29.0, 33.4, 64.8 (x2), 71.5, 71.8, 78.6, 78.7, 85.5,
104.5, 124.6, 127.8 (x2), 128.0, 129.7 (x2), 129.9, 130.0, 134.3, 135.5, 144.5; HRMS (ESI) calcd for
Ca1Hes07SSkNa 783.4116 [M+N4] found 783.4099.

Complex 3-54a. [TG-V-145] According to the synthetic procedure of compde34dc, 3-54a (118 mg, 0.113
mmol) was synthesized froB53a (96 mg, 0.13 mmol) in 87% yield by using LL00) (185 mg, 0.541 mmol) in
CHCI; (2.5 mL). Purification was performed by flash column chromatography on silica gel (10 g, hexane/EtOAc
20/1 to 9/1)brown oil;*HNMR (500 MHz, CDC4) § 0.08 (3H, s, €z of TBS), 0.09 (3H, s, Bz of TBS), 0.10 (6H,

s, (H; of TBS x2), 0.79 (3H, )= 7.5 Hz, H20), 0.89 (9H, &Bu of TBS), 0.92 (9H, ;Bu of TBS), 1.49 (2H, dq,
J=17.5, 7.5 Hz, H19), 1.57-1.77 (4H, m, H2 and H3), 2.08 (2H] dt7.4, 7.4 Hz, H4), 2.44 (3H, sHz of Ts),
2.80-2.92 (3H, m, H7 and H16a), 3.12 (1H, #4,16.0, 8.6 Hz, H13a), 3.28 (1H, dtk 16.0, 2.9 Hz, H13b), 3.37

(1H, dd,J = 16.6, 6.9 Hz, H16b), 3.80-3.86 (2H, m, acetal), 3.90-3.96 (2H, m, acetal), 3.97 (1H, m, H17), 4.44 (1H,
m, H12), 4.62 (1H, m, H18), 4.85 (1H,Jt= 4.6 Hz, H1), 5.30-5.42 (3H, m, H5, H6 and H8), 5.74 (1H,J&d]5.5,

6.9 Hz, H11), 5.97 (1H, dd,= 11.5, 11.5 Hz, H9), 6.58 (1H, ddlF 15.5, 11.5 Hz, H10), 7.32 (2H, dlF 8.6 Hz,
aromatic), 7.79 (2H, d] = 8.6 Hz, aromatic); HRMS (ESI) calcd fouAesC0,013SSkNa 1069.2475 [M+N4]

found 1069.2445.

Tetraene3-49a. [TG-V-146] According to the synthetic procedure of tetra&d8c, 3-49a (45.1 mg, 59.21mol)

was synthesized fror®-54a (118 mg, 0.113 mmol) in 52% vyield by usingBusSnH (0.45 mL, 1.7 mmol) and
N-methylmorpholine oxide (133 mg, 1.14 mmol) in tolu€b® mL). Purification was performed by flash

chromatography [a column consecutively packed with silica gel 8 g and 10% (w/w) KF contained silica gel 2 g,
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hexane to hexane/EtOAc 9/Mplorless oil; fi]p?° -26 € 0.83, CHCY); HRMS (ESI) calcd for GGH7¢0;SSkNa
785.4273 [M+Nad], found 783.4259. The other analytical dat&-&0a were identical to those 8f50c.

Complex 3-54b. [TG-V-115] According to the synthetic procedure of com@exdc, 3-54b (146 mg, 0.139
mmol) was synthesized fro853b (117 mg, 0.154 mmol) in 90% vyield by using(e0) (342 mg, 1.00 mmol) in
CH.Cl; (3.0 mL). Purification was performed by flash column chromatography on silica gel (10 g, hexane to
hexane/EtOAc 9/1): brown ofiH NMR (400 MHz, CDCJ) 6 0.08 (3H, s, E; of TBS), 0.10 (6H, s, B; of TBS

x2), 0.11 (3H, s, B3 of TBS), 0.79 (3H, tJ = 7.3 Hz, H20), 0.89 (9H, &Bu of TBS), 0.92 (9H, ¢:Bu of TBS),
1.45-1.55 (1H, m, H19a), 1.58-1.70 (4H, m, H2 and H3), 1.73 (1H,gd,4, 5.9 Hz, H19b), 2.09 (2H, dt= 7.3,

6.8 Hz, H4), 2.44 (3H, s,18 of Ts), 2.83 (1H, dd] = 16.5, 4.6 Hz, H16a), 2.88 (2H, m, H7), 3.14 (1H, 1 15.5,

3.2 Hz, H13a), 3.22 (1H, dd,= 15.5, 8.2 Hz, H13b), 3.35 (1H, ddl= 16.5, 6.4 Hz, H16b), 3.80-3.89 (2H, m,
acetal), 3.92-3.99 (2H, m, acetal), 4.01 (1H, m, H17), 4.42 (LH1®), 4.62 (1H, m, H18), 4.85 (1H Jt= 5.0 Hz,

H1), 5.29-5.43 (3H, m, H5, H6 and H8), 5.73 (1H, #d,15.6, 6.9 Hz, H11), 5.99 (1H, dii= 11.4, 11.4 Hz, H9),
6.56 (1H, ddJ=15.6, 11.4 Hz, H10), 7.31 (2H, &= 8.3 Hz, aromatic), 7.79 (2H, di= 8.3 Hz, aromatic); HRMS
(ESI) calcd for GiHesC02015S5SkNa 1069.2475 [M+N4] found 1069.2482.

Tetraene 3-49b. [TG-V-116] According to the synthetic procedure of tetradat®c, 3-49b (81.4 mg, 0.107
mmol) was synthesized froBi54b (146 mg, 0.139 mmol) in 77% yield by usindgBusSnH (0.56 mL, 2.1 mmol)
and N-methylmorpholine oxide (164 mg, 1.40 mmol) in toluéé® mL). Purification was performed by flash
chromatography [a column consecutively packed with silica gel 8 g and 10% (w/w) KF contained silica gel 2 g,
hexane to hexane/EtOAc 9/1]: colorless aillf’ -4.2 € 0.85, CHCY); IR (neat)v 2955, 2929, 2857, 1921, 1599,
1471, 1463, 1366, 1258, 1189, 1177, 1075cthl NMR (500 MHz, CDCJ) § -0.01 (3H, s, €5 of TBS), 0.03

(3H, s, G of TBS), 0.04 (3H, s, Bs of TBS), 0.05 (3H, s, Bs of TBS), 0.75 (3H, tJ = 7.5 Hz, H20), 0.84 (9H,
s,t-Bu of TBS), 0.90 (9H, &;Bu of TBS), 1.45-1.55 (3H, m, H3 and H19a), 1.63-1.70 (2H, m, H2), 1.77 (1H, m,
H19b), 1.98-2.30 (6H, m, H4, H13 and H16), 2.44 (3H,Hs & Ts), 2.91 (2H, t) = 6.3 Hz, H7), 3.78 (1H, ddd,

= 8.6, 4.0, 4.0 Hz, H17), 3.82-3.86 (2H, m, acetal), 3.92-3.99 (2H, m, acetal), 4.18 (1H,6d8, 5.8 Hz, H12),

4.31 (1H, dtJ= 8.6, 4.0 Hz, H18), 4.85 (1H,3~ 4.5 Hz, H1), 5.31-5.48 (5H, m, H5, H6, H8, H14 and H15), 5.64

147



(1H, dd,J = 14.9, 5.8 Hz, H11), 5.97 (1H, ddi= 10.9, 10.9 Hz, H9), 6.46 (1H, ddi= 14.9, 10.9 Hz, H10), 7.33

(2H, d,J = 8.0 Hz, aromatic), 7.79 (2H, d= 8.0 Hz, aromatic)*3C NMR (125 MHz, CDGJ) § -4.75, -4.71, -4.6,
-4.4,10.3, 17.8, 18.2, 21.0, 21.6, 23.9, 25.7 (x3), 25.9 (x3), 26.0, 27.0, 29.2, 33.4, 36.5, 64.8 (x2), 72.2, 72.7, 86.2,
104.5, 124.3, 127.5, 127.6, 127.8 (x2), 127.9, 128.1, 129.6, 129.7 (x2), 130.0, 134.3, 136.6, 144.5; HRMS (ESI)
calcd for GiH;0O07SSbNa 785.4273 [M+Nd] found 783.4254.

(12R,17S,18R)-3-1a. [TG-V-149, 150, 151] According to the synthetic pedare of3-1c, 3-1a (6.64 mg, 19.9

pumol) was synthesized frof49a (45.1 mg, 59.2 mmol) in 34% yield over 3 steps by using TMSOTf (0.16 mL,
0.88 mmol) and 2,6-lutidine (0.16 mL, 1.3 mmol) in £ (1.2 mL) for the first raction, NaCK(80 wt%, 60.9

mg, 0.539 mmol) and NaRQy2H,0 (85.7 mg, 0.549 mmol) in a mixtureteBuOH (0.6 mL), 2-methyl-2-butene

(0.6 mL) and HO (0.6 mL) for the second, and TBAF (1.0 M in THF, 0.59 mL, 0.59 mmol) in THF (1.2 mL) for the
third. Purification was performed by flash column chromatography on Chromatorex-ACD (4 g, hexane/EtOAc 4/1
to 1/1) for the second reaction, and flash column chromatography on Chromatorex-ACD (4 g, hexane/EtOAc 1/1 to
1/4) and HPLC (Inertsil ODS-4, MeOH#B/AcOH 7/3/0.1 2.5 mL/min,gt= 35 min) for the third. Aldehyde

3-50a; *HNMR (500 MHz, CDCJ) 5 0.01 (3H, s, €ls of TBS), 0.03 (3H, s, B3 of TBS), 0.04 (3H, s, B3 of TBS),

0.06 (3H, s, ©3 of TBS), 0.73 (3H, tJ = 7.5 Hz, H20), 0.84 (9H, $;Bu of TBS), 0.90 (9H, &-Bu of TBS),
1.44-1.60 (3H, m, H3 and H19a), 1.70-1.80 (3H, m, H2 and H19b), 2.00-2.28 (6H, m, H4, H13 and H16), 2.44 (3H,
s, CHs of Ts), 2.90 (2H, m, H7), 3.79 (1H, m{17), 4.19 (1H, dt) = 6.3, 5.8 Hz, H12), 4.29 (1H, m, H18),
5.29-5.51 (5H, m, H5, H6, H8, H14 and H15), 5.65 (1H Jdd15.5, 5.8 Hz, H11), 5.98 (1H, dilz 11.5, 10.9 Hz,

H9), 6.47 (1H, ddJ = 15.5, 11.5 Hz, H10), 7.32 (2H, 3= 8.0 Hz, aromatic), 7.79 (2H, d= 8.0 Hz, aromatic),

9.77 (1H, s, H1)}**C NMR (125 MHz, CDQJ) § -4.73, -4.69, -4.63, -4.4, 10.3, 17.9, 18.2, 20.9, 21.6, 21.9, 25.7 (x3),
25.9 (x3), 26.0, 26.5, 29.1, 36.5, 43.3, 72.3, 72.9, 86.2, 124.3, 127.4, 127.7, 127.8 (x2), 128.2, 128.7, 129.1, 129.2,
129.7 (x2), 134.3, 136.8, 144.6, 202.4; HRMS (ESI) calcd {g1§80sSSbNa 741.4011 [M+Nd] found 741.3996.
(12R,17S,18R)-3-1a: colorless oil; fi]p?* -4.1 € 0.36, MeOH); IR (neaty 3416, 3010, 2966, 2927, 2875, 2854,
1714, 1565, 1437, 1409, 1260, 1169triHNMR (500 MHz, CROD) § 1.05 (3H, tJ= 7.5 Hz, H20), 1.57 (2H,

qd,J=7.5, 6.3 Hz, H19), 1.68 (2H, br s, H3), 2.15 (2H, m, H4), 2.20-2.40 (6H, m, H2, H13 and H16), 2.90-3.00 (4H,
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m, H7, H17 and H18), 4.18 (1H, dt= 6.3, 6.3 Hz, H12), 5.34-5.41 (3H, m, H5, H6 and H8), 5.53-5.61 (2H, m,
H14 and H15), 5.69 (1H, dd,= 15.5, 6.3 Hz, H11), 5.98 (1H, ddl= 10.9, 10.9 Hz, H9), 6.57 (1H, ddt= 15.5,

10.9, 1.2 Hz, H10)%*C NMR (125 MHz, CROD) § 10.9, 22.1, 26.1, 27.0, 27.3, 27.6, 36.6, 58.0, 59.8, 73.0, 126.5,
127.3, 129.0, 129.2, 129.4, 130.4, 130.9, 137.1, the C1 and C2 peaks were missing due to broadening of the
spectrum; HRMS (ESI) calcd for 62004 333.2071 [M-H], found 333.2059; UV (MeOH)max 236 nm §
2.35x10).

(125,175,18R)-3-1b. [TG-V-117, 118, 119] According to the synthetic procedur&-df, 3-1b (12.3 mg, 36.8

pmol) was synthesized fro8i49b (78 mg, 0.102 mmol) in 36% yield over 3 steps by using TMSOTf (0.28 mL, 1.6
mmol) and 2,6-lutidine (0.27 mL, 2.3 mmol) in &&k (2.0 mL) for the first reaction, NaCk¥80 wt%, 107 mg,

0.946 mmol) and NagPQs-2H-0 (152 mg, 0.974 mmol) in a mixture ®BUuOH (1.0 mL), 2-methyl-2-butene (1.0

mL) and HO (1.0 mL) for the second, and TBAF (1.0 M in THF, 1.0 mL, 1.0 mmol) in THF (2.0 mL) for the third.
Purification was performed by flash column chromatography on Chromatorex-ACD (4 g, hexane/EtOAc 4/1 to 1/1)
for the second reaction, and flash column chromatography on Chromatorex-ACD (4 g, hexane/EtOAc 1/1 to 1/4)
and HPLC (Inertsil ODS-4, MeOHH®/AcOH 7/3/0.1 2.5 mL/mingt= 34 min) for the third. Aldehyd&50b: *H

NMR (400 MHz, CDC}) 5 -0.01 (3H, s, €ls of TBS), 0.03 (3H, s, Bs of TBS), 0.04 (3H, s, Bs of TBS), 0.05 (3H,

s, (Hs of TBS), 0.74 (3H, tJ = 7.3 Hz, H20), 0.84 (9H, $Bu of TBS), 0.90 (9H, €;Bu of TBS), 1.43-1.82 (3H,

m, H3 and H19a), 1.65-1.80 (3H, m, H2 and H19b), 2.00-2.24 (6H, m, H4, H13 and H16), 2.44 3HfsT),

2.91 (2H, tJ = 7.8 Hz, H7), 3.78 (1H, nH17), 4.19 (1H, dtJ = 6.0, 5.5 Hz, H12), 4.30 (1H, dt= 8.7, 4.1 Hz,

H18), 5.29-5.51 (5H, m, H5, H6, H8, H14 and H15), 5.65 (1HJdd15.1, 6.0 Hz, H11), 5.98 (1H, ddi= 11.0,

11.0 Hz, H9), 6.46 (1H, dd,= 15.1, 11.0 Hz, H10), 7.33 (2H, 3= 8.2 Hz, aromatic), 7.79 (2H, d= 8.2 Hz,
aromatic), 9.77 (1H, s, H1%C NMR (100 MHz, CDGJ) § -4.8, -4.73, -4.66, -4.5, 10.3, 17.8, 18.2, 21.0, 21.6, 21.9,
25.7 (x3), 25.8 (x3), 26.0, 26.4, 29.1, 36.4, 43.2, 72.1, 72.7, 86.2, 124.2, 127.4, 127.6, 127.7 (x2), 128.2, 128.7,
129.0, 129.2, 129.7 (x2), 134.3, 136.8, 144.5, 202.3; HRMS (ESI) calcddds:0sSSbNa 741.4011 [M+Nd]

found 741.4034. (12S,17S,18R)-3-1b: colorless oil; §i]p?® -4.7 € 0.18, CHCJ); IR (neat)v 3424, 3009, 2968,

2931, 2877, 2856, 1714, 1438, 1409, 1236, 1169;¢MNMR (500 MHz, CROD) § 1.05 (3H, tJ = 7.5 Hz,
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H20), 1.57 (2H, qdJ = 7.5, 6.3 Hz, H19), 1.73 (2H, br s, H3), 2.18 (2H, br s, H4), 2.21-2.38 (6H, m, H2, H13 and
H16), 2.91 (1H, tdJ = 6.3, 4.6 Hz, H18), 2.93-3.00 (2H, m, H7 and H17), 4.18 (1H] dt.3, 6.3 Hz, H12),
5.34-5.46 (3H, m, H5, H6 and H8), 5.53-5.62 (2H, m, H14 and H15), 5.69 (1Bdd,.5, 6.3 Hz, H11), 5.98 (1H,
dd,J=11.0, 11.0 Hz, H9), 6.57 (1H, ddlz 15.5, 11.0 Hz, H10¥?C NMR (125 MHz, CROD) § 10.9, 22.1, 27.0,

27.3, 27.8, 36.6, 58.0, 59.8, 73.0, 126.5, 127.3, 129.0, 129.2, 129.3, 130.5, 130.9, 137.1, the C1, C2 and C3 peak
were missing due to broadening of the spectrum; HRMS (ESI) calcd 2fbts0s 333.2071 [M-H] found
333.2074; UV (MeOH\max 236 nm £ 2.17x10).

TBSether 3-44c. [TG-V-200, VI-002]n-BuLi (1.35 M in hexane, 1.7 mL, 2.3 mmol) was added to a solution of
3-22b (722 mg, 2.16 mmol) in THF (3.0 mL) at-78 °C. The solution was stirred at -78 °C for 15 min, warmed to O
°C and stirred for 30 min. After the mixture was cooled to -78 °GCHF® (0.27 mL, 2.2 mmol) and a solution of

3-9b (221 mg, 0.863 mmol) in THF (1.3 mL) were successively added. The reaction mixture was stirred at -78 °C
for 30 min, warmed to 0 °C and stirred for 2 h, and then saturated aqueqQs (161 mL) was added. The
resultant mixture was extracted with EtOAc (20 mL and 10 mL), and the combined organic layers were washed with
H-0 (10 mL) and brine (10 mL), dried over #$&, filtered, and concentrated. The residue purified by medium
pressure liquid chromatography on silica gel (45 g, hexane to hexane/EtOAc 9/1 to 6/1 to 4/1 to 2/1) to afford the
crude secondary alcohol, which was used in the next reaction without further purification.

TBSOTf (0.29 mL, 1.3 mmol) was added to a solution of the above crude secondary atewmhBEN (0.44 mL,

3.1 mmol) in 1,2-dichloroethane (6.0 mL) at 0 °C. The reaction mixture was warmed to 30 °C and stirred for 1 h,
and then TBSOTf (0.14 mL, 0.61 mmol) andNE{0.13 mL, 0.93 mmol) were added. The reaction mixture was
stirred for 20 min, and then was poured into saturated aqueous NaE@IL). The resultant mixture was
extracted with EtOAc (20 mL and 10 mL), and the combined organic layers were washedQv{tbtOHnL) and

brine (10 mL), dried over N&Q, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (20 g, hexane to hexane/EtOAc 9/1) to afford TBS-d#ug@d01 mg, 0.570 mmol)

in 66% over 2 steps: colorless oikf] > +17 € 0.97, CHCJ). The other analytical data 8f44c were identical to

those of3-44a.
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Alcohol 3-45c. [TG-VI-003] DDQ (284 mg, 1.28 mmol) was added to a solutiog-&dc (584 mg, 0.828 mmol)

in a mixture of CHCI, (8.0 mL) and pH 7 phosphate buffer (0.8 mL) at 0 °C. The reaction mixture was warmed to
room temperature and stirred for 1 h.  After the mixture was cooled to 0 °C, saturated aqueous (4aH@ ()

was added. The resultant mixture was extracted EtOAc (50 mL and 40 mL), and the combined organic layers
were washed with ¥ (30 mL) and brine (30 mL), dried over 388, filtered, and concentrated. The residue was
purified by medium pressure liquid chromatography on silica gel (45 g, hexane/EtOAc 9/1 to 4/1) to afford alcohol
3-45¢ (449 mg, 0.767 mmol) in 93% yield: colorless oil]§*® +25 € 1.2, CHC}). The other analytical data of
3-45c were identical to those @f45a.

Aldehyde 3-46¢c. [TG-VI-004] Dess-Martin periodinane (493 mg, 1.16 mmol) was added to a suspension of
alcohol3-45c¢ (445 mg, 0.761 mmol) and NaHG®25 mg, 7.44 mmol) in C#l» (8.0 mL) at 0 °C. The reaction
mixture was stirred at 0 °C for 2 h, and theOH10 mL) was added. The resultant mixture was extracted with
Et,O (50 mL and 30 mL), and the combined organic layers were washed@it{tbbl mL) and brine (50 mL), dried

over NaSQy, filtered, and concentrated. The residue was purified by flash column chromatography on silica gel
(20 g, hexane/EtOAc 9/1 to 4/1) to afford aldeh@etbc (431 mg, 0.739 mmol) in 97% yield: colorless ail]{?*

+12 € 1.0, CHC$). The other analytical data 8f46¢ were identical to those @f46a.

C10-20 fragment 3-43c. [TG-VI-005] A solution of iodoform (676 mg, 1.72 mmol) and aldeh§eiec (431 mg,

0.739 mmol) in 1,4-dioxane (4.4 mL) was added to a suspension of(628Img, 5.11 mmol) in a mixture of THF

(2.9 mL) and 1,4-dioxane (4.4 mL) at room temperature. The reaction mixture was stirred at room temperature for
17 h, and then ¥ (5 mL) was added. The resultant mixture was extracted with @5 mL x3), and the
combined organic layers were washed wi#tOH10 mL) and brine (10 mL), dried over 184, filtered, and
concentrated. The residue was purified flash column chromatography on silica gel (25 g, hexane to h&X{ane/CH
1/1) to afford C10-20 fragmeBt43c (389 mg, 0.551 mmol) in 75% yield: colorless ail]f?* +40 € 1.3, CHC}).

The other analytical data 8f43c were identical to those &f43a.

Triyne3-42c. [TG-VI-007] A mixture of Pd(PP)4 (58.5 mg, 50.¢umol), Cul (19.3 mg, 0.101 mmol), piperidine

(0.10 mL, 1.0 mmol), and C10-20 fragmeht3c (237 mg, 0.336 mmol) in benzene (2.5 mL) was added to a
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solution of3-3 (90.6 mg, 0.509 mmol) in benzef#&5 mL) at room temperature. The reaction mixture was stirred

at room temperature for 17 h, and then saturated aqueoifsl KBHmL) was added. The resultant mixture was
extracted with EO (10 mL x2) and EtOAc (10 mL), and the combined organic layers were washed,@i{i®

mL) and brine (10 mL), dried over &8Oy, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (30 g, hexane to hexane/EtOAc 6/1) to aff#cl (192 mg, 0.254 mmol) in 76%

yield: pale yellow oil. Triyne-42c was immediately used in the next reaction due to its instability under air. The
H NMR spectrum 08-42c was identical to that &-42a.

Alkyne 3-53c. [TG-VI-008] A suspension of triyng-42c (108 mg, 0.143 mmol), quinoline (0.20 mL, 1.7 mmol)

and Lindlar catalyst (222 mg) in hexane (10 mL) was stirred at room temperature for 15 minaatdevdphere (1

atm). Lindlar catalyst (50-100 wt%) was added in every 5-10 min until tByf#e and the diyne intermediate

were disappeared on TLC (540 mfLindlar catalyst was added in total). The remttmixture was filtered
through a pad of Celite with hexane, and the filtrate was concentrated. The residue was dissolved in EtOAc (15
mL). The resultant solution was washed with aqueous 0.2 M HCI (10 mL x2), aqueous saturated (18HhLJ,

H-0 (10 mL) and brine (10 mL), dried over #$&, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (8 g, hexane to hexane/EtOAc 9/1) to afford 2d&$0€88.2 mg, 0.116

mmol) in 81% yield: colorless oilp]p?® +38 € 0.97, CHCJ). The other analytical data 8f53c were identical to

those of3-53a.

Complex 3-54c. [TG-VI-010] Co(CO)% (175 mg, 0.512 mmol) was added to a solutio®568c (98.2 mg, 0.129

mmol) in CHCI, (2.7 mL) at room temperature. The reaction mixture was stirred at room temperature for 1 h, and
then concentrated. The residue was purified by flash column chromatography on silica gel (10 g, hexane to
hexane/EtOAc 9/1) to afford alkyne-dicobalt hexacarbonyl compiggc (130 mg, 0.124 mmol) in 96% vyield:
brown oil. The'H NMR spectrum o8-54c was identical of that &3-54a.

Tetraene 3-49c. [TG-VI-012] n-BusSnH (505uL, 1.88 mmol) and\N-methylmorpholine oxide (146 mg, 1.25
mmol) were successively added to a solution of alkyne dicobalt hexacarbonyl c8mgiefd 30 mg, 0.124 mmol)

in tolueng60 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 30 min, and then aqueous saturated KF (10
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mL) was added. The resultant mixture was extracted with 0 mL x2), and the combined organic layer were
washed with aqueous saturated KF (10 mL)QH10 mL) and brine (10 mL), dried over 188, filtered, and
concentrated. The residue was purified by flash chromatography [a column consecutively packed with silica gel
10 g and 10% (w/w) KF contained silica gel 5 g, hexane to hexane/EtOAc 9/1] to afford t8t8end5.4 mg,

0.0596 mmol) in 48% yield: colorless oityJp?* +24 € 1.3, CHC}); IR (neat)v 2952, 2928, 2956, 1462, 1366, 1254,
1189, 1177, 1073 cth 'HNMR (500 MHz, CDC4) 5 0.00 (3H, s, €l of TBS), 0.03 (3H, s, B3 of TBS), 0.04 (3H,

s, Hs of TBS), 0.05 (3H, s, B; of TBS), 0.74 (3H, t) = 7.8 Hz, H20), 0.84 (9H, £Bu of TBS), 0.90 (9H, &;Bu

of TBS), 1.45-1.56 (3H, m, H3 and H19a), 1.63-1.71 (2H, m, H2), 1.77 (1H, m, H19b), 1.98-2.30 (6H, m, H4, H13
and H16), 2.44 (3H, s,k of Ts), 2.91 (2H, m, H7), 3.79 (1H, dd#iz 9.2, 4.1, 4.1 Hz, H17), 3.82-3.89 (2H, m,
acetal), 3.91-3.99 (2H, m, acetal), 4.18 (1HJdt,6.4, 6.4 Hz, H12), 4.30 (1H, dt= 9.2, 4.1 Hz, H18), 4.85 (1H,
t,J=4.6 Hz, H1), 5.30-5.51 (5H, m, H5, H6, H8, H14 and H15), 5.64 (1H}dd5.1, 6.4 Hz, H11), 5.97 (1H, dd,
J=11.0, 11.0 Hz, H9), 6.47 (1H, dijs 15.1, 11.0 Hz, H10), 7.33 (2H, 3+ 8.3 Hz, aromatic), 7.79 (2H, 8= 8.3

Hz, aromatic)*C NMR (125 MHz, CDQ) § -4.75, -4.71, -4.6, -4.4, 10.3, 17.9, 18.2, 21.0, 21.6, 23.9, 25.7 (x3),
25.9 (x3), 26.0, 27.0, 29.1, 33.4, 36.5, 64.8 (x2), 72.3, 72.9, 86.2, 104.5, 124.4, 127.5, 127.6, 127.8 (x2), 127.9,
128.1, 129.6, 129.7 (x2), 130.0, 134.3, 136.6, 144.5.

(125,17R,189)-3-1c. [TG-VI-013, 014, 015] TMSOT(f (0.16 mL, 0.86 mmol) was added to a solutid48t

(42.9 mg, 56.3umol) and 2,6-lutidine (0.15 mL, 1.3 mmol) in @i, (1.2 mL) at -15°C. The reaction mixture

was stirred at -15 °C for 15 min, and thesOH?2.0 mL) and EtOAc (2.0 mL) were successively added. The
resultant solution was warmed to room temperature and stirred for 30 min.  After separation, the organic layer
was washed with aqueous 0.1 M HCI (10 mL x2), aqueous saturated NdHTAL), HO (10 mL) and brine (10

mL), dried over NgSQ,, filtered, and concentrated to afford the crude aldehyde, which was used in the next reaction
without further purification.

A solution of NaCIQ (80 wt%, 56.3 mg, 0.498 mmol) and N&:-2H,O (82.5 mg, 0.529 mmol) in 4 (0.6

mL) was added to a solution of the above crude aldel3yBiec in a mixture oft-BuOH (0.6 mL) and

2-methyl-2-butene (0.6 mL) at 0 °C. The reaction mixture was warmed to room temperature, stirred for 1 h, and
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then diluted with HO (5 mL). The resultant solution was extracted with EtOAc (10 mL), and the organic layer
was washed with ¥0 (4 mL) and brine (4 mL), dried over P&, filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel (1 g, hexane/EtOAc 1/1) to afford the crude carboxylic acid
3-51c, which was used in the next reaction without further purification.

TBAF (1.0 M in THF, 0.56 mL, 0.56 mmol) was added to a solution of the above crude carboxyBe5acith

THF (1.2 mL) at room temperature. The reaction mixture was stirred at room temperature for 18 h, and then
saturated aqueous NElI (5 mL) was added. After 0.1 M HCI (4 mL) was added, the mixture was extracted with
EtOAc (10 mL and 5 mL). The combined organic layers were washed witi(3dmL) and brine (5 mL), dried

over NaSQ,, filtered, and concentrated. The residue was by flash column chromatography on Chromatorex-ACD
(4 g, hexane/EtOAc 1/1 to 1/4) to afford the cr@dic. The crude8-1c was further purified by HPLC (Inertsil
ODS-4, MeOH/HO/AcOH 7/3/0.1 2.5 mL/mingt= 36 min) to afford3-1c (3.5 mg, 1qumol) in 18% yield over 3

steps: colorless oilp{|p?® +3.4 € 0.18, CHCY); HRMS (ESI) calcd for €H2904 333.2071 [M-H] found 333.2074.

The other analytical data 8f1c were identical to those Gfla.

TBSether 3-44d. [TG-V-177, 178] According to the synthetic procedur@-dfic, 3-44d (444 mg, 0.629 mmol)

was synthesized froi®22a (711 mg, 2.12 mmol) an89b (219 mg, 0.855 mmol) in 74% yield over 2 steps by
usingn-BuLi (1.6 M in hexane, 1.4 mL, 2.2 mmol) and8PE® (0.26 mL, 2.1 mmol) in THF (4.3 mL) for the first
reaction, and TBSOTf (0.38 mL, 1.66 mmol) angNef0.51 mL, 3.7 mmol) in 1,2-dichloroethafte0 mL) for the

second. Purification was performed by medium pressure liquid chromatography on silica gel (45 g, hexane/EtOAc
9/1 to 3/1) for the first reaction, and flash column chromatography on silica gel (20 g, hexane to hexane/EtOAc 9/1)
for the second: colorless oif[p?* +7.4 € 1.0, CHC}). The other analytical data 8f44d were identical to those

of 3-44b.

Alcohol 3-45d. [TG-V-179] According to the synthetic procedure of alcahdbc, 3-45d (420 mg, 0.718 mmol)

was synthesized frol+44d (523 mg, 0.742 mmol) in 97% vyield by using DDQ (254 mg, 1.12 mmol) in a mixture

of CHCI, (7.0 mL) and pH 7 phosphate buffer (0.7 mL). The residue was purified by medium pressure liquid
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chromatography on silica gel (45 g, hexane/EtOAc 9/1 to 4/1): colorless]ef® 8.9 € 1.1, CHC}). The other
analytical data 08-45d were identical to those @f45b.

Aldehyde 3-46d. [TG-V-180] According to the synthetic procedure of aldeh$dibse, 3-46d (395 mg, 0.679
mmol) was synthesized fro@d5d (420 mg, 0.718 mmol) in 95% yield by using Dess-Martin periodinane (461 mg,
1.09 mmol) and NaHC£(593 mg, 7.06 mmol) in Ci€l, (7.2 mL). Purification was performed twice by flash
column chromatography on silica gel (20 g, hexane/EtOAc 9/1 to 6/1; 20 g, hexane/EtOAc 9/1 to 6/1): colorless oil;
[a]p?*+22 € 1.7, CHC}). The other analytical data 8f46d were identical to those @f46b.

C10-20 fragment 3-43d. [TG-V-181] According to the synthetic procedure of C10-20 fragn3edic, 3-43d

(388 mg, 0.550 mmol) was synthesized from aldel8/déd (395 mg, 0.677 mmol) in 81% yield by using GrCl
(591 mg, 4.84 mmol) and iodoform (636 mg, 1.61 mmol) in a mixture of THF (2.7 mL) and 1,4-dioxane (4.0 mL).
Purification was performed by flash column chromatography on silica gel (20 g, hexane to hex@hel(ht
colorless oil; {1]p?°-7.9 € 1.1, CHC}). The other analytical data 8f43d were identical to those Gf43b.

Triyne 3-42d. [TG-V-188] According to the synthetic procedure of triyyd2c, 3-42d (179 mg, 0.236 mmol)

was synthesized fro®+43d (243 mg, 0.344 mmol) ari#3 (92.2 mg, 0.518 mmol) in 69% yield by using Pd(BPh

(60.0 mg, 51.9umol), Cul (20.3 mg, 0.106 mmol) and piperidine (0.10 mL, 1.0 mmol) in benzene (5.1 mL).
Purification was performed twice by flash column chromatography on silica gel (30 g, hexane to hexane/EtOAc 6/1;
8 g, hexane to hexane/EtOAc 9/1). Triy}d2d was immediately used in the next reaction due to its instability
under air: pale yellow oitH NMR (500 MHz, GDs) & 0.03 (3H, s, €3 of TBS), 0.06 (3H, s, Bs of TBS), 0.15

(3H, s, GHs of TBS), 0.16 (3H, s, Bs of TBS), 0.82 (3H, ) = 7.3 Hz, H20), 0.94 (9H, &Bu of TBS), 0.97 (9H,
s,t-Bu of TBS), 1.53 (1H, m, H19a), 1.58-1.65 (2H, m, H3), 1.75-1.81 (3H, m, H2 and H19b), 1.86 (BH 0§, C

Ts), 2.03 (2H, tt)=6.9, 2.3 Hz, H4), 2.24-2.33 (2H, m, H13a and H16a), 2.40 (1H, m, H13b or H16b), 2.53 (1H, m,
H13b or H16b), 3.04 (2H, di,= 1.8, 1.8 Hz, H7), 3.29-3.38 (2H, m, acetal), 3.45-3.54 (2H, m, acetal), 4.17 (1H, dt,
J=6.8,4.6 H, H17), 4.27 (1H, dt= 5.5, 5.0 H, H12), 4.69 (1H, ddd= 8.7, 4.6 Hz, H18), 4.73 (1H,1= 5.0 Hz,

H1), 5.94 (1H, ddtJ = 16.0, 2.3, 1.8 Hz, H10), 6.37 (1H, dHs= 16.0, 5.0 Hz, H11), 6.75 (2H, d,= 8.2 Hz,

aromatic), 7.83 (2H, dl = 8.2 Hz, aromatic).
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Alkyne 3-53d. [TG-V-189] According to the synthetic procedure3$3c, 3-53d (84.3 mg, 0.111 mmol) was
synthesized from3-42d (91.1 mg, 0.120 mmol) in 92% by using quinoline (0.17 mL, 1.4 mmol) and Lindlar catalyst
(462 mg) in hexane (9.0 mL). Purification was performed by flash column chromatography on silica gel (4 g,
hexane to hexane/EtOAc 9/1): colorless aillof” -15 € 1.4, CHC}). The other analytical data 8f53d were
identical to those d8-53b.

Complex 3-54d. [TG-V-193] According to the synthetic procedure of comme¥dc, 3-54d (129 mg, 0.123

mmol) was synthesized fro853d (99 mg, 0.130 mmol) in 95% vyield by using800) (192 mg, 0.561 mmol) in
CHCI; (2.8 mL). Purification was performed by flash column chromatography on silica gel (10 g, hexane to
hexane/EtOAc 9/1): brown oil. THel NMR spectrum 08-54d was identical of that d3-54b.

Tetraene 3-49d. [TG-V-195] According to the synthetic procedure of tetra&d8c, 3-49d (45.0 mg, 59.1umol)

was synthesized fror®-54d (129 mg, 0.123 mmol) in 48% yield by usingBusSnH (0.49 mL, 1.8 mmol) and
N-methylmorpholine oxide (141 mg, 1.21 mmol) in tolu€6é mL). Purification was performed by flash
chromatography [a column consecutively packed with silica gel 6 g and 10% (w/w) KF contained silica gel 2 g,
hexane to hexane/EtOAc 9/1]: colorless a2 +2.9 € 1.2, CHC}). The other analytical data 8f49d were
identical to those 03-49b.

(12R,17R,185)-3-1d. [TG-V-196, 197, 198] According to the synthetic procedur8-t€, 3-1d (6.25 mg, 18.7

pmol) was synthesized frod+49d (45.0 mg, 59.0 mmol) in 32%yield over 3 steps by using TMSOTf (0.16 mL,
0.88 mmol) and 2,6-lutidine (0.16 mL, 1.3 mmol) in L1 (1.2 mL) for the first reaction, NaC¥380 wt%, 61.0

mg, 0.540 mmol) and NaRQy-2H,0 (88.0 mg, 0.564 mmol) in a mixtureteBuOH (0.6 mL), 2-methyl-2-butene

(0.6 mL) and HO (0.6 mL) for the second, and TBAF (1.0 M in THF, 0.59 mL, 0.59 mmol) in THF (1.2 mL) for the
third. Purification was performed by flash column chromatography on silica gel (1 g, hexane/EtOAc 1/1) for the
second reaction, and flash column chromatography on Chromatorex-ACD (4 g, hexane/EtOAc 1/1 to 1/4) and
HPLC (Inertsil ODS-4, MeOH/kD/AcOH 7/3/0.1 2.5 mL/mingt= 35 min) for the third: colorless oilp]p?* +7.6

(c 0.31, MeOH); HRMS (ESI) calcd foragH2904 333.2071 [M-H] found 333.2046. The other analytical data of

3-1d were identical to those 8f1b.
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'H and °C NMR spectra
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DELAY 16.68 usec
ACQTM  2.2073sec
D 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 4

BF 001 Hz
T 000

i3 000

] 90.00

T 100.00

EXMOD  single_pulse.ex2

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 7
DFILE  TG-11-002-01-1H-2-1.als
SF

LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 206¢
SLVNT ~ CDCL3
EXREF 7.26 ppm

DFILE  TG-11-002-01-13C-1.als
COMNT TG-11-002-01-13C

DATIM  03-12-2012 14:41:00
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET 5.13KHz
OBFIN 098 Hz
PW1 325 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 10000 sec
POINT 32768

SPO 32768
TIMES 17
DUMMY 4
FREQU 31250.00 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 8.0000 sec
SCANS 17
ADBIT 16
RGAIN 60

BF 001 Hz
T 000

i 000

] 90.00

T4 100.00
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 9
DFILE  TG-11-002-01-13C-Lals
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 208¢
SLVNT  CDCL3
EXREF 77.00 ppm



TG-11-147-02

Gi\fofbf NfAfbv20121231\Goto, TWINTG-11-147-02-Lals
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DFILE
COMNT
DATIM
MENUF
OBNUC

T4
EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN
IRRPW

EXREF

DFILE
COMNT
DATIM

MENUF
OBNUC

EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN
IRRPW
IRATN
DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-11-147-02-1.als
TG-11-147-02
25-07-2011 20:50:43

1H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.62 usec
0.00 usec

0.00000 msec:

1.0000 sec

1
7422.80 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

16

50
001 Hz
000
000
100.00

single_pulse.ex2

1H
395,88 MHz
6.28 KHz
087 Hz
115 usec

79
TG-11-147-02-1.als

1320 KHz
757 Hz
0

TG-11-158-01-2.als
TG-11-158-01
01-08-2011 09:12:44

13C
99.55 MHz
9955 MHz
513 KHz
098 Hz
2.92 usec
0.00 usec
0.00000 msec
1.0000 sec
32768
32768
104
4
31250.00 Hz
125000 Hz
2050 usec
1.0486 sec
2.0000 sec

single_pulse_dec

1H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
TG-11-158-01-2.als

1320 KHz
75.7Hz
0

0
0

0
0Hz
252¢

cpeL3
77.00 ppm



TG-11-159-01

F:\PHannou_inoue\Goto, INTG-11-159-01-1 jdf
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8
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DFILE  TG-II-159-01-1df
COMNT TG-1I-159-01
DATIM  01-08-2011 18:40:25

MENUF

OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PW1 6.62 usec
DEADT 0.00 usec
PREDL 000000 msec
wT 1.0000 sec
POINT 16384

SPO 16384
TIMES 8
DUMMY 1
FREQU 742280 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN Ea

BF 001 Hz
T1 000

T2 000

T3 90.00

T4

EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

IRATN 79
DFILE  TG-1I-159-01-1jdf
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 250¢c
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  TG-II1-087-01-1jdf
COMNT TG-111-087-01
DATIM  18-10-2011 16:44:13

MENUF
OBNUC 1H

R 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PWL 6.62 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 16384
SPO 16384
TIMES 8
DUMMY 1
FREQU 742280 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 38
BF 001 Hz
T 000
™ 000
T3 90.00
T4 100.

EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

N 79
DFILE  TG-1I1-087-01-1jdf

LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 248¢c
SLVNT  CI

DCL3
EXREF 7.26 ppm



TG-1V-153-02

Gi\fofbfNFAfbfv20121231\Goto, TWWATG-1V-153-02-1 jdf
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR

EXREF

DFILE
COMNT

DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-IV-153-02-1jdf
TG-IV-153-02
11-04-2012 10:54:44

H
395.88 MHz
395.88 MHz
6.28 KHz
087 Hz
6.62 usec
0.00 usec

1
7422.80 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
16
16
a4
0.01Hz
0.00
0.00
100.00

single_pulse.ex2

H
395,88 MHz
6.28 KHz
087 Hz
115 usec

79
TG-IV-153-02-1jdf

1320 KHz
757Hz
0
0
0
0
OHz

26c
cocL3
7.26 ppm

TG-IV-159-01-1.als
TG-IV-159-01
12-04-2012 17:30:04

395,88 MHz
395,88 MHz
628 KHz

087 Hz

6.62 usec

0.00 usec
0.00000 msec
1.0000 sec

16384

16384

8

16.68 usec
22073 sec
2.0000 sec

8

single_pulse.ex2

H
395.88 MHz

79
TG-IV-159-01-1.als

1320 KHz
75.7 Hz

24c
cocL3
7.26 ppm



TG-11-164-01

Gi\fofbfNFAfbfv20121231\Goto, TWINTG-11-164-01-Lals

298 IRNIIY Neng S0 EYS8 5RRISY -3 DFILE  TG-11-164-01-1.als
g g8528 2EERES EREL gE EEEERL EEY R COMNT TG-ll16301
IS Ceo® Biwein0e jEpspegs s A4553 333338 33 DATIM  06-08-2011 10:17:58
MENUF
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
(b4 OBFIN 087 Hz
- PW1 6.62 usec
DEADT 0.00 usec
PREDL  0.00000 msec
1.0000 sec
\ POINT 16384
\ / SPO 16384
TIMES
DUMMY 1
FREQU 742280 Hz
FLT 30000 Hz
OT B S DELAY 1668 usec
ACQTM 22073 sec
PD 2.0000 sec
2-8a SCANS 8
ADBIT 16
RGAIN 4
BF 001 Hz
T 000
T 000
] 100.00
T4
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
R 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRAT 79
DFILE  TG-II-164-01-Lals
- SF
g LKSET  1320KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
8 FILDC
< FILDF
CTEMP  250c
SLVNT  CDCL3
EXREF 7.26 ppm
8 3 3 ©
- 2 } g
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PPM|
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TG-1V-158-01-13C

Gi\fofbf NfAfbfv20121231\Goto, TUMITG-1V-158-01-13C-Lals

DFILE  TG-IV-158-01-13C-lals
COMNT TG-IV-158-01-13C
DATIM  12-04-2012 20:31:47

MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET 513KHz
OBFIN 098 Hz
PW1 2.92 usec
DEADT 0,00 usec
PREDL 000000 msec
wr 1.0000 sec
POINT 32768
PO 32768
\ TIMES 102
\ / DUMMY 4
FREQU 31250.00 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM 10486 sec

OTBS s

ADBIT 16
2 - 8 a RGAIN 60

BF 001 Hz

T 000

i 000

T3 100.00

T4 100.0¢

EXMOD  single_pulse_dec

EXPCM

IRNUC  1H

IFR 395.88 MHz

IRSET 628 KHz

IRFIN 087 Hz

IRRPW 115 usec

IRATN 79

DFILE  TG-IV-158-01-13C-Lals

SF

LKSET 13.20 KHz

LKFIN 75.7Hz

LKLEV 0

LGAIN 0

LKPHS 0

LKSIG 0

CSPED 0Hz

FILDC

FILDF

CTEMP 27¢

SLVNT ~ CDCL3

EXREF 77.00 ppm
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TG-11-157-04

Gi\fofbf NfAfbfv20121231\Goto, Tpickup datal14, 20-diHDOHEW4S20R\TG-11-157-04-2.als
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G:\fofbf NFAfbfv20121231\Goto, T\pickup data\14, 20-diHDOHE\14S20R\TG-11-157-04-13C-2- Lals
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR

EXMOD
EXPCM
IRNUC
IFR
IRSET

LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-11-157-04-2.als
TG-1-157-04
01-08-2011 11:58:34

H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.62 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

single_pulse.ex2

1H
395,88 MHz

79
TG-11-157-04-2.als

1320 KHz
757 Hz
0

0
0
0
0Hz

250¢
cocL3
7.26 ppm

TG-11-157-04-13C-2-L.als
TG-11-157-04-13C-2
01-08-2011 12:32:28

13C
99.55 MHz
99.55 MHz
513 KHz
098 Hz
2.92 usec
0.00 usec
0.00000 msec
1.0000 sec
104856
104856
183

4

24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
2.0000 sec

single_pulse_dec

1H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
TG-11-157-04-13C-2-L.als

1320 KHz
75.7 Hz

0

0

0

0

0Hz

25.1¢
cpeLs
77.00 ppm



TG-11-168-04

Gi\fofbf NfAfbfv20121231\Goto, Tipickup data14, 20-diHDOHE\I4R20R\TG-11-168-04-2-2.als

TESO

OH
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TG-111-101-01-13C

Gi\fofbf NfAfb{v20121231\Goto, Tipickup datal14, 20-diHDOHEV4S20S\TG-111-101-01-13C-L.als

TESO

OH

AN _

2-18c

OTBS
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-11-168-04-2-2.als
TG-11-168-04
07-08-2011 11:31:02

H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.62 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

23

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
23

single_pulse.ex2

1H
395,88 MHz

79
TG-11-168-04-2-2.als

1320 KHz
757 Hz
0

0
0
0
0Hz

2%1c
cocL3
7.26 ppm

TG-111-101-01-13C-Lals
TG-11-101-01-13C
24-10-2011 18:24:57

13C
99.55 MHz
99.55 MHz
513 KHz
098 Hz
2.92 usec
0.00 usec
0.00000 msec
1.0000 sec
26214
26214
148

4

24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
2.0000 sec

single_pulse_dec

1H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
TG-111-101-01-13C-Lals

1320 KHz
75.7 Hz

0

0

0

0

0Hz

252¢
cDeLs
77.00 ppm



TG-111-110-06-1H

G:\fofbf NfAfbfv20121231\Goto, Tpickup data\14, 20-diHDOHE\I4R20S\TG-111-110-06-1H-2.als

DFILE  TG-III-110-06-1H-2.als

8 SYSYBURINRR LRI RIBNBIANLIZEINT 8 383383832 LIBRBEI 8333 LRI COMNT TO-II110-06-1H
g EREEEREFRINS SBIEE3TER3LEEEENNE 82205 8R 2282880 E258Y g3 11006
g SCS32532800 9550003022535 RRRRRTETT RAREERT 2622 dzs8 DATIM 09-11:2011 13:25:00
MENUF
OBNUC 1H
OFR 395.88 MHz
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.62 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wTt 1.0000 sec
POINT
SPO 13107
TIMES 8

H O - \\ Eé'égﬁy 593.; 15 Hz
- = R o
OT B S ACQTM 2.2073 sec

PD 2.0000 sec

SCANS 8
OT BS ADBIT 16

RGAIN ]
BF 0.01 Hz

2 - 2 0 b T1 000
i 000
] 100.00
T4 100.

o EXMOD  single_pulse.ex2
1 EXPCM
IRNUC  1H
IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 147 usec
IRATN 79
DFILE  TG-111-110-06-1H-2.als
SF
LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 248¢c
SLVNT CDCL3
EXREF 7.26 ppm
£
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PPM
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TG-11-161-09

Gi\fofbf NfAfbfv20121231\Goto, Tipickup data\14, 20-diHDOHEV4S20R\TG-11-161-09-1-13c.als

DFILE  TG-I1-161-09-1-13cals
COMNT TG-11-161-09
DATIM  03-08-2011 10:29:09

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 2,92 usec
DEADT 0.00 usec

PREDL  0.00000 msec

H O ~ \\ wr 1,0000 sec

POINT 26214
SPO 26214

- =
OTBS e

4
FREQU 2499962 Hz
FLT 125000 Hz

OTBS DELAY  2050usec
ACQTM 1048656
PO 2.0000 se

2-20b SCANS %
ADBIT 16
RGAIN E)
BF 001Hz
m 000
” 000
] 10000
T4 100.
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 7
DFILE  TG-II-161-09-1-13cals
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC
FILDF
CTEMP  250c
SLVNT CDCL3
EXREF 77.00 ppm
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TG-11-165-01-003

Gu\fofbf NfAfbfv20121231\Goto, Tpickup data\l4, 20-diHDOHE\14S20R\TG-11-165-01-003-2.als

5.5800
0.1315
0.0434
0.0251

2393

12.85

455
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1.05
110

OTBS
2-21b
T s

PPM
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TG-11-165-01-13C-002

Gi\fofbf NfFAfbfv20121231\Goto, T\pickup data\14, 20-diHDOHE\14S20R\TG-11-165-01-13C-002-2.als

OTBS

0 210.0 200.0 190.0

202.2051

160.0 150.0 140.0 130.0

145.9256

770000 —
766791 ——~
=

76.2288
73.6325

258330 —
256878 ———
240840 —

108.6246
85.0427
30,6696
18.2343
18.2224
9.2720
-4.5548
-4.7824
-4.8231
-4.8782

DFILE  TG-11-165-01-003-2.als
COMNT TG-11-165-01-003
DATIM  05-08-201120:13:18

MENUF
OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 662 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107

PO 13107
TIMES 8
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY  1668usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8

ADBIT 16
RGAIN 42

BF 001 Hz

T 000

i 000

] 100.00

T4

EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 7
DFILE  TG-11-165-01-003-2.als
SF

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 2%2¢
SLVNT  CDX

CL3
EXREF 7.26 ppm

DFILE  TG-1I-165-01-13C-002-2.1
COMNT  TG-1I-165-01-13C-002
DATIM  05-08-2011 20:38:13
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 292 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 104856
SPO 104856
TIMES 130
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486sec

PD 2,000 sec
SCANS 130
ADBIT 16
RGAIN 60

BF 001 Hz

T 000

i 000

] 100.00

T4 100.00
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN

DFILE  TG-1I-165-01-13C-002-2.

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 253¢
SLVNT  CDCL3
EXREF 77.00 ppm



TG-11-167-04

Gi\fofbfNfAfbfv20121

1\Goto, Tpickup data\14, 20-diHDOHE\14S20R\TG-11-167-04-2.als
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PPM
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR

EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN
IRRPW
IRATN
DFILE
SF
LKSET

LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM

OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

EXMOD
EXPCM
IRNUC
IFR
IRSET

DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-11-167-04-2.als
TG-I1-167-04
07-08-2011 16:59:38

H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.62 usec
0.00 usec

0.00000 msec
1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

single_pulse.ex2

1H
395,88 MHz

79
TG-11-167-04-2.als

1320 KHz
757Hz

2%1c
cocL3
7.26 ppm

TG-11-115-01-13C-2.als
TG-11-115-01-13C
16-11-2011 15:19:54

13
99.55 MHz
99.55 MHz
513 KHz
098 Hz
2,92 usec
0.00 usec
0.00000 msec
1.0000 sec
26214
26214
252

4
24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
2.0000 sec
252

single_pulse_dec

H
395.88 MHz

79
TG-111-115-01-13C-2.als

1320 KHz
75.7 Hz
0
0
0
0
OHz

234¢
cocL3
77.00 ppm



TG-11-171-06-1H

G:\fofbf NfAfbfv20121231\Goto, T\pickup data\14, 20-diHDOHE\I4R20R\TG:-11-171-06-1H-3.a

HO

A
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DFILE
COMNT
DATIM

MENUF
OBNUC

EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-11-171-06-1H-3.als
G-11-171-06-
12-08-2011 15:08:09

4

1H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.62 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
22073 sec
2.0000 sec
8

single_pulse.ex2

1H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
TG-11-171-06-1H-3.ls

1320 KHz
75.7Hz
0

0
0
0
0Hz

20¢
cpeL3
7.26 ppm

TG-11-171-06-13C-1.als
TG-11-171-06-13C
12-08-2011 16:03:56

13C

99.55 MHz
99.55 MHz
513 KHz
098 Hz
2.92 usec
0.00 usec

0.00000 msec.

1.0000 sec
26214
26214
1000

4
24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
2.0000 sec
1000

single_pulse_dec

1H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
TG-11-171-06-13C-1.als

1320 KHz
75.7 Hz

0

0

0

0

0Hz

250¢
cDeLs
77.00 ppm



TG-11-173-01

Gi\fofbf NfAfbfv20121231\Goto, Tipickup data14, 20-diHDOHE\I4R20R\TG-11-173-01-2.als
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DFILE  TG-I1-173-01-2.als
COMNT TG-II-173-01
DATIM  13-08-2011 16:20:19

MENUF
OBNUC 1H

R 395,88 MHz
OBFRQ 39588 MHz
OBSET 628KHz
OBFIN 0.87 Hz
PW1 6.62 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
PO 13107
TIMES 8
DUMMY 1
FREQU 53815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 4“4
BF 001 Hz
T 000
] 000
] 90.00
T 100,

EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-II-173-01-2ls
SF

LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 250c
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  TG-I1-173-01-13C-2.als
COMNT TG-11-173-01-13C
DATIM  13-08-2011 16:40:01

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 2,92 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 26214
SPO 26214
TIMES 288
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 288
ADBIT 16
RGAIN 60

BF 001 Hz
T 000

T2 0.00

T3 90.00

T4 100.

EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-II-173-01-13C-2.als
SF

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 251c
SLVNT ~ CDCL3
EXREF 77.00 ppm



TG-11-174-03

Gi\fofbf NfAfbfv20121231\Goto, Tpickup data\l4, 20-diHDOHE\IAR20R\TG-11-174-03-2.als

DFILE  TG-II-174-03-2.als

B8R SRenRE 38835 02EE SRS EBRE O Er SRR ABNETSBE BB BELYR E38%

§88953378839538088888 EEIIIUNSIEE8558HEER8595992995588083585% 88R83 8538 COMNT TG-1I-174-08

FEOCOCOOOOOCGGGIHIHBWWWYWW SeSTYYTIIISIIIISITANNNNNANANANNNNNNNSdddd+d 0O0pP oo cooo DATIM  14-08-2011 15:52:23
MENUF
OBNUC 1H
OFR 395.88 MHz
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87Hz
PWL 6.62 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wt 1.0000 sec
POINT 13107

I / SPO 13107
TIMES 8
\ DUMMY 1
\ FREQU 593815 Hz
/ FLT 30000 Hz
OT B S DELAY 16,68 usec
ACQTM  2.2073sec

3 PD 2.0000 sec
3 SCANS 8
OT BS ADBIT 16
RGAIN 48
2-4¢c BF 001Hz
T 000
i 000
] 90.00
T4
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 7
DFILE  TG-II-174-03-2.als
g SF
R} LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
8 LKSIG 0
@ CSPED 0Hz
FILDC
i FILDF
CTEMP 250c
SLVNT  CDX

CL3
EXREF 7.26 ppm
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TG-11-174-03-13C

Gi\fofbf NfAfbfv20121231\Goto, Tpickup data\l4, 20-diHDOHE\IAR20R\TG-11-174-03-13C-1.als

DFILE  TG-II-174-03-13C-1.als
COMNT TG-1I-174-03-13C
DATIM  14-08-2011 16:19:03

MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 292 usec
DEADT 0.00 usec
PREDL  0.00000 msec
I / wt 1.0000 sec
POINT 104856

\ SPO 104856
\ TIMES 341
4
OT B S FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec
OT B S PD 2.0000 sec

SCANS 1

2 - 4 c ADBIT 16
RGAIN 60
BF 0.01 Hz
T 000
i 000
] 90.00
T4 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 7
DFILE  TG-11-174-03-13C-1.als
SF
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 2%1c
SLVNT CDCL3
EXREF 77.00 ppm
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TG-111-018-01-1H

Gi\fofbf NfAfbfv20121231\Goto, Tpickup datal14, 20-diHDOHEVI4S20R\TG-111-018-01-1H-3.als
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Gi\fofbf NfAfbfv20121231\Goto, Tipickup datal14, 20-diHD T 3C-3als
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8
g
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719217
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295264
26.0799
260128
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—~ .
=

-4.2021
-4.5244
47113
-4.7328

DFILE  TG-I1I-018-01-1H-3.als
COMNT TG-I11-018-01-1H
DATIM  14-09-2011 15:51:48

MENUF
OBNUC 1H

R 395,88 MHz
OBFRQ 39588 MHz
OBSET 628KHz
OBFIN 0.87 Hz
PW1 6.62 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
PO 13107
TIMES 8
DUMMY 1
FREQU 53815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 4“4
BF 001 Hz
T 000
T 000
] 100.00
T 100,
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-1I-018-01-1H-3.ls

LKSET 1320 KHz
LKFIN 696 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 2%2¢
SLVNT  C8D6
EXREF 7.16 ppm

DFILE  TG-I1-018-01-13C-3.als
COMNT TG-I11-018-01-13C
DATIM  14-09-2011 16:06:37
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 2,92 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 104856
SPO 104856
TIMES 102
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 102
ADBIT 16
RGAIN 60

BF 001 Hz

T 000

i 000

T3 100.00

T4 100.
EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-I1-018-01-13C-3.als
SF

LKSET 1320 KHz
LKFIN 69.6 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 253¢
SLVNT 6l

D6
EXREF 12806 ppm



TG-111-032-04-1H

Gi\fofbf NfAfbfv20121231\Goto, Tipickup datal14, 20-diHDOHEVI4S20R\TG-111-032-
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T4
EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN
IRRPW
IRATN
DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG

TG-111-032-04-1H-2.als
TG-111-032-04-1H
20-09-2011 16:42:02

395.88 MHz
395.88 MHz
6.28 KHz

087 Hz

6.62 usec

0.00 usec
0.00000 msec
1.0000 sec

13107

13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec

single_pulse.ex2

1H
395,88 MHz

79
TG-111-032-04-1H-2.als

1320 KHz
69.6 Hz

TG-3-032-08-13C.1
G-3-032-08-13C
22-06-2015 08:41:54

13C
12451 MHz
12451 MHz
345 KHz
6.00 Hz
442 usec
0.00 usec
0.00000 msec:
1.0000 sec
32768
32768
40469

4

39062.50 Hz
157000 Hz
20.80 usec
0.8389 sec
2.0000 sec

16

50
001 Hz
000
000
90.00

single_pulse_dec

1H
49513 MHz
438 KHz
9.64 Hz
92 usec

79
TG-3-032-08-13C.1

748.40 KHz
982 Hz

2%0¢
cpcL3
77.00 ppm
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DFILE  TG-IV-176-02-2.ls
COMNT  TG-IV-176-02
DATIM  26-04-2012 15:34:24

MENUF
OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.55 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107

PO 13107
TIMES 16
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY  1668usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 16
ADBIT 16
RGAIN 36

BF 001 Hz
T 000

i 000

] 90.00

T4 100,
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATI i
DFILE  TG-IV-176-02-2.als
SF

LKSET 1320 KHz
LKFIN 606 Hz
LKLEV 0

LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 27c
SLVNT ~ CsD6

EXREF 7.16 ppm

5
DFILE  TG-IV-176-02-13C-CDCI
COMNT TG-IV-176-02-13C-CDCI
DATIM  26-04-2012 18:34:31
MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET 513KHz
OBFIN 098 Hz
PW1 367 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 10000 sec
POINT 32768
SPO 32768
TIMES 185
DUMMY 4
FREQU 31250.00 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 2,000 sec
SCANS 185
ADBIT 16
RGAIN 60
BF 001 Hz
T 000
i 000
] 90.00
T4 100.
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 7
DFILE  TG-IV-176-02-13C-CDCI
SF
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 24.0c
SLVNT ~ CDCL3
EXREF 77.00 ppm
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G:\fofbf NfAfbfv20121231\Goto, TNTG-11-118-03-1als

DFILE  TG-II-118-03-Lals
COMNT TG-1I-118-03
DATIM  23-07-201119:25:19
MENUF
OBNUC 1H
OFR

395,88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.50 usec
DEADT 0,00 usec
PREDL 000000 msec
Wt 1.0000 sec
POINT 16384
SPO 16384
TIMES 12
DUMMY 1
FREQU 742280 Hz
FLT 30000 Hz
DELAY 16.68 usec
X _— X X _— X O ACQTM  2.2073sec
PD 2.0000 sec
SCANS 12
X ADBIT 16
RGAIN 50
BF 001 Hz
T 000
T2 0,00
T3 90.00
X T4
= EXMOD  single_pulse.ex2
EXPCM

IRNUC 1

OTBS IFR Hagsas MHz

X —_— X IRSET 6.28 KHz
IRFIN 087 Hz

TBSO

IRRPW 147 se

IRATN 7
2-28b: X = CO(CO) DFILE  TG-II-118-03-Lals
) 3 SF

LKSET  1320KHz
LKFIN 606 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILOF
CTEMP  252¢
SLVNT  CsD6
EXREF  7.6ppm

PPM
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TG-1V-168-01
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S
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DFILE  TG-IV-168-01-2.ls
COMNT TG-IV-168-01
DATIM  19-04-2012 14:59:50
MENUF
OBNUC 1H
OFR

395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PW1L 6.55 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
SPO 13107
TIMES 16
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
PD 2.0000 sec
SCANS 16
ADBIT 16
RGAIN 30
BF 001 Hz
T 000
™ 000
T3 100.00

OTBS EXMOD sl puteex?

(OC)3C0/—C0(CO)3 v

H
IR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
2-29b IRRPW 147 usec
IRATN 79
DFILE  TG-IV-168-01-2.als
5 SF
& LKSET  1320KHz
LKFIN 75THz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP  236¢
i SLVNT CDCL3
[ EXREF 7.26 ppm
< b
s a B y g
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DFILE  TG-111-128:01-13C-CDCI
COMNT TG-111-128-01-13C-CDCI
DATIM  29-11-2011 11:08:48

MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 292 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 32768

SPO 32768
TIMES 308
DUMMY 4
FREQU  31250.00 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

/ OTBS B S
(OC)3Co—Co(CO)3 .

BF 0.01Hz
T 000
i) 0,00

2 - 2 9 b ] 90.00
T4 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN
DFILE  TG-111-128-01-13C-CDCI
SF
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 235¢
SLVNT CDCL3
EXREF 77.00 ppm
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DFILE  TG-IV-180-01-2.als
COMNT TG-IV-180-01
DATIM  27-04-2012 11:23:16

MENUF

OBNUC 1H

OFR 490,15 MHz
OBFRQ  490.15 MHz
OBSET 916 KHz
OBFIN 7,60 Hz
PW1 855 usec
DEADT 000 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107

SPO 13107
TIMES 16
DUMMY 1
FREQU 735283 Hz
FLT 37000 Hz
DELAY 1352 usec
ACQTM 17826 sec
PD 20000 sec
SCANS 16
ADBIT 16
RGAIN 36

BF 001Hz
T 000

T2 000

T3 90.00

T4 100

EXMOD single_pulse.ex2

IRNUC  1H

IFR 490.15 MHz
IRSET 9.16 KHz
IRFIN 760 Hz
IRRPW 92 usec
IRATN 79
DFILE  TG-IV-180-01-2als
SF

LKSET 7030 KHz
LKFIN 325Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 244c
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  TG-I1-130-01-13C-2.als
COMNT TG-I11-130-01-13C
DATIM  29-11-2011 21:12:47
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 2,92 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 104856
SPO 104856
TIMES 501
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 501
ADBIT 16
RGAIN 60

BF 001 Hz
T 000

T2 0.00

T3 90.00

T4 100.

EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN

79
DFILE  TG-1-130-01-13C-2.als
SF

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 233¢
SLVNT ~ CDCL3
EXREF 77.00 ppm
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DFILE  TG-IV-181-01-1als
COMNT TG-IV-181-01
DATIM  27-04-2012 15:26:31
MENUF
OBNUC 1H
OFR

395,88 MHz
OBFRQ 39583 MHz
OBSET 628 KHz
OBFIN 087 Hz
PWIL 6.5 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 13107
sPO 13107
TIMES 16
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 Usec
ACQTM  22073sec
PD 2.0000 sec
SCANS 16
ADBIT 16
RGAIN A
BF 001Hz
T 000
T2 0.00
T3 90.00
T4 100.
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-IV-181-01-1als

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 27c
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  TG-IV-181-01-13C-2.als
COMNT TG-IV-181-01-13C
DATIM  27-04-2012 15:49:44
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 367 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 104856
SPO 104856
TIMES 46
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 46
ADBIT 16
RGAIN 34

BF 001 Hz
T 0.00

T2 0.00

T3 90.00

T4 100.

EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-IV-181-01-13C-2.als
SF

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 241c
SLVNT ~ CDCL3
EXREF 77.00 ppm
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DFILE  TG-IV-170-01-2als
COMNT TG-IV-160-01
DATIM  20-04-2012 11:11:36

MENUF
OBNUC 1H

OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.55 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107

PO 13107
TIMES 2
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
D 2.0000 sec
SCANS 2
ADBIT 16
RGAIN 30

BF 100 Hz
T 000

i3 000

] 90.00

T 100.00

EXMOD  single_pulse.ex2

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-IV-170-01-2.als
SF

LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 24c
SLVNT ~ CDCL3
EXREF 7.26 ppm

DFILE  TG-IV-170-01-13C-Lals
COMNT TG-IV-170-01-13C
DATIM  20-04-2012 1

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 367 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 26214
SPO 26214
TIMES 301
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486sec

PD 2.0000 sec
SCANS 301
ADBIT 16
RGAIN 60

BF 100 Hz

T 000

i 000

] 90.00

T4 100.
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-IV-170-01-13C-Lals
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 234¢
SLVNT  CDCL3
EXREF 77.00 ppm
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DFILE  TG-IV-171-01-1H-ECX.-
COMNT  TG-IV-171-01-1H-ECX
DATIM  20-04-2012 16:42:47
MENUF
OBNUC 1H
OFR

49513 MHz
OBFRQ 49513 MHz
OBSET 438 KHz
OBFIN 9.64 Hz
PW1 5.75 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 13107

sPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM  1.7642 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 40

BF 100 Hz

T 0.00

T2 0.00

T 90.00

T

EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 495.13 MHz
IRSET 438 KHz
IRFIN 964 Hz
IRRPW 92 usec
IRATN 79
DFILE  TG-IV-171-01-TH-ECX.-/
SF

LKSET 74840 KHz
LKFIN 98.2Hz
LKLEV 4
LGAIN 4
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 29¢
SLVNT ~ CDCL3
EXREF 7.26 ppm

DFILE  TG-IV-171-01-13C-ECX.
COMNT  TG-IV-171-01-13C-ECX
DATIM  20-04-2012 17:16:08

OBNUC 13C

OFR 124,51 MHz
OBFRQ 12451 MHz
OBSET 345 KHz
OBFIN 6.00 Hz
PW1 3.00 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 52428

SPO 52428
TIMES 243
DUMMY 4
FREQU 3124952 Hz
FLT 157000 Hz

DELAY 20.80 usec
ACQTM  0.8389 sec

PD 7.0000 sec
SCANS 23
ADBIT 16
RGAIN 50

BF 100 Hz

T 000

i 0,00

T 90.00

T4

EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 49513 MHZ
IRSET 438 KHz
IRFIN 964 Hz
IRRPW 92 usec
IRATN 7

9
DFILE  TG-IV-171-01-13C-ECX.

LKSET 748.40 KHz

LKFIN 982 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 247¢
SLVNT = CDCL3
EXREF 77.00 ppm
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DFILE  TG-lII-146-.L.C-2.1
COMNT TG-II1-146-L.C-2
DATIM  07-12-2011 20:23:48

MENUF
OBNUC 1H

OFR 49513 MHz
OBFRQ 49513 MHz
OBSET 438 KHz
OBFIN 964 Hz
PWL 6.60 usec
DEADT 0,00 usec
PREDL 000000 msec
wt 1.0000 sec
POINT 16384

SPO 16384
TIMES 8
DUMMY 1
FREQU 928678 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM  1.7642sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 56

BF 001 Hz

T 000

T2 000

T3 90.00

T 100,
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 49513 MHz
IRSET 438 KHz
IRFIN 964 Hz
IRRPW 75 usec
IRATN i
DFILE  TG-I1-146-L.C-2.1
SF

LKSET 74810 KHz
LKFIN 98.0 Hz
LKLEV 0

LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 241¢
SLVNT ~ CD30D
EXREF 331 ppm

DFILE  TG-III-147-13C-8s-2.als
COMNT TG-111-147-13C-8s
DATIM  27-12-2011 04;

OBNUC 13C

OFR 12451 MHz
OBFRQ 12451 MHz
OBSET 345 KHz
OBFIN 6.00 Hz
PW1 313 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 104856
SPO 104856
TIMES 2800
DUMMY 4
FREQU 3124952 Hz
FLT 157000 Hz

DELAY 20.80 usec
ACQTM  0.8389 sec

PD 8.0000 sec
SCANS 2800
ADBIT 16

RGAIN 54

BF 001 Hz

T 000

i 000

T3 90.00

T4 100.
EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 49513 MHz
IRSET 438 KHZ
IRFIN 964 Hz
IRRPW 92 usec
IRATN

79
DFILE  TG-III-147-13C-8s-2.als
SF
LKSET 74810 KHz

LKFIN 980 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 500¢
SLVNT ~ CD3OD
EXREF 49.00 ppm



TG-1V-184-01-1H
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DFILE  TG-IV-184-01-1H-2.als
COMNT TG-IV-184-01-1H
DATIM  20-04-2012 14:50:33

MENUF
OBNUC 1H

R 395,88 MHz
OBFRQ 39588 MHz
OBSET 628KHz
OBFIN 0.87 Hz
PW1 6.55 usec.
DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
PO 13107
TIMES 16
DUMMY 1
FREQU 53815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 16
ADBIT 16
RGAIN E
BF 001 Hz
T 000
] 000
] 90.00
T 100.
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-IV-184-01-1H-2.als
SF
LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 250c
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  TG-IV-184-01-13C-2.als
COMNT TG-IV-184-01-13C
DATIM  29-04-2012 15:08:20
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 367 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 104856
SPO 104856
TIMES 314
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 4
ADBIT 16

RGAIN 2

BF 001 Hz

T 000

i 000

T3 90.00

T4 100.
EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-IV-184-01-13C-2.als
SF

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 240¢
SLVNT ~ CDCL3
EXREF 77.00 ppm
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DFILE  TG-IV-185-01-1H-2.als
COMNT TG-IV-185-01-1H
DATIM  29-04-2012 18:40:20

MENUF

OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PWL 6.55 usec
DEADT 0.00 usec
PREDL 000000 msec
wT 1.0000 sec
POINT 13107

SPO 13107
TIMES 16
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
PD 20000 sec
SCANS 16
ADBIT 16
RGAIN 30

BF 001Hz
T1 000

T2 000

T3 90.00

T4 100.00

EXMOD single_pulse.ex2

IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz

IRFIN 0.87 Hz

IRRPW 115 usec

IRATN i

DFILE  TG-IV-185-01-1H-2.als
SF

LKSET 1320 KHz

LKFIN 75.7 Hz

LKLEV 0

LGAIN 0

LKPHS 0

LKSIG 0

CSPED 0Hz

FILDC

FILDF

CTEMP 25c

SLVNT ~ CDCL3

EXREF 7.26 ppm

DFILE  TG-IV-185-01-13C-2.als
COMNT TG-IV-185-01-13C
DATIM  29-04-2012 1

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 367 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 131072
SPO 32768
TIMES 100
DUMMY 4
FREQU  24888.00 Hz
FLT 13000 Hz

DELAY 38.48 usec
ACQTM  1.3166sec

PD 7.0000 sec
SCANS 100
ADBIT 16
RGAIN 30

BF 001 Hz

T 000

i 000

] 90.00

T4 100.
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-IV-185-01-13C-2.als
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 238¢
SLVNT  CDCL3
EXREF 77.00 ppm



TG-1V-186-LC1-1H
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DFILE  TG-IV-186-LCl-1H-2als
COMNT TG-IV-186-LC1-1H
DATIM  12-05-2012 09:43:48
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Gi\fofbf NfAfbfv20121231\Goto, Tipickup datal14, 20-diHDOHEVI4R20R\TG-IV-186-LC1-13C-2.als

MENUF

OBNUC 1H
OFR 49015 MHz
OBFRQ 49015 MHz
OBSET 9.16 KHz
OBFIN 7.60 Hz
PW1 8.55 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 13107
sPO 13107
TIMES 2
DUMMY 1
FREQU 735283 Hz
FLT 37000 Hz
DELAY 13.52 usec
ACQTM  1.7826'sec
PD 2.0000 sec
SCANS 2
ADBIT 16
RGAIN 40
BF 001 Hz
T 0.00
T2 0.00
T 90.00
T 100.0(
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 490.15 MHz
IRSET 9.16 KHz
IRFIN 7.60 Hz
IRRPW 92 usec
IRATN 79
DFILE  TG-IV-186-LC1-1H-2.als
SF
LKSET 70.00 KHz
LKFIN 366 Hz
LKLEV 0
LGAIN 4
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 27¢
SLVNT ~ CD30D
331ppm

DFILE

TG-IV-186-LC1-13C-2.al

COMNT TG-IV-186-LC1-13C
DATIM  12-05-2012 08:45:45
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OBNUC 13C

OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET 513KHz
OBFIN 098 Hz
PWIL 367 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 104856
SPO 104856
TIMES 4335
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 8.0000 sec
SCANS 4335
ADBIT 16
RGAIN 60

BF 001Hz
T 0.00

T2 0.00

T3 90.00

T4 100.00
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN

DFILE  TG-IV-186-LC1-13C-2al
SF

LKSET 13.00 KHz
LKFIN 356 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 238¢
SLVNT  CD30D
EXREF 49,00 ppm
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DFILE  TG-III-129-01-1H-2.als
COMNT TG-I11-129-01-1H
DATIM  20-11-2011 21:18:21

MENUF
OBNUC 1H

FR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628KHz
OBFIN 0.87 Hz
PW1 6.62 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
PO 13107
TIMES 8
DUMMY 1
FREQU 53815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 46
BF 001 Hz
T 000
] 000
] 90.00
T 00.00
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-I1-129-01-1H-2als
SF
LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 26c
SLVNT  CDCL3
EXREF 7.26 ppm
DFILE  TG-III-129-01-13C-1als

COMNT TG-111-129-01-13C
DATIM  29-11-2011 21:28:43
MENUF

OBNUC 13C
OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET 513KHz
OBFIN 098 Hz
PWIL 2.92 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 104856

sPO 104856
TIMES

DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 2.0000 sec
SCANS o7
ADBIT 16
RGAIN 60

BF 001 Hz

T 0.00

T2 0.00

T3 90.00

T4 10000
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN

DFILE  TG-11-129-01-13C-Lals
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 24¢
SLVNT  CDCL3
EXREF 77.00 ppm
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200.0 190.0 180.0 170.0 160.0 150.0 H\ 140.0 1300\ 120.0 ?DD 100.0 QDDH/ 800/ 700 60.0 50.0
2% 285 N 8 W OE~O~N o ® 3
22 239 Sa 9 QUIIVDORND
88 88= B FEERRER S R |
£3 888 28 & 58E8RETEIT 2

335057 ——
310712 —~__
205240 ———

T

260751
26,0631
26,0104
18.4348
18.4204
13.9895
10.4807
9.8724
9.4940
-4.2945
-4.5268
-4.7160
-4.7400

DFILE  TG-III-124-01-1H-2-2.als
COMNT TG-l11-124-01-1H-2
DATIM  25-11-2011 16:11:44

MENUF

OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PW1 6.62 usec
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107

PO 13107
TIMES 8
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz

DELAY 16.68 usec
ACQTM  2.2073sec

PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 4“4

BF 001 Hz
T 000

T 000

] 90.00

T4 100.
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-1I1-124-01-1H-2-2als
SF

LKSET 1320 KHz
LKFIN 696 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 26¢
SLVNT  C8D6

EXREF 7.16 ppm

DFILE  TG-II-124-01-13C-2.als
COMNT TG-I11-124-01-13C
DATIM  25-11-2011 16:25:50
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 2,92 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 104856
SPO 104856
TIMES 174
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 174
ADBIT 16
RGAIN 58

BF 001 Hz
T 0.00

T2 0.00

T3 90.00

T4 100.

EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  TG-II-124-01-13C-2.als
SF

LKSET 1320 KHz
LKFIN 69.6 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 240¢
SLVNT

D6
EXREF 12806 ppm



TG-VI-126-01-1H

C:\Documents and Settings\PC-USER\F{£ X Nfgfbf TG-VI-126.01-1H-2als
P I R N T e e R e L R T R T ) DFILE  TG-VI-126-01-1H-2.als
g BEEERCERaREEEEERSRRECRARCRRRANERTORRARR N0 2150000288 | comv ovsom
X 3303085888808 08088800000dNNNNNNNNNNRE5555550055553585335583223 DATIM 03-12.2012 14:17:30
MENU
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET  628KHz
OBFIN  087H:
PWI 6.38 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wr 1.0000 sec
POINT 13107
0 13107
TIMES 8
DUMMY 1
o) FREQU 593815 Hz
FLT 30000 Hz
/ \ DELAY  1668usec
/ \ ACQTM 22073 sec
PD 20000 sec
O SCANS 8
ADBIT 16
RGAIN 48
BF 001 Hz
3-3 m 000
™ 000
] 10000
T 100
EXMOD  single_pulse.ex2
EXPCM
9 IRNUC  1H
< IFR 39588 MHz
IRSET 628 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 9
DFILE  TG-VI-126:01-1H-2.ls
SF
LKSET  1320KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
I CSPED oHz
5 FILDC
- FILDF
CTEMP 204c¢
I SLUNT  cDCL3
| EXREF  7.26ppm
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Gi\fofbf NfAfbfv 20121226 Tipickup data12-hydroxy-17, 18- EPETE Gf|fL VE —\TG-VI-126-01-13C1als
DFILE TG-VI-126-01-13C-Lals
COMNT TG-VI-126-01-13C
DATIM  03-12-2012 14:24:01
MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET  513KHz
OBFIN  0BHz
W1 325 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 26214
O sPO 26214
TIMES 15
/ \ DUMMY 4
/ \ FREQU  24999.62 Hz
FLT 125000 Hz
(@) DELAY  2050usec
ACQTM 10486 sec
PD 80000 sec
SCANS 15
3_3 ADBIT 16
RGAIN &0
BF 001 Hz
m 000
™ 000
] 10000
i 10000
EXMOD  single_pulse_dec
EXPCM
IRNUC  1H
IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN
DFILE  TG-VI-126-01-13C-Lals
SF
LKSET 1320 KHz
LKFIN 5.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 08¢
SLVNT CDCL3
EXREF 77.00 ppm
PPM
HH\HH‘\HHHH‘HH\HH‘HHHH\‘HH\HH‘\HHHH‘HHHH\‘HHH\H‘H\HHH‘HHH\H‘HH\HH‘HH\HH‘H\HHH‘H\\H\H‘HH\HH‘\HHHH‘HH\HH‘HHH\H‘HHH\H‘H\HHH‘HH\HH‘HHH\H‘HH\HH
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TG-V-059-01-1H

Gi\fofbfNfAfbfv 20121226

T\pickup data\12-hydroxy-17, 18-EpETE\12R17S18Repoxy\TG-V-059-01-1H-L.als
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DFILE  TG-V-059-01-1H-Lals
COMNT TG-V-059-01-1H
DATIM  08-06-2012 10:39:04

395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
6.38 usec
0.00 usec
0.00000 msec
1.0000 sec
13107
13107
16

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec

single_pulse.ex2

1H
395.88 MHz
6.28 KHz
087 Hz
147 usec

TG-V-059-01-1H-Lals

1320 KHz
757Hz
0
0
0
0
OHz

247¢
cocL3
7.26 ppm

DFILE  TG-V-059-01-13C-Lals
COMNT TG-V-059-01-13C
DATIM  08-06-2012 10:53:21

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 3.25 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 26214
SPO 26214
TIMES 127
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 127
ADBIT 16

RGAIN 60

BF 001 Hz

T 000

i 000

T3 90.00

T4 100.
EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN

79
DFILE  TG-V-059-01-13C-Lals
SF

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 250¢
SLVNT  CDCL3
EXREF 77.00 ppm



TG-V-172-02

C:\Documents and Settings\PC-USER\/ 7 X/ Nfafbf \TG-V-172-02-2.als

g8 838 2333 222823833258 83Y B338928 gy DRLE  TCV172:02:2als
g 38§ 88RY EEBIISTERRIRIEY REEEING 838§ COMNT TG-v-172.02
~~ ~~~ PR COOEOOOONNNNNNNN e coco DATIM  17-08-2012 14:03:38
MENUF
OBNUC 1H
OFR 395.88 MHz
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.38 usec.
DEADT 0.00 usec
PREDL 0.00000 msec
wT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 2.2073 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 50
BF 0.01 Hz
T 0.00
T2 0.00
T3 100.00
T4 100.
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
1IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-172-02-2.als
o . SF
i f LKSET 1320 KHz
| LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
) CSPED 0Hz
w“ hai FILDC
8 : FILDF
- CTEMP 235¢
SLVNT CDCL3
EXREF 7.26 ppm
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G:\fofbf NfAfbfv 20121226 T\pickup data\12-hydroxy-17, 18-EpETE\f Gf|fL fVE —;\TG-V-172-02-13C-Lals
DFILE  TG-V-172-02-13C-lals
COMNT TG-V-172-02-13C
DATIM  03-12-2012 20:19:13
MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PW1 3.25 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wT 1.0000 sec
POINT 26214
SPO 26214
TIMES 7
DUMMY 4
FREQU 24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM 1.0486 sec
PD 8.0000 sec
SCANS 7
ADBIT 16
RGAIN 60
BF 0.01 Hz
L 0.00
T2 0.00
T 100.00
T4 100.
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
1IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN ]
DFILE  TG-V-172-02-13C-lals
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 207¢
SLVNT CDCL3
EXREF 77.00 ppm
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DFILE  TG-V-132-01-1H-2.als
COMNT TG-V-132-01-1H
DATIM  23-07-2012 08:52:51

MENU!
OBNUC 1H
OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PWL 6.38 usec
DEADT 0.00 usec
PREDL 0.00000 msec
WT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN a4
BF 001Hz
T 000
] 000
JE] 90.00
T4 X
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRAT! 79
DFILE  TG-V-132-01-1H-2.als
SF
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED OHz
FILDC
FILDF
CTEMP 222¢
SLVNT CDCL3
EXREF 7.26 ppm
5

DFILE  TG-V-132-01-13C-Lals
COMNT TG-V-132-01-13C
DATIM  23-07-2012 09:11:59
MENUF

OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PW1 3.25 usec
DEADT 000 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 26214

SPO 26214
TIMES 67
DUMMY 4
FREQU ~ 24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM  1.0486 sec
PD 8.0000 sec
SCANS 67
ADBIT 16
RGAIN 60

BF 001 Hz
T 000

2 0.00

] 90.00

T4 0.00
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN

DFILE TG-V- 132 01-13C-1.als
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0

LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 226¢
SLVNT  CDCL3

EXREF 77.00 ppm



TG-V-135-01-1H

C:\Documents and Settings\PC-USER\fff X Nfgfbf \TG-V-135-01-1H-2.als
R3358R5IRER BN N8BT R NRBeIr8R a8 2330 83538 asRR 0NN B8 T8N B85830R9hb3YR8 90RO INI8IE98R 5 DALE TOV-13501-1H-2als
e R BRI SN e RN e R e R e e R BNt S 08N el N8 e8RSl R enInlRSaRES R E83283Y3888E| coMNT T6-v-13501-1H
BRI 888 830N REB8L8 8RR R IRaREE 8RRl s888RNERNIReEE 8858 RRERENRRRRBLE 08035 ee8888NRNg983
RN IO m B O NN EENERREaENEEREBE6mNNANN NN NN AN NNN NN NN ddddddddddddddddddddldddcccc0060000| DATIM 23-07-2012 1955855
MENUI
LLLLL L] S
OFR 395.88 MHz
OBFRQ  395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.38 usec
DEADT 000 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
OTS DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
HO D 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 38
OTBS OTBS & ootk
T 000
] 000
3_45a d T3 90.00
o T4 100.00
B EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-135-01-1H-2.als
. SF
F LKSET 13.20 KHz
“ LKFIN 75.7 Hz
LKLEV [
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
- B CTEMP 227¢
5 8 o SLVNT  CDCL3
~ @ @ EXREF 7.26 ppm
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DFILE  TG-V-135-01-13C-Lals
COMNT TG-V-135-01-13C
DATIM  23-07-2012 20:09:14
MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 3.25 usec
DEADT 000 usec
PREDL  0.00000 msec
wT 1.0000 sec
OTS POINT 26214
SPO 26214
TIMES 42
DUMMY 4
FREQU  24999.62 Hz
HO FLT 125000 Hz
DELAY 20.50 usec
ACQTM  1.0486 sec
OTBS OTBS M
SCANS 42
ADBIT 16
RGAIN 60
3-45a BF 001Hz
T 000
i 000
] 90.00
T4 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
I 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-135-01-13C-Lals
SF
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 229¢
SLVNT  CDCL3
EXREF 77.00 ppm
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DFILE  TG-V-136-01-1H-2.als

COMNT TG-V-136-01-1H
DATIM  24-07-2012 13:25:36
MENI

OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PWL 6.38 usec
DEADT 000 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1

FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16

RGAIN 42

BF 001 Hz
T 000

it 000

hE] 90.00

T4 100.
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79

DFILE  TG-V-136-01-1H-2.als
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0

LGAIN 0

LKPHS o

LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 226¢
SLVNT CDCL3

EXREF 7.26 ppm

DFILE  TG-V-136-01-13C-Lals
COMNT TG-V-136-01-13C
DATIM  24-07-2012 13:42:27

OBNUC 13C

OFR 99,55 MHz
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
PW1 3.25 usec
DEADT 0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 26214
SPO 26214
TIMES 56
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM  1.0486 sec
PD 8.0000 sec
SCANS 56
ADBIT 16
RGAIN 60

BF 001 Hz
TL 0.00

T2 0.00

T3 90.00

T4 100.

EXMOD single_pulse_dec

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec

IRATN 79
DFILE  TG-V-136-01-13C-Lals
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 227¢
SLVNT  CDCL3
EXREF 77.00 ppm
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DFILE  TG-V-137-01-1H-2.als
COMNT TG-V-137-01-1H
DATIM  25-07-2012 10:37:59

MENU!
OBNUC 1H

OFR 395.88 MHz
OBFRQ  395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PWL 6.38 usec
DEADT 000 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1

FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 5.0000 sec
SCANS 8
ADBIT 16

RGAIN 50

BF 001 Hz
T 000

it 000

hE] 90.00

T4 0.00
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 147 usec
IRATN 79

DFILE  TG-V-137-01-1H-2.als
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0

LGAIN 0

LKPHS o

LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 222¢
SLVNT CDCL3

EXREF 7.26 ppm

DFILE  TG-V-137-01-13C-Lals
COMNT TG-V-137-01-13C
DATIM  25-07-2012 10:46:52
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PW1 3.25 usec
DEADT 000 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 26214
SPO 26214
TIMES 31
DUMMY 4
FREQU ~ 24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM  1.0486 sec
PD 8.0000 sec
SCANS 31
ADBIT 16
RGAIN 60

BF 001 Hz
T 000

2 0.00

] 90.00

T4 0.00
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN

DFILE TG-V- 137 01-13C-1.als
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0

LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 226¢
SLVNT  CDCL3

EXREF 77.00 ppm



TG-V-075-01

Ci\Documents and Settings\PC-USER\fffX{ Nfgfbf urate

B0QEE9YZoN T e DFLE TG-V-07501-3als
S3335355533S S| DATIM 18-06-201208:12:33
MENUF
» OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PW1 6.38 usec
DEADT 0.00 usec
PREDL 0.00000 msec
WT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 16.68 usec
OTS ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 28
BF 001Hz
T 000
- i 000
] 90.00
OTBS OTBS T 10000
| EXMOD single_pulse.ex2
EXPCM
3-44b IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-075-01-3:ls
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV [
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 238¢
3 SLVNT  CDCL3
© EXREF 7.26 ppm
|
r
o & 3
2 kN 3
[
PPM
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Gi\fofbfNfAfbfv 20121226 Tipickup data2-hydroxy-17, 18-EpETE\12517518Repoxy\TG-V-075-aBC.als
DFILE  TG-V-075-01-13C.als
COMNT TG-V-075-02
DATIM  18-06-2012 09:03:05
MENUI
OBNUC 13C
OFR 9955 MHz
OBFRQ  99.55MHz
OTS OBSET 513 KHz
OBFIN 0.98 Hz
Pw1 3.25 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
- POINT 26214
- SPO 26214
OTBS OTBS
DUMMY 4
FREQU ~ 24999.62 Hz
3 4 4b FLT 125000 Hz
- DELAY 2050 usec
ACQTM 10486 sec
PD 8.0000 sec
SCANS 320
ADBIT 16
RGAIN 60
BF 0.01Hz
T 000
2 0.00
T3 90.00
T4 00.00
EXMOD  single_puise_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-075-01-13C.als
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS [
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 240c
SLVNT CDCL3
EXREF 77.00 ppm
- ' ‘ | T
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TG-V-079-01-1H-2

C:\Documents and Settings\PC-USER\{fXf Nfafbf TG-V-079-01-1H-2-2.als
SENOTBOIYnNN RS DFILE  TG-V-079.01-1H-2-2als
SEETESENOBESES COMNT TG-v-079.01-1H-2
E5332335552503 DATIM 1906201217:37:40
MENUF
% OBNUC 1H
OFR 395.88 MHz
OBFRQ  395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.38 usec
DEADT  0.00usec
PREDL 000000 msec
W 1,000 sec
POINT 13107
sPO 13107
OTs TIVES 8
DUMMY 1
FREQU 503815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
PD 2.0000 sec
SCANS 8
OTBS OTBS o
RGAIN 2
BF 001 Hz
T 0.00
3-45b © 00
5] 90.00
T4 100,
EXMOD single_puise.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.67 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-079-01-1H-2-2.ls
5 SF
S IKSET  13.20KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEWP  247c
SLVNT  CDCL3
EXREF 7.26 ppm
3
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- g
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PPy
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Gifofbf NfAfbfv 20121226 Tipickup data2-hydroxy-17. 18-EpETE2S1 \TG-V-079-9BC-Lals

DFILE  TG-V-079-01-13C-Lals
COMNT TG-V-079-01-13C
DATIM  18-06-2012 16:57:43
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz

OT S OBSET 5.13KHz
OBFIN 0.98 Hz

PW1 3.25 usec
DEADT 000 usec
PREDL  0.00000 msec
wT 1.0000 sec

z - POINT 26214
SPO 26214

OTBS OTBS e

4
FREQU  24999.62 Hz

FLT 125000 Hz
3 _4 5 b DELAY 20.50 usec

ACQTM 10486 sec

PD 8.0000 sec

SCANS 36

ADBIT 16

RGAIN 60

BF 001 Hz

i 0.00

i 0.00

3 90.00

T4 100.

EXMOD single_puise_dec

EXPCM

IRNUC  1H

IFR 395.88 MHz

IRSET 6.28 KHz

IRFIN 0.87 Hz

IRRPW 115 usec

IRATN 7

DFILE  TG-V-078-01-13C-Lals

SF

LKSET 13.20 KHz

LKFIN 75.7 Hz

LKLEV )

LGAIN 0

LKPHS [)

LKSIG 0

CSPED 0Hz

FILDC

FILDF

CTEWP  243c

SLVNT  cDCL3

EXREF 77.00 ppm

PM
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TG-V-083-01-1H

C:\Documents and Settings\PC-USER\fffX{Nfafbf

\TG-V-083-01-1H-3.als

Aoz

__—— 78070
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2.00
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=\ 1284

6.35

\ 6.06

331

0 95 9.0 8,

H\H\\H‘HHH\H‘H\\H\H‘HH\HH‘H\\H\\\‘\\HHH\‘HH\HH‘H\HHH‘HH\H\\‘\\\HHH‘H\\H\H‘HH\HH‘HHH\H‘H\\H\H‘H\HHH‘HHHH
5 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10

TG-V-083-01-13C

Gi\fofbf NfAfbfv 20121226

Tipickup daté2-hydroxy-17, 18-EpETE 251

\TG-V-083-ABC-Lals
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OTs
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713285 — 3
182248 —7

85.4115
77.3162
77.0000
76,6743
76,5976
76.0995
25,6878
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17.9374
101102
-4.6051

-4.7776

-4.8542

-4.8830

DFILE  TG-V-083-01-1H-3.als
COMNT TG-V-083-01-1H
DATIM  19-06-2012 18:40:25

MENUF
OBNUC 1H
OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz

1 6.38 usec
DEADT 000 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 13107
SPO 13107
TIMES 32
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 32
ADBIT 16
RGAIN 46
BF 0.01 Hz
T 0.00
i 000
3 90.00
T4 100.
EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-083-01-1H-3.als
SF
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 246¢
SLVNT CDCL3
EXREF 7.26 ppm

DFILE  TG-V-083-01-13C-Lals
COMNT TG-V-083-01-13C
DATIM  19-06-2012 19:18:26

MENUF
OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 3.25 usec
DEADT 000 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 26214
SPO 26214
TIMES 223
DUMMY 4
FREQU ~ 24999.62 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM  1.0486 sec
PD 8.0000 sec
SCANS 223
ADBIT 16
RGAIN 60

BF 0.01 Hz
T 0.00

i 000

3 90.00

T4 100.
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN

DFILE  TG-V-083-01-13C-l.als
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV [

LGAIN 0

LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 247¢c
SLVNT

EXREF 77.00 ppm



TG-V-081-01-1H
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DFILE
COMNT
DATIM

T4
EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1L
DEADT
PREDL

EXMOD
EXPCM

DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-V-081-01-1H-2.als
TG-V-081-01-1H
19-06-2012 19:57:22

H
49513 MHz
49513 MHz
4.38 KHz
9.64 Hz
6.00 usec
0.00 usec
0.00000 msec
1.0000 sec
13107
13107
16
1
7429.31 Hz
38000 Hz
13.16 usec

single_pulse.ex2

H
495.13 MHz

79
TG-V-081-01-1H-2.als

748.40 KHz
982 Hz
0

0

0

[
0Hz

249¢
cocL3
7.26 ppm

TG-V-081-01-13C.als
TG-V-081-01-13C
19-06-2012 20:08:37

13C
124.51 MHz
124.51 MHz
3.45 KHz
6.00 Hz
3.70 usec
0.00 usec
0.00000 msec
1.0000 sec
26214
26214
54

4
3124952 Hz

single_pulse_dec

H
495.13 MHz
4.38 KHz
9.64 Hz
92 usec

79
TG-V-081-01-13C.als

748.40 KHz
98.2 Hz
0

0

0

0
OHz

256¢C
coeL3
77.00 ppm



TG-V-139-01
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DFILE  TG-V-139-01-Lals
COMNT TG-V-139-01
DATIM  26-07-2012 11:31:14

MEN
OBNUC 1H

OFR 395.88 MHz
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.38 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT

SPO 13107
TIMES 10
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
PD 2.0000 sec
SCANS 10
ADBIT 16
RGAIN 22

BF 0.01 Hz
T1 0.00

T2 0.00

T3 90.00

T4 00.0

EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz

IRSET 6.28 KHz

IRFIN 087 Hz

IRRPW 147 usec

IRATN 79

DFILE  TG-V-139-01-1als
F

LKSET 13.20 KHz

LKFIN 69.6 Hz

LKLEV 0

LGAIN 0

LKPHS 0

LKSIG 0

CSPED OHz

FILDC

FILDF

CTEMP 228¢

SLVNT  C6D6

EXREF 7.16 ppm

DFILE  TG-V-188-0l.als

COMNT TG-V-188-01
DATIM  04-09-2012 11:11:20

MENUF
OBNUC 1H

OFR 49513 MHz
OBFRQ 49513 MHz
OBSET 4.38 KHz
OBFIN 9.64 Hz
PW1 6.00 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM 17642 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 50

BF 0.01 Hz
T1 0.00

T2 0.00

T3 100.00

T4 100.00

EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 495.13 MHz
IRSET 4.38 KHz
IRFIN 964 Hz
IRRPW 92 usec
IRATN 79

DFILE  TG-V-188-0l.als
SF

LKSET 748.40 KHz
LKFIN 90.6 Hz
LKLEV 0

LGAIN 0
LKPHS 0

LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 235¢
SLVNT  C6D6

EXREF 7.16 ppm




TG-V-143-01-1H
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DFILE
COMNT
DATIM
MENUF
OBNUC

EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN

DFILE

DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

TG-V-143-01-1H-2.als
TG-V-143-01-1H
26-07-2012 19:51:28

1H

49513 MHz
49513 MHz
438 KHz
964 Hz
6.00 usec
0.00 usec

0.00000 msec
1.0000 sec
13107
13107

8

1
7429.31 Hz
38000 Hz
13.16 usec
1.7642 sec
2.0000 sec
8

single_pulse.ex2

H
49513 MHz
438 KHz
9.64 Hz
70 usec

79
TG-V-143-01-1H-2.als

748.40 KHz
982 Hz

0
0
0
0Hz

230¢
cpeL3
7.26 ppm

TG-V-143-01-13C.als
TG-V-143-01-13C
26-07-2012 20:02:26

13C
12451 MHz
12451 MHz
345KHz
600 Hz
3.70 usec
0.00 usec
0.00000 msec
1.0000 sec
104856
104856
)

4
3124952 Hz
157000 Hz
20.80 usec
0.8389 sec
8.0000 sec
2

single_pulse_dec

1H
49513 MHz
438 KHz
964 Hz
92 usec

79
TG-V-143-01-13C.als

748.40 KHz
982 Hz
0

0
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0Hz
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TG-V-104-01-1H
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DFILE  TG-V-104-01-1H-2.als
COMNT TG-V-104-01-1H
DATIM  06-07-2012 08:34:47

MENUF
OBNUC 1H

R 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PWIL 6.38 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT
SPO 13107
TIMES 8
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 0
BF 0.01Hz
T 0.00
T2 0.00
e} 90.00
T X
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 147 usec
IRATN 79
DFILE  TG-V-104-01-1H-2.als
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 4
CSPED 0Hz
FILDC
FILDF
CTEMP 27¢
SLVNT CDCL3
EXREF 7.26 ppm
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3-53b
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DFILE  TG-V-104-01-13C-CDCI3
COMNT TG-V-104-01-13C
DATIM  06-07-2012 09:30:34
MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PW1 3.25 usec
DEADT 000 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 104856
sPO 104856
TIMES 360
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 8.0000 sec
SCANS

ADBIT 16
RGAIN 60

BF 001Hz
T 0.00

T2 0.00

T3 90.00

T4 100,
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-104-01-13C-CDCI3
SF

LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 24.4¢
SLVNT  CDCL3
EXREF 77.00 ppm




TG-V-145-01-1H-02

Gi\fofbf NfAfbfv 20121226 alumni\Goto, T\pickup data\12-hydroxy-17, 18 EpETEVI2R17S18RepOXy\TG-V-145-01-1H-02.als
« DFILE  TG-V-145-01-1H-02.als
g COMNT TG-V-145-01-1H-02
o DATIM  28-07-2012 17:04:25
MENUF
OBNUC 1H
OFR 495.13 MHz
OBFRQ 49513 MHz
OBSET 438KHz
OBFIN 964 Hz
PWL 6.0 usec
DEADT 0.00 usec
PREDL 0.00000 msec
[ 1.0000 sec
POINT 13107
PO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY  1316usec
ACQTM  L17642sec
D 5.0000 sec
SCANS 8
ADBIT 16
RGAIN 36
BF 001Hz
T 000
i 000
B i) 90.00
T !
EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
IFR 495.13 MHz
3_54a R = TBS IRSET 438 KHz
. - IRFIN 9.64 Hz
IRRPW 118 usec
IRATN
DFILE  TG-V-145-01-1H-02als
2 SF
S LKSET 74840 KHz
+ LKFIN 982 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
TEMP 0
SLVNT  CDCL3
EXREF 7.26 ppm
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DFILE  TG-V-097-01-Lals

388¢

S8S 3| COMNT TG-v-097-01

SS3SS| DATIM  28-06-2012 08:06:41
MENUF
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.38 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wr 1.0000 sec
POINT 13107
SPO 13107
TIMES 16
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY  1668usec
ACQTM 22073 sec
PD 2.0000 sec
SCANS 16
ADBIT 16
RGAIN 44
BF 001 Hz
T 000
T2 0,00
T3 90.00
T X
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz

3-54b: R =TBS RRPW 5

DFILE  TG-V-097-01-Lals

SF
LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
. FILDC
8 FILDF
< CTEMP 234c¢
SLVNT ~ CDCL3
~ EXREF 7.26 ppm
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TG-V-116-02-1H

C:\Documents and Settings\PC-USER\fff XfNfafbf \TG-V-116-02-1H-2.als
3 I3 BRI S8BT SRR ReTRe LR s a0 8R TR RR8S BRI Y Ba TR ReEER8RSReN YRR BEE| DALE  ToV-116021H2als
OO N O R NN RO I DT NS D ON S - O NN O IN OO PO RN N DI~ NN I NP O~ OCN IO O YN OO NN NI AT IR N ONYT RN NI IN—O0RNROTODODOA S COMNT TG-V-116-02-1H
M R e e e e e e e R R e R e e b e AT
INERRD DD I e e bbb i e e pepai b b b oo e e R R RN P P DR DY D DD D B bbb e e I R === 27
MENUI
% OBNUC 1H
OFR 495.13 MHz
OBFRQ 495.13 MHz
OBSET 4.38 KHz
OBFIN 9.64 Hz
PwW1 6.00 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wT 1.0000 sec
POINT 13107
H SPO 13107
g TIMES 16
DUMMY 1
O FREQU 7429.31 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM 1.7642 sec
D 2.0000 sec
SCANS 16
ADBIT 16
RGAIN 54
- BF 0.01 Hz
- ", T 0.00
- TBSO oT 5
OTBS s . Eosm
<« T4 100.00
- EXMOD single_pulse.ex2
EXPCM
3-49b IRNUC 1H
IFR 495.13 MHz
IRSET 4.38 KHz
IRFIN 9.64 Hz
IRRPW 92 usec
IRATN 79
DFILE  TG-V-116-02-1H-2.als
SF
LKSET 748.40 KHz.
LKFIN 98.2 Hz
LKLEV )
o LGAIN )
® LKPHS 0
~ 8 LKSIG 0
lq’ CSPED 0Hz
| FILDC
I FILDF
g CTEMP 258¢
n SLVNT CDCL3
EXREF 7.26 ppm
o
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Gifofbf NfAfbfv 20121226 T\pickup dat2-hydroxy-17, 18-EpETE\12S1 \TG-V-116-08C-Lals
DFILE  TG-V-116-02-13C-1.als
COMNT TG-V-116-02-13C
DATIM  12-07-2012 20:44:33
MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 5.13KHz
OBFIN 0.98 Hz
PW1 3.25 usec
O DEADT 0.00 usec
PREDL 0.00000 msec
wT 1.0000 sec
POINT 104856
SPO 104856
TIMES 40
DUMMY 4
FREQU 24999.62 Hz
- FLT 125000 Hz
- L DELAY 20.50 usec
—_ S O O ACQTM 1.0486 sec
oTBS TB Ts o St
SCANS 40
ADBIT 16
RGAIN 60
3-49b BF 0.01 Hz
T 0.00
T2 0.00
T3 90.00
T4 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
I 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  TG-V-116-02-13C-1.als
SF
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 252¢c
SLVNT CDCL3
EXREF 77.00 ppm
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TG-V-149-01-ECA2

C:\Documents and Settings\PC-USER\fff X Nfgfbf
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Gi\fofbfNfAfbfv 20121226

Tpickup daté2-hydro

-17, 18-EpETEV12R17S18Repoxy\TG-V-149-Q13C-L.als

ki
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DFILE
COMNT

TG-V-149-01-ECA2-2.als
TG-V-149-01-ECA2

DATIM  31-07-2012 04:54:28

MENUF
OBNUC
OFR

DFILE
SF
LKSET

SLVNT
EXREF

DFILE

EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN

H
490.15 MHz
490.15 MHz

9.16 KHz
7.60 Hz
6.50 usec
0.00 usec
0.00000 msec
1.0000 sec
13107
13107
32

1
7352.83 Hz
37000 Hz
13.52 usec
1.7826 sec
2.0000 sec

32

H

70.30 KHz
325Hz

226¢C
cocL3
7.26 ppm

TG-V-149-01-13C-1.als
TG-V-149-01-13C
31-07-2012 12:01:47

13C

99.55 MHz
99.55 MHz
5.13 KHz
0.98 Hz
3.25 usec
0.00 usec

0.00000 msec

1.0000 sec

104856
104856
202

a
24999.62 Hz
125000 Hz
20.50 usec
1.0486 sec
8.0000 sec

single_pulse_dec

H
395.88 MHz
6.28 KHz
0.87 Hz
115 usec
i

9
TG-V-149-01-13C-1.als

13.20 KHz
75.7Hz

0

0

0

0

OHz

227¢
[eslek]
77.00 ppm



TG-V-151-01-LC2

C:\Documents and Settings\PC-USER\ff{X{ Nfgfbf \TG-V-151-01-LC2-2.als
NN ReRNL TSR tugeasagy DFILE  TG-V-151-01-LC2-2.ls
P R o R o g R B i e e e e | DATIM  07-08-2012 16:58:41
MENUF
OBNUC 1H
OFR 49513 MHz
OBFRQ 49513 MHz
OBSET 438 KHz
OBFIN 9.64 Hz
PW1 6.00 usec
DEADT 0,00 usec
PREDL 000000 msec
wr 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
3 DUMMY 1
< FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM  1.7642 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 48
BF 001 Hz
T 000
T2 0,00
T3 90.00
3-1a i 10001
EXMOD  single_pulse.ex2
EXPCM
8 IRNUC  1H
©@ IFR 495.13 MHz
IRSET 438 KHz
IRFIN 964 Hz
IRRPW 92 usec
IRATN 7
. DFILE  TG-V-151-01-LC2-2als
g o s
ks LKSET 74810 KHz
LKFIN 980 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
3 CSPED OHz
~ FILDC
FILDF
CTEMP 250c
SLVNT = CD30D
EXREF 331 ppm
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Gi\fofbf NfAfbfv 20121226 T data\12-hydroxy-17, 18-EpETEVL2R17S18Repox\TG-V-151-01-LC2-13C.als
DFILE  TG-V-151-01-LC2-13Cal
COMNT TG-V-151-01-LC2-13C
DATIM  09-08-2012 05:40:24
MENUF
OBNUC 13C
OFR 12451 MHz
OBFRQ 12451 MHz
OBSET 345 KHz
OBFIN 6,00 Hz
PW1 370 usec
DEADT 0,00 usec
PREDL 000000 msec
wr 1.0000 sec
POINT 104856
SPO 104856
TIMES 3000
DUMMY 4
FREQU 3124952 Hz
FLT 157000 Hz
DELAY 2080 usec
ACQTM  0.8389sec
PD 8.0000 sec
SCANS 3000
ADBIT 16
RGAIN 50
BF 001 Hz
T 000
i 0,00
T3 90.00
T4 100.
EXMOD  single_pulse_dec
EXPCM
IRNUC  1H
IFR 49513 MHZ
IRSET 438 KHz
IRFIN 964 Hz
IRRPW 92 usec
IRATN 7
DFILE  TG-V-151-01-LC2-13Cal
SF
LKSET 748.10 KHz
LKFIN 98.0 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 21c
SLVNT = CD3OD
EXREF 49.00 ppm
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TG-V-117-01-1H

C:\Documents and Settings\PC-USER\fff X Nfgfbf \TG-V-117-01-1H-2.

al
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RN R R e e8I et ool o e BR8N o e nue e a e R e eTR g o8 e 8980883053280 BI8888| coMNT TG-v-117-01-1H
g R e85 aun s TR e IR NN aNg RN G e8I I IR AN N8I SRR NNEEa0BRERCITTIRAINAANANGININESSY COMT TSVl
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MENUI
OBNUC 1H
OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.38 usec
DEADT 000 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 13107
SPO 13107
O TIMES 8
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
D 2.0000 sec
< SCANS 8
- o ADBIT 16
= RGAIN 42
OTBS TBSO OTs BF 001 Hz
T 000
] 000
] 90.00
3-50b T4 100.00
EXMOD  single_pulse.ex2
EXPCM
= IRNUC  1H
2 IFR 395.88 MHz
- IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 147 usec
IRATN 79
o DFILE  TG-V-117-01-1H-2.als
3y
P o SF
3 ot LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV [
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
. CTEMP 248¢
2 SLVNT  CDCL3
N EXREF 7.26 ppm
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GAfofbfNfAfbfv 20121226 Tipickup data2-hydroxy-17, 18-EpETEVL2S1 \TG-V-117-0BC-1.als

DFILE  TG-V-117-01-13C-Lals
COMNT TG-V-117-01-13C
DATIM  13-07-2012 12:00:47

MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 5.13 KHz
O OBFIN 0.98 Hz

PW1 3.25 usec
DEADT 0.00 usec
PREDL  0.00000 msec
Wt 1.0000 sec
POINT 104856
SPO 104856
TIMES a4

- DUMMY

z FREQU 24954)9 62 Hz
OTBS TBSO  OTs IO

ACQTM  1.0486 sec
PD

8.0000 sec

SCANS a4

3 '5 0 b ADBIT 16
RGAIN 60
BF 0.01 Hz
T 0.00
T2 0.00
3 90.00
T4 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN
DFILE  TG-V-117-01-13C-Lals
LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF

P 250c¢

SLVNT ~ CcDCL3
EXREF 77.00 ppm
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TG-V-119-02-LC2-1H

C:\Dox ts and Settings\PC-USER\fff Xf Nfgfbf \TG-V-119-02-LC2-1H-2.als
YN BE NS E Ry Ee 8T LR 8RS EBRIB38E 8385 EIB8R2838 L3S 8888823 T Ty e
R R R R - R R R E R Y R R R R R LouNeI] COMNT  TG-V-119-02-LC2-1H
BBh88E83358-8888R8588355988588828 84438858885 8555328833 EEEEEEE
OO CCCCCOUVBYBLBLLLVLLLLBLWOLLWLITIITITIOOOONNNNNNNNNNNN NN NN R R R R DATIM  04-08-2012 17:15:44
MENUF
OBNUC 1H
R 495.13 MHz
OBFRQ 495.13 MHz
OBSET 438 KHz
OBFIN 9.64 Hz
PW1 6.00 usec
DEADT 0.00 usec
PREDL 0.00000 msec
Iwt 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM  1.7642 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 44
BF 0.01Hz
T1 0.00
T2 0.00
T 90.00
T4
EXMOD single_pulse.ex2
3-1b EXPCM
IRNUC  1H
IFR 495.13 MHz
IRSET 438 KHz
IRFIN 9.64 Hz
IRRPW 92 usec
IRATN 9
DFILE  TG-V-119-02-LC2-1H-2.¢
8 L SF
d d LKSET 748.10 KHz
LKFIN 980 Hz
LKLEV
LGAIN 0
LKPHS 0
LKSIG 0
8 CSPED OHz
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ABSTRACT: A novel anti-inflammatory lipid mediator, (4Z,7Z,10Z,12E,145,16Z,18E,20R)-14,20-dihydroxy-4,7,10,12,16,18-
docosahexaenoic acid (1aa), and its three C14,C20 stereoisomers (lab,ba,bb) were synthesized in a convergent fashion. The
carbon backbone of the target compounds was assembled from seven simple fragments by employing two Sonogashira coupling
and three Sy2 alkynylation reactions. The thus constructed four internal alkynes were chemoselectively reduced to the
corresponding (Z)-alkenes by applying a newly developed stepwise protocol: (i) hydrogenation of the three alkynes using Lindlar
catalyst and (ii) formation of the dicobalt hexacarbonyl complex from the remaining alkyne and subsequent reductive
decomplexation. The synthetic preparation of the stereochemically defined four isomers laa,ab,ba,bb permitted determination of
the absolute structure of the isolated natural product to be laa. Biological testing of the four synthetic 14,20-
dihydroxydocosahexaenoic acids disclosed similar anti-inflammatory activities of the non-natural isomers (lab,ba,bb) and the

natural form (laa).

B INTRODUCTION

Endogenous lipid mediators control acute or innate inflamma-
tory response toward microorganisms or tissue injury and play
an important role in the active resolution phase of inflammation
for protecting organs from collateral damage.' Metabolites of
omega-3 polyunsaturated fatty acids (e.g., docosahexaenoic acid
(DHA)) have attracted significant attention as lipid mediators,
as they exhibit in vivo anti-inflammatory activities (Figure 1).>’
Maresin 1 is a representative lipid mediator, and its intriguing
structural features, such as a (E,E,Z)-triene and two allylic
hydroxy groups, are biosynthetically constructed from DHA.
The structure determination of these biologically important
lipid mediators has been highly challenging. Whereas UV
spectroscopic and LC-MS/MS analyses are effective in
deducing planar structures of lipid mediators, stereochemical
assignments of the double bonds and hydroxy groups by
detailed NMR analyses have been hampered due to the scarce
availability of lipid mediators from natural sources. Accordingly,
practical preparation of all the stereoisomers by stereoselective
total synthesis is necessary in order to establish the absolute

structure of the lipid mediators.™®

-4 ACS Publications  © 2015 American Chemical Society
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Figure 1. Structures of DHA and anti-inflammatory active lipid

mediators and the possible biosynthetic pathway of maresin 1 and 1
from DHA.

Recently, we identified a novel anti-inflammatory metabolite
of DHA (1; Figure 1), produced by eosinophils during the
resolution phase of a mouse acute inflammation model.”
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Biological tests revealed that nanomolar concentrations of 1
inhibited infiltration of polymorphonuclear (PMN) leukocytes
in a zymosan-induced mouse peritonitis model. The planar
structure of 1 was tentatively assigned as
(42,77,10Z,12E,16Z,18E)-14,20-dihydroxy-4,7,10,12,16,18-do-
cosahexaenoic acid from UV and LS-MS/MS analysis of the
minute amount of sample available. E regiochemistries at C12
and C18 were also suggested from the biogenetic oxidation
pathway of 1. Additionally, the C14 configuration of 1 was
speculated to be S, because biosynthetic production of both 1
and maresin 1 was shown to involve 12/15-lipoxygenase
(LOX)-promoted oxidation of DHA to 14S-hydroperoxydoco-
sahexaenoic acid.*’

We set about unambiguously establishing the absolute
structure of naturally occurring 1 by synthesizing the four
possible stereoisomers at the C14- and C20-hydroxy groups.
Here we report the detailed stereoselective total synthesis of
the four stereoisomers of 1, (14S,20R)-, (14S5,20S)-,
(14R20R)-, and (14R,20S)-14,20-dihydroxydocosahexaenoic
acids (1aa,ab,babb; Scheme 1). HPLC analysis of the natural

Scheme 1. Synthetic Plan of the Four Stereoisomers of 1
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and synthetic compounds established the absolute structure of
natural 1 to be laa with the 14S,20R configuration.
Furthermore, a structure—activity relationship (SAR) study of
the four isomers disclosed similar anti-inflammatory activities of
the synthesized natural (laa) and non-natural compounds

(1ab,ba,bb).
B RESULTS AND DISCUSSION

To establish a unified synthetic route to the four stereoisomers
of 14,20-dihydroxydocosahexaenoic acid (laa,ab,babb), we
designed a convergent strategy using two chiral fragments (Sa/
Sb, 6a/6b), three achiral fragments (9—11), and iodoform
(Scheme 1). 14,20-Dihydroxydocosahexaenoic acid (1) was
first retrosynthetically converted to tetrayne 2, which possesses
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the four internal alkynes as surrogates of the requisite (Z)-
alkenes of 1. Compound 2 was dissected into the halves 3 and
4. In the synthetic direction, Sonogashira coupling between
C12—C22 vinyl iodide 3 and the copper alkynide of triyne 4
was envisioned to furnish the carboskeleton of 2. C12—C22
vinyl iodide 3 could be synthesized by Sy2 alkynylation of the
lithium alkynide of 5 and TES-protected glycidol 6 and
subsequent vinyl iodide formation with iodoform. The four
stereoisomers 3aa,ab,ba,bb of 3 could be synthesized in
enantiopure form by combining the enantiomeric pairs 5a/5b
and 6a/6b. Chiral Sa/Sb was to be prepared through two-
carbon elongation by Sonogashira coupling between 7 and 8
and subsequent asymmetric reduction of the C20-ketone. On
the other hand, achiral triyne 4 could be synthesized from 9 by
sequential Sy2 alkynylation of the copper acetylides generated
from 10 and 11.

The synthesis began with preparation of enantiomers Sa,b
from 7 (Scheme 2). Compound 7 was obtained as an
inseparable mixture with 7' (7:7’ = 3.5:1) by AICl;-promoted
acylation of 12 with propionyl chloride.® The mixture was
subjected to Sonogashira coupling using TMS-acetylene 8, Cul,
and Pd(PPh,), to produce the C16—C22 carbon chain 13.°
The chiral complex of BH;-SMe, and (S)-2-butyl-CBS-
oxazaborolidine 14a in turn induced the asymmetric reduction

Scheme 2. Synthesis of C16—C22 Fragments Sa,b through
Asymmetric Reduction and Determination of the Absolute
Stereochemistry of the C20 Position®

Cl
lo) X .z
Br\/\TMS . 18 22
AICl3
12 CH,Cl, 7:X=Br
7:7'=35:1 7:X=Cl
16 17
TMS—— 8
Cul, EtsN, Pd(PPh3),, THF
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16\\ _
BT 2
(0]

13 (67%, 2 steps)

Ph
P BH3-SM
14 3 SMe; 14
a Bu toluene, -78 ° b

1e\ / 16 =
18 20R 22 2082 22
OR! OR’
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17a": R = (R)-MTPA (79%) CH,Cl,

“The values on the lowermost structure are the differences (AS) in 'H
chemical shifts between 17a and 17a’ (AS = §(17a) — §(17a’)) in
CDCL,
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of the C20-ketone of 13 to produce the optically active 15a in
96% ee.'”"! Protection of the C20-hydroxy group of 15a as its
TBS ether, followed by removal of the C16-TMS group under
basic conditions, afforded the requisite C16—C22 fragment
(20R)-Sa. Alternative use of (R)-2-butyl-CBS-oxazaborolidine
14b in the reduction of 13 led to 15b (96% ee), which was
converted to the C16—C22 fragment (20S)-5b using the above
two-step protocol. The C20 absolute configurations of Sa,b
were established by application of the modified Mosher method
to 15a." Namely, 15a was transformed to (S)-MTPA ester 17a
and (R)-MTPA ester 17a’. The difference in the 'H NMR
chemical shifts between 17a and 17a’ confirmed the 20R-
configuration of 15a.

Parts A and B of Scheme 3 show the synthesis of the four
C12—C22 fragments 3aa,ab,ba,bb. The lithium alkynides,
which were prepared from (20R)-Sa and (20S)-Sb using n-
BuLi, reacted with TES-protected glycidol (14S)-6a'” in the
presence of BF;-OEt,, resulting in formation of (14S,20R)-18aa
and (145,205)-18ab, respectively.'* The obtained 18aa,ab were
transformed to aldehydes 20aa,ab, respectively, by the
following three steps: (i) TBS protection of the C14-hydroxy
group, (ii) chemoselective removal of the TES group, and (iii)
Dess—Martin oxidation'> of the resulting C13-primary alcohol.
Next, treatment of aldehydes 20aa,ab with CHI, and CrCl,'® in
THF and 1,4-dioxane'” resulted in formation of the (E)-vinyl
iodide of C12—C22 fragments (145,20R)-3aa and (14S,20S)-
3ab, respectively.'® The stereoisomers (14R,20R)-3ba and
(14R,20S)-3bb were synthesized by following the same five-
step transformation from TES-protected glycidol (14R)-6b.

C1—Cl11 fragment 4 was synthesized from the known 9"
and 10”° through two Cu-mediated Sy2 alkynylations (Scheme
4). The copper alkynide was formed from C1—CS alkyne 10 by
the action of Cul and Cs,CO;*' and attached on C6 of
propargyl tosylate 9 to produce C1—C9 diyne 21. The C9-
hydroxy group of 21 was then converted to the corresponding
bromide by treatment with CBr, and (PPh,CH,),.”* The
second Sy2 alkynylation between 22 and ethynylcopper,
derived from ethynylmagnesium bromide 11’ and CuCl,
furnished C1—C11 triyne 4.

Next, the entire carbon backbone of 1 was assembled by
Sonogashira coupling between the four stereoisomeric C12—
C22 fragments and the C1—Cl1 fragment (Scheme S$).
Compounds 3aa,ab,ba,bb were separately subjected to Cl1—
Cl11 fragment 4 (1.2—1.5 equiv) and Cul in the presence of
catalytic Pd(PPh;),, delivering tetraynes 2aa,ba,ab,bb, respec-
tively. Hence, a series of C—C bond formations using metal
alkynides successfully transformed the simple fragments into
the functionalized carbon structure of 1 bearing the four triple
bonds.

The most challenging task in the synthesis of 1 was reduction
of the four alkynes to the corresponding Z-alkenes, because the
chemoselective reductions should be realized without over-
reduction of the C12—C13 and C18—C19 (E)-alkenes and the
generating (Z)-alkenes (Scheme 6). To achieve the requisite
conversion, reagents and conditions were tuned using 2aa as
the substrate. Lindlar reduction™ of 2aa in the presence of
quinoline in hexane at room temperature resulted in generation
of a mixture of desired hexaene 23aa (30% yield) and over-
reduced products.”* Contamination of 23aa with the over-
reduced byproducts at this stage was found to be problematic.
Purification of the final product laa was not possible using
various chromatographic methods when the contaminated 23aa
was subjected to the last three steps.”® Thus, further efforts to
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Scheme 3. Synthesis of Four C12—C22 Fragments
3aa,ab,ba,bb

A. Synthesis of (14S,20R)-3aa and (14S,20S)-3ab
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produce pure 23aa were pursued. Optimization of the amount
of Lindlar catalyst (300 wt %), quinoline (12 equiv), reaction
time (100 min), and temperature (0 °C) allowed selective
reduction of three (C4—CS, C7—C8, and C10—C11) of the
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Scheme 4. Synthesis of C1—C11 Triyne 4
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four alkynes to generate pure 24aa. Consequently, the C16—
C17 alkyne, sterically protected by the neighboring bulky C14-
TBS ether, was more resistant to hydrogenation than the other
three triple bonds. Indeed, reduction of the remaining C16—
C17 alkyne of 24aa with Lindlar catalyst under more forceful
conditions only produced a mixture of 23aa and over-reduced
products, while the alternative use of Cu/Ag-activated Zn in
MeOH™ with 24aa did not induce the requisite reduction.

A more powerful yet chemoselective method was required to
obtain pure 23aa from 24aa. Numerous unsuccessful attempts
to hydrogenate 24aa led us to note the mechanlstlcallg distinct
reductive protocol reported by Isobe and co-workers.””** They
demonstrated that treatment of alkyne dicobalt hexacarbonyl
complexes with n-Bu;SnH at elevated temperature afforded the
corresponding (Z)-alkenes. This protocol was indeed applicable
to transformation of 24aa to 23aa (Table 1). The alkyne

Table 1. Synthesis of Hexaene 23aa by Isobe Reduction”

COz(CO)& CH20|2

see table

v toluene (10 mM), 0 °C

TBS /

(OC);;CO;CO(CO)g
25aa (93%)

OTBS

OTBS
23aa
entry reductant additive temp, °C  yield, %
1 n-Bu;SnH none 65 41°
2 n-BusSnH N-methylmorpholine oxide 0 86
3 Ph;SnH N-methylmorpholine oxide 0 94
4 (TMS),SiH N-methylmorpholine oxide 0 18°
57 NaH,PO,-H,0 N-methylmorpholine oxide 0 48

“Conditions: 25aa (1 equiv), reductant (15 equiv), additive (10
equiv), toluene (10 mM), 0 °C. Yield was calculated by 'H NMR
analysis of a mixture of 23aa, 24aa, and over-reduced compounds.
“Yield was calculated by '"H NMR analysis of a mixture of 23aa, 24aa,
and hydrosilylated products. “Methoxyethanol was used as a solvent.

dicobalt hexacarbonyl complex 25aa was first prepared by
treatment of 24aa with Co,(CO)g and then was submitted to
the orlgmal conditions (n-BuySnH (10 equiv), 65 °C, toluene,
entry 1), leading to hexaene 23aa in 41% yield. Despite
generation of 23aa, the reaction suffered from decomposition
and over-reduction. Thus, milder reaction conditions needed to
be realized by accelerating the reductive decomplexation step.

N-Methylmorpholine oxide is known to increase the rate of
the Pauson—Khand reaction of an alkyne dicobalt hexacarbonyl
complex.”” It is widely accepted that reaction between an amine
oxide and cobalt-coordinating carbon monoxide generates a
coordinately unsaturated cobalt species, which triggers the
Pauson—Khand reaction at low temperature.”® Accordingly, we
speculated that N-methylmorpholine oxide would strongly
promote the reductive decomplexation of 2S5aa through
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decarbonylation of the complex.”’ When N-methylmorpholine
oxide (10 equiv) was added to the reaction mixture (Table 1,
entry 2), the reaction of 25aa proceeded at 0 °C to afford pure
23aa in 86% yield. Importantly, no decomposition of 23aa/
24aa or over-reduction was observed under these conditions.
Screening of the reductants clarified that n-Bu;SnH and
Ph,SnH (entries 2 and 3) were superior to (TMS);SiH and
NaH,PO,-H,0** (entries 4 and 5). Because residual Ph,SnH
could not be separated from 23aa, entry 2 was chosen as the
optimized conditions for synthesis of pure hexaene 23aa.
Thus, a combination of the Lindlar reduction and modified
Isobe reaction successfully converted tetrayne 2aa to pure
hexaene 23aa by the intermediacy of monoyne 24aa. It is
noteworthy that direct application of tetrayne 2aa to the Co-
complexation/decomplexation protocol was much less effective
(Scheme 7). Although complex 26aa was smoothly formed

Scheme 7. Attempted Isobe Reduction of 2aa

Ly

| COz(CO)B
g CH,Cl,, 0 °C
OTBS OTBS
2aa
—X X— o)
N KA X n-BuzSnH

O  N-methylmorpholine oxide

toluene , 0 °C

TBSO OTBS

/
X—X
26aa: X = Co(CO); (94%)

Ly

OTBS

OTBS
23aa (20%, NMR yield)

from 2aa and Co,(CO)g, reductive decomplexation of 26aa
using n-BusSnH and N-methylmorpholine oxide produced
23aa in only poor yield along with the over-reduced products.
The observed byproducts were attributable to reduction of the
less sterically shielded olefins by in situ generated cobalt
hydride species.”’

As with 2aa, the optimized Lindlar and Isobe reductions were
applied to stereoisomer tetrayne 2ab (Scheme 8). Hydro-
genation of tetrayne 2ab produced monoyne 24ab, which was
then converted to the alkyne dicobalt hexacarbonyl complex
and treated with #-Bu;SnH and N-methylmorpholine oxide to
provide 23ab. Total synthesis of 1aa/lab was completed from
the obtained hexaene 23aa/23ab in three steps.” Specifically,
the cyclic acetal of hexaene 23aa and 23ab was selectively
removed in the presence of acid-sensitive TBS ethers under
Kita—Fujioka conditions (TMSOTf and 2,6-lutidine; aqueous
workup), leading to 27aa,ab, respectively.’* After oxidation of
aldehydes 27aa,ab to the carboxylic acids 28aa,ab with NaClO,,
removal of the two TBS groups with TBAF delivered
(14S,20R)-1aa and (14S,20S)-1ab, respectively. The 'H—'H
coupling constants confirmed no geometric isomerization from
the (E,Z)-diene to the more stable (E,E)-diene under this series
of reaction conditions. As shown in Scheme 9, two other
stereoisomers of 1aa, (14R,20R)-1ba and (14R,20S)-1bb, were
also synthesized by application of the same 6-step sequence to
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Scheme 8. Total Synthesis of (145,20R)-1aa and (14S,20S)-

lab
03 0/>
— A = A
OTBS OTBS oTBS OTBS
2aa 2ab
H,, quinoline, Lindlar cat.
hexane, 0 °C
03 0/>
| ~ © | ©
— A — A
OTBS OTBS oTBS OTBS
24aa (55%) 24ab (100%)
\ COQ(CO)&, CHQC|2 \

Lo

OTBS

TBSQ oTBS TBSQ
(OC)3Coé—Co(CO)3 (OC)3COLCO(CO)3
25aa (93%) 25ab (99%)
n-BuzSnH, toluene, 0 °C
N-methylmorpholine oxide
— — =X — — =X
| = X | = — X
oTBS OTBS oTBS oTBS
23aa: X = OCH,CH,0 TMSOTf 23ab: X = OCH,CH,0
(87%) J lutidine E (86%)
27aa: X=0 CH,Cly; H,O 27ab: X =0
NaClO,, NaH,POy, t-BuOH/H,0
2-methyl-2-butene
J=11.0Hz fo) J=11.0Hz o)

H -20S
H< ORH H OR
J=15.6 Hz \/ J=15.1Hz
J=11.0 Hz

28ab: R = TBS
)«j TBAF, THE [ 5o R - (32%, 3 steps)

J=11.0Hz

28aa: R=TBS
1aa: R = H (50%, 3 steps

2ba and 2bb. Hence, the total synthesis of all the stereoisomers
of (4Z,77,10Z,12E,16Z,18E)-14,20-dihydroxy-4,7,10,12,16,18-
docosahexaenoic acid was accomplished. HPLC analysis of
DHA-derived natural 1 and the synthetic laa,ab,ba,bb
established the absolute structure of natural 1 to be
(14S,20R)-1aa.”**

We evaluated the anti-inflammatory activity of synthetic
(14S,20R)-1aa, (145,20S)-1ab, (14R,20R)-1ba, and (14R20S)-
1bb using an in vivo inflammation model (Figure 2).%¢
Zymosan A, a glucan from the yeast cell wall, was used to
induce acute peritonitis in mice. Intravenous administration of
the four compounds at a concentration as low as 1 ng
significantly blocked the infiltration of PMN leucocytes at 2 h
in the inflamed peritoneal cavity. Importantly, all of the artificial
isomers lab,ba,bb displayed the same level of anti-inflamma-
tory activity as the natural form (laa), indicating the
inconsequential nature of the stereochemistries of the two
hydroxy groups of (4Z,7Z,10Z,12E,16Z,18E)-14,20-dihydroxy-
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Scheme 9. Total Synthesis of (14R,20R)-1ba and (14R,20S)-

1bb
(o}
b

OTBS OTBS OTBS
2ba 2bb
H,, quinoline, Lindlar cat.
hexane, 0 °C

Ly

OTBS
24ba (55%)

OTBS

oTBS
24bb (75%)

TBSQ I/
(OC)3Co—Co(CO)3
25ba (92%) 25bb (95%)
n-BuzSnH, toluene, 0 °C
N-methylmorpholine oxide
= — =X — — =X
I = X | = BN
oTBS oTBS oTBS oTBS
23ba: X = OCH,CH,0 TMSOTf 23bb: X = OCH,CH,0
(86%) j lutidine E (83%)
27ba: X =0 CH,Cly; Ho0 L>-27bb: X = O
NaClO,, NaH,POy,, t-BuOH/H,0
2-methyl-2-butene
J=11.0 Hz o) J=11.0 Hz o

ORH H

J=15.6 Hz N
J=11.0Hz

28ba: R =TBS

1ba: R = H (24%, 3 steps

=15.1 Hz

J=11.0Hz

28bb: R = TBS
1bb: R = H (36%, 3 steps)

)j TBAF, THF

4,7,10,12,16,18-docosahexaenoic acid for potent anti-inflamma-
tory activity.

Bl CONCLUSION

We established a unified route to the four stereoisomers of the
new lipid mediator 1, (145,20R)-laa, (14S,20S)-1ab,
(14R20R)-1ba, and (14R20S)-1bb, from the six simple
fragments 6—11 and iodoform in 16 longest linear steps and
19 overall steps. These total syntheses allowed the absolute
structure of the naturally occurring 1 to be determined as 1aa,
and the anti-inflammatory activities of all four stereoisomers
were shown to be equipotent for the first time. The key features
of the synthesis route include (i) enantioselective reduction of
the C20-ketone with chiral 2-butyl-CBS-oxazaborolidines for
the synthesis of C16—C22 fragments Sa,b, (ii) construction of
the carbon backbone of 1 by employing two Sonogashira
couplings and three S\2 alkynylations, and (iii) chemoselective
formation of the four (Z)-alkenes by stepwise reduction using
Lindlar reduction of the three alkynes (C4—CS5, C7—C8, and
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PMN % inhibition

1ab

1aa 1ba 1bb

Figure 2. Bioassay of synthetic laa,ab,babb. The compounds (1 ng)
were injected intravenously through the tail vein, followed by
peritoneal injection of zymosan A (1 mg/mL). After 2 h, peritoneal
lavages were collected and the number of PMN leucocytes was
counted. Values represent mean + SE, n > 3 (*P < 0.0, **P < 0.01),
versus vehicle control.

C10—C11) and modified Isobe reduction of the remaining
C16—C17 alkyne. Construction of the (Z)-alkene from the
sterically shielded alkyne by combining Co-complexation and
reductive decomplexation should have wider application for the
chemoselective preparation of various (Z)-alkenes beyond this
target. Further studies toward functional analysis of 1aa and the
non-natural isomers are currently underway in our laboratory.

B EXPERIMENTAL SECTION

General Methods. All reactions sensitive to air or moisture were
carried out under an argon atmosphere in dry solvents, unless
otherwise noted. THF, CH,Cl,, and toluene were purified by a Glass
Contour solvent dispensing system. Et;N and piperidine were purified
by distillation over CaH,. BF;-OEt, was purified by distillation over
P,O;. All other reagents were used as supplied. Analytical thin-layer
chromatography (TLC) was performed using precoated TLC glass
plates (silica gel 60 F254, 0.25 mm). Flash chromatography was
performed using silica gel (spherical, neutral, 40—50 um; granular,
neutral, 32—53 pm; spherical, carboxylic acid supported (Chromator-
ex-ACD COOH), 45—75 um). Medium-pressure liquid chromatog-
raphy was carried out by using a system equipped with prepacked silica
gel 40 ym (45 g (26 X 150 mm) or 120 g (46 X 130 mm)). Optical
rotations were measured using the sodium D line. Infrared (IR)
spectra were recorded as a thin film on a NaCl disk using an FT/IR
spectrometer. 'H and '*C NMR spectra were recorded on 400 or 500
MHz and 100 or 150 MHz spectrometers, respectively. Chemical shifts
were reported in ppm on the § scale relative to residual CHCl, for 'H
NMR (8 7.26), CDCL, for 3C NMR (8 77.0), C¢HD; for 'H NMR (6
7.16), C¢Dg for 3C NMR (8 128.06), CD,HOD for 'H NMR (5
3.31), and CD,OD for *C NMR (6 49.0) as internal references. Signal
patterns are indicated as follows: s, singlet; d, doublet; t, triplet; g,
quartet; m, multiplet; br, broad peak. High-resolution mass spectra
were measured on ESI-TOF and DART-TOF mass spectrometers.

(E)-7-(Trimethylsilyl)hept-4-en-6-yn-3-one (13). A solution of
propionyl chloride (1.86 g, 20.1 mmol) in CH,Cl, (30 mL) and a
solution of 12 (3.00 g 16.8 mmol) in CH,Cl, (30 mL) were
successively added to a solution of AICl; (2.69 g, 20.2 mmol) in
CH,Cl, (30 mL) at 0 °C. The reaction mixture was stirred at 0 °C for
30 min and at room temperature for 1 h, and then saturated aqueous
NH,CI (70 mL) was added. The resultant mixture was extracted with
CH,Cl, (50 mL X 3), and the combined organic layers were dried
over Na,SO,, filtered, and concentrated. The residue was purified by
medium-pressure liquid chromatography on silica gel (45 g, pentane to
pentane/Et,0 16/ 1) to afford a 3.5/1 mixture of bromide 7 and
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chloride 7’ along with pentane and Et,O (3.05 g), which was used in
the next reaction without further purification due to the volatility of 7.
Pd(PPh,), (528 mg, 0.457 mmol), Cul (174 mg, 0.916 mmol),
Et;N (5.3 mL, 38 mmol), and (trimethylsilyl)acetylene 8 (4.3 mL, 30
mmol) were successively added to a solution of the above 3.5/1
mixture of 7 and 7’ at room temperature. The reaction mixture was
stirred at room temperature for 2.5 h. After the reaction mixture was
cooled to 0 °C, saturated aqueous NH,Cl (50 mL) was added. The
resultant mixture was extracted with Et,0 (50 mL X 3), and the
combined organic layers were washed with brine, dried over Na,SO,,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (120 g, pentane to pentane/Et,0 16/1)
to afford 13 (2.74 g, 11.2 mmol, a §/1.5/1 mixture of ketone 13, Et,0,
and pentane). The yield of 13 was determined to be 67% over two
steps by the "H NMR analysis of the mixture. For characterization of
13, the residual solvents of the above mixture were completely
removed: colorless oil; "H NMR (400 MHz, CDCl;) 6 6.64 (d, J =
16.0 Hz, 1H), 6.53 (d, J = 16.0 Hz, 1H), 2.56 (q, ] = 7.3 Hz, 2H), 1.10
(t, J = 7.3 Hz, 3H), 0.21 (s, 9H); *C NMR (100 MHz, CDCl,) §
199.4, 137.7, 122.4, 105.5, 1019, 34.3, 7.8, —0.5 (x3); IR (neat) v
2962, 2940, 2902, 1692, 1677, 1596, 1252, 1081, 1020 cm™"; HRMS
(ESI) calcd for C,oH;c0SiNa 203.0863 [M + Na]*, found 203.0864.
(R,E)-7-(Trimethylsilyl)hept-4-en-6-yn-3-ol (15a). BH;-Me,S
(1.5 mL, 16 mmol) was added to a solution of (S)-2-butyl-CBS-
oxazaborolidine 14a (1.0 M solution in toluene, 14 mL, 14 mmol) in
toluene (46 mL) at room temperature. The mixture was stirred at
room temperature for 30 min. After the mixture was cooled to —78 °C,
a solution of 13 (2.42 g, 7.41 mmol, a 27/53/1 mixture of 13, pentane
and Et,0) in toluene (23 mL) was added over 35 min. The reaction
mixture was stirred at =78 °C for 1 h, and then 0.4 M aqueous HCI
(60 mL) was added. The mixture was filtered through a pad of Celite
with Et,0, and the filtrate was extracted with Et,O (100 and 50 mL).
The combined organic layers were washed with saturated aqueous
NaHCO, (50 mL), H,O (50 mL), and brine (50 mL), dried over
Na,SO,, filtered, and concentrated. The residue was purified by
medium-pressure liquid chromatography on silica gel (120 g, hexane
to hexane/EtOAc 5/1) to afford 15a (868 mg, 4.77 mmol) in 64%
yield. The enantiopurity of 15a was determined to be 96% ee by the
"H NMR analysis of the corresponding MTPA ester: colorless oil;
[a]p2® —4.2 (c 1.1, CHCL,); "H NMR (400 MHz, CDCL,) & 6.20 (dd,
] = 16.0, 6.0 Hz, 1H), 5.73 (dd, ] = 16.0, 1.4 Hz, 1H), 4.09 (m, 1H),
1.57 (qd, J = 7.3, 6.0 Hz, 2H), 1.46 (d, ] = 4.6 Hz, 1H), 0.94 (t, ] = 7.3
Hz, 3H), 0.19 (s, 9H); '*C NMR (100 MHz, CDCL,) § 146.5, 110.0,
103.1, 95.1, 73.5, 29.8, 9.5, —0.12 (x3); IR (neat) v 3357, 2962, 2935,
2877, 2155, 2130, 1457, 1250 cm™'; HRMS (DART) calcd for
CyoH,,08i 183.1200 [M + H]", found 183.1208.
(S,E)-7-(Trimethylsilyl)hept-4-en-6-yn-3-ol (15b). According to
the synthetic procedure of 15a, 15b (965 mg, 530 mmol) was
synthesized from 13 (2.82 g, 8.65 mmol, a 27/53/1 mixture of 13,
pentane, and Et,0) in 65% vyield by using (R)-2-butyl-CBS-
oxazaborolidine 14b (1.0 M solution in toluene, 16.3 mL, 16.3
mmol) and BH;Me,S (1.8 mL, 18 mmol) in toluene (83 mL).
Purification was performed twice by medium-pressure liquid
chromatography on silica gel (120 g, hexane to hexane/EtOAc 6/1;
45 g, hexane to hexane/EtOAc 6/ 1). The enantiopurity of 15b was
determined to be 96% ee by the 'H NMR analysis of the
corresponding MTPA ester: colorless oil; [a]p* +4.3 (c 0.84,
CHCL,). Anal. Caled for C,gH,OSi: C, 65.87; H, 9.95. Found: C,
66.04; H, 9.71. The other analytical data of 15b were identical with
those of 15a.
C16—C22 Fragment 5a. TBSCI (1.43 g, 9.49 mmol) was added to
a solution of alcohol 15a (864 mg, 4.75 mmol) and imidazole (1.29 g,
20.0 mmol) in DMF (47 mL) at 0 °C. The reaction mixture was
warmed to room temperature and stirred for 6 h, and then H,O (100
mL) was added. The resultant solution was extracted with Et,0 (60
and 40 mL), and the combined organic layers were washed with H,0
(50 mL) and brine (50 mL), dried over Na,SO,, filtered, and
concentrated to afford the crude TBS ether 16a, which was used in the
next reaction without further purification.
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K,CO; (980 mg, 7.10 mmol) was added to a solution of the above
crude TBS ether 16a in MeOH (45 mL) at room temperature. The
reaction mixture was stirred at room temperature for 1.5 h. After the
reaction mixture was cooled to 0 °C, Et,O (50 mL) and saturated
aqueous NH,Cl (60 mL) were successively added. The resultant
mixture was extracted with Et,0O (100 and 50 mL), and the combined
organic layers were washed with H,O (50 mL) and brine (50 mL),
dried over Na,SO,, filtered, and concentrated. The residue was
purified three times by flash column chromatography on silica gel (40
g, hexane to hexane/EtOAc 25/1; 30 g, hexane/EtOAc 100/1 to 50/1;
30 g, hexane to hexane/EtOAc 100/ 1) to afford C16—C22 fragment
5a (718 mg, 3.21 mmol) in 68% over two steps: colorless oil; [a]p**
+19 (c 0.16, CHCL;); '"H NMR (400 MHz, CDCl;) § 6.23 (dd, J =
16.0, 6.0 Hz, 1H), 5.65 (ddd, ] = 16.0, 2.3, 1.8 Hz, 1H), 4.12 (dtd, J =
6.0, 6.0, 1.8 Hz, 1H), 2.86 (d, J = 2.3 Hz, 1H), 1.52 (m, 2H), 0.90 (s,
9H), 0.88 (t, ] = 7.3 Hz, 3H), 0.05 (s, 3H), 0.04 (s, 3H); *C NMR
(100 MHz, CDCL,) & 148.3, 107.6, 82.2, 77.2, 73.3, 30.5, 25.8 (X3),
182, 9.2, —4.6, —4.9; IR (neat) v 3427, 2956, 2930, 2858, 2221, 1471,
1463, 1362, 1255 cm ™. Anal. Caled for C,3H,,0Si: C, 69.58; H, 10.78.
Found: C, 69.42; H, 10.48.

C16—C22 Fragment 5b. According to the synthetic procedure of
Sa, Sb (1.73 g, 7.72 mmol) was synthesized from 15b (1.71 g, 9.40
mmol) in 82% yield over two steps by using TBSCI (2.84 g, 18.8
mmol) and imidazole (2.5 g, 37.5 mmol) in DMF (100 mL) for the
first step and K,CO; (1.94 g, 14.1 mmol) in MeOH (100 mL) for the
second. Purification was performed twice by medium-pressure liquid
chromatography on silica gel (120 g, hexane to hexane/EtOAc 30/1 to
20/1; 45 g, hexane to hexane/EtOAc 30/1 to 20/ 1): colorless oil;
[a]p** —18 (c 1.3, CHCI,). Anal. Calcd for C3H,,0Si: C, 69.58; H,
10.78. Found: C, 69.39; H, 10.48. The other analytical data of Sb were
identical with those of Sa.

(S)-MTPA Ester 17a. (R)-MTPACI (12 uL, 64 umol) was added
to a solution of 15a (3.0 mg, 16 umol), Et;N (16 uL, 0.12 mmol), and
DMAP (10 mg, 82 pmol) in CH,Cl, (1.0 mL) at room temperature.
The reaction mixture was stirred at room temperature for 20 min, and
then H,0O (5 mL) was added. The resultant mixture was extracted with
EtOAc (S mL X 3), and the combined organic layers were washed
with H,O (10 mL) and brine (10 mL), dried over Na,SO,, filtered,
and concentrated. The residue was purified by flash column
chromatography on silica gel (1 g, hexane/EtOAc 20/1) to afford
(S)-MTPA ester 17a (4.9 mg, 13 umol) in 81% yield: colorless oil; "H
NMR (CDCl;) § 7.51-7.48 (m, 2H), 7.42—7.36 (m, 3H), 6.02 (dd, J
= 16.0, 7.3 Hz, 1H), 5.70 (d, ] = 16.0 Hz, 1H), 5.40 (dt, ] = 7.3, 6.4
Hz, 1H), 3.55 (s, 3H), 1.80—1.67 (m, 2H), 0.94 (t, J = 7.3 Hz, 3H),
0.19 (s, 9H).

(R)-MTPA Ester 17a’. According to the synthetic procedure of
17a, (R)-MTPA ester 17a’ (4.1 mg, 11 ymol) was synthesized from
15a (2.6 mg, 14 ymol) in 79% yield by using (S)-MTPACI (5.5 uL, 29
umol), Et;N (10 L, 0.12 mmol), and DMAP (4.4 mg, 36 ymol) in
CH,Cl, (0.7 mL). The residue was purified by flash column
chromatography on silica gel (1 g, hexane/EtOAc 20/ 1): colorless
oil; 'H NMR (CDCL,) 6 7.51—7.48 (m, 2H), 7.42—7.38 (m, 3H), 6.10
(dd, J = 16.0, 6.8 Hz, 1H), 5.79 (d, ] = 16.0 Hz, 1H), 5.42 (td, ] = 6.8,
6.8 Hz, 1H), 3.54 (s, 3H), 1.75—1.55 (m, 2H), 0.83 (t, ] = 7.3 Hz,
3H), 0.19 (9H, s).

Alcohol 18aa. n-BuLi (1.6 M in hexane, 2.0 mL, 3.2 mmol) was
added to a solution of C16—C22 fragment Sa (714 mg, 3.19 mmol) in
THF (25 mL) at —78 °C over 10 min. The mixture was stirred at —78
°C for 10 min, warmed to 0 °C, and stirred for 30 min. After the
mixture was cooled to —78 °C, BF;-OEt, (0.36 mL, 2.9 mmol) and a
solution of glycidol derivative 6a (503 mg, 2.68 mmol) in THF (6.0
mL) were successively added. The reaction mixture was stirred at —78
°C for 1 h and warmed to —40 °C over 3 h, and then saturated
aqueous NH,Cl (30 mL) was added. The resultant mixture was
extracted with Et,0 (30 mL X 3), and the combined organic layers
were washed with H,O (30 mL) and brine (30 mL), dried over
Na,SO,, filtered, and concentrated. The residue was purified twice by
medium-pressure liquid chromatography on silica gel (4S g, hexane to
hexane/EtOAc 9/1) and flash column chromatography on silica gel
(30 g, hexane to hexane/EtOAc 9/1) to afford alcohol 18aa (707 mg,
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1.71 mmol) in 64% yield: colorless oil; [a]p*® +31 (¢ 1.3, CHCL,); '"H
NMR (400 MHz, CDCl,) § 6.04 (dd, ] = 16.0, 6.0 Hz, 1H), 5.61 (dtd,
J=16.0, 1.8, 1.8 Hz, 1H), 4.08 (dtd, ] = 6.0, 6.0, 1.8 Hz, 1H), 3.81 (m,
1H), 3.72 (dd, J = 10.0, 4.1 Hz, 1H), 3.62 (dd, ] = 10.0, 5.9 Hz, 1H),
2.60—2.50 (m, 2H), 1.50 (qd, J = 7.8, 6.0 Hz, 2H), 0.97 (t, ] = 8.2 Hz,
9H), 0.90 (s, 9H), 0.86 (t, ] = 7.8 Hz, 3H), 0.63 (q, ] = 8.2 H, 6H),
0.05 (s, 3H), 0.03 (s, 3H); *C NMR (100 MHz, CDCl;) & 145.6,
108.7, 85.8, 80.8, 73.6, 70.4, 65.4, 30.7, 25.8 (X3), 24.1, 18.2, 9.3, 6.7
(x3), 4.3 (x3), —4.6, —4.9; IR (neat) v 3566, 2956, 2926, 2852, 1956,
1478, 1255 cm™'; HRMS (ESI) calcd for C,,H,,0;8i,Na 4352721 [M
+ Na]*, found 435.2726.

Alcohol 18ab. According to the synthetic procedure of 18aa, 18ab
(791 mg, 1.92 mmol) was synthesized from C16—C22 fragment 5b
(833 mg, 3.72 mmol) and glycidol derivative 6a (596 mg, 3.17 mmol)
in 61% yield by using n-BuLi (1.6 M in hexane, 2.5 mL, 4.0 mmol) and
BF;-OFt, (0.41 mL, 3.3 mmol) in THF (31 mL). Purification was
performed by medium-pressure liquid chromatography on silica gel
(45 g, hexane to hexane/EtOAc 9/1): colorless oil; [a]p™ —5.9 (c
0.98, CHCL,); HRMS (ESI) caled for Cy,H,,05Si,Na 4352721 [M +
Na]*, found 435.2716. The other analytical data of 18ab were identical
with those of 18ba.

Alcohol 18ba. According to the synthetic procedure of 18aa, 18ba
(760 mg, 1.84 mmol) was synthesized from C16—C22 fragment Sa
(610 mg, 2.72 mmol) and glycidol derivative 6b (436 mg, 2.32 mmol)
in 79% yield by using n-BuLi (1.6 M in hexane, 1.8 mL, 2.9 mmol) and
BF;-OFt, (0.30 mL, 2.4 mmol) in THF (26 mL). Purification was
performed by flash column chromatography on silica gel (40 g, hexane
to hexane/EtOAc 9/1): colorless oil; [a]p*® +6.2 (¢ 1.2, CHCL); 'H
NMR (400 MHz, CDCl;) 6 6.03 (dd, J = 16.0, 6.0 Hz, 1H), 5.61 (dtd,
J=16.0,2.3, 1.4 Hz, 1H), 4.08 (dtd, ] = 6.0, 5.5, 1.4 Hz, 1H), 3.81 (m,
1H), 3.72 (dd, J = 10.0, 4.1 Hz, 1H), 3.62 (dd, ] = 10.0, 6.0 Hz, 1H),
2.60—2.50 (m, 2H), 1.50 (qd, J = 7.3, 5.5 Hz, 2H), 0.97 (t, ] = 7.8 Hz,
9H), 0.90 (s, 9H), 0.86 (t, J = 7.3 Hz, 3H), 0.63 (q, ] = 7.8 Hz, 6H),
0.04 (s, 3H), 0.03 (s, 3H); 3C NMR (100 MHz, CDCl,) & 145.6,
108.7, 85.8, 80.8, 73.6, 70.4, 65.3, 30.7, 25.8 (X3), 24.1, 18.2, 9.3, 6.7
(x3), 43 (X3), —4.5, —4.9; IR (neat) v 3429, 2956, 2931, 2877, 1463,
1362, 1255 cm™; HRMS (ESI) calcd for C,,H,,05Si,Na 4352721 [M
+ Na]*, found 435.2744.

Alcohol 18bb. According to the synthetic procedure of 18aa, 18bb
(777 mg, 1.88 mmol) was synthesized from C16—C22 fragment Sb
(867 mg, 3.87 mmol) and glycidol derivative 6b (624 mg, 3.32 mmol)
in 57% yield by using n-BuLi (1.6 M in hexane, 2.6 mL, 4.2 mmol) and
BF;-OEt, (0.43 mL, 3.5 mmol) in THF (37 mL). Purification was
performed by medium-pressure liquid chromatography on silica gel
(45 g, hexane to hexane/EtOAc 20/1): colotless oil; [a]p** =32 (¢ 1.1,
CHCl,); HRMS (ESI) calcd for Cy,H,,0,Si,Na 435.2721 [M + Nal*,
found 435.2713. The other analytical data of 18bb were identical with
those of 18aa.

Alcohol 19aa. TBSOTf (0.43 mL, 1.9 mmol) was added to a
solution of alcohol 18aa (704 mg, 1.70 mmol) and Et;N (0.60 mL, 4.3
mmol) in CH,Cl, (17 mL) at 0 °C. The reaction mixture was warmed
to room temperature and stirred for 30 min, and then saturated
aqueous NaHCO; (30 mL) was added. The resultant mixture was
extracted with Et,O (50 and 20 mL), and the combined organic layers
were washed with H,O (30 mL) and brine (30 mL), dried over
Na,SO,, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (30 g, hexane to hexane/EtOAc
9/1) to afford the crude TBS ether, which was used in the next
reaction without further purification.

PPTS (37 mg, 0.15 mmol) was added to a solution of the above
crude TBS ether in a mixture of MeOH (15 mL) and THF (2.5 mL)
at room temperature. The reaction mixture was stirred at room
temperature for 15 min. After the reaction mixture was cooled to 0 °C,
saturated aqueous NaHCO; (30 mL) was added. The resultant
mixture was extracted with Et,0 (50 and 20 mL), and the combined
organic layers were washed with H,O (20 mL) and brine (30 mL),
dried over Na,SO,, filtered, and concentrated. The residue was
purified three times by flash column chromatography on silica gel (30
g, hexane to hexane/EtOAc 9/1; 20 g, hexane to hexane/EtOAc 9/1;
20 g, hexane to hexane/EtOAc 20/1) to afford TBS ether 19aa (463
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mg, 1.12 mmol) in 66% over two steps: colorless oil; [a]p* +21 (c 1.2,
CHCL,); 'H NMR (400 MHz, CDCl;) § 6.02 (dd, J = 16.0, 6.0 Hz,
1H), 5.60 (dtd, J = 16.0, 1.8, 1.4 Hz, 1H), 4.07 (tdd, ] = 6.4, 6.0, 1.4
Hz, 1H), 3.91 (m, 1H), 3.68 (dd, J = 11.4, 3.7 Hz, 1H), 3.58 (dd, ] =
114, 5.0 Hz, 1H), 2.53 (ddd, ] = 17.0, 6.9, 1.8 Hz, 1H), 2.42 (ddd, ] =
17.0, 6.4, 1.8 Hz, 1H), 1.50 (qd, ] = 7.3, 6.4 Hz, 2H), 0.91 (s, 9H),
0.90 (s, 9H), 0.86 (t, ] = 7.3 Hz, 3H), 0.12 (s, 3H), 0.1 (s, 3H), 0.04
(s, 3H), 0.03 (s, 3H); *C NMR (100 MHz, CDCl;) § 145.8, 109.1,
86.7, 81.0, 74.0, 72.0, 66.2, 31.0, 26.2 (x3), 26.1 (X3), 25.1, 18.5, 184,
9.6, —4.21, —4.24, —4.5, —4.6; IR (neat) v 3449, 2955, 2929, 2857,
1471, 1461, 1362, 1255, 1113 cm™'; HRMS (ESI) calcd for
Cy,H,,058i,Na 4352721 [M + NaJ*, found 435.2709.

Alcohol 19ab. According to the synthetic procedure of 19aa, 19ab
(453 mg, 1.10 mmol) was synthesized from alcohol 18ab (780 mg,
1.89 mmol) in $8% yield over two steps by using Et;N (0.66 mL, 4.7
mmol) and TBSOT( (0.48 mL, 2.1 mmol) in CH,Cl, (19 mL) for the
first step, and PPTS (40 mg, 0.16 mmol) in a mixture of MeOH (16
mL) and THF (2.6 mL) for the second. Purification was performed by
flash column chromatography on silica gel (30 g, hexane to hexane/
EtOAc 20/1) for the first step, and on silica gel (20 g, hexane to
hexane/EtOAc 9/1) for the second: colorless oil; [a]p?® —17 (¢ 1.1,
CHCl,); HRMS (ESI) caled for Cy,H,,0,Si,Na 435.2721 [M + Nal*,
found 435.2721. The other analytical data of 19ab were identical with
those of 19ba.

Alcohol 19ba. According to the synthetic procedure of 19aa, 19ba
(427 mg, 1.04 mmol) was synthesized from alcohol 18ba (676 mg,
1.64 mmol) in 63% yield over two steps by using Et;N (0.58 mL, 4.2
mmol) and TBSOT( (0.42 mL, 1.8 mmol) in CH,Cl, (16 mL) for the
first step, and PPTS (37 mg, 0.15 mmol) in a mixture of MeOH (1S
mL) and THF (2.5 mL) for the second. Purification was performed by
flash column chromatography on silica gel (30 g, hexane to hexane/
EtOAc 9/1) for the first step, and twice on silica gel (30 g, hexane to
hexane/EtOAc 9/1; 30 g, hexane/EtOAc 9/ 1) for the second:
colorless oil; [a]p®! +17 (¢ 1.2, CHCL;); "H NMR (400 MHz, CDCl,)
5 6.01 (dd, J = 16.0, 6.0 Hz, 1H), 5.60 (ddt, J = 16.0, 2.3, 1.4 Hz, 1H),
4.07 (tdd, J = 6.0, 6.0, 1.4 Hz, 1H), 3.91 (m, 1H), 3.68 (ddd, ] = 11.4,
6.0, 3.7 Hz, 1H), 3.58 (ddd, ] = 11.4, 6.0, 5.0 Hz, 1H), 2.53 (ddd, ] =
169, 7.3, 2.3 Hz, 1H), 2.47 (ddd, ] = 169, 6.0, 2.3 Hz, 1H), 1.87 (t, ] =
6.0 Hz, 1H), 1.50 (qd, ] = 7.8, 6.0 Hz, 2H), 0.904 (s, 9H), 0.895 (s,
9H), 0.86 (t, ] = 7.8 Hz, 3H), 0.12 (s, 3H), 0.11 (s, 3H), 0.04 (s, 3H),
0.03 (s, 3H,); *C NMR (100 MHz, CDCl,) § —4.9, —4.8, —4.6, —4.5,
9.3, 18.1, 18.2, 24.8, 25.77 (x3), 25.84 (x3), 30.7, 65.9, 71.7, 73.6,
80.7, 86.4, 108.8, 145.5; IR (neat) v 3434, 2956, 2929, 2857, 2221,
1634, 1472, 1464, 1362, 1255 cm™'; HRMS (ESI) calcd for
Cy,H,,058i,Na 4352721 [M + Nal*, found 435.2744.

Alcohol 19bb. According to the synthetic procedure of 19aa, 19bb
(480 mg, 1.16 mmol) was synthesized from alcohol 18bb (766 mg,
1.86 mmol) in 62% yield over two steps by using Et;N (0.65 mL, 4.7
mmol) and TBSOT( (0.47 mL, 2.0 mmol) in CH,Cl, (19 mL) for the
first step, and PPTS (41 mg, 0.16 mmol) in a mixture of MeOH (16
mL) and THF (2.6 mL) for the second. Purification was performed by
flash column chromatography on silica gel (30 g, hexane to hexane/
EtOAc 9/1) for the first step and twice on silica gel (30 g, hexane to
hexane/EtOAc 20/1; 10 g, hexane to hexane/EtOAc 9/ 1) for the
second: colorless oil; [a]p” —20 (¢ 1.2, CHCl,); HRMS (ESI) calcd
for C,,H,,0,Si,Na 435.2721 [M + Na]*, found 435.2738. The other
analytical data of 19bb were identical with those of 19aa.

Aldehyde 20aa. Dess—Martin periodinane (693 mg, 1.63 mmol)
was added to a suspension mixture of alcohol 19aa (449 mg, 1.09
mmol) and NaHCOj; (887 mg, 10.6 mmol) in CH,Cl, (23 mL) at 0
°C. The mixture was warmed to room temperature and stirred for S h,
and then H,O (50 mL) was added. The resultant mixture was
extracted with Et,O (50 and 30 mL X 2), and the combined organic
layers were washed with H,0 (30 mL) and brine (30 mL), dried over
Na,SO,, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (40 g, hexane to hexane/EtOAc
20/1) to afford aldehyde 20aa (343 mg, 0.835 mmol) in 77% yield:
colorless oil; [a]p” —3.4 (¢ 12, CHCL); 'H NMR (400 MHz,
CDCly) 6 9.65 (d, ] = 1.4 Hz, 1H), 6.04 (dd, J = 16.0, 5.5 Hz, 1H),
5.60 (br d, ] = 16.0 Hz, 1H), 4.13 (ddd, ] = 7.8, 5.0, 1.4 Hz, 1H), 4.07
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(td, ] = 6.0, 5.5 Hz, 1H), 2.71 (ddd, ] = 16.9, 5.0, 1.8 Hz, 1H), 2.57
(ddd, J=16.9, 7.8, 1.8 Hz, 1H), 1.50 (qd, ] = 7.3, 6.0 Hz, 2H), 0.93 (s,
9H), 0.89 (s, 9H), 0.86 (t, J = 7.3 Hz, 3H), 0.13 (s, 6H), 0.04 (s, 3H),
0.03 (s, 3H); °C NMR (100 MHz, CDCl;) § 202.2, 145.9, 108.6,
85.0, 81.2, 76.2, 73.6, 30.7, 25.8 (X3), 25.7 (X3), 24.1, 18.23, 18.22,
9.3, —4.6, —4.78, —4.82, —4.9; IR (neat) v 2956, 2930, 2858, 1741,
1472, 1464, 1362, 1255 cm™'; HRMS (ESI) caled for C,3H,40,Si,Na
465.2827 [M + MeOH + Na]*, found 465.2819.

Aldehyde 20ab. According to the synthetic procedure of 20aa,
20ab (393 mg, 0.956 mmol) was synthesized from alcohol 19ab (437
mg, 1.06 mmol) in 90% yield by using NaHCO, (861 mg, 10.3 mmol)
and Dess—Martin periodinane (677 mg, 1.60 mmol) in CH,Cl, (22
mL). Purification was performed by flash column chromatography on
silica gel (40 g, hexane to hexane/EtOAc 9/1): colotless oil; [a]p*
—52 (c 1.2, CHCL,); HRMS (ESI) caled for C,3H,40,Si,Na 465.2827
[M + MeOH + Na]*, found 465.2832. The other analytical data of
20ab were identical with those of 20ba.

Aldehyde 20ba. According to the synthetic procedure of 20aa,
20ba (352 mg, 0.856 mmol) was synthesized from alcohol 19ba (418
mg, 1.01 mmol) in 85% yield by using NaHCOj, (818 mg, 10.8 mmol)
and Dess—Martin periodinane (645 mg, 1.52 mmol) in CH,Cl, (21
mL). Purification was performed by flash column chromatography on
silica gel (40 g, hexane to hexane/EtOAc 20/1): colorless oil; [a]p™
+47 (¢ 1.1, CHCL); "H NMR (400 MHz, CDCl,) & 9.65 (d, J = 1.0
Hz, 1H), 6.04 (dd, ] = 16.0, 6.0 Hz, 1H), 5.60 (dd, ] = 16.0, 1.8 Hz,
1H), 4.13 (ddd, J = 7.8, 5.0, 1.0 Hz, 1H), 4.08 (td, ] = 6.0, 6.0 Hz, 1H),
2.71 (ddd, J = 17.0, 5.0, 1.8 Hz, 1H), 2.57 (ddd, J = 17.0, 7.8, 1.8 Hz,
1H), 1.50 (qd, J = 7.3, 6.0 Hz, 2H), 0.93 (s, 9H), 0.90 (s, 9H), 0.86 (t,
J = 7.3 Hz, 3H), 0.136 (s, 3H), 0.132 (s, 3H), 0.04 (s, 3H), 0.03 (s,
3H); *C NMR (100 MHz, CDCl,) § 202.2, 146.0, 108.6, 85.0, 81.2,
76.2, 73.6, 30.7, 25.8 (x3), 25.7 (x3), 24.1, 182 (X2), 9.3, —4.6,
—478, —4.82, —4.9; IR (neat) v 2956, 2930, 2858, 1741, 1472, 1464,
1362, 1255 1117 cm™; HRMS (ESI) caled for C,;H,0,Si,Na
465.2827 [M + MeOH + Na]*, found 465.2851.

Aldehyde 20bb. According to the synthetic procedure of 20aa,
20bb (378 mg, 0.920 mmol) was synthesized from alcohol 19bb (472
mg, 1.15 mmol) in 80% yield by using NaHCO; (904 mg, 10.8 mmol)
and Dess-Martin periodinane (1.20 g, 2.83 mmol) in CH,Cl, (24 mL).
Purification was performed twice by flash column chromatography on
silica gel (40 g, hexane to hexane/EtOAc 9/1; 30 g, hexane to hexane/
EtOAc 9/1): colorless oil; [a]p* +12 (¢ 1.2, CHCl,); HRMS (ESI)
caled for CyH,0,Si,Na 4652827 [M + MeOH + Nal*, found
465.2825. The other analytical data of 20bb were identical with those
of 20aa.

C12-C22 Fragment 3aa. Iodoform (644 mg, 1.63 mmol) and a
solution of aldehyde 20aa (334 mg, 0.813 mmol) in 1,4-dioxane (13.5
mL) were successively added to a suspension of CrCl, (600 mg, 4.88
mmol) in THF (0.98 mL) at room temperature. The reaction mixture
was stirred at room temperature for 15 h, and then Et,O (40 mL) and
H,0 (20 mL) were successively added. The resultant mixture was
extracted with Et,O (50 and 30 mL), and the combined organic layers
were washed with H,O (30 mL) and brine (30 mL), dried over
Na,SO,, filtered, and concentrated. The residue was purified twice by
flash column chromatography on silica gel (40 g, hexane to hexane/
EtOAc 20/1; 40 g, hexane/EtOAc 20/1) to afford 3aa (297 mg, 0.555
mmol) in 68% yield: colorless oil; [a]p® +47 (¢ 1.0, CHCL); 'H
NMR (400 MHz, CDCL;) § 6.64 (dd, ] = 14.8, 5.5 Hz, 1H), 6.33 (dd, J
= 14.8, 1.4 Hz, 1H), 6.03 (dd, ] = 16.0, 6.0 Hz, 1H), 5.61 (ddt, ] =
16.0, 2.3, 1.8 Hz, 1H), 424 (td, ] = 6.9, 5.5, 1.4 Hz, 1H), 4.08 (td, ] =
6.0, 6.0 Hz, 1H), 2.49 (ddd, ] = 16.9, 6.9, 2.3 Hz, 1H), 2.42 (ddd, ] =
16.9, 6.9, 2.3 Hz, 1H), 1.50 (qd, J = 7.3, 6.0 Hz, 2H), 0.899 (s, 9H),
0.896 (s, 9H), 0.87 (t, ] = 7.8 Hz, 3H), 0.09 (s, 3H), 0.06 (s, 3H), 0.05
(s, 3H), 0.03 (s, 3H); *C NMR (100 MHz, CDCl,) § 147.6, 145.7,
108.8, 86.1, 81.1, 76.7, 74.0, 73.6, 30.7, 28.8, 25.9 (X3), 25.7 (X3),
1822, 18.19, 9.3, —4.5, —4.7, —4.86, —4.89; IR (neat) v 2956, 2929,
2857, 1607, 1471, 1463, 1362, 1255, 1092 cm™; HRMS (ESI) calcd
for C,3H,310,S;Na 557.1738 [M + Na]*, found 557.1733.

C12—-C22 Fragment 3ab. According to the synthetic procedure
of 3aa, 3ab (218 mg, 0.407 mmol) was synthesized from aldehyde
20ab (384 mg, 0.934 mmol) in 44% yield by using iodoform (739 mg,
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1.88 mmol) and CrCl, (687 mg, 5.58 mmol) in a mixture of THF (1.1
mL) and 1,4-dioxane (15.5 mL). Purification was performed three
times by flash column chromatography on silica gel (30 g, hexane/
EtOAc 20/1; 30 g, hexane to hexane/EtOAc 20/1; 30 g, hexane/
CH,Cl, 100/1 to 20/1): colorless oil; [a]p® +25 (¢ 1.1, CHCL);
HRMS (ESI) caled for C,3H,310,Si,Na 557.1738 [M + Nal*, found
557.1728. The other analytical data of 3ab were identical with those of
3ba.

C12—-C22 Fragment 3ba. According to the synthetic procedure
of 3aa, 3ba (270 mg, 0.505 mmol) was synthesized from aldehyde
20ba (342 mg, 0.832 mmol) in 61% yield by using iodoform (657 mg,
1.67 mmol) and CrCl, (615 mg, 5.00 mmol) in a mixture of THF (1.0
mL) and 1,4-dioxane (14 mL). Purification was performed three times
by flash column chromatography on silica gel (40 g, hexane/EtOAc
20/1; 30 g, hexane/EtOAc 20/1; 30 g, hexane/EtOAc 20/1): colorless
oil; [a]p* —16 (¢ 1.0, CHCL,); 'H NMR (400 MHz, CDCL,) § 6.64
(ddd, J = 14.6, 5.5 Hz, 1H), 6.33 (dd, ] = 14.6, 1.4 Hz, 1H), 6.03 (dd, J
= 16.0, 6.0 Hz, 1H), 5.61 (dd, ] = 16.0, 1.4 Hz, 1H), 4.24 (td, ] = 6.9,
5.5 Hz, 1H), 4.08 (dt, ] = 6.0, 6.0 Hz, 1H), 2.49 (ddd, J = 169, 6.9, 1.8
Hz, 1H), 2.42 (ddd, ] = 16.9, 6.9, 1.8 Hz, 1H), 1.50 (qd, ] = 7.8, 6.0
Hz, 2H), 0.899 (s, 9H), 0.896 (s, 9H), 0.87 (t, ] = 7.8 Hz, 3H), 0.09 (s,
3H), 0.06 (s, 3H), 0.05 (s, 3H), 0.03 (s, 3H); *C NMR (100 MHz,
CDCl,) & 147.6, 145.7, 108.8, 86.1, 81.0, 76.7, 74.0, 73.7, 30.7, 28.8,
25.9 (x3), 25.7 (x3), 18.23, 18.19, 9.3, —4.5, —4.7, —4.86, —4.89; IR
(neat) v 2956, 2929, 2857, 1607, 1463, 1362, 1255, 1090 cm™'; HRMS
(ESI) calcd for C,3H,310,S1,Na 557.1738 [M + Na]*, found 557.1754.

C12-C22 Fragment 3bb. According to the synthetic procedure
of 3aa, 3bb (213 mg, 0.391 mmol) was synthesized from aldehyde
20bb (370 mg, 0.900 mmol) in 43% yield by using iodoform (571 mg,
1.45 mmol) and CrCl, (657 mg, 5.34 mmol) in a mixture of THF (1.1
mL) and 1,4-dioxane (1S mL). Purification was performed by flash
column chromatography on silica gel (40 g, hexane to hexane/CH,Cl,
20/1 to 12/1): colorless oil; [a]p** =50 (¢ 0.77, CHCL); HRMS
(ESI) caled for Cp3H,310,Si,Na 557.1738 [M + Na]*, found 557.1719.
The other analytical data of 3bb were identical with those of 3aa.

Triyne 4. A mixture of Cul (833 mg, 4.37 mmol), Nal (650 mg,
4.34 mmol), and Cs,CO; (1.41 g 4.32 mmol) was dried at 95 °C in
vacuo. After the mixture was cooled to 0 °C, a solution of alcohol 9
(548 mg, 4.35 mmol) in DMF (4.0 mL) was added. The mixture was
stirred at 0 °C for S min, and then a solution of alkyne 10 (1.18 g, 4.91
mmol) in DMF (4.8 mL) was added. The reaction mixture was
warmed to room temperature and stirred for 16 h, and then saturated
aqueous NH,Cl (20 mL) was added. The resultant solution was
filtered through a pad of Celite with Et,O, and the filtrate was
extracted with Et,0 (30 and 20 mL X 2). The combined organic layers
were washed with H,0O (30 mL) and brine (30 mL), dried over
Na,SO,, filtered, and concentrated. The residue was purified by
medium-pressure liquid chromatography on silica gel (45 g, hexane/
EtOAc 9/1 to 3/2) to afford the crude diyne 21, which was used in the
next reaction without further purification.

DIPHOS (1.48 g, 3.72 mmol) and CBr, (827 mg, 2.49 mmol) were
successively added to a solution of the above crude 21 in CH,Cl, (12
mL) to 0 °C. The reaction mixture was stirred at 0 °C for 15 min and
then was directly subjected to medium-pressure liquid chromatog-
raphy on silica gel (45 g, hexane/EtOAc 20/1 to 8/1) to afford
bromide 22, which was immediately used in the next reaction.

CuCl (181 mg, 1.83 mmol) was dried at 90 °C in vacuo, and then
THF (25 mL) was added. Ethynylmagnesium bromide (11’; 0.5 M in
THF, 27 mL, 14 mmol) was added to the suspension at room
temperature. The mixture was stirred for 10 min at room temperature,
and then a solution of the above bromide 22 in THF (30 mL) was
added. The reaction mixture was stirred at room temperature for 14 h,
and then saturated aqueous NH,Cl (50 mL) was added. The resultant
solution was filtered through a pad of Celite, and the filtrate was
extracted with EtOAc (50 and 30 mL). The combined organic layers
were washed with H,O (30 mL) and brine (30 mL), dried over
Na,SO,, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (40 g, hexane/EtOAc 20/1 to 9/
1) to afford triyne 4 (228 mg, 1.04 mmol) in 24% yield over three
steps. Triyne 4 was immediately used in the next reaction due to its
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instability in air: yellow oil; "H NMR (400 MHz, CDCl,) 6 4.96 (t, ] =
4.6 Hz, 1H), 4.00—3.91 (m, 2H), 3.91-3.82 (m, 2H), 3.17 (dt, ] = 2.7,
2.3 Hz, 2H), 3.13 (tt, ] = 2.3, 2.3 Hz, 2H), 2.30 (tt, ] = 7.2, 2.3 Hz,
2H), 2.06 (t, ] = 2.7 Hz, 1H), 1.85 (td, ] = 7.3, 4.6 Hz, 2H); *C NMR
(100 MHz, CDCL,) & 103.2, 79.7, 78.1, 75.5, 73.9, 734, 68.7, 649
(x2), 32.9, 13.6, 9.7, 9.6; IR (neat) v 3287, 2887, 1413, 1317, 1138,
1038 cm™.

Tetrayne 2aa. Pd(PPh,), (92 mg, 80 umol), Cul (32 mg, 0.17
mmol), a solution of C12—C22 fragment 3aa (278 mg, 0.520 mmol)
in benzene (4.5 mL), and piperidine (0.16 mL, 1.6 mmol) were
successively added to a solution of 4 (157 mg, 0.777 mmol) in
benzene (14 mL) at room temperature. The reaction mixture was
stirred at room temperature for 15 h, and then Et,0 (10 mL) and
saturated aqueous NH,Cl (40 mL) were successively added. The
resultant mixture was extracted with Et,0 (30 and 10 mL), and the
combined organic layers were washed with H,0 (20 mL) and brine
(20 mL), dried over Na,SO,, filtered, and concentrated. The residue
was purified by flash column chromatography on silica gel (30 g
hexane/EtOAc 15/1) to afford tetrayne 2aa (223 mg, 0.366 mmol) in
70% yield. Tetrayne 2aa was immediately used in the next reaction due
to its instability in air: pale yellow oil; '"H NMR (400 MHz, C,Dy) &
620 (dd, ] = 15.6, 5.5 Hz, 1H), 6.16 (dd, J = 15.6, 5.5 Hz, 1H), 5.87—
5.78 (m, 2H), 4.87 (t, J = 5.0 Hz, 1H), 4.16 (td, ] = 6.0, 5.5 Hz, 1H),
391 (td, J = 6.0, 5.5 Hz, 1H), 3.47—3.38 (m, 2H), 3.33—3.25 (m, 2H),
2.94 (s, 2H), 2.85 (brs, 2H), 2.41 (dd, J = 16.0, 6.9 Hz, 1H), 2.30 (dd,
J = 16.0, 6.4 Hz, 1H), 2.28 (br t, ] = 7.8 Hz, 2H), 1.86 (td, ] = 7.8, 5.0
Hz, 2H), 1.42 (qd, ] = 7.3, 6.0 Hz, 2H), 0.97 (s, 9H), 0.95 (s, 9H),
0.83 (t, ] = 7.3 Hz, 3H), 0.06 (s, 3H), 0.05 (s, 3H), 0.03 (s, 3H), 0.00
(s, 3H); 3C NMR (100 MHz, C(D) & 145.6, 144.8, 110.1, 109.9,
103.4, 87.5, 852, 81.2, 80.1, 79.1, 75.8, 74.5, 744, 74.1, 719, 64.8
(X2), 33.6, 31.1, 29.5, 26.1 (x3), 26.0 (X3), 1843, 18.41, 14.0, 10.5,
9.9, 9.5, —4.3, —4.5, —4.71, —4.73; HRMS (ESI) calcd for
Cy6Hs60,S1,Na 631.3609 [M + Na]*, found 631.3587.

Tetrayne 2ab. According to the synthetic procedure of 2aa, 2ab
(175 mg, 0.287 mmol) was synthesized from 3ab (218 mg, 0.407
mmol) and 4 (98 mg, 0.49 mmol) in 71% yield by using Pd(PPh,),
(69 mg, 60 ygmol), Cul (23 mg, 0.12 mmol), and piperidine (0.12 mL,
1.6 mmol) in benzene (14 mL). Purification was performed by flash
column chromatography on silica gel (30 g, hexane to hexane/EtOAc
15/1): pale yellow oil; "H NMR (400 MHz, CDg) 5 6.20 (dd, J =
15.1, 5.0 Hz, 1H), 6.16 (dd, ] = 15.6, 5.5 Hz, 1H), 5.88—5.78 (m, 2H),
4.87 (t,J = 5.0 Hz, 1H), 4.16 (dt, ] = 6.0, 6.0 Hz, 1H), 3.92 (dt, ] = 6.0,
6.0 Hz, 1H), 3.47—3.38 (m, 2H), 3.33—3.27 (m, 2H), 2.94 (d, ] = 2.3
Hz, 2H), 2.85 (tt, ] = 2.3, 2.3 Hz, 2H), 2.42 (ddd, ] = 16.5, 6.9, 1.8 Hz,
1H), 2.30 (ddd, J = 16.5, 6.0, 1.8 Hz, 1H), 2.28 (tt, J = 7.3, 2.3 Hz,
2H), 1.86 (td, ] = 7.3, 5.0 Hz, 2H), 1.41 (qd, ] = 7.3, 6.0 Hz, 2H), 0.97
(s, 9H), 0.95 (s, 9H), 0.83 (t, J = 7.3 Hz, 3H), 0.06 (s, 3H), 0.05 (s,
3H), 0.03 (s, 3H) 0.00 (3H, s); *C NMR (100 MHz, C(Dy) & 145.6,
144.8, 110.1, 109.9, 1034, 87.5, 85.2, 81.2, 80.1, 79.1, 75.8, 74.5, 744,
74.1, 71.9, 64.8 (X2), 33.6, 31.1, 29.5, 26.1 (X3), 26.0 (X3), 18.43,
18.42, 14.0, 10.5, 9.9, 9.5, —4.3, —4.5, —4.72, —4.74.

Tetrayne 2ba. According to the synthetic procedure of 2aa, 2ba
(174 mg, 0.286 mmol) was synthesized from 3ba (218 mg, 0.407
mmol) and 4 (127 mg, 0.629 mmol) in 70% yield by using Pd(PPh;),
(74 mg, 64 pmol), Cul (23 mg, 0.12 mmol), and piperidine (0.12 mL,
1.6 mmol) in benzene (14.5 mL). Purification was performed by flash
column chromatography on silica gel (15 g, hexane to hexane/EtOAc
15/1): pale yellow oil; HRMS (ESI) caled for CiHO,Si,Na
631.3609 [M + Na)*, found 631.3613. The 'H NMR spectrum of
2ba was identical with that of 2ab.

Tetrayne 2bb. According to the synthetic procedure of 2aa, 2bb
(144 mg, 0.236 mmol) was synthesized from 3bb (203 mg, 0.380
mmol) and 4 (93 mg, 0.460 mmol) in 62% yield by using Pd(PPh;),
(65 mg, 56 pmol), Cul (22 mg, 0.12 mmol), and piperidine (0.12 mL,
1.20 mmol) in benzene (13 mL). Purification was performed by flash
column chromatography on silica gel (30 g, hexane to hexane/EtOAc
15/1): pale yellow oil. The '"H NMR spectrum of 2bb was identical
with that of 2aa.

Alkyne 24aa. A suspension of tetrayne 2aa (32.4 mg, 53.2 ymol),
quinoline (75 L, 0.64 mmol), and Lindlar catalyst (65 mg) in hexane

7722

(3.0 mL) was stirred 0 °C for 1 h under an H, atmosphere (1 atm).
Then Lindlar catalyst (39 mg) was added. The reaction mixture was
stirred at 0 °C for a further 40 min under an H, atmosphere and was
filtered through a pad of Celite with hexane. The filtrate was
concentrated, and the residue was purified by flash column
chromatography on silica gel (4 g, hexane to hexane/EtOAc 9/1)
and twice on Chromatorex-ACD (10 g, hexane/EtOAc 500/1 to 300/
1; 8 g hexane/EtOAc 500/1 to 200/1) to afford alkyne 24aa (18.1
mg, 29.4 pmol) in 55% vyield: colorless oil; [a]p* +41 (¢ 0.81,
CHCL); '"H NMR (400 MHz, C4Dg) 6 6.74 (dd, ] = 15.6, 11.4 Hz,
1H), 6.19 (dd, ] = 15.6, 6.0 Hz, 1H), 6.02 (dd, ] = 11.4, 11.4 Hz, 1H),
5.86 (ddt, ] = 15.6, 1.4, 1.4 Hz, 1H), 5.77 (dd, ] = 15.6, 6.0 Hz, 1H),
5.50—5.47 (m, SH), 4.84 (t, ] = 4.6 Hz, 1H), 4.38 (dt, ] = 6.4, 6.0 Hz,
1H), 3.93 (dt, ] = 6.0, 6.0 Hz, 1H), 3.60—3.52 (m, 2H), 3.42—3.35 (m,
2H), 2.99 (t, ] = 6.4 Hz, 2H), 2.87 (m, 2H), 2.59 (ddd, ] = 16.9, 7.3,
2.3 Hz, 1H), 245 (ddd, ] = 16.9, 5.9, 2.3 Hz, 1H), 2.31 (m, 2H), 1.81
(m, 2H), 1.43 (m, 2H), 1.04 (s, 9H), 0.97 (s, 9H), 0.83 (t, ] = 7.3 Hz,
3H), 0.16 (s, 3H), 0.12 (s, 3H), 0.06 (s, 3H), 0.03 (s, 3H); *C NMR
(100 MHz, CDCL,) & 145.2, 135.6, 129.9, 129.2, 128.6, 128.3, 128.0,
127.6, 124.7, 109.0, 104.1, 87.3, 80.4, 73.7, 72.0, 64.9 (X2), 33.7, 30.7,
29.6, 26.0, 25.83 (X3), 25.80 (x3), 25.5, 21.9, 183, 182, 9.3, —4.5,
—4.6, —4.8, —4.9; IR (neat) v 2961, 2926, 2855, 1733, 1457, 1260,
1029 cm™; HRMS (ESI) caled for CygHg,O,Si,Na 637.4079 [M +
Nal*, found 637.4094.

Alkyne 24ab. According to the synthetic procedure of 24aa, 24ab
(87.8 mg, 0.143 mmol) was synthesized from 2ab (86.9 mg, 0.143
mmol) in 100% yield by using Lindlar catalyst (180 mg) and quinoline
(0.20 mL, 1.4 mmol) in hexane (8.8 mL). Purification was performed
by flash column chromatography on silica gel (10 g, hexane/EtOAc
30/1): colorless oil; [a]p'® +16 (¢ 1.4, CHCL,); HRMS (ESI) calcd for
C3He,0,S1,Na 6374079 [M + Nal*, found 637.4083. The other
analytical data of 24ab were identical with those of 24ba.

Alkyne 24ba. According to the synthetic procedure of 24aa, 24ba
(34.0 mg, 553 umol) was synthesized from 2ba (61.7 mg, 0.101
mmol) in 55% yield by using Lindlar catalyst (500 mg) and quinoline
(0.14 mL, 1.2 mmol) in hexane (6.2 mL). Purification was performed
by flash column chromatography on silica gel (4 g, hexane to hexane/
EtOAc 30/1 to 20/1) and three times on Chromatorex-ACD (20 g
hexane/EtOAc 300/1 to 100/1; 15 g, hexane/EtOAc 300/1 to 100/1;
15 g, hexane/EtOAc 300/1 to 100/1): colorless oil; [a]p** —20 (c 1.7,
CHCL,); "H NMR (400 MHz, C4Dg) 6 6.75 (dd, J = 15.6, 11.4 Hz,
1H), 6.19 (dd, ] = 15.6, 6.0 Hz, 1H), 6.02 (dd, ] = 11.4, 11.4 Hz, 1H),
5.86 (ddt, ] = 15.6, 1.4, 1.4 Hz, 1H), 5.77 (dd, ] = 15.6, 6.0 Hz, 1H),
5.50—5.47 (m, SH), 4.84 (t, ] = 4.6 Hz, 1H), 4.38 (dt, ] = 6.4, 6.0 Hz,
1H), 3.93 (dt, ] = 6.0, 6.0 Hz, 1H), 3.60—3.52 (m, 2H), 3.42—3.35 (m,
2H), 3.00 (t, ] = 6.4 Hz, 2H), 2.87 (m, 2H), 2.59 (ddd, J = 16.9, 7.3,
2.3 Hz, 1H), 245 (ddd, ] = 16.9, 5.9, 2.3 Hz, 1H), 2.31 (m, 2H), 1.81
(m, 2H), 1.43 (m, 2H), 1.04 (s, 9H), 0.97 (s, 9H), 0.84 (t, ] = 7.3 Hz,
3H), 0.17 (s, 3H), 0.12 (s, 3H), 0.06 (s, 3H), 0.03 (s, 3H); *C NMR
(100 MHz, CDCL,) & 145.2, 135.6, 129.9, 129.2, 128.6, 128.3, 128.0,
127.7, 124.7, 109.0, 104.1, 87.3, 80.4, 73.7, 72.0, 64.9 (X2), 33.7, 30.7,
29.6, 26.0, 25.84 (x3), 25.81 (x3), 25.6, 21.9, 183, 182, 9.3, —4.5,
—4.6, —4.8, —4.9; IR (neat) v 2956, 2928, 2856, 1472, 1255, 1136
cm™'; HRMS (ESI) caled for C;4Hg,0,Si,Na 637.4079 [M + Nal®,
found 637.4080.

Allkyne 24bb. According to the synthetic procedure of 24aa, 24bb
(51.7 mg, 84.1 umol) was synthesized from 2bb (68.4 mg, 0.112
mmol) in 75% yield by using Lindlar catalyst (173 mg) and quinoline
(0.16 mL, 1.4 mmol) in hexane (7.0 mL). Purification was performed
by flash column chromatography on silica gel (10 g, hexane to hexane/
EtOAc 20/1) and twice on Chromatorex-ACD (20 g, hexane/EtOAc
500/1 to 100/1; 15 g, hexane/EtOAc 300/1 to 100/1): colorless oil;
[a]p* —43 (c 0.69, CHCL;).. The other analytical data of 24bb were
identical with those of 24aa.

Complex 25aa. Co,(CO); (69 mg, 0.20 mmol) was added to a
solution of 24aa (31.1 mg, 50.5 mmol) in CH,Cl, (4.5 mL) at 0 °C.
The reaction mixture was warmed to room temperature, stirred for 2
h, and then concentrated. The residue was directly subjected to flash
column chromatography on silica gel (8 g, hexane to hexane/EtOAc
20/1) to afford 25aa (42.2 mg, 46.8 mol) in 93% yield: brown oil; 'H
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NMR (400 MHz, CDCl,) & 6.62 (d, ] = 15.6 Hz, 1H), 6.58 (dd, ] =
15.6, 11.5 Hz, 1H), 6.00 (dd, J = 11.5, 11.5 Hz, 1H), 5.99 (dd, ] = 15.6,
6.0 Hz, 1H), 5.74 (dd, J = 15.6, 6.0 Hz, 1H), 5.47—5.30 (m, SH), 4.87
(t, ] = 4.6 Hz, 1H), 444 (td, ] = 6.0, 5.0 Hz, 1H), 4.13 (td, ] = 6.4, 6.0
Hz, 1H), 4.01-3.91 (m, 2H), 3.90—3.80 (m, 2H), 3.26—3.15 (m, 2H),
3.00—2.89 (m, 2H), 2.82 (t, J = 6.4 Hz, 2H), 2.20 (td, ] = 7.3, 7.3 Hz,
2H), 1.72 (m, 2H), 1.54 (m, 2H), 0.93 (s, 9H), 0.90 (s, 9H), 0.89 (t, J
= 7.8 Hz, 3H), 0.11 (s, 3H), 0.09 (s, 3H), 0.07 (s, 3H), 0.04 (s, 3H);
13C NMR (100 MHz, CDCL) & 140.4, 135.3, 130.5, 129.2, 128.7,
128.3, 128.0, 127.6, 126.4, 125.9, 104.1, 93.8, 74.4, 73.6, 64.9 (X2),
44.0, 33.7, 31.0, 26.0, 259 (x3), 25.8 (X3), 25.5, 21.9, 18.34, 18.26,
9.6, —4.46, 4.54, —4.8, some of the *C peaks were missing due to
broadening of the spectrum; IR (neat) v 2956, 2930, 2858, 2088,
2048, 2018, 1255, 1061 cm~'; HRMS (ESI) calcd for
C,,Hg,C0,0,0S1,Na 923.2438 [M + Nal*, found 923.2457.

Complex 25ab. According to the synthetic procedure of 25aa,
25ab (80.2 mg, 89.1 pmol) was synthesized from 24ab (54.2 mg, 88.1
umol) in 99% yield by using Co,(CO); (119 mg, 0.348 mmol) in
CH,Cl, (6.0 mL). Purification was performed by flash column
chromatography on silica gel (8 g, hexane to hexane/EtOAc 20/1):
brown oil; HRMS (ESI) caled for C,,Hg,C0,0,0Si,Na 923.2438 [M +
Na]*, found 923.2507. The '"H NMR spectrum of 25ab was identical
with that of cobalt complex 25ba.

Complex 25ba. According to the synthetic procedure of 2S5aa,
25ba (41.3 mg, 45.9 pmol) was synthesized from 24ba (30.5 mg, 49.6
umol) in 92% vyield by using Co,(CO); (69 mg, 0.20 mmol) in
CH,Cl, (44 mL). Purification was performed by flash column
chromatography on silica gel (4 g, hexane to hexane/EtOAc 20/ 1):
brown oil; "H NMR (400 MHz, CDCL,) & 6.62 (d, ] = 15.6 Hz, 1H),
6.59 (dd, J = 15.6, 11.5 Hz, 1H), 6.00 (dd, J = 11.5, 11.5 Hz, 1H), 5.99
(dd, J = 15.6, 6.0 Hz, 1H), 5.75 (dd, J = 15.6, 6.0 Hz, 1H), 5.47—5.30
(m, SH), 4.87 (t, ] = 4.6 Hz, 1H), 444 (td, ] = 6.0, 5.0 Hz, 1H), 4.13
(td, J = 64, 6.0 Hz, 1H), 401-3.91 (m, 2H), 3.90—3.80 (m, 2H),
3.26—3.15 (m, 2H), 3.00—2.89 (m, 2H), 2.81 (t, J = 6.4 Hz, 2H), 2.20
(td, J = 7.3, 7.3 Hz, 2H), 1.72 (m, 2H), 1.54 (m, 2H), 0.93 (s, 9H),
0.90 (s, 9H), 0.88 (t, J = 7.8 Hz, 3H), 0.11 (s, 3H), 0.09 (s, 3H), 0.07
(s, 3H), 0.04 (s, 3H); *C NMR (100 MHz, CDCl;) § 199.7, 140.5,
135.3, 1304, 129.2, 1287, 128.3, 128.0, 127.6, 126.4, 125.8, 104.1,
93.7,91.8, 74.3, 73.5, 64.9 (X2), 44.0, 33.7, 31.0, 26.0, 25.9 (x3), 25.8
(x3), 25.5, 21.9, 18.33, 18.26, 9.6, —4.5, —4.6, —4.78, —4.80, some of
the '*C peaks were missing due to broadening of the spectrum; IR
(neat) v 2955, 2929, 2857, 2088, 2048, 2018, 1472, 1255, 1062 cm™};
HRMS (ESI) caled for C,,Hg,Co,00Si,Na 923.2438 [M + Nal,
found 923.2428.

Complex 25bb. According to the synthetic procedure of 2Saa,
25bb (92.0 mg, 0.102 mmol) was synthesized from 24bb (66.0 mg,
0.107 mmol) in 95% yield by using Co,(CO); (149 mg, 0.436 mmol)
in CH,Cl, (10 mL). Purification was performed by flash column
chromatography on silica gel (10 g, hexane to hexane/EtOAc 20/ 1):
brown oil; HRMS (ESI) caled for C,,Hg,Co0,0,0Si,Na 923.2438 [M +
Na]", found 923.2449. The 'H NMR spectrum of 25bb was identical
with that of complex 25aa.

Complex 26aa. Co,(CO); (213 mg, 0.623 mmol) was added to a
solution of 2aa (38.3 mg, 62.8 ymol) in CH,Cl, (5.0 mL) at 0 °C. The
reaction mixture was warmed to room temperature, stirred for 4 h, and
then concentrated. The residue was directly subjected to flash column
chromatography on silica gel (10 g, hexane to hexane/EtOAc 20/ 1) to
afford 26aa (104 mg, $9.4 pmol) in 94% yield: brown oil. Because
signals in the '"H NMR spectrum of 26aa were broad, the formation
was confirmed by the MS analysis: LRMS (ESI) caled for
CeoHssC030,5S,Na 1774.7 [M + Na]*, found 1774.7.

Hexaene 23aa. n-Bu;SnH (0.19 mL, 0.71 mmol) and N-
methylmorpholine oxide (55 mg, 0.47 mmol) were successively
added to a solution of 25aa (42.2 mg, 46.9 ymol) in toluene (45 mL)
at 0 °C. The reaction mixture was stirred at 0 °C for 1.5 h under air
and was directly subjected to flash column chromatography (a column
consecutively packed with silica gel 4 g and 10% (w/w) KF in silica gel
4 g, hexane to hexane/EtOAc 20/1) to afford 23aa (25.2 mg, 40.8
mmol) in 87% yield: colorless oil; [a]p” +10 (¢ 0.93, CHCL,); IR
(neat) v 2955, 2928, 2856, 1471, 1463, 1361, 1255 cm™'; HRMS
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(ESI) caled for C44Hg,0,Si,Na 639.4235 [M + Na]*, found 639.4233.
The "H NMR spectrum of 23aa was identical with that of 23bb.
Hexaene 23ab. According to the synthetic procedure of 23aa,
23ab (47.2 mg, 76.6 umol) was synthesized from 25ab (80.2 mg, 89.1
pumol) in 86% yield by using n-Bu;SnH (0.34 mL, 1.3 mmol) and N-
methylmorpholine oxide (101 mg, 0.86 mmol) in toluene (45 mL).
Purification was performed twice by flash column chromatography on
silica gel (10 g, hexane to hexane/EtOAc 20/1; 8 g, hexane to hexane/
EtOAc 20/1): colorless oil; [a]p?* +21 (¢ 0.96, CHCl,); HRMS (ESI)
caled for Cy4Hg,0,Si,Na 639.4235 [M + Nal*, found 639.4246. The
other analytical data of 23ab were identical with those of 23ba.
Hexaene 23ba. According to the synthetic procedure of 23aa,
23ba (24.5 mg, 39.7 pmol) was synthesized from 25ba (41.3 mg, 45.9
umol) in 86% yield by using #n-Bu;SnH (0.19 mL, 0.71 mmol) and N-
methylmorpholine oxide (54 mg, 0.46 mmol) in toluene (40 mL).
Purification was performed by flash column chromatography (a
column consecutively packed with silica gel 3 g and 10% (w/w) KF in
silica gel 1 g, hexane to hexane/EtOAc 20/1): colorless oil; [a]p> —24
(¢ 0.85, CHCL,); 'H NMR (400 MHz, CDCL,) 6 6.48 (dd, ] = 15.6,
11.4 Hz, 1H), 6.38 (dd, J = 15.6, 11.0 Hz, 1H), 6.04 (dd, J = 11.4, 11.0
Hz, 1H), 5.98 (dd, J = 11.0, 11.0 Hz, 1H), 5.66 (dd, ] = 15.6, 6.0 Hz,
1H), 5.62 (dd, J = 15.6, 6.0 Hz, 1H), 5.48—5.32 (m, 6H), 4.87 (t, ] =
5.0 Hz, 1H), 4.22 (td, ] = 6.0, 6.0 Hz, 1H), 4.07 (dt, ] = 6.4, 6.0 Hz,
1H), 4.02—3.91 (m, 2H), 3.90—3.80 (m, 2H), 2.95 (t, ] = 6.4 Hz, 2H),
2.83 (t, ] = 6.4 Hz, 2H), 2.40 (m, 2H), 2.21 (td, ] = 8.2, 6.9 Hz, 2H),
1.72 (m, 2H), 1.52 (m, 2H), 0.90 (s, 18H), 0.87 (t, J = 7.3 Hz, 3H),
0.05 (s, 6H), 0.04 (s, 3H), 0.03 (s, 3H); '*C NMR (100 MHz, CDCl,)
5 137.2, 136.6, 129.8, 129.5, 129.1, 128.6, 128.3, 128.2, 127.7, 127.0,
124.7, 124.5, 104.1, 74.5, 72.9, 64.8 (X2), 36.8, 33.7, 31.1, 26.0, 25.90
(x3),25.86 (x3),25.6,21.9, 18.3,18.2,9.7, —4.3, —4.4, —4.7, —4.8; IR
(neat) v 2956, 2927, 2856, 1471, 1462, 1362, 1255 cm™'; HRMS
(ESI) caled for CygHgy0,Si,Na 639.4235 [M + Na]*, found 639.4247.
Hexaene 23bb. According to the synthetic procedure of 23aa,
23bb (524 mg, 84.9 umol) was synthesized from 25bb (92.0 mg,
0.102 mmol) in 83% yield by using n-Bu;SnH (0.40 mL, 1.50 mmol)
and N-methylmorpholine oxide (119 mg, 1.02 mmol) in toluene (50
mL). Purification was performed twice by flash column chromatog-
raphy on silica gel (S g, hexane to hexane/EtOAc 20/1; 10 g, hexane
to hexane/EtOAc 20/1): colorless oil; [a]p*' —10 (c 1.1, CHCL,); 'H
NMR (400 MHz, CDCl;)  6.48 (dd, ] = 15.6, 11.4 Hz, 1H), 6.38 (dd,
J=15.6,11.0 Hz, 1H), 6.04 (dd, J = 11.4, 11.0 Hz, 1H), 5.98 (dd, ] =
11.0, 11.0 Hz, 1H), 5.66 (dd, ] = 15.6, 6.0 Hz, 1H), 5.62 (dd, ] = 15.6,
6.0 Hz, 1H), 5.48—5.32 (m, 6H), 4.87 (t, ] = 5.0 Hz, 1H), 422 (td, ] =
6.0, 6.0 Hz, 1H), 4.07 (dt, ] = 6.4, 6.0 Hz, 1H), 4.02—3.91 (m, 2H),
3.90—3.80 (m, 2H), 2.94 (t, ] = 6.4 Hz, 2H), 2.83 (t, ] = 6.4 Hz, 2H),
240 (m, 2H), 2.21 (td, J = 8.2, 6.9 Hz, 2H), 1.72 (m, 2H), 1.52 (m,
2H), 0.90 (s, 18H), 0.87 (t, ] = 7.3 Hz, 3H), 0.07 (s, 3H), 0.05 (s, 3H),
0.04 (s, 3H), 0.03 (s, 3H); *C NMR (100 MHz, CDCL,) § 137.2,
136.6, 129.8, 129.5, 129.2, 128.6, 128.3, 1282, 127.7, 126.9, 124.6,
124.5, 104.1, 74.4, 72.9, 64.9 (X2), 36.8, 33.7, 31.1, 26.0, 25.90 (X3),
25.87 (X3), 25.6, 21.9, 183, 18.2, 9.7, —4.3, —4.4, —4.7, —4.8; HRMS
(ESI) caled for CyHy,0,Si,Na 639.4235 [M + Na]", found 639.4240.
(14S,20R)-1aa. TMSOTY (0.15 mL, 0.83 mmol) was added to a
solution of 23aa (34.1 mg, 55.3 ymol) and 2,6-lutidine (0.15 mL, 1.3
mmol) in CH,Cl, (3.5 mL) at —10 °C. The reaction mixture was
stirred at —10 °C for 45 min, and then H,0 (1.0 mL) was added. The
resultant mixture was warmed to room temperature and stirred for 30
min. Then the mixture was extracted with EtOAc (8 mL X 2), and the
combined organic layers were washed with aqueous 0.1 M HCI (4
mL), H,O (4 mL), and brine (4 mL), dried over Na,SO,, filtered, and
concentrated. The residue was purified by flash column chromatog-
raphy on silica gel (4 g, hexane to hexane/EtOAc 20/ 1) to afford the
crude aldehyde 27aa, which was used in the next reaction without
further purification. Aldehyde 27aa: '"H NMR (400 MHz, CDCL,) §
9.77 (s, 1H), 6.47 (dd, ] = 15.1, 11.0 Hz, 1H), 6.38 (dd, J = 15.1, 11.0
Hz, 1H), 6.04 (dd, J = 11.0, 11.0 Hz, 1H), 5.91 (dd, J = 11.0, 11.0 Hz,
1H), 5.67 (dd, J = 15.1, 6.0 Hz, 1H), 5.62 (dd, ] = 15.1, 6.4 Hz, 1H),
5.46—5.30 (m, 6H), 4.23 (q, ] = 6.0 Hz, 2H), 4.07 (dt, ] = 6.4, 6.0 Hz,
2H), 2.95 (t, ] = 6.4 Hz, 2H), 2.84 (t, ] = 5.9 Hz, 2H), 2.50 (t, ] = 6.8
Hz, 2H), 2.40 (m, 4H), 1.50 (m, 2H), 0.90 (s, 18H), 0.87 (t, J = 7.3
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Hz, 3H), 0.05 (s, 6H), 0.04 (s, 3H), 0.03 (s, 3H); °C NMR (100
MHz, CDCL,) § 201.9, 137.2, 136.7, 129.8, 129.3, 129.2, 128.3, 128.2,
128.0, 127.7, 126.9, 124.5, 124.3, 74.4, 72.9, 43.7, 36.8, 31.1, 26.1,
25.90 (x3), 25.87 (X3), 25.6, 20.1, 18.3, 18.2, 9.7, —4.3, —4.4, —4.7,
—4.8.

A solution of NaClO, (80% purity, S5 mg, 0.49 mmol) and
NaH,PO,-2H,0 (80 mg, 0.52 mmol) in H,O (1.5 mL) was added to a
solution of the above crude aldehyde 27aa in a mixture of +-BuOH (1.5
mL) and 2-methyl-2-butene (1.5 mL) at 0 °C. The reaction mixture
was warmed to room temperature and stirred for 1 h. Then the
mixture was extracted with EtOAc (8 mL X 2), and the combined
organic layers were washed with H,O (4 mL) and brine (4 mL), dried
over anhydrous Na,SO,, filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel (4 g, hexane/
EtOAc 4/1 to 3/1) to afford the crude carboxylic acid 28aa, which was
used in the next reaction without further purification. Carboxylic acid
28aa: 'H NMR (400 MHz, CDCL,) 6 6.47 (dd, J = 15.1, 11.0 Hz, 1H),
6.38 (dd, J = 15.1, 11.0 Hz, 1H), 6.04 (dd, J = 11.0, 11.0 Hz, 1H), 5.98
(dd, J = 11.0, 11.0 Hz, 1H), 5.67 (dd, ] = 15.1, 6.0 Hz, 1H), 5.62 (dd, |
=15.1, 6.4 Hz, 1H), 5.46—5.30 (m, 6H), 4.23 (dt, ] = 6.0, 6.0 Hz, 2H),
4.07 (dt, ] = 6.4, 6.4 Hz, 2H), 2.95 (t, ] = 6.4 Hz, 2H), 2.84 (t, ] = 6.0
Hz, 2H), 2.42—2.35 (m, 6H), 1.55—1.44 (m, 2H), 0.90 (s, 18H), 0.87
(t, J = 7.3 Hz, 3H), 0.05 (s, 6H), 0.04 (s, 3H), 0.03 (s, 3H); *C NMR
(100 MHz, CDCl,) & 1372, 136.6, 129.8, 129.5, 129.3, 128.3 (X2),
1280, 127.6, 1269, 124.6, 124.4, 744, 72.9, 36.8, 33.9, 31.1, 26.0,
2591 (x3), 25.87 (X3), 25.6, 22.5, 18.3, 18.2, 9.7, —4.3, —4.4, —4.7,
—4.8, the C1 peak was missing due to broadening of the spectrum;
HRMS (ESI) caled for CyHeyO,Si, 587.3957 [M — HJ, found
587.3951.

TBAF (1.0 M in THF, 0.55 mL, 0.55 mmol) was added to a
solution of the above crude carboxylic acid 28aa in THF (3.5 mL) at 0
°C. The reaction mixture was warmed to room temperature and
stirred for 18 h, and then saturated aqueous NH,CI (4 mL) and 0.1 M
HCI (10 mL) were successively added. The resultant mixture was
extracted with EtOAc (10 and 5 mL), and the combined organic layers
were washed with H,O (5 mL) and brine (S mL), dried over Na,SO,,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (4 g, hexane/EtOAc/AcOH 40/60/0.05
to 50/50/0.05 to 40/60/0.05) to afford the crude (14S,20R)-l1aa.
Then the crude laa was further purified by HPLC (Inertsil ODS-4,
MeOH/H,0/AcOH 7/3/0.1 3 mL/min, t; = 40 min) to afford laa
(10.0 mg, 27.8 pmol) in S0% over three steps. (145,20R)-1aa: pale
yellow oil; [a]p'® —28 (¢ 042, MeOH); 'H NMR (400 MHz,
CD;0D) 6 6.57 (dd, J = 15.1, 11.0 Hz, 1H), 6.50 (dd, J = 15.1, 11.0
Hz, 1H), 6.08 (dd, J = 11.0, 11.0 Hz, 1H), 5.98 (dd, ] = 11.0, 11.0 Hz,
1H), 5.69 (dd, J = 15.1, 6.9 Hz, 1H), 5.65 (dd, ] = 15.1, 6.9 Hz, 1H),
5.50—5.32 (m, 6H), 4.18 (dt, ] = 6.4, 6.4 Hz, 1H), 4.01 (dt, ] = 6.4, 6.4
Hz, 1H), 2.98 (t, ] = 6.4 Hz, 2H), 2.87 (m, 2H), 2.52—2.27 (m, 6H),
1.53 (m, 2H), 091 (t, J = 7.8 Hz, 3H); *C NMR (100 MHz,
CD,0D) & 137.8, 137.2, 1311, 130.8, 130.2, 129.7, 129.5, 129.3,
128.7, 128.1, 126.7, 126.5, 74.8, 73.1, 36.8, 31.2, 27.0, 26.6, 102, the
Cl, C2, and C3 peaks were missing due to broadening of the
spectrum; IR (neat) v 3348, 3010, 2956, 2923, 2851, 1726, 1451,
1389, 1274 cm™'; HRMS (ESI) caled for C,,H; 0, 359.2228 [M —
H]~, found 359.2222; UV (MeOH) A, 237 nm (e 2.82 X 10%).

(145,20S)-1ab. According to the synthetic procedure of laa, lab
(8.64 mg, 24.1 umol) was synthesized from 23ab (47.2 mg, 76.4
umol) in 32% yield over three steps by using TMSOTY (0.21 mL, 1.2
mmol) and 2,6-lutidine (0.20 mL, 1.7 mmol) in CH,Cl, (4.7 mL) for
the first step, NaClO, (80% purity, 76 mg, 0.67 mmol) and NaH,PO,
2H,0 (113 mg, 0.73 mmol) in a 1/1/1 mixture of +-BuOH, 2-methyl-
2-butene, and H,0 (6.0 mL) for the second, and TBAF (1.0 M in
THF, 0.76 mL, 0.76 mmol) in THF (5.0 mL) for the third.
Purification was performed by flash column chromatography on
Chromatorex-ACD (8 g, hexane/EtOAc 4/1 to 3/1 to 3/ 2) for the
second step and by flash column chromatography on silica gel (6 g,
hexane/EtOAc/AcOH 40/60/0.05 to 30/70/0.05) and HPLC
(Inertsil ODS-4, MeOH/H,0/AcOH 7/3/0.1 3 mL/min, t; = 36
min) for the third: pale yellow oil; [a]p" +13 (¢ 0.41, MeOH);
HRMS (ESI) caled for C,,H;,0, 359.2228 [M-H]™, found 359.2223;
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UV (MeOH) A, 236 nm (& 2.60 X 10*). The other analytical data of
lab were identical with those of 1ba.

(14R,20R)-1ba. According to the synthetic procedure of laa, 1ba
(5.60 mg, 15.6 umol) was synthesized from 23ba (40.7 mg, 66.0
umol) in 24% yield over three steps by using TMSOT (0.18 mL, 0.99
mmol) and 2,6-lutidine (0.18 mL, 1.5 mmol) in CH,Cl, (4.2 mL) for
the first step, NaClO, (80% purity, 68 mg, 0.60 mmol) and NaH,PO,:
2H,0 (99 mg, 0.64 mmol) in a 1/1/1 mixture of +-BuOH, 2-methyl-2-
butene, and H,O (4.5 mL) for the second, and TBAF (1.0 M in THEF,
0.66 mL, 0.66 mmol) in THF (4.2 mL) for the third. Purification was
performed by flash column chromatography on silica gel (4 g, hexane/
EtOAc 4/1 to 3/1) for the second step and by flash column
chromatography on silica gel (4 g, hexane/EtOAc/AcOH 40/60/0.05
to 50/50/0.05 to 40/60/0.05) and HPLC (Inertsil ODS-4, MeOH/
H,0/AcOH 7/3/0.1 3 mL/min, t; = 33 min) for the third. Aldehyde
27ba: 'H NMR (400 MHz, CDCL,) 6 9.78 (s, 1H), 6.47 (dd, ] = 15.1,
11.0 Hz, 1H), 6.38 (dd, J = 15.1, 11.0 Hz, 1H), 6.04 (dd, ] = 11.0, 11.0
Hz, 1H), 591 (dd, J = 11.0, 11.0 Hz, 1H), 5.67 (dd, ] = 15.1, 6.0 Hz,
1H), 5.62 (dd, J = 15.1, 6.4 Hz, 1H), 5.46—530 (m, 6H), 423 (m,
2H), 4.07 (dt, ] = 6.4, 6.0 Hz, 2H), 2.95 (t, ] = 6.4 Hz. 2H), 2.84 (t, ] =
5.9 Hz, 2H), 2.50 (t, ] = 6.8 Hz, 2H), 2.40 (m, 4H), 1.50 (m, 2H),
0.90 (s, 18H), 0.87 (t, ] = 7.3 Hz, 3H), 0.05 (s, 6H), 0.04 (s, 3H), 0.03
(s, 3H); *C NMR (100 MHz, CDCl;) 6 201.9, 137.2, 136.7, 129.8,
129.3, 129.2, 128.3, 1282, 128.0, 1274, 127.0, 124.6, 124.4, 74.5, 72.8,
437, 36.8, 31.1, 26.0, 2591 (X3), 25.86 (X3), 25.6, 20.1, 18.3, 182,
9.7, —4.3, —4.4, —4.7, —4.8. Carboxylic acid 28ba: 'H NMR (400
MHz, CDCL,) 6 647 (dd, J = 15.1, 11.0 Hz, 1H), 6.38 (dd, J = 15.1,
11.0 Hz, 1H), 6.04 (d, J = 11.0, 11.0 Hz, 1H), 5.98 (dd, ] = 11.0, 11.0
Hz, 1H), 5.67 (dd, J = 15.1, 6.0 Hz, 1H), 5.62 (dd, J = 15.1, 6.4 Hz,
1H), 5.46—5.30 (m, 6H), 423 (dt, ] = 6.0, 6.0 Hz, 2H), 4.07 (dt, ] =
64, 6.4 Hz, 2H), 2.95 (t, ] = 6.4 Hz, 2H), 2.84 (t, ] = 6.0 Hz, 2H),
2.42—2.35 (m, 6H), 1.55—1.44 (m, 2H), 0.90 (s, 18H), 0.86 (t, ] = 7.3
Hz, 3H), 0.05 (s, 6H), 0.04 (s, 3H), 0.03 (s, 3H); °C NMR (100
MHz, CDCL,) § 137.2, 136.6, 129.8, 129.5, 129.3, 128.3, 128.2, 128.0,
127.6, 127.0, 124.7, 124.4, 74.5, 72.9, 36.8, 33.9, 31.1, 26.0, 25.91 (X3),
25.87 (X3), 25.6, 22.5, 18.3, 18.2, 9.7, —4.3, —4.4, —4.7, —4.8, the C1
peak was missing due to broadening of the spectrum; HRMS (ESI)
caled for C3Hgy0,Si, 5$87.3957 [M — HJ]~, found $87.3974.
(14R,20R)-1ba: pale yellow oil; [a]p?” —16 (¢ 0.28, MeOH); 'H
NMR (400 MHz, CD,0D) 6 6.58 (dd, J = 15.6, 11.0 Hz, 1H), 6.51
(ddt, J = 15.1, 11.0. 1.4 Hz, 1H), 6.08 (dd, J = 11.0, 11.0 Hz, 1H), 5.98
(dd, J = 11.0, 11.0 Hz, 1H), 5.69 (dd, ] = 15.5, 6.4 Hz, 1H), 5.66 (dd, ]
= 15.5, 6.4 Hz, 1H), 5.50—5.32 (m, 6H), 4.18 (dt, ] = 6.4, 6.4 Hz, 1H),
4.01 (dt, ] = 6.4, 6.4 Hz, 1H), 2.98 (t, ] = 6.0 Hz, 2H), 2.87 (¢, ] = 5.5
Hz, 2H), 2.52—2.27 (m, 6H), 1.53 (m, 2H), 0.91 (t, ] = 7.3 Hz, 3H);
BC NMR (100 MHz, CD,0D) § 137.8, 137.1, 131.1, 130.8, 130.1,
129.6, 129.4, 129.3, 128.7, 128.1, 126.6, 126.5, 74.7, 73.1, 36.7, 31.2,
27.0, 26.5, 102, the C1, C2, and C3 peaks were missing due to
broadening of the spectrum; IR (neat) v 3380, 3011, 2958, 2925,
2855, 1713, 1556, 1415, 1260 cm™; HRMS (ESI) caled for Cy,Hs,0,
359.2228 [M — H]~, found 359.2243.

(14R,20S)-1bb. According to the synthetic procedure of laa, 1bb
(4.59 mg, 12.8 umol) was synthesized from 23bb (22.0 mg, 35.6
umol) in 36% yield over three steps by using TMSOTF (95 uL, 0.52
mmol) and 2,6-lutidine (95 uL, 0.82 mmol) in CH,Cl, (2.2 mL) for
the first step, NaClO, (80% purity, 35 mg, 0.31 mmol) and NaH,PO,
2H,0 (54 mg, 0.35 mmol) in a 1/1/1 mixture of +-BuOH, 2-methyl-2-
butene, and H,O (3.0 mL) for the second, and TBAF (1.0 M in THEF,
0.36 mL, 0.36 mmol) in THF (2.3 mL) for the third. Purification was
performed by flash column chromatography on Chromatorex-ACD (4
g, hexane/EtOAc 4/1 to 3/1) for the second step and by flash column
chromatography on silica gel (4 g, hexane/EtOAc/AcOH 50/50/0.05
to 40/60/0.05) and HPLC (Inertsil ODS-4, MeOH/H,0/AcOH 7/
3/0.1 3 mL/min, ty = 42 min) for the third: pale yellow oil; [a]p'” +22
(c 021, MeOH); HRMS (ESI) calcd for C,,H;,0, 359.2228 [M —
H]~, found 359.2224. The other analytical data of 1bb were identical
with those of laa.

Bioassay. Peritonitis was induced as described in ref 36. Synthetic
laa,abbabb (each 1 ng) were injected intravenously through the tail
vein followed by peritoneal injection of zymosan A (1 mg/mL). After
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2 h, peritoneal lavages were collected, PMN leucocyte numbers were
counted, cell viability was determined using Trypan blue exclusion,
and differential cell counts were monitored by Wright—Giemsa
staining.

Statistical Analysis. Results are expressed as means + SE.
Differences between two groups were tested by the Student t test.
Multiple comparisons were analyzed using ANOVA followed by the
Tukey test. Significance levels of P < 0.05 and P < 0.01 were used.
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The four stereoisomers of novel lipid mediator 1, (5Z,8Z,10E,14Z)-12-hydroxy-17,18-epoxy-5,8,10,14-
eicosatetraenoic acid, were synthesized from six simple fragments. Triyne 2 was convergently assembled
through three Sn2 alkynylation reactions and one Sonogashira coupling reaction. Two of the three alkynes
of 2 were hydrogenated using Lindlar catalyst, while the third alkyne was reduced through formation of the
alkyne-dicobalt hexacarbonyl complex and subsequent reductive decomplexation, producing the requisite
tetraene structure in a stereoselective manner. Next, a two-step functional group manipulation at C1, fol-
lowed by simultaneous deprotection and epoxide formation, gave rise to the four isomers, (125,17R,18S)-
1aa, (125,17S,18R)-1ab, (12R,17R,18S)-1ba and (12R,17S,18R)-1bb. The present work allowed determination
of the absolute structure of naturally occurring 1 to be 1aa and 1ab, as well as biological evaluation of the
two natural (1aa, 1ab) and two unnatural (1ba, 1bb) isomers. Intriguingly, natural 1aa and unnatural 1ba
were found to exhibit more potent anti-inflammatory activities than 1ab and 1bb, indicating the greater
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importance of the stereochemistry of the C17,18-epoxide compared to that of the C12-hydroxy group.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Omega-3 polyunsaturated fatty acids exhibit therapeutic effects
towards various human inflammatory disorders.! Recently, many
oxidized metabolites of eicosapentaenoic acid (EPA, Fig. 1), an
omega-3 polyunsaturated fatty acid comprising 20 carbons and five
Z-olefins, have been identified from inflamed biogenetic sources.
Resolvins E1,°> E2,> and E3” are metabolites of EPA produced by
human polymorphonuclear leukocytes or eosinophils.> Bio-
synthetically, aspirin-acetylated COX (cyclooxygenase)-2 or cyto-
chrome P450 monooxygenase first oxidize EPA into 18-hydroxy-
eicosapentaenoic acid, which further undergoes oxidation to pro-
duce resolvins by the action of 5-LOX (lipoxygenase) or 12/15-LOX.
Resolvins possess potent anti-inflammatory activity at nanomolar
concentrations, suggesting that these endogenous compounds play
an active role in resolving acute inflammations.®

Determination of the absolute structures of lipid mediators has
been highly challenging due to their extremely low availability
from biogenetic sources. Although the planar structures were de-
duced from UV spectroscopic and LC-MS/MS analyses using small

* Corresponding author. E-mail address: inoue@mol.f.u-tokyo.ac.jp (M. Inoue).

http://dx.doi.org/10.1016/j.tet.2015.08.047
0040-4020/© 2015 Elsevier Ltd. All rights reserved.

amounts of material, full NMR assignments of the stereochemis-
tries of the hydroxy groups have not generally been realized.
Consequently, the extensive effort has been devoted to the total
chemical construction of lipid mediators,”® and the synthesis of all
possible stereoisomers of these lipid mediators has enabled the
NMR and HPLC analyses that led to elucidation of their absolute
configurations. Accordingly, we previously reported the total syn-
thesis of the four stereoisomers of resolvin E3’¢ and showed that
two isomers are naturally occurring.

More recently, it was reported that peritoneal fluid of an EPA-
supplemented murine model of acute inflammation contained
the structurally distinct metabolite 1 of EPA (Fig. 1).° The potent
anti-inflammatory activity of 1 was demonstrated by its inhibition
of infiltration of polymorphonuclear (PMN) leukocytes in murine
zymosan-induced peritonitis, and against leukotriene Bs-induced
neutrophil chemotaxis and polarization. While the biosynthesis of
all resolvins of the E-class involves the formation of 18-hydroxy-
eicosapentaenoic acid, 1 appears to be derivatized through an al-
ternative key intermediate produced from EPA. Specifically, the
intermediacy of 17,18-epoxy-5,8,11,14-eicosatetraenoic acid was
indicated by its detection in the above murine peritoneal fluid and
by a separate in vitro experiment, where porcine 12-LOX trans-
formed 17,18-epoxy-5,8,11,14-eicosatetraenoic acid into 1. Thus,
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Fig. 1. Structures of EPA and its metabolites, and possible biosynthetic pathways of the
metabolites.

a new endogenous anti-inflammatory cascade was proposed by the
isolation of 1.

UV and LC-MS/MS spectra were the only available data for natural
1 and allowed tentative assignment of its planar structure to be
(52,8Z,10E,142)-12-hydroxy-17,18-epoxy-5,8,10,14-eicosatetraenoic
acid, leaving the stereochemistry of the C12-hydroxy and C17,18-
epoxide groups unassigned. We therefore embarked on establish-
ing the absolute configuration of 1 by full synthetic construction of
the four stereoisomers of 1. Here we report details of the stereo-
selective total synthesis of (12S,17R,18S)-, (12S5,175,18R)-,
(12R,17R,18S)- and (12R,17S,18R)-(57,8Z,10E,14Z)-12-hydroxy-17,18-
epoxy-5,8,10,14-eicosatetraenoic acids (1aa, 1ab, 1ba and 1bb).
HPLC comparison analyses revealed that the EPA-derived natural 1is
1aa and 1ab. Furthermore, evaluation of the anti-inflammatory ac-
tivities of synthetic 1aa, 1ab, 1ba and 1bb demonstrated that the
stereochemistry of the C17,18-epoxide has greater biological im-
portance than that of the C12-hydroxy group.

2. Results and discussion

We mapped out a convergent route to the four stereoisomers of
(52,8Z,10E,142)-12-hydroxy-17,18-epoxy-5,8,10,14-eicosatetraenoic
acids (1aa, 1ab, 1ba and 1bb, Scheme 1), and designed two chiral
fragments (7a/7b, 9a/9b), three achiral fragments (8, 10, 11) and
iodoform for the assembly. The chemically unstable C17,18-epoxide
of 1 would be constructed in the very last step of the synthesis, and
the Z-alkenes would be generated from the corresponding internal
alkynes. These retrosynthetic considerations led to intermediate 2,
which possesses a C17-hydroxy group and a C18-tosylate for ep-
oxide formation, and three internal alkynes (C5—6, C8—9, and
C14—15) as surrogates of the Z-alkenes. The carbon backbone of 2
would be assembled by Sonogashira coupling of C10—20 fragments
3 and the copper alkynide of C1—9 fragment 4. Achiral 4 would be
readily synthesized from 10 and 11 by applying copper-mediated
Sn2-alkynylation. On the other hand, the four stereoisomers of
chiral 3 (3aa, 3ab, 3ba, 3bb) would be synthesized through Sy2-
alkynylative coupling of the enantiomeric pairs of C11-15 frag-
ment 5a/5b and C16—20 fragment 6a/6b, followed by vinyl iodide

formation using iodoform. Compounds 5a/5b would be further
dissected into glycidol derivative 7a/7b and TMS-acetylene 8, while
6a/6b would be simplified into triol 9a/9b.

_ 1 _OH . oj
@ X —> I o
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12 17 18

OH o
1aa: 12S,17R,18S (natural form)
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Scheme 1. Synthetic plan of the four stereoisomers of 1.

The synthesis commenced with preparation of two C11-15
fragments, 5a and 5b (Scheme 2). The lithium acetylide of TMS-
acetylene 8 reacted with PMB-protected glycidol 7a'® in the pres-
ence of BF3-OEty, leading to 12a.'' Removal of the C15-TMS group of
the resultant 12a was followed by TBS-protection of the C12-
hydroxy group to afford (12S)-5a. The enantiomer (12R)-5b was
synthesized from 7b by employing the same three-step sequence.

PMBO™ 7] PMBO”™ <]
7a 7b
==—TMS (8, 2.0 equiv)

n-BuLi, BF3-OEt,, THF, -40 °C

11 1

PMBO/12\5:/\15 PMBOW
X N

OR R OR' R?

12a: R'=H, R2= TMS] 1. K,COg, MeOH |;12b: R'=H, R?=TMS

2. TBSOTf
5a: R'=TBS,R?=H 2,6-lutidine 5b: R'=TBS, R?=H
(97%, 3 steps) CH,Cl, (95%, 3 steps)

Scheme 2. Synthesis of C11—-15 fragments 5a and 5b.

C16—20 fragments 6a and 6b, the coupling partners of C11-15
fragments 5a and 5b, were synthesized from 13 (Scheme 3). En-
antiomeric syn-diols 14a (99% ee) and 14b (98% ee)’“!> were pre-
pared from olefin 13 by Sharpless asymmetric dihydroxylation'®
using (DHQD),PHAL and (DHQ),PHAL, respectively, as the chiral
ligand. Ester 14a was reduced with LiAlH, to provide triol 9a,'*"
which was then converted to C16—20 fragment 6a by treatment
with NaH and tosyl imidazole.'# Remarkably, this one-pot reaction
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involved three transformations: i) chemoselective C16-tosylation
(9a— 15a), ii) nucleophilic epoxide formation (15a— 16a), and iii)
C18-tosylation (16a— 6a). The same two steps transformed the
enantiomeric diol 14b into 6b."”

o}

“Ae()/ll\\ﬁﬁj\\\///

(DHQD),PHAL 0s0, (0.4 mol%) (DHQ),PHAL
(1 mol% K3Fe(CN)g (1 mol%)
MeSO,NH,, KzCOs ref 7c,12ab
ref 7¢ t BuOH/HZO

Meo%/m\/ Meo)kl/'\/

OH
14a (99% ee) 14b (98% ee)

l LiAIH4, THF \

OH OH
16 < 16
Ro/\:/18\/ ROW
OH i. NaH, THF OH
9a: R =H (78%) — 9b: R = H (96%)
15a: R =Ts :I N 15b: R=Ts
TS
(2.0 equiv)
0°Ctort,2h
OH OH
W b)\/
o (@)
16a . 16b
ii. NaH
/7\
NVN‘TS
17h
OTs OTs
16W 20 16y>)\/2°
o o)
6a (69%) 6b (65%)

Scheme 3. Synthesis of C16—20 fragments 6a and 6b.

Scheme 4 illustrates the synthesis of the four C10—20 frag-
ments 3aa, 3ab, 3ba and 3bb from the synthesized enantiomeric
pairs 5a/5b and 6a/6b. BFs-OEt;-activated SN2 reaction of the
lithiated species of C11-15 fragment (12S)-5a with C16-20 epox-
ides 6a and 6b at 0 °C produced 17aa and 17ab, respectively. In
this reaction, in situ generated C17-lithium alkoxides did not
participate in formation of the C17,18-epoxide, and the free C17-
hydroxy group of 17aa/17ab was generated after aqueous work-
up. TBS-protection of C17-secondary alcohol 17aa/17ab and sub-
sequent removal of the PMB group gave rise to C11-primary al-
cohol 19aa/19ab. After Dess-Martin oxidation of alcohol 19aa/19ab
to aldehyde 20aa/20ab,'® Takai’s vinyl iodination'’ of 20aa/20ab
with iodoform and CrCl, in THF and dioxane'® yielded E-vinyl
iodide 3aa/3ab." This five-step reaction sequence also converted
6a and 6b into the two C10—20 fragments 3ba and 3bb, re-
spectively, upon alternative use of 5b.

Achiral C1-9 fragment 4 was prepared in two steps from
propargyl bromide 10 and alkyne 11°° (Scheme 5). Propargyl bro-
mide 10 was treated with the copper alkynide of C1—6 alkyne 11,%!
giving rise to diyne 21. The C9-TMS group of thus obtained 21 was
removed using TBAF in the presence of AcOH to provide 4. Of note,
buffering with AcOH effectively suppressed deprotonation of the
acidic double propargylic protons at C7, thereby preventing de-
composition of the product 4.

A. Synthesis of 3aa and 3ab
11

PMBO™ 125> %15

OTBS
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W 16%/ 20
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11 16 20
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Scheme 4. Synthesis of the four C10—20 fragments 3aa, 3ab, 3ba, and 3bb.

The carbon backbone of 1 was then assembled by Sonogashira
coupling between C10—20 fragments 3 and C1-9 fragment 4
(Scheme 6).%? Separate treatment of the four stereoisomers 3aa,
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Scheme 5. Synthesis of the C1-9 fragment 4.

3ab, 3ba and 3bb with 4 in the presence of catalytic Pd(PPhs)4 and
Cul induced C—C bond formation to yield triynes 2aa, 2ab, 2ba and
2bb, respectively. Thus, the three Sy2-alkynylation reactions and
one Sonogashira coupling reactions efficiently built the appropri-
ately functionalized carbon skeleton of 1 from six simple units.

A. Synthesis of 2aa and 2ab

OTs OTs
I W 2 I — 2
10 = - = 10 = -
OTBS OTBS OTBS OTBS
3aa 3ab
0
Z X
9 10

4 (1.5 equiv), Pd(PPh3),, Cul
piperidine, benzene

=% =%
10 z — N 20 10 z — - 20
OTBS TBSO OTs OTBS TBSO OTs
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B. Synthesis of 2ba and 2bb
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piperidine, benzene
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2bb (70%)

OTBS TBSO  OTs
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Scheme 6. Assembly of the carbon backbone of 1.

Next, we focused on reduction of the three internal alkynes
(C5—6, C8—9, and C14—15) of 2aa to the corresponding Z-alkenes of
24aa without touching the preexisting E-alkene and generating Z-
alkenes (Scheme 7). This transformation turned out to be chal-
lenging. Lindlar reduction® of triyne 2aa in the presence of quin-
oline in hexane smoothly effected reduction of two of the three
alkynes, leading to monoyne 22aa with the two Z-alkenes. How-
ever, the most hindered C14—15 alkyne, surrounded by two prox-
imal TBSO groups, was resistant to hydrogenation conditions. For
instance, application of an excess amount of Lindlar catalyst or
increasing the reaction time induced over-reduction of the less
hindered alkenes prior to reduction of the remaining C14—15 al-
kyne of 22aa. Hence, an alternative approach was required to

z 14:15 z — ~
OTBS TBSO  OTs OTBS TBSO  OTs
2aa 2ab

Hy, quinoline, Lindlar cat.
hexane

T 4=—1s
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X X

= _ =
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_ OH _ OH
\ P 9 \ P 9
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J=10.9 Hz J=11.0 Hz

1aa (18%, 3 steps)

1ab (36%, 3 steps)
Scheme 7. Total synthesis of (125,17R,18S)-1aa and (12S,175,18R)-1ab.

realize high chemoselective reduction of the alkyne in the presence
of multiple alkenes.

Recently, we have modified the Isobe reduction®* and developed
a robust Co-complexation/decomplexation protocol for formation
of the Z-alkene from the hindered alkyne.?” This highly chemo-
selective method was applied to 22aa (Scheme 7). The C14—15 al-
kyne of 22aa was first converted to the alkyne-dicobalt
hexacarbonyl complex with Co,(CO)g to afford 23aa. The Co-
complex moiety of 23aa was smoothly reduced to the Z-alkene by
the action of n-BusSnH (15 equiv) and N-methylmorpholine N-ox-
ide (10 equiv) at 0 °C, delivering 24aa with negligible formation of
over-reduced compounds.26 Moreover, the combination of the
Lindlar and modified Isobe reductions was reliably applied to the
stereoisomeric triyne 2ab. Partial reduction of 2ab with Lindlar
catalyst produced 22ab, which was then subjected to alkyne-
dicobalt hexacarbonyl complex formation to furnish 23ab. The
subsequent reductive decomplexation under the above conditions
gave rise to tetraene 24ab.
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The total synthesis of 1aa/1ab was completed from the obtained
tetraenes 24aa/24ab (Scheme 7). The cyclic acetal of 24aa/24ab was
chemoselectively hydrolyzed in the presence of the two acid labile
TBS ethers under Kita-Fujioka’s conditions, leading to 25aa/25ab.%’
Aldehyde 25aa/25ab was then oxidized to carboxylic acid 26aa/
26ab. Finally, removal of the two TBS groups and formation of the
C17,18-epoxide were simultaneously attained by treating with
TBAF, transforming 26aa and 26ab into (12S,17R,18S)-1aa and
(12S5,175,18R)-1ab, respectively. Hence, the chemically labile epox-
ide of 1aa/1ab was constructed at the final step of the total syn-
thesis via nucleophilic displacement of the C18-tosylate by the in
situ formed C17-alkoxide. As illustrated in Scheme 8, the two di-
astereomeric triynes 2ba and 2bb were submitted to the same six-
steps to produce (12R,17R,18S)-1ba and (12R,17S,18R)-1bb, re-
spectively. The geometry of the conjugated E,Z-diene of 1aa/l1ab/
1ba/1bb was confirmed from the H8—H9 and H10—H11 coupling
constants, indicating its non-isomerization throughout the series of
transformations from 22aa/22ab/22ba/22bb. The total synthesis of

_ oj _ oj

=% =%
OTes TBSO  OTs OTBs TBSO  OTs
2ba 2bb
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| o | o
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Scheme 8. Total synthesis of (12R,17R,18S)-1ba and (12R,17S,18R)-1bb.

J=15.5Hz
1bb (34%, 3 steps)

the four isomers 1aa, 1ab, 1ba and 1bb allowed us to compare their
retention times with that of the naturally occurring 1 using HPLC.
As a result, the absolute structures of the EPA-derived natural lipids
were established to be (5Z,8Z10E125,14Z17R18S)-, and
(57,8Z,10E,125,14Z,175,18R)-12-hydroxy-17,18-epoxy-5,8,10,14-
eicosatetraenoic acids (1aa and 1ab).”?® Therefore, the natural
forms were disclosed to be diastereomers at the C17,18-epoxide.

A preliminary structure-activity relationship (SAR) study was
performed using synthetic (12S,17R,18S)-1aa, (12S,17S,18R)-1ab,
(12R,17R,18S)-1ba and (12R,17S,18R)-1bb (Fig. 2). Specifically, the
anti-inflammatory activities of these four compounds were evalu-
ated using an in vivo inflammation model.>® Zymosan A, a glucan
from the yeast cell wall, was used to induce acute peritonitis in
mice. Intravenous administration of as little as 1 ng of the 4 com-
pounds blocked the infiltration of PMN leucocytes at 2 h in the
inflamed peritoneal cavity, showing that all of the synthesized
lipids possessed anti-inflammatory activity. Intriguingly, one of the
natural forms, 1aa, displayed more potent anti-inflammatory ac-
tivity than the other natural form, 1ab, and the activity of the un-
natural compound 1ba was stronger than those of natural 1ab and
unnatural 1bb. These results together clarified the importance of
the presence of the (17R,18S)-epoxide and the relative indifference
of activity to the stereochemistry of the C12-hydroxy group.

60
kK
50 -
40 T *kk

30 - by

20 A

PMN % inhibition

10 A

1aa 1ab 1ba 1bb

Fig. 2. Bioassay of synthetic 1aa, 1ab, 1ba and 1bb. The compounds (1 ng) were in-
jected intravenously through the tail vein followed by peritoneal injection of zymosan
A (1 mg/mL). After 2 h, peritoneal lavages were collected, and the number of PMN
leucocytes was counted. Values represent mean + SE, n>3, *P<0.05, **P<0.01,
***P<0.001 versus vehicle control.

3. Conclusion

We achieved the convergent total synthesis of the four stereo-
isomers of a new lipid mediator, (5Z,8Z,10E,14Z)-12-hydroxy-17,18-
epoxy-5,8,10,14-eicosatetraenoic acid (1). The stereoisomers,
(125,17R18S)-1aa,  (125,175,18R)-1ab, (12R17R18S)-1ba and
(12R,175,18R)-1bb, were synthesized from 7a/7b, 8, 9a/9b, 10,11 and
iodoform in 15 longest linear steps and 18 overall steps. The key
features of the synthesis route include: i) construction of the carbon
backbone of 1 through three Sy2 alkynylation reactions and one
Sonogashira coupling reaction and ii) chemoselective formation of
three Z-alkenes by stepwise reduction using Lindlar reduction of the
two alkynes (C5—6 and C8—9) and modified Isobe reduction of the
remaining C14—15 alkyne. The fully synthetic construction of the
four isomers allowed both determination of the EPA-derived natural
lipid mediators to be 1aa and 1ab and evaluation of their anti-in-
flammatory activities. The biological data revealed the importance of
the stereochemistry of the epoxide: the isomers with the (17R,18S)-
epoxide (1aa, 1ba) were more potent than the isomers (1ab, 1bb)
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with the (17S,18R)-epoxide. More detailed functional and biological
analyses of the synthesized compounds will be our next focus.

4. Experimental section
4.1. General methods

All reactions sensitive to air or moisture were carried out in dry
solvents under argon atmosphere, unless otherwise noted. THF,
CH,Cl, and toluene were purified by Glass Contour solvent dis-
pensing system. EtsN and piperidine were purified by distillation
over CaH,. BF;- OEt; was purified by distillation over P,0s. All other
reagents were used as supplied unless otherwise noted. Analytical
thin-layer chromatography (TLC) was performed using pre-coated
TLC glass plates (silica gel 60 F254, 0.25 mm). Flash chromatogra-
phy was performed using silica gel [granular, neutral, 32—53 um;
spherical, carboxylic acid supported (Chromatorex-ACD COOH),
45—75 pm]. Medium pressure liquid chromatography was carried
out by using a system equipped with a pre-packed silica gel 40 pm
(14 g, 20x75 mm; 45 g, 26x150 mm). Melting points are reported
uncorrected. Optical rotations were measured using the sodium D
line. Infrared (IR) spectra were recorded as a thin film on a NaCl disk
using an FT/IR spectrometer. 'H and 13C NMR spectra were recorded
on 400 or 500 MHz, and 100 or 150 MHz spectrometers, re-
spectively. Chemical shifts were reported in ppm on the ¢ scale
relative to residual CHCl3 for 'H NMR (6=7.26), CDCl3 for '3C NMR
(6=77.0), C¢HDs for 'H NMR (6=7.16), CD,HOD for 'H NMR
(6=3.31), and CD30D for 3C NMR (§=49.0) as internal references.
Signal patterns are indicated as s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broaden peak. The carbon numbering of
the synthetic compounds corresponds to that of 1. High resolution
mass spectra were measured on ESI-TOF or DART-TOF mass
spectrometers.

4.11. C11-15 fragment 5a. n-Buli (1.35 M in hexane, 12.5 mlL,
16.9 mmol) was added to a solution of trimethylsilyl acetylene 8
(2.3 mL, 16 mmol) in THF (34 mL) at —78 °C. The solution was
stirred at —78 °C for 10 min, warmed to 0 °C and stirred for 50 min.
After the mixture was cooled to —78 °C, BF3-OEt; (2.0 mL, 16 mmol)
and a solution of 7a (1.56 g, 8.04 mmol) in THF (6.0 mL) were
successively added. The reaction mixture was stirred at —78 °C for
30 min and warmed to —40 °C over 1 h, and then saturated aqueous
NH4Cl solution (30 mL) was added. The resultant mixture was
extracted with Et,0 (50 mL and 30 mL), and the combined organic
layers were washed with H,0O (30 mL) and brine (30 mL), dried over
Na,S0;4, filtered, and concentrated. The residue was purified by
medium pressure liquid chromatography on silica gel (45 g, hex-
ane/EtOAc 6/1 to 4/1) to afford the crude alcohol 12a, which was
used in the next reaction without further purification.

K>CO3 (1.44 g, 10.4 mmol) was added to a solution of the above
crude alcohol 12a in MeOH (62 mL) at room temperature. The re-
action mixture was stirred at room temperature for 11 h. After the
mixture was cooled to 0 °C, saturated aqueous NH4Cl solution
(10 mL) was added. The resultant mixture was extracted with Et;0
(60 mL x4), and the combined organic layers were washed with
H,0 (40 mL) and brine (40 mL), dried over Na,SOy, filtered, and
concentrated. The residue was purified by medium pressure liquid
chromatography on silica gel (45 g, hexane/EtOAc 4/1 to 1/1) to
afford the crude alcohol, which was used in the next reaction
without further purification.

TBSOTf (0.28 mL, 1.2 mmol) was added to a solution of the above
crude alcohol and 2,6-lutidine (0.32 mL, 2.8 mmol) in CH,Cl, (70 mL)
at 0 °C. The reaction mixture was stirred at 0 °C for 5 min, warmed to
room temperature and stirred for 1.5 h, and then TBSOTf (0.40 mL,
1.7 mmol) and 2,6-lutidine (0.68 mL, 5.8 mmol) were added. After
20 min, TBSOTf (1.4 mL, 5.9 mmol)and 2,6-lutidine (1.3 mL, 11 mmol)

were added. After further 40 min, TBSOTf (1.0 mL, 4.4 mmol)and 2,6-
lutidine (0.70 mL, 6.0 mmol) were added again. The mixture was
stirred for 10 min and cooled to 0 °C, and then saturated aqueous
NaHCO3 solution (10 mL) was added. The resultant mixture was
extracted with Et,0 (60 mL x3), and the combined organic layers
were washed with H,O (40 mL) and brine (40 mL), dried over
Na,S0g, filtered, and concentrated. The residue was purified by
medium pressure liquid chromatography on silica gel (45 g, hexane
to hexane/EtOAc 7/1) to afford C11-15 fragment 5a (2.61 g,
7.79 mmol) in 97% yield over three steps: colorless oil: [a]3—0.60 (¢
0.90, CHCl3). The other analytical data of 5a were identical to those of
5b.

4.1.2. C11-15 fragment 5b. According to the synthetic procedure of
5a, C11-15 fragment 5b (1.58 g, 4.73 mmol) was synthesized from
7b (970 mg, 5.00 mmol) and trimethylsilyl acetylene 8 (1.4 mL,
9.9 mmol) in 95% yield over three steps by using n-BulLi (1.6 M in
hexane, 6.6 mL, 11 mmol) and BF5-OEt; (1.2 mL, 9.7 mmol) in THF
(25 mL) for the first reaction, K;CO3 (899 mg, 6.51 mmol) in MeOH
(40 mL) for the second, and TBSOTf (1.3 mL, 5.7 mmol) and 2,6-
lutidine (1.4 mL, 12 mmol) in CH,Cl, (45 mL) for the third. Purifi-
cation was performed by medium pressure liquid chromatography
on silica gel (45 g, hexane/EtOAc 6/1 to 5/1) for the first reaction, on
silica gel (45 g, hexane/EtOAc 6/1 to 2/1) for the second and on silica
gel (45 g, hexane to hexane/EtOAc 30/1) for the third: colorless oil;
[«]3/+0.51 (c 1.1, CHCl3); IR (neat) » 3310, 2953, 2929, 2856, 2121,
1613, 1514, 1464, 1249, 1123 cm™~'; 'H NMR (400 MHz, CDCl3) 6 0.07
(3H, s, CH3 of TBS), 0.09 (3H, s, CH3 of TBS), 0.89 (9H, s, t-Bu of TBS),
1.95 (1H, t, J=2.7 Hz, H15), 2.35 (1H, ddd, J=16.9, 6.0, 2.7 Hz, H13a),
2.47 (1H, ddd, J=16.9, 6.0, 2.7 Hz, H13b), 3.45 (1H, dd, J=14.2, 5.5 Hz,
H11a), 3.47 (1H, dd, J=14.2, 5.5 Hz, H11b), 3.81 (3H, s, OMe), 3.96
(1H, tt, J=6.0, 5.5 Hz, H12), 4.47 (2H, s, OCHAr), 6.87 (2H, d,
J=8.7 Hz, aromatic), 7.26 (2H, d, J=8.7 Hz, aromatic); >C NMR
(125 MHz, CDCl3) 6 —4.7, —4.6,18.1, 24.7, 25.8 (x3), 55.3, 69.8, 70.2,
73.0, 73.3, 814, 113.7 (x2), 129.2 (x2), 130.4, 159.1; HRMS (ESI)
calcd for C1gH3003SiNa 357.1856 [M-+Na] ™, found 357.1862.

4.1.3. Triol 9a. A solution of 14a (3.71 g, 838 mmol,
a 1.0:2.5:0.56:0.89 mixture of 14a, t-BuOH, Et;0 and pentane) in
THF (20 mL) was added to a suspension of LiAlHs (1.28 g,
33.7 mmol) in THF (65 mL) at 0 °C over 25 min. The reaction
mixture was warmed to room temperature and stirred for 5 h. After
the mixture was cooled to 0 °C, saturated aqueous potassium so-
dium tartrate solution (50 mL) and n-BuOH (100 mL) were added.
The resultant mixture was warmed to room temperature and stir-
red for 19 h. After separation, the aqueous layer was extracted with
n-BuOH (20 mL x4). The combined organic layers were dried over
Na,S0y, filtered, and concentrated. Purification was performed by
flash column chromatography on silica gel (30 g, CHCl3/MeOH 9/1
to 5/1) to afford triol 9a (783 mg, 6.51 mmol) in 78% yield: colorless
oil. The analytical data of 9a were identical to those reported
previously.'?"

4.1.4. Triol 9b. According to the synthetic procedure of 9a, triol 9b
(390 mg, 3.25 mmol) was synthesized from 14b (1.00 g, 3.39 mmol,
a 1.0:0.80:0.40:0.80 mixture of 14b, t-BuOH, Et;0 and pentane) in
96% yield by using LiAlH4 (520 mg, 13.7 mmol) in THF (36 mL).
Purification was performed by flash column chromatography on
silica gel (20 g, CHCl3/MeOH 5/1): colorless oil. The other analytical
data of 9b were identical to those reported previously.'??

4.15. C16—20 fragment 6a. NaH (60 wt % in mineral oil, 784 mg,
19.6 mmol) was added to a solution of 9a (783 mg, 6.53 mmol) in THF
(130 mL)at0°C.The mixture was stirred at 0 °Cfor 1 h, and then tosyl
imidazole (2.89 g, 13.0 mmol) was added. The reaction mixture was
stirred at 0 °C for 50 min, warmed to room temperature, and stirred



8326 T. Goto et al. / Tetrahedron 71 (2015) 8320—8332

for 40 min. After the mixture was cooled to 0 °C, NaH (60 wt % in
mineral oil, 392 mg, 9.80 mmol) was added. The reaction mixture
was warmed to room temperature and stirred for 1.5 h, and then
tosyl imidazole (2.89 g, 13.0 mmol) was added. The reaction mixture
was stirred at room temperature for 17 h. After the mixture was
cooled to 0 °C, pH 7 phosphate buffer (20 mL) was added. The re-
sultant mixture was extracted with EtOAc (150 mL and 100 mL), and
the combined organic layers were washed with H,O (50 mL) and
brine (50 mL), dried over NaySOy, filtered, and concentrated. The
residue was purified by medium pressure liquid chromatography on
silica gel (45 g, hexane/EtOAc 20/1 to 9/1) to afford C16—20 fragment
6a(1.16 g,4.53 mmol)in 69% yield: white solid; mp 61 °C; [a]f—16 (¢
1.0, CHCls3); IR (neat) » 2976, 2935, 2886, 1598, 1459, 1358, 1189, 1174,
1097, 931 cm™'; "H NMR (400 MHz, CDCl3) 6 0.95 (3H, t, J=7.4 Hz,
H20),1.76 (2H, qd,J=7.4,6.4 Hz,H19), 2.44(3H, s, CH3 of Ts), 2.63 (1H,
dd, J=4.6, 2.3 Hz, H16a), 2.78 (1H, dd, J=4.6, 4.6 Hz, H16b), 3.05 (1H,
ddd,j=6.4,4.6,2.3Hz,H17),4.28 (1H, dt,J]=6.4,6.4Hz,H18),7.33 (2H,
d, J=7.8 Hz, aromatic), 7.82 (2H, d, J=7.8 Hz, aromatic); >C NMR
(100 MHz, CDCl3) 6 9.3, 21.5, 25.0, 44.6, 52.3, 84.6,127.7 (x2), 129.5
(x2), 134.0, 144.5; HRMS (ESI) calcd for CipH1604SNa 279.0662
[M+Na] ™, found 279.0661.

4.1.6. C16—20 fragment 6b. According to the synthetic procedure of
6a, C16—20 fragment 6b (549 mg, 2.14 mmol) was synthesized from
9b (393 mg, 3.28 mmol) in 65% yield by using NaH (60 wt % in
mineral oil, 789 mg, 19.7 mmol) and tosyl imidazole (2.97 g,
13.4 mmol) in THF (65 mL). Purification was performed by medium
pressure liquid chromatography on silica gel (45 g, hexane/EtOAc 9/
1): white solid; mp 61-62 °C; [«]$+16 (c 1.0, CHCl3). The other
analytical data of 6b were identical to those of 6a and the pre-
viously reported data."”

4.1.7. TBS ether 18aa. n-BulLi (1.35 M in hexane, 1.7 mL, 2.3 mmol)
was added to a solution of 5a (722 mg, 2.16 mmol) in THF (3.0 mL)
at —78 °C. The solution was stirred at —78 °C for 15 min, warmed to
0 °C and stirred for 30 min. After the mixture was cooled to —78 °C,
BF3-OEty (0.27 mL, 2.2 mmol) and a solution of 6a (221 mg,
0.863 mmol) in THF (1.3 mL) were successively added. The reaction
mixture was stirred at —78 °C for 30 min, warmed to O °C and
stirred for 2 h, and then saturated aqueous NH4Cl solution (10 mL)
was added. The resultant mixture was extracted with EtOAc (20 mL
and 10 mL), and the combined organic layers were washed with
H,0 (10 mL) and brine (10 mL), dried over NaySOy, filtered, and
concentrated. The residue was purified by medium pressure liquid
chromatography on silica gel (45 g, hexane to hexane/EtOAc 9/1 to
6/1 to 4/1 to 2/1) to afford the crude 17aa, which was used in the
next reaction without further purification.

TBSOTf (0.29 mL, 1.3 mmol) was added to a solution of the above
crude 17aa and Et3N (0.44 mL, 3.1 mmol) in 1,2-dichloroethane
(6.0 mL) at 0 °C. The reaction mixture was warmed to 30 °C and
stirred for 1 h, and then TBSOTf (0.14 mL, 0.61 mmol) and Et3N
(0.13 mL, 0.93 mmol) were added. The reaction mixture was stirred
for 20 min, and then was poured into saturated aqueous NaHCO3
solution (15 mL). The resultant mixture was extracted with EtOAc
(20 mL and 10 mL), and the combined organic layers were washed
with H0 (10 mL) and brine (10 mL), dried over Na,SOy, filtered,
and concentrated. The residue was purified by flash column chro-
matography on silica gel (20 g, hexane to hexane/EtOAc 9/1) to
afford TBS ether 18aa (401 mg, 0.570 mmol) in 66% over two steps:
colorless oil; [a]3*+17 (c 0.97, CHCl3). The other analytical data of
18aa were identical to those of 18bb.

4.1.8. TBS ether 18ab. According to the synthetic procedure of 18aa,
18ab (319 mg, 0.452 mmol) was synthesized from 5a (504 mg,
1.50 mmol) and 6b (155 mg, 0.605 mmol) in 75% yield over two
steps by using n-BuLi (1.6 M in hexane, 1.0 mL, 1.6 mmol) and

BF3-OEt; (0.19 mL, 1.5 mmol) in THF (3.0 mL) for the first reaction,
and TBSOTf (0.23 mL, 1.0 mmol) and Et3N (0.34 mL, 2.4 mmol) in
1,2-dichloroethane (5.0 mL) for the second. Purification was per-
formed by medium pressure liquid chromatography on silica gel
(45 g, hexane/EtOAc 9/1 to 3/1) for the first reaction, and flash
column chromatography on silica gel (15 g, hexane to hexane/
EtOAc 9/1) for the second: colorless oil; [a]3®—7.5 (¢ 1.1, CHCl3); IR
(neat) v 2952, 2929, 2856, 1614, 1514, 1463, 1363, 1250, 1177,
1097 cm~!; '"H NMR (400 MHz, CDCl3) 6 0.04 (3H, s, CH3 of TBS),
0.065 (3H, s, CH3 of TBS), 0.067 (3H, s, CH3 of TBS), 0.09 (3H, s, CH3 of
TBS), 0.76 (3H, t, J=7.8 Hz, H20), 0.86 (9H, s, t-Bu of TBS), 0.89 (9H, s,
t-Bu of TBS), 1.52 (1H, m, H19a), 1.76 (1H, m, H19b), 2.14—2.43 (4H,
m, H13 and H16), 2.43 (3H, s, CH3 of Ts), 3.42 (1H, dd, J=10.0, 5.5 Hz,
H11a), 3.50 (1H, dd, J=10.0, 5.0 Hz, H11b), 3.80 (3H, s, OMe),
3.87—3.94 (2H, m, H12 and 17), 4.38 (1H, ddd, J=8.7, 4.1, 4.1 Hz,
H18), 4.48 (2H, s, OCHAr), 6.87 (2H, d, J=8.7 Hz, aromatic), 7.26
(2H, d, J=8.7 Hz, aromatic), 7.32 (2H, d, J=8.7 Hz, aromatic), 7.80
(2H, d, J=8.7 Hz, aromatic); '>*C NMR (100 MHz, CDCl3) § —4.9, —4.8,
—4.61, —4.56, 10.1, 17.9, 18.2, 21.5, 21.6, 22.3, 25.0, 25.7 (x3), 25.8
(x3), 55.2, 70.8, 71.5, 73.0, 73.6, 78.4, 78.7, 85.5, 113.7 (x2), 127.8
(x2),129.1 (x2),129.7 (x2), 130.6, 134.3, 144.5, 159.0; HRMS (ESI)
calcd for C37Hgp07SSipNa 727.3490 [M+Na] ™, found 727.3470.

4.1.9. TBS ether 18ba. According to the synthetic procedure of 18aa,
18ba (444 mg, 0.629 mmol) was synthesized from 5b (711 mg,
2.12 mmol) and 6a (219 mg, 0.855 mmol) in 74% yield over two
steps by using n-Buli (1.6 M in hexane, 1.4 mL, 2.2 mmol) and
BF5-OEt; (0.26 mL, 2.1 mmol) in THF (4.3 mL) for the first reaction,
and TBSOTf (0.38 mL, 1.66 mmol) and Et3N (0.51 mL, 3.7 mmol) in
1,2-dichloroethane (6.0 mL) for the second. Purification was per-
formed by medium pressure liquid chromatography on silica gel
(45 g, hexane/EtOAc 9/1 to 3/1) for the first reaction, and flash
column chromatography on silica gel (20 g, hexane to hexane/
EtOAc 9/1) for the second: colorless oil; [a]3*+7.4 (c 1.0, CHCl3). The
other analytical data of 18ba were identical to those of 18ab.

4.1.10. TBS ether 18bb. According to the synthetic procedure of
18aa, 18bb (781 mg, 1.11 mmol) was synthesized from 5b (988 mg,
2.95 mmol) and 6b (306 mg, 1.20 mmol) in 93% yield over two steps
by using n-BuLi (1.6 M in hexane, 2.0 mL, 3.2 mmol) and BFs-OEt;
(0.37 mL, 3.0 mmol) in THF (5.9 mL) for the first reaction, and
TBSOTf (0.95 mL, 4.1 mmol) and Et3N (1.4 mL, 10 mmol) in 1,2-
dichloroethane (12 mL) for the second. Purification was per-
formed by flash column chromatography on silica gel (30 g, hexane/
EtOAc 20/1 to 3/1) for the first reaction, and on silica gel (10 g,
hexane to hexane/EtOAc 20/1) for the second: colorless oil;
[2]8°—15 (¢ 1.4, CHCl3); IR (neat) v 2953, 2929, 2856, 1920, 1613,
1514, 1463, 1364, 1250, 1177,1098 cm™~'; 'H NMR (400 MHz, CDCl3)
00.04 (3H, s, CH3 of TBS), 0.06 (6H, s, CH3 of TBS x2), 0.08 (3H, s, CH3
of TBS), 0.75 (3H, t, J=7.3 Hz, H20), 0.86 (9H, s, t-Bu of TBS), 0.88
(9H, s, t-Bu of TBS), 1.49 (1H, m, H19a), 1.76 (1H, m, H19b), 2.13—2.37
(4H, m, H13 and H16), 2.43 (3H, s, CH3 of Ts), 3.41 (1H, dd, J=10.0,
6.0 Hz, H11a), 3.49 (1H, dd, J=10.0, 5.0 Hz, H11b), 3.80 (3H, s, OMe),
3.86—3.94 (2H, m, H12 and 17), 4.35 (1H, ddd, J=8.7, 4.1, 4.1 Hz,
H18), 4.48 (2H, s, OCH,Ar), 6.86 (2H, d, J=8.2 Hz, aromatic), 7.26
(2H, d, J=8.2 Hz, aromatic), 7.32 (2H, d, J=8.2 Hz, aromatic), 7.79
(2H, d, J=8.2 Hz, aromatic); '>*C NMR (100 MHz, CDCl3) 6 —4.9, —4.8,
—4.64, —4.59, 101, 17.9, 18.1, 214, 21.6, 22.2, 25.0, 25.7 (x3), 25.8
(x3), 55.2, 70.8, 71.5, 72.9, 73.5, 78.4, 78.7, 85.5, 113.6 (x2), 127.8
(x2),129.1 (x2),129.7 (x2), 130.5, 134.2, 144.5, 159.0; HRMS (ESI)
calcd for C37Hgp07SSioNa 727.3490 [M+Na|*, found 727.3469.

4.1.11. Alcohol 19aa. DDQ (284 mg, 1.28 mmol) was added to a so-
lution of 18aa (584 mg, 0.828 mmol) in a mixture of CH,Cl; (8.0 mL)
and pH 7 phosphate buffer (0.8 mL) at 0 °C. The reaction mixture
was warmed to room temperature and stirred for 1 h. After the
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mixture was cooled to 0 °C, saturated aqueous NaHCO3 solution
(10 mL) was added. The resultant mixture was extracted with EtOAc
(50 mL and 40 mL), and the combined organic layers were washed
with H»0 (30 mL) and brine (30 mL), dried over Na,SOy, filtered,
and concentrated. The residue was purified by medium pressure
liquid chromatography on silica gel (45 g, hexane/EtOAc 9/1 to 4/1)
to afford alcohol 19aa (449 mg, 0.767 mmol) in 93% yield: colorless
oil; [a]3°+25 (c 1.2, CHCl3). The other analytical data of 19aa were
identical to those of 19bb.

4.1.12. Alcohol 19ab. According to the synthetic procedure of alco-
hol 19aa, 19ab (452 mg, 0.773 mmol) was synthesized from 18ab
(736 mg, 1.04 mmol) in 74% yield by using DDQ (402 mg, 1.81 mmol)
in a mixture of CH,Cl, (80 mL) and pH 7 phosphate buffer (8 mL). The
residue was purified twice by medium pressure liquid chromatog-
raphy on silica gel (45 g, hexane/EtOAc 9/1 to 4/1) and flash column
chromatography on silica gel (15 g, hexane/EtOAc 20/1 to 6/1): col-
orless oil; [a]88—6.6 (¢ 2.0, CHCl5): IR (neat) » 3571, 2953, 2929, 2857,
1923, 1599, 1463, 1363, 1255, 1189, 1176, 1100 cm~!; 'H NMR
(400 MHz, CDCl3) 6 0.05 (3H, s, CH3 of TBS), 0.07 (3H, s, CH3 of TBS),
0.10 (3H, s, CH3 of TBS), 0.11 (3H, s, CH3 of TBS), 0.75 (3H, t, J=7.3 Hz,
H20), 0.86 (9H, s, t-Bu of TBS), 0.90 (9H, s, t-Bu of TBS), 1.51 (1H, m,
H19a),1.75 (1H, m, H19b),1.92 (1H, dd, J=6.4, 6.4 Hz, OH), 2.14—2.42
(4H, m, H13 and H16), 2.45 (3H, s, CH3 of Ts), 3.58 (1H, ddd, J=11.0,
7.3,5.0 Hz, H11a), 3.67 (1H, ddd, J=11.0, 5.5, 3.6 Hz, H11b), 3.85 (1H,
m,H12),3.90 (1H, m, H17), 4.37 (1H, ddd, J=8.3,8.3,3.7 Hz,H18), 7.34
(2H, d, J=8.2 Hz, aromatic), 7.80 (2H, d, J=8.2 Hz, aromatic); '>*C NMR
(100 MHz, CDCl3) 6 —4.93, —4.85, —4.68, —4.66, 10.1, 17.9, 18.0, 21.3,
21.5,22.2,24.1,25.6 (x3),25.7 (x3), 65.6, 71.3, 71.7, 78.0, 78.9, 85.4,
127.7 (x2), 129.7 (x2), 134.2, 144.6; HRMS (ESI) calcd for
C29H520655i2Na 607.2915 [M+Na]+. found 607.2919.

4.1.13. Alcohol 19ba. According to the synthetic procedure of al-
cohol 19aa, 19ba (420 mg, 0.718 mmol) was synthesized from 18ba
(523 mg, 0.742 mmol) in 97% yield by using DDQ (254 mg,
1.12 mmol) in a mixture of CHCl, (7.0 mL) and pH 7 phosphate
buffer (0.7 mL). The residue was purified by medium pressure lig-
uid chromatography on silica gel (45 g, hexane/EtOAc 9/1 to 4/1):
colorless oil; [2]3°+8.9 (c 1.1, CHCl3). The other analytical data of
19ba were identical to those of 19ab.

4.1.14. Alcohol 19bb. According to the synthetic procedure of 19aa,
alcohol 19bb (606 mg, 1.04 mmol) was synthesized from 18bb
(781 mg, 1.11 mmol) in 94% yield by using DDQ (279 mg, 1.23 mmol)
in a mixture of CH,Cl, (10 mL) and pH 7 phosphate buffer (1.0 mL).
Purification was performed by flash column chromatography on
silica gel (30 g, hexane/EtOAc 9/1 to 4/1), and three times by medium
pressure liquid chromatography on silica gel (45 g, hexane to hex-
ane/EtOAc 4/1; 45 g, hexane to hexane/EtOAc 4/1; 14 g, hexane/
EtOAc 9/1 to 4/1): colorless oil; [a]3'—24 (c 0.91, CHCl3); IR (neat) »
3465, 2954, 2929, 2857, 1644, 1463, 1363, 1255, 1189, 1177, 1100,
931 cm~'; 'TH NMR (400 MHz, CDCls) 6 0.05 (3H, s, CH3 of TBS), 0.07
(3H, s,CH3 of TBS),0.10 (3H, s, CH3 of TBS), 0.11 (3H, s, CH3 of TBS), 0.74
(3H,t,J=7.8Hz,H20),0.86 (9H, s, t-Bu of TBS), 0.90 (9H, 5, t-Bu of TBS),
1.49(1H, m,H19a),1.75 (1H, m, H19b),1.93 (1H, dd, J=7.3, 5.9 Hz, OH),
2.15—-2.42 (4H,m,H13 and H16),2.45 (3H, s, CH3 of Ts), 3.57 (1H, ddd,
J=11.9, 7.3, 5.0 Hz, H11a), 3.68 (1H, ddd, J=11.9, 5.9, 3.6 Hz, H11b),
3.85(1H, m, H17),3.91 (1H, m, H12),4.35 (1H, ddd, J=8.2, 8.2, 4.1 Hz,
H18), 7.34 (2H, d, J=8.7 Hz, aromatic), 7.79 (2H, d, J=8.7 Hz, aro-
matic); 3C NMR (100 MHz, CDCl3) 6 —4.94, —4.86, —4.69, —4.66,10.1,
17.9,18.0, 21.3, 21.5, 22.2, 24.1, 25.6 (x3), 25.7 (x3), 65.6, 71.3, 71.7,
78.0,78.9,85.5,127.7 (x2),129.7 (x2),134.1,144.6; HRMS (ESI) calcd
for Co9H5,06SSioNa 607.2915 [M+Na]*, found 607.2897.

4.1.15. Aldehyde 20aa. Dess—Martin periodinane (493 mg,
1.16 mmol) was added to a suspension of alcohol 19aa (445 mg,

0.761 mmol) and NaHCOs3 (625 mg, 7.44 mmol) in CH>Cl; (8.0 mL)
at 0 °C. The reaction mixture was stirred at 0 °C for 2 h, and then
H,0 (10 mL) was added. The resultant mixture was extracted with
Et;0 (50 mL and 30 mL), and the combined organic layers were
washed with HyO (50 mL) and brine (50 mL), dried over Na;SOy,
filtered, and concentrated. The residue was purified by flash col-
umn chromatography on silica gel (20 g, hexane/EtOAc 9/1 to 4/1)
to afford aldehyde 20aa (431 mg, 0.739 mmol) in 97% yield: col-
orless oil; [a]3*+12 (c 1.0, CHCl3). The other analytical data of 20aa
were identical to those of 20bb.

4.1.16. Aldehyde 20ab. According to the synthetic procedure of al-
dehyde 20aa, 20ab (303 mg, 0.520 mmol) was synthesized from
19ab (320 mg, 0.547 mmol) in 95% yield by using Dess—Martin
periodinane (471 mg, 1.11 mmol) and NaHCO3 (449 mg, 5.35 mmol)
in CH,Cl, (32 mL). Purification was performed twice by flash col-
umn chromatography on silica gel (20 g, hexane/EtOAc 9/1 to 6/1;
10 g, hexane/EtOAc 9/1 to 6/1): colorless oil; [a]3’—22 (¢ 1.6, CHCl3);
IR (neat) » 2953, 2929, 2857,1741, 1600, 1471, 1463, 1363, 1255, 1177,
1120, 931 cm™'; 'H NMR (400 MHz, CDCl3) 6 0.05 (3H, s, CH3 of
TBS), 0.07 (3H, s, CH3 of TBS), 0.117 (3H, s, CH3 of TBS), 0.122 (3H, s,
CH; of TBS), 0.76 (3H, t, J=7.3 Hz, H20), 0.86 (9H, s, t-Bu of TBS), 0.93
(9H, s, t-Bu of TBS), 1.51 (1H, m, H19a), 1.75 (1H, m, H19b), 2.20 (1H,
dd, J=16.0, 7.8 Hz, H16a), 2.37 (1H, m, H16b), 2.45—2.55 (2H, m,
H13), 2.45 (3H, s, CH3 of Ts), 3.91 (1H, dt, J=7.8, 4.6 Hz, H17), 4.08
(1H, td, J=6.4, 1.4 Hz, H12), 4.36 (1H, dt, J=9.2, 3.7 Hz, H18), 7.34
(2H, d, J=8.2 Hz, aromatic), 7.80 (2H, d, J=8.2 Hz, aromatic), 9.63
(1H, t, J=1.4 Hz, H11); 13C NMR (100 MHz, CDCl3) 6 —4.9, —4.85,
—4.78, —4.6,10.1,17.9, 18.2, 214, 21.6, 22.2, 23.5, 25.67 (x3), 25.69
(x3),71.3,76.1, 76.6, 79.8, 85.4, 127.8 (x2),129.7 (x2), 134.2, 144.6,
202.1; HRMS (ESI) caled for C39Hs407SSioNa  637.3021
[M+MeOH+Na]*, found 637.3011.

4.1.17. Aldehyde 20ba. According to the synthetic procedure of al-
dehyde 20aa, 20ba (395 mg, 0.679 mmol) was synthesized from
19ba (420 mg, 0.718 mmol) in 95% yield by using Dess—Martin
periodinane (461 mg, 1.09 mmol) and NaHCOs3 (593 mg, 7.06 mmol)
in CHyCl, (7.2 mL). Purification was performed twice by flash col-
umn chromatography on silica gel (20 g, hexane/EtOAc 9/1 to 6/1;
20 g, hexane/EtOAc 9/1 to 6/1): colorless oil; [a]3*+22 (¢ 1.7, CHCl3).
The other analytical data of 20ba were identical to those of 20ab.

4.1.18. Aldehyde 20bb. According to the synthetic procedure of al-
dehyde 20aa, 20bb (577 mg, 0.990 mmol) was synthesized from
19bb (606 mg, 1.04 mmol) in 95% yield by using Dess—Martin
periodinane (887 mg, 2.09 mmol) and NaHCOs (832 mg,
9.90 mmol) in CH,Cl, (10 mL). Purification was performed by flash
column chromatography on silica gel (30 g, hexane/EtOAc 9/1 to 4/
1): colorless oil; []3*~13 (c 0.83, CHCl3); IR (neat) » 2953, 2930,
2857, 1741, 1463, 1365, 1254, 1177, 1119, 1097 cm~'; 'H NMR
(400 MHz, CDCl3) 6 0.05 (3H, s, CH3 of TBS), 0.06 (3H, s, CH3 of TBS),
0.12 (6H, s, CH3 of TBS x2), 0.75 (3H, t, J=7.3 Hz, H20), 0.86 (9H, s, t-
Bu of TBS), 0.93 (9H, s, t-Bu of TBS), 1.49 (1H, m, H19a), 1.75 (1H, m,
H19b), 2.19 (1H, ddt, J=16.5, 8.2, 2.3 Hz, H16a), 2.35 (1H, m, H16b),
2.45—2.55 (2H, m, H13), 2.45 (3H, s, CH3 of Ts), 3.92 (1H, dt, J=7.3,
4.6 Hz, H17), 4.07 (1H, td, J=6.8, 1.4 Hz, H12), 4.34 (1H, dt, J=9.2,
3.7 Hz, H18), 7.34 (2H, d, J=8.2 Hz, aromatic), 7.79 (2H, d, J=8.2 Hz,
aromatic), 9.63 (1H, t, J=1.4 Hz, H11); '3C NMR (100 MHz, CDCls)
0-4.92,-4.87,-4.82,-4.6,10.1,17.9,18.2, 21.3, 21.6, 22.2, 23.4, 25.6
(x3), 25.7 (x3), 71.3, 76.0, 76.5, 79.7, 85.4, 127.8 (x2), 129.7 (x2),
134.1, 144.6, 202.1; HRMS (ESI) calcd for C3gH5407SSi;Na 637.3021
[M+MeOH+Na]*, found 637.3020.

4.1.19. C10—-20 fragment 3aa. A solution of iodoform (676 mg,
1.72 mmol) and aldehyde 20aa (431 mg, 0.739 mmol) in 1,4-
dioxane (4.4 mL) was added to a suspension of CrCl, (629 mg,
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5.11 mmol) in a mixture of THF (2.9 mL) and 1,4-dioxane (4.4 mL)
at room temperature. The reaction mixture was stirred at room
temperature for 17 h, and then H,O (5 mL) was added. The re-
sultant mixture was extracted with Et,0 (15 mL x3), and the
combined organic layers were washed with H,O (10 mL) and brine
(10 mL), dried over NaySQy, filtered, and concentrated. The residue
was purified flash column chromatography on silica gel (25 g,
hexane to hexane/CH,Cl, 1/1) to afford C10—20 fragment 3aa
(389 mg, 0.551 mmol) in 75% yield: colorless oil; [2]3*+40 (¢ 1.3,
CHCl3). The other analytical data of 3aa were identical to those of
3bb.

4.1.20. C10—20 fragment 3ab. According to the synthetic procedure
of C10—20 fragment 3aa, 3ab (244 mg, 0.346 mmol) was synthe-
sized from aldehyde 20ab (291 mg, 0.499 mmol) in 69% yield by
using CrCl, (434 mg, 3.53 mmol) and iodoform (469 mg, 1.19 mmol)
in a mixture of THF (2.0 mL) and 1,4-dioxane (6.2 mL). Purification
was performed by flash column chromatography on silica gel (30 g,
hexane to hexane/CH,Cl, 1/1): colorless oil; [a]3’+12 (c 1.1, CHCl3);
IR (neat) v 2954, 2929, 2857, 1600, 1463, 1363, 1255, 1189, 1177,
1098, 931 cm~'; 'H NMR (500 MHz, CDCl3) 6 0.06 (6H, s, CH3 of TBS
x2),0.07 (6H, s, CHs of TBS x2),0.77 (3H, t, J=7.5 Hz, H20), 0.87 (9H,
s, t-Bu of TBS), 0.89 (9H, s, t-Bu of TBS), 1.50 (1H, m, H19a), 1.76 (1H,
m, H19b), 2.17—2.42 (4H, m, H13 and H16), 2.45 (3H, s, CH3 of Ts),
3.91 (1H, dt, J=6.9, 4.5 Hz, H17), 4.18 (1H, m, H12), 4.37 (1H, dt,
J=8.0,4.0 Hz, H18), 6.32 (1H, dd, J=14.3, 1.8 Hz, H10), 6.66 (1H, dd,
J=14.3, 5.2 Hz, H11), 7.34 (2H, d, J=8.6 Hz, aromatic), 7.80 (2H, d,
J=8.6 Hz, aromatic); >C NMR (125 MHz, CDCl3) 6 —4.95, —4.86,
-4.81, —4.6,10.2,17.9, 18.1, 21.4, 21.6, 22.2, 25.68 (x3), 25.72 (x3),
28.2,714,73.9, 76.6, 77.6, 79.5, 85.4, 127.8 (x2), 129.7 (x2), 134.2,
144.5, 147.5; HRMS (ESI) calcd for C39Hs1I105SSinNa 729.1933
[M+Nal*, found 729.1952.

4.1.21. C10—20 fragment 3ba. According to the synthetic procedure
of C10—20 fragment 3aa, 3ba (388 mg, 0.550 mmol) was synthe-
sized from aldehyde 20ba (395 mg, 0.677 mmol) in 81% yield by
using CrCl, (591 mg, 4.84 mmol) and iodoform (636 mg, 1.61 mmol)
in a mixture of THF (2.7 mL) and 1,4-dioxane (4.0 mL). Purification
was performed by flash column chromatography on silica gel (20 g,
hexane to hexane/CHCl, 1/1): colorless oil; [¢]3°—7.9 (¢ 1.1, CHCI3).
The other analytical data of 3ba were identical to those of 3ab.

4.1.22. C10—20 fragment 3bb. According to the synthetic procedure
of C10—20 fragment 3aa, 3bb (613 mg, 0.868 mmol) was synthe-
sized from aldehyde 20bb (577 mg, 0.990 mmol) in 88% yield by
using CrCl; (836 mg, 6.80 mmol) and iodoform (903 mg,
2.29 mmol) in a mixture of THF (4.0 mL) and 1,4-dioxane (12.4 mL).
Purification was performed by flash column chromatography on
silica gel (30 g, hexane to hexane/CH,Cl, 1/1): colorless oil;
[¢]3*—41 (c 1.0, CHCl3); IR (neat) » 2953, 2929, 2856, 1917, 1600,
1463, 1363, 1255, 1188, 1177, 1098, 931 cm™'; 'H NMR (400 MHz,
CDCl3) 6 0.05 (3H, s, CH3 of TBS), 0.06 (3H, s, CH3 of TBS), 0.07 (3H, s,
CHs; of TBS), 0.08 (3H, s, CH3 of TBS), 0.76 (3H, t, J=7.4 Hz, H20), 0.87
(9H, s, t-Bu of TBS), 0.89 (9H, s, t-Bu of TBS), 1.51 (1H, m, H19a), 1.75
(1H, m, H19b), 2.16—2.40 (4H, m, H13 and H16), 2.45 (3H, s, CH3 of
Ts), 3.91 (1H, dt, J=8.7, 4.5 Hz, H17), 4.19 (1H, m, H12), 4.35 (1H, dt,
J=8.7, 4.1 Hz, H18), 6.31 (1H, dd, J=14.6, 1.4 Hz, H10), 6.66 (1H, dd,
J=14.6, 5.5 Hz, H11), 7.34 (2H, d, J=8.7 Hz, aromatic), 7.80 (2H, d,
J=8.7 Hz, aromatic); >C NMR (100 MHz, CDCl3) 6 —4.94, —4.88,
-4.81, -4.6,10.2,17.9, 18.2, 21.3, 21.6, 22.2, 25.68 (x3), 25.73 (x3),
28.2,71.4,73.9, 76.6, 77.6, 79.5, 85.5, 127.8 (x2), 129.7 (x2), 134.],
144.6, 147.5; HRMS (ESI) calcd for C3gHs1105SSi;Na 729.1933
[M-+Na]*, found 729.1923.

4.1.23. C1-9 fragment 4. A mixture of Cul (287 mg, 1.51 mmol),
Nal (227 mg, 1.51 mmol) and Cs;CO3 (491 mg, 1.51 mmol) was

dried in vacuo at room temperature. After the mixture was cooled
to 0 °C, a solution of propargy bromide 10 (0.27 mL, 1.67 mmol) in
DMF (2.6 mL) was added. The mixture was stirred at 0 °C for
5 min, and then a solution of alkyne 11 (332 mg, 1.80 mmol,
a 1.0:0.27:0.30 mixture of 11, Et;0 and pentane) in DMF (2.6 mL)
was added. The reaction mixture was warmed to room tempera-
ture and stirred for 15 h, and then saturated aqueous NH4Cl so-
lution (5 mL) was added. The resultant mixture was filtered
through a pad of Celite with Et,0. The filtrate was extracted with
Et,0 (20 mL and 10 mL x3), and the combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over Na;SOg,
filtered, and concentrated. The residue was purified by flash col-
umn chromatography on silica gel (20 g, hexane to hexane/EtOAc
20/1) to afford the crude 21, which was used in the next reaction
without further purification.

AcOH (0.21 mL, 3.7 mmol) and TBAF (1.0 M in THF, 3.7 mL,
3.7 mmol) were successively added to a solution of the above
crude 21 in THF (50 mL) at —5 °C. The reaction mixture was
stirred at —5 °C for 1 h, warmed to room temperature, and stirred
for 2 h. Then saturated aqueous NH4Cl solution (15 mL) was
added. The resultant mixture was extracted Et,0 (50 mL), and the
organic layer was washed with H,0 (20 mL) and brine (20 mL),
dried over Na)SOy4, filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel (15 g,
hexane to hexane/EtOAc 20/1) to afford C1-9 fragment 4
(165 mg, 0.927 mmol) in 56% over two steps: colorless oil; IR
(neat) v 3288, 2953, 2882, 2233, 2124, 1473, 1455, 1435, 1414,
1312, 1135, 1033, 942 cm™'; 'H NMR (400 MHz, CDCls)
6 1.59—-1.67 (2H, m, H3), 1.73—-1.80 (2H, m, H2), 2.05 (1H, ¢,
J=2.7 Hz, H9), 2.23 (2H, tt, J=7.3, 2.7 Hz, H4), 3.14 (2H, dt, J=2.7,
2.7 Hz, H7), 3.81—4.01 (4H, m, acetal), 4.87 (1H, t, J=4.6 Hz, H1);
13C NMR (100 MHz, CDCl3) 6 9.4, 18.4, 22.9, 32.7, 64.7 (x2), 68.4,
73.4, 78.7, 80.5, 104.0; HRMS (DART) calcd for C11H150, 179.1067
[M+H]*, found 179.1073.

4.1.24. Triyne 2aa. A mixture of Pd(PPhs)s (58.5 mg, 50.6 pumol),
Cul (19.3 mg, 0.101 mmol), piperidine (0.10 mL, 1.0 mmol), and
C10—20 fragment 3aa (237 mg, 0.336 mmol) in benzene (2.5 mL)
was added to a solution of 4 (90.6 mg, 0.509 mmol) in benzene
(2.5 mL) at room temperature. The reaction mixture was stirred at
room temperature for 17 h, and then saturated aqueous NH4CI
solution (5 mL) was added. The resultant mixture was extracted
with Et;0 (10 mL x2) and EtOAc (10 mL), and the combined organic
layers were washed with H,0 (10 mL) and brine (10 mL), dried over
NayS04, filtered, and concentrated. The residue was purified by
flash column chromatography on silica gel (30 g, hexane to hexane/
EtOAc 6/1) to afford 2aa (192 mg, 0.254 mmol) in 76% yield: pale
yellow oil. Triyne 2aa was immediately used in the next reaction
due to its instability under air. The 'H NMR spectrum of 2aa was
identical to that of 2bb.

4.1.25. Triyne 2ab. According to the synthetic procedure of triyne
2aa, 2ab (152 mg, 0.201 mmol) was synthesized from 3ab (166 mg,
0.235 mmol) and 4 (63.4 mg, 0.356 mmol) in 86% yield by using
Pd(PPhs)4 (41.0 mg, 35.5 umol), Cul (13.5 mg, 70.9 mmol) and pi-
peridine (70 pL, 0.71 mmol) in benzene (3.6 mL). Purification was
performed by flash column chromatography on silica gel (15 g,
hexane to hexane/EtOAc 6/1). Triyne 2ab was immediately used in
the next reaction due to its instability under air: pale yellow oil;
HRMS (ESI) calcd for C41Hg407SSipNa 779.3803 [M-+Na]*, found
779.3828. The 'H NMR spectrum of 2ab was identical to that of 2ba.

4.1.26. Triyne 2ba. According to the synthetic procedure of triyne
2aa, 2ba (179 mg, 0.236 mmol) was synthesized from 3ba (243 mg,
0.344 mmol) and 4 (92.2 mg, 0.518 mmol) in 69% yield by using
Pd(PPhs)4 (60.0 mg, 51.9 umol), Cul (20.3 mg, 0.106 mmol) and
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piperidine (0.10 mL, 1.0 mmol) in benzene (5.1 mL). Purification was
performed twice by flash column chromatography on silica gel
(30 g, hexane to hexane/EtOAc 6/1; 8 g, hexane to hexane/EtOAc 9/
1). Triyne 2ba was immediately used in the next reaction due to its
instability under air: pale yellow oil; '"H NMR (500 MHz, CgDg)
0 0.03 (3H, s, CH3 of TBS), 0.06 (3H, s, CH3 of TBS), 0.15 (3H, s, CH3 of
TBS), 0.16 (3H, s, CH3 of TBS), 0.82 (3H, t, J=7.3 Hz, H20), 0.94 (9H, s,
t-Bu of TBS), 0.97 (9H, s, t-Bu of TBS), 1.53 (1H, m, H19a), 1.58—1.65
(2H, m, H3), 1.75—-1.81 (3H, m, H2 and H19b), 1.86 (3H, s, CH3 of Ts),
2.03 (2H, tt, J=6.9, 2.3 Hz, H4), 2.24—2.33 (2H, m, H13a and H16a),
2.40 (1H, m, H13b or H16b), 2.53 (1H, m, H13b or H16b), 3.04 (2H,
dt, J=1.8, 1.8 Hz, H7), 3.29—3.38 (2H, m, acetal), 3.45—3.54 (2H, m,
acetal), 4.17 (1H, dt, J=6.8, 4.6 Hz, H17), 4.27 (1H, dt, J=5.5, 5.0 Hz,
H12), 4.69 (1H, ddd, J=8.7, 4.6 Hz, H18), 4.73 (1H, t, J=5.0 Hz, H1),
5.94 (1H, ddt, J=16.0, 2.3, 1.8 Hz, H10), 6.37 (1H, dd, J=16.0, 5.0 Hz,
H11), 6.75 (2H, d, J=8.2 Hz, aromatic), 7.83 (2H, d, J=8.2 Hz,
aromatic).

4.1.27. Triyne 2bb. According to the synthetic procedure of triyne
2aa, 2bb (181 mg, 0.240 mmol) was synthesized from 3bb (242 mg,
0.342 mmol) and 4 (91.2 mg, 0.512 mmol) in 70% yield by using
Pd(PPh3)s (59.4 mg, 51.4 pmol), Cul (19.6 mg, 0.103 mmol) and
piperidine (0.10 mL, 1.0 mmol) in benzene (5.1 mL). Purification was
performed twice by flash column chromatography on silica gel
(30 g, hexane to hexane/EtOAc 6/1; 30 g, hexane to hexane/EtOAc 9/
1). Triyne 2bb was immediately used in the next reaction due to its
instability under air: pale yellow oil; '"H NMR (400 MHz, C¢Ds)
00.03 (3H, s, CH3 of TBS), 0.07 (3H, s, CH3 of TBS), 0.14 (3H, s, CH3 of
TBS), 0.16 (3H, s, CH3 of TBS), 0.81 (3H, t, J=7.3 Hz, H20), 0.94 (9H, s,
t-Bu of TBS), 0.97 (9H, s, t-Bu of TBS), 1.52 (1H, m, H19a), 1.58—1.65
(2H, m, H3), 1.75—-1.81 (3H, m, H2 and H19b), 1.86 (3H, s, CH3 of Ts),
2.03 (2H, tt, J=6.9, 2.3 Hz, H4), 2.24—2.33 (2H, m, H13a and H16a),
2.40 (1H, m, H13b or H16b), 2.53 (1H, m, H13b or H16b), 3.04 (2H,
dt, J=1.8, 1.8 Hz, H7), 3.29—3.38 (2H, m, acetal), 3.45—3.54 (2H, m,
acetal), 4.17 (1H, dt, J=6.8, 4.6 Hz, H17), 4.27 (1H, dt, J=5.5, 5.0 Hz,
H12), 4.69 (1H, ddd, J=8.7, 4.6 Hz, H18), 4.73 (1H, t, J=5.0 Hz, H1),
5.93 (1H, ddt, J=16.0, 2.3, 1.8 Hz, H10), 6.37 (1H, dd, J=16.0, 5.0 Hz,
H11), 6.75 (2H, d, J=8.2 Hz, aromatic), 7.83 (2H, d, J=8.2 Hz, aro-
matic); HRMS (ESI) calcd for C41Hg407SSipNa 779.3803 [M+Na]t,
found 779.3819.

4.1.28. Alkyne 22aa. A suspension of triyne 2aa (108 mg,
0.143 mmol), quinoline (0.20 mL, 1.7 mmol) and Lindlar catalyst
(222 mg) in hexane (10 mL) was stirred at room temperature for
15 min under H, atmosphere (1 atm). Lindlar catalyst
(50—100 wt %) was added in every 5—10 min until triyne 2aa and
the diyne intermediate were disappeared on TLC (540 mg of Lindlar
catalyst was added in total). The reaction mixture was filtered
through a pad of Celite with hexane, and the filtrate was concen-
trated. The residue was dissolved in EtOAc (15 mL). The resultant
solution was washed with aqueous 0.2 M HCI solution (10 mL x2),
aqueous saturated NaHCO3 solution (10 mL), H2O (10 mL) and brine
(10 mL), dried over Na,SOy, filtered, and concentrated. The residue
was purified by flash column chromatography on silica gel (8 g,
hexane to hexane/EtOAc 9/1) to afford alkyne 22aa (88.2 mg,
0.116 mmol) in 81% yield: colorless oil; [a]#+38 (c 0.97, CHCl3). The
other analytical data of 22aa were identical to those of 22bb.

4.1.29. Alkyne 22ab. According to the synthetic procedure of 22aa,
22ab (64.0 mg, 84.2 umol) was synthesized from 2ab (75.3 mg,
99.6 umol) in 85% yield by using quinoline (0.14 mL, 1.2 mmol) and
Lindlar catalyst (330 mg) in hexane (7.5 mL). Purification was per-
formed by flash column chromatography on silica gel (4 g, hexane
to hexane/EtOAc 9/1): colorless oil; [a]3’+15 (c 0.93, CHCl3); IR
(neat) v 2953, 2928, 2856, 1599, 1471, 1462, 1364, 1257, 1177, 1099,
932 cm~'; TH NMR (400 MHz, CDCl3) 6 0.04 (3H, s, CH3 of TBS), 0.07

(6H, s, CH3 of TBS x2), 0.08 (3H, s, CH5 of TBS), 0.76 (3H, t, J=7.8 Hz,
H20), 0.86 (9H, s, t-Bu of TBS), 0.91 (9H, s, t-Bu of TBS), 1.45—1.55
(3H, m, H3 and H19a), 1.63—1.70 (2H, m, H2), 1.76 (1H, m, H19b),
2.11 (2H, dt, J=7.3, 7.3 Hz, H4), 2.20—2.28 (2H, m, H13a and H16a),
2.33—2.41 (2H, m, H13b and H16b), 2.44 (3H, s, CH3 of Ts), 2.92 (2H,
m, H7), 3.82—3.87 (2H, m, acetal), 3.90 (1H, m, H17), 3.93—3.98 (2H,
m, acetal), 4.30 (1H, dt, J=6.0, 6.0 Hz, H12), 4.37 (1H, ddd, J=8.7, 8.7,
3.6 Hz, H18), 4.85 (1H, t, J=5.0 Hz, H1), 5.33—5.45 (3H, m, H5, H6
and H8), 5.79 (1H, dd, J=15.1, 5.0 Hz, H11), 6.00 (1H, dd, J=11.0,
11.0 Hz, H9), 6.45 (1H, dd, J=15.1,11.0 Hz, H10), 7.33 (2H, d, ]=8.7 Hz,
aromatic), 7.80 (2H, d, J=8.7 Hz, aromatic); °C NMR (100 MHz,
CDCl3) 6 —4.9, -4.8, -4.61, -4.56, 10.1, 18.0, 18.3, 21.4, 21.6, 22.3, 23.9,
25.7 (x3), 25.8 (x3), 26.1,27.0, 29.0, 33.4, 64.8 (x2), 71.5, 71.8, 78.6,
78.7, 85.5, 104.5, 124.6, 127.8 (x2), 128.0, 129.7 (x2), 129.9, 130.0,
134.3, 135.5, 144.5, one 3C peak overlaps with other peaks; HRMS
(ESI) calcd for C41Hgg07SSipNa 783.4116 [M+Na] ™, found 783.4099.

4.1.30. Alkyne 22ba. According to the synthetic procedure of 22aa,
22ba (84.3 mg, 0.111 mmol) was synthesized from 2ba (91.1 mg,
0.120 mmol) in 92% yield by using quinoline (0.17 mL, 1.4 mmol)
and Lindlar catalyst (462 mg) in hexane (9.0 mL). Purification was
performed by flash column chromatography on silica gel (4 g,
hexane to hexane/EtOAc 9/1): colorless oil; [a]3'—15 (¢ 1.4, CHCl3).
The other analytical data of 22ba were identical to those of 22ab.

4.1.31. Alkyne 22bb. According to the synthetic procedure of 22aa,
22bb (96.0 mg, 0.126 mmol) was synthesized from 2bb (98.1 mg,
0.130 mmol) in 97% yield by using quinoline (0.18 mL, 1.6 mmol)
and Lindlar catalyst (800 mg) in hexane (10 mL). Purification was
performed by flash column chromatography on silica gel (8 g,
hexane to hexane/EtOAc 9/1): colorless oil; [a]3*—37 (c 1.3, CHCl3);
IR (neat) » 2952, 2929, 2856, 1461, 1364, 1254, 1177, 931 cm™'; 'H
NMR (500 MHz, CDCl3) 6 0.04 (3H, s, CH3 of TBS), 0.066 (3H, s, CH3
of TBS), 0.071 (3H, s, CH3 of TBS), 0.09 (3H, s, CH3 of TBS), 0.76 (3H, t,
J=7.5 Hz, H20), 0.86 (9H, s, t-Bu of TBS), 0.92 (9H, s, t-Bu of TBS),
1.45—-1.55 (3H, m, H3 and H19a), 1.64—1.70 (2H, m, H2),1.75 (1H, m,
H19b), 2.11 (2H, dt, J=74 Hz, H4), 2.15-2.29 (2H, m, H13a and
H16a), 2.32—2.39 (2H, m, H13b and H16b), 2.44 (3H, s, CH3 of Ts),
2.92 (2H, m, H7), 3.83—3.87 (2H, m, acetal), 3.90 (1H, m, H17),
3.94—3.98 (2H, m, acetal), 4.30 (1H, dt,J=6.0, 5.7 Hz, H12),4.36 (1H,
dt, J=9.0, 4.0 Hz, H18), 4.85 (1H, t, J=5.0 Hz, H1), 5.33—5.45 (3H, m,
H5, H6 and H8), 5.79 (1H, dd, J=15.0, 5.5 Hz, H11), 6.00 (1H, dd,
J=11.0,11.0 Hz, H9), 6.54 (1H, dd, J=15.0, 11.0 Hz, H10), 7.33 (2H, d,
J=8.5 Hz, aromatic), 7.80 (2H, d, J=8.5 Hz, aromatic); *C NMR
(125 MHz, CDCl3) 6 —4.9, —4.8, —4.64, —4.59, 10.1, 17.9, 18.2, 214,
21.6,22.3,23.9,25.7 (x3), 25.8 (x3), 26.0, 27.0, 29.0, 33.3, 64.8 ( x 2),
71.5,71.8,78.6, 78.7, 85.5,104.5,124.6,127.8 (x2),127.9, 129.7 (x2),
129.9, 130.0, 134.2, 135.5, 144.5, one 'C peak overlaps with other
peaks; HRMS (ESI) calcd for C41HggO7SSi;Na 783.4116 [M+Na]t,
found 783.4117.

4.1.32. Complex 23aa. Coy(CO)sg (175 mg, 0.512 mmol) was added
to a solution of 22aa (98.2 mg, 0.129 mmol) in CH,Cl;, (2.7 mL) at
room temperature. The reaction mixture was stirred at room
temperature for 1 h, and then concentrated. The residue was pu-
rified by flash column chromatography on silica gel (10 g, hexane to
hexane/EtOAc 9/1) to afford alkyne-dicobalt hexacarbonyl complex
23aa (130 mg, 0.124 mmol) in 96% yield: brown oil. The '"H NMR
spectrum of 23aa was identical of that of 23bb.

4.1.33. Complex 23ab. According to the synthetic procedure of
complex 23aa, 23ab (146 mg, 0.139 mmol) was synthesized from
22ab (117 mg, 0.154 mmol) in 90% yield by using Co,(CO)s (342 mg,
1.00 mmol) in CH,Cl; (3.0 mL). Purification was performed by flash
column chromatography on silica gel (10 g, hexane to hexane/
EtOAc 9/1): brown oil; TH NMR (400 MHz, CDCl3) 6 0.08 (3H, s, CH3
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of TBS), 0.10 (6H, s, CH3 of TBS x2), 0.11 (3H, s, CH3 of TBS), 0.79 (3H,
t, J=7.3 Hz, H20), 0.89 (9H, s, t-Bu of TBS), 0.92 (9H, s, t-Bu of TBS),
1.45—1.55 (1H, m, H19a), 1.58—1.70 (4H, m, H2 and H3), 1.73 (1H, qd,
J=74,5.9Hz, H19b), 2.09 (2H, dt, J=7.3, 6.8 Hz, H4), 2.44 (3H, s, CH3
of Ts), 2.83 (1H, dd, J=16.5, 4.6 Hz, H16a), 2.88 (2H, m, H7), 3.14 (1H,
dd, J=15.5, 3.2 Hz, H13a), 3.22 (1H, dd, J=15.5, 8.2 Hz, H13b), 3.35
(1H, dd, J=16.5, 6.4 Hz, H16b), 3.80—3.89 (2H, m, acetal), 3.92—3.99
(2H, m, acetal), 4.01 (1H, m, H17), 4.42 (1H, m, H12), 4.62 (1H, m,
H18), 4.85 (1H, t, J=5.0 Hz, H1), 5.29—-5.43 (3H, m, H5, H6 and H8),
5.73 (1H, dd, J=15.6, 6.9 Hz, H11), 5.99 (1H, dd, J=11.4, 11.4 Hz, H9),
6.56 (1H, dd, J=15.6, 11.4 Hz, H10), 7.31 (2H, d, J=8.3 Hz, aromatic),
7.79 (2H, d, J=83 Hz, aromatic); HRMS (ESI) calcd for
C47HgC02013SSioNa 1069.2475 [M+Na|]™, found 1069.2482.

4.1.34. Complex 23ba. According to the synthetic procedure of
complex 23aa, 23ba (129 mg, 0.123 mmol) was synthesized from
22ba (99 mg, 0.130 mmol) in 95% yield by using Coy(CO)s (192 mg,
0.561 mmol) in CHyCl, (2.8 mL). Purification was performed by
flash column chromatography on silica gel (10 g, hexane to hexane/
EtOAc 9/1): brown oil. The 'H NMR spectrum of 23ba was identical
of that of 23ab.

4.1.35. Complex 23bb. According to the synthetic procedure of
complex 23aa, 23bb (118 mg, 0.113 mmol) was synthesized from
22bb (96 mg, 0.13 mmol) in 87% yield by using Co,(CO)s (185 mg,
0.541 mmol) in CH,Cl, (2.5 mL). Purification was performed by flash
column chromatography on silica gel (10 g, hexane/EtOAc 20/1 to 9/
1): brown oil; '"H NMR (500 MHz, CDCl3) 6 0.08 (3H, s, CH3 of TBS),
0.09 (3H, s, CH3 of TBS), 0.10 (6H, s, CHz of TBS x2), 0.79 (3H, t,
J=7.5Hz, H20), 0.89 (9H, s, t-Bu of TBS), 0.92 (9H, s, t-Bu of TBS), 1.49
(2H, dq, J=7.5, 7.5 Hz, H19), 1.57—1.77 (4H, m, H2 and H3), 2.08 (2H,
dt,J=7.4,7.4Hz,H4),2.44 (3H, s, CH3 of Ts), 2.80—2.92 (3H, m, H7 and
H16a),3.12(1H, dd, J=16.0, 8.6 Hz, H13a), 3.28 (1H, dd, ]=16.0, 2.9 Hz,
H13b), 3.37 (1H, dd, J=16.6, 6.9 Hz, H16b), 3.80—3.86 (2H, m, acetal),
3.90—3.96 (2H, m, acetal), 3.97 (1H, m, H17), 4.44 (1H, m, H12), 4.62
(1H, m, H18),4.85 (1H, t,J=4.6 Hz,H1), 5.30—5.42 (3H, m, H5, H6 and
H8), 5.74 (1H, dd, J=15.5, 6.9 Hz, H11), 5.97 (1H, dd, J=11.5, 11.5 Hz,
H9), 6.58 (1H, dd, J=15.5, 11.5 Hz, H10), 7.32 (2H, d, ]=8.6 Hz, aro-
matic), 7.79 (2H, d, /=8.6 Hz, aromatic); HRMS (ESI) calcd for
C47He8C02013SSizNa 1069.2475 [M+Na]*, found 1069.2445.

4.1.36. Tetraene 24aa. n-BusSnH (505 pL, 1.88 mmol) and N-meth-
ylmorpholine N-oxide (146 mg, 1.25 mmol) were successively added
to a solution of alkyne dicobalt hexacarbonyl complex 23aa (130 mg,
0.124 mmol) in toluene (60 mL) at 0 °C. The reaction mixture was
stirred at 0 °C for 30 min under air, and then aqueous saturated KF
(10 mL) was added. The resultant mixture was extracted with Et;0
(30 mL x2), and the combined organic layers were washed with
aqueous saturated KF (10 mL), H>0 (10 mL) and brine (10 mL), dried
over Na,SOy, filtered, and concentrated. The residue was purified by
flash chromatography [a column consecutively packed with silica gel
10 g and 10% (w/w) KF contained silica gel 5 g, pentane to pentane/
EtOAc 9/1] to afford tetraene 24aa (45.4 mg, 0.0596 mmol) in 48%
yield: colorless oil; [a]%4+24 (c 1.3, CHCl3); IR (neat) » 2952, 2928,
2956, 1462, 1366, 1254, 1189, 1177, 1073 cm™!; 'H NMR (500 MHz,
CDCl3) 6 0.00 (3H, s, CH3 of TBS), 0.03 (3H, s, CH3 of TBS), 0.04 (3H, s,
CHs3 of TBS), 0.05 (3H, s, CH3 of TBS), 0.74 (3H, t, J=7.8 Hz, H20), 0.84
(9H, s, t-Bu of TBS), 0.90 (9H, s, t-Bu of TBS), 1.45—1.56 (3H, m, H3 and
H19a), 1.63—1.71 (2H, m, H2), 1.77 (1H, m, H19b), 1.98—2.30 (6H, m,
H4, H13 and H16), 2.44 (3H, s, CH3 of Ts), 2.91 (2H, m, H7), 3.79 (1H,
ddd,j=9.2,4.1,4.1 Hz,H17),3.82—3.89 (2H, m, acetal), 3.91—3.99 (2H,
m, acetal), 4.18 (1H, dt, J=6.4,6.4 Hz, H12),4.30 (1H, dt,J=9.2, 4.1 Hz,
H18), 4.85 (1H, t, J=4.6 Hz, H1), 5.30—5.51 (5H, m, H5, H6, H8, H14
and H15), 5.64 (1H, dd, J=15.1, 6.4 Hz, H11), 5.97 (1H, dd, J=11.0,
11.0 Hz, H9), 6.47 (1H, dd, J=15.1,11.0 Hz, H10), 7.33 (2H, d, J=8.3 Hz,
aromatic), 7.79 (2H, d, J=8.3 Hz, aromatic). 13C NMR (125 MHz, CDCl5)

0 —4.75, -4.71, -4.6, —4.4,10.3,17.9,18.2, 21.0, 21.6, 23.9, 25.7 (x3),
25.9(x3),26.0,27.0,29.1,33.4,36.5,64.8(x2),72.3,72.9, 86.2,104.5,
124.4,127.5,127.6, 127.8 (x2), 127.9, 128.1, 129.6, 129.7 (x2), 130.0,
134.3,136.6, 144.5.

4.1.37. Tetraene 24ab. According to the synthetic procedure of
tetraene 24aa, 24ab (81.4 mg, 0.107 mmol) was synthesized from
23ab (146 mg, 0.139 mmol) in 77% yield by using n-BusSnH
(0.56 mL, 2.1 mmol) and N-methylmorpholine N-oxide (164 mg,
1.40 mmol) in toluene (68 mL). Purification was performed by flash
chromatography [a column consecutively packed with silica gel 8 g
and 10% (w/w) KF contained silica gel 2 g, hexane to hexane/EtOAc
9/1]: colorless oil; [a]3’—4.2 (c 0.85, CHCl3); IR (neat) » 2955, 2929,
2857,1921, 1599, 1471, 1463, 1366, 1258, 1189, 1177, 1075 cm™!; 'H
NMR (500 MHz, CDCl3) 6 —0.01 (3H, s, CHs of TBS), 0.03 (3H, s, CH3
of TBS), 0.04 (3H, s, CH3 of TBS), 0.05 (3H, s, CH3 of TBS), 0.75 (3H, t,
J=7.5 Hz, H20), 0.84 (9H, s, t-Bu of TBS), 0.90 (9H, s, t-Bu of TBS),
1.45—1.55 (3H, m, H3 and H19a), 1.63—1.70 (2H, m, H2), 1.77 (1H, m,
H19b), 1.98—2.30 (6H, m, H4, H13 and H16), 2.44 (3H, s, CH3 of Ts),
2.91 (2H, t, J=6.3 Hz, H7), 3.78 (1H, ddd, J=8.6, 4.0, 4.0 Hz, H17),
3.82—3.86 (2H, m, acetal), 3.92—3.99 (2H, m, acetal), 4.18 (1H, dt,
J=6.9, 5.8 Hz, H12), 4.31 (1H, dt, J=8.6, 4.0 Hz, H18), 4.85 (1H, t,
J=4.5 Hz, H1), 5.31-5.48 (5H, m, H5, H6, H8, H14 and H15), 5.64
(1H, dd, J=14.9, 5.8 Hz, H11), 5.97 (1H, dd, J=10.9, 10.9 Hz, H9), 6.46
(1H, dd, J=14.9, 10.9 Hz, H10), 7.33 (2H, d, J=8.0 Hz, aromatic), 7.79
(2H, d, J=8.0 Hz, aromatic); >C NMR (125 MHz, CDCl3) ¢ —4.75,
-4.71, —4.6, —4.4, 10.3, 17.8, 18.2, 21.0, 21.6, 23.9, 25.7 (x3), 25.9
(x3), 26.0, 27.0, 29.2, 334, 36.5, 64.8 (x2), 72.2, 72.7, 86.2, 104.5,
124.3,127.5,127.6,127.8 (x2), 127.9,128.1, 129.6, 129.7 (x2), 130.0,
134.3, 136.6, 144.5; HRMS (ESI) calcd for C41H7007SSioNa 785.4273
[M+Na]*, found 783.4254.

4.1.38. Tetraene 24ba. According to the synthetic procedure of
tetraene 24aa, 24ba (45.0 mg, 59.1 pmol) was synthesized from
23ba (129 mg, 0.123 mmol) in 48% yield by using n-Bu3SnH
(0.49 mL, 1.8 mmol) and N-methylmorpholine N-oxide (141 mg,
1.21 mmol) in toluene (60 mL). Purification was performed by flash
chromatography [a column consecutively packed with silica gel 6 g
and 10% (w/w) KF contained silica gel 2 g, pentane to pentane/
EtOAc 9/1]: colorless oil; [a]3°+2.9 (c 1.2, CHCI3). The other ana-
lytical data of 24ba were identical to those of 24ab.

4.1.39. Tetraene 24bb. According to the synthetic procedure of
tetraene 24aa, 24bb (45.1 mg, 59.2 umol) was synthesized from
23bb (118 mg, 0.113 mmol) in 52% yield by using n-Bu3SnH
(0.45 mL, 1.7 mmol) and N-methylmorpholine N-oxide (133 mg,
1.14 mmol) in toluene (55 mL). Purification was performed by flash
chromatography [a column consecutively packed with silica gel 8 g
and 10% (w/w) KF contained silica gel 2 g, pentane to pentane/
EtOAc 9/1]: colorless oil; [a]3°—26 (c 0.83, CHCl3); HRMS (ESI) calcd
for C41H7007SSi;Na 785.4273 [M+Na] ™, found 783.4259. The other
analytical data of 24bb were identical to those of 24aa.

4.140. (12S,17R 18S)-1aa. TMSOT (0.16 mL, 0.86 mmol) was added
to a solution of 24aa (42.9 mg, 56.3 umol) and 2,6-lutidine (0.15 mL,
1.3 mmol) in CH,Cl; (1.2 mL) at —15 °C. The reaction mixture was
stirred at —15 °C for 15 min, and then H,0 (2.0 mL) and EtOAc
(2.0 mL) were successively added. The resultant solution was
warmed to room temperature and stirred for 30 min. After sepa-
ration, the organic layer was washed with aqueous 0.1 M HCl so-
lution (10 mL x2), aqueous saturated NaHCOs solution (10 mL), H,0
(10 mL) and brine (10 mL), dried over Na;SOj, filtered, and con-
centrated to afford the crude aldehyde 25aa, which was used in the
next reaction without further purification.

A solution of NaClO; (80 wt %, 56.3 mg, 0.498 mmol) and
NaH,PO4-2H,0 (82.5 mg, 0.529 mmol) in H,0 (0.6 mL) was added
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to a solution of the above crude aldehyde 25aa in a mixture of t-
BuOH (0.6 mL) and 2-methyl-2-butene (0.6 mL) at 0 °C. The re-
action mixture was warmed to room temperature, stirred for 1 h,
and then diluted with H,O (5 mL). The resultant solution was
extracted with EtOAc (10 mL), and the organic layer was washed
with H0 (4 mL) and brine (4 mL), dried over Na,SOy, filtered, and
concentrated. The residue was purified by flash column chroma-
tography on silica gel (1 g, hexane/EtOAc 1/1) to afford the crude
carboxylic acid 26aa, which was used in the next reaction without
further purification.

TBAF (1.0 M in THF, 0.56 mL, 0.56 mmol) was added to a solution
of the above crude carboxylic acid 26aa in THF (1.2 mL) at room
temperature. The reaction mixture was stirred at room tempera-
ture for 18 h, and then saturated aqueous NH4Cl solution (5 mL) was
added. After 0.1 M HCl solution (4 mL) was added, the mixture was
extracted with EtOAc (10 mL and 5 mL). The combined organic
layers were washed with H,O (5 mL) and brine (5 mL), dried over
NayS0y, filtered, and concentrated. The residue was by flash column
chromatography on Chromatorex-ACD (4 g, hexane/EtOAc 1/1 to 1/
4) to afford the crude 1aa. The crude 1aa was further purified by
HPLC (Inertsil ODS-4, MeOH/H,O/AcOH 7/3/0.1 2.5 mL/min,
tg=36 min) to afford 1aa (3.5 mg, 10 pmol) in 18% yield over three
steps: colorless oil; [a]&°+3.4 (c 0.18, CHCl3); HRMS (ESI) calcd for
C0H2004 333.2071 [M—H]~ found 333.2074. The other analytical
data of 1aa were identical to those of 1bb.

4.141. (125,175,18R)-1ab. According to the synthetic procedure of
1aa, 1ab (12.3 mg, 36.8 umol) was synthesized from 24ab (78 mg,
0.102 mmol) in 36% yield over three steps by using TMSOTf
(0.28 mL, 1.6 mmol) and 2,6-lutidine (0.27 mL, 2.3 mmol) in CH,Cl,
(2.0 mL) for the first reaction, NaClO, (80 wt %, 107 mg, 0.946 mmol)
and NaH,;P04-2H50 (152 mg, 0.974 mmol) in a mixture of t-BuOH
(1.0 mL), 2-methyl-2-butene (1.0 mL) and H;0O (1.0 mL) for the
second, and TBAF (1.0 M in THF, 1.0 mL, 1.0 mmol) in THF (2.0 mL)
for the third. Purification was performed by flash column chro-
matography on Chromatorex-ACD (4 g, hexane/EtOAc 4/1 to 1/1)
for the second reaction, and flash column chromatography on
Chromatorex-ACD (4 g, hexane/EtOAc 1/1 to 1/4) and HPLC (Inertsil
0DS-4, MeOH/H,0/AcOH 7/3/0.1 2.5 mL/min, tg=34 min) for the
third. Aldehyde 25ab: "H NMR (400 MHz, CDCl3) 6 —0.01 (3H, s, CH3
of TBS), 0.03 (3H, s, CH3 of TBS), 0.04 (3H, s, CH3 of TBS), 0.05 (3H, s,
CH; of TBS), 0.74 (3H, t, J=7.3 Hz, H20), 0.84 (9H, s, t-Bu of TBS), 0.90
(9H, s, t-Bu of TBS), 1.43—1.82 (3H, m, H3 and H19a), 1.65—1.80 (3H,
m, H2 and H19b), 2.00—2.24 (6H, m, H4, H13 and H16), 2.44 (3H, s,
CH; of Ts), 2.91 (2H, t, J=7.8 Hz, H7), 3.78 (1H, m, H17), 419 (1H, dt,
J=6.0, 5.5 Hz, H12), 4.30 (1H, dt, J=8.7, 4.1 Hz, H18), 5.29—5.51 (5H,
m, H5, H6, H8, H14 and H15), 5.65 (1H, dd, J=15.1, 6.0 Hz, H11), 5.98
(1H, dd, J=11.0, 11.0 Hz, H9), 6.46 (1H, dd, J=15.1,11.0 Hz, H10), 7.33
(2H, d, J=8.2 Hz, aromatic), 7.79 (2H, d, J=8.2 Hz, aromatic), 9.77
(1H, s, H1); *C NMR (100 MHz, CDCl3) 6 —4.8, —4.73, —4.66, —4.5,
10.3,17.8,18.2, 21.0, 21.6, 21.9, 25.7 (x3), 25.8 (x3), 26.0, 26.4, 29.1,
36.4,43.2,72.1,72.7,86.2,124.2,127.4,127.6,127.7 (x2),128.2,128.7,
129.0,129.2,129.7 (x2),134.3,136.8, 144.5, 202.3; HRMS (ESI) calcd
for Cs39Hge0eSSizNa 7414011  [M+Na]*, found 741.4034.
(125,175,18R)-1ab: colorless oil; [a]3°—4.7 (c 0.18, CHCl3); IR (neat) »
3424, 3009, 2968, 2931, 2877, 2856, 1714, 1438, 1409, 1236,
1169 cm™'; TH NMR (500 MHz, CD30D) 6 1.05 (3H, t, J=7.5 Hz, H20),
157 (2H, qd, J=7.5, 6.3 Hz, H19), 1.73 (2H, br s, H3), 2.18 (2H, br s,
H4),2.21-2.38 (6H, m, H2, H13 and H16), 2.91 (1H, td, J=6.3, 4.6 Hz,
H18), 2.93—3.00 (2H, m, H7 and H17), 4.18 (1H, dt, J=6.3, 6.3 Hz,
H12), 5.34—5.46 (3H, m, H5, H6 and H8), 5.53—5.62 (2H, m, H14 and
H15),5.69 (1H, dd, J=15.5, 6.3 Hz, H11), 5.98 (1H, dd, J=11.0, 11.0 Hz,
H9), 6.57 (1H, dd, J=15.5, 11.0 Hz, H10); *C NMR (125 MHz, CD30D)
010.9, 22.1, 27.0, 27.3, 27.8, 36.6, 58.0, 59.8, 73.0, 126.5, 127.3, 129.0,
129.2, 129.3, 130.5, 130.9, 1371, the C1, C2 and C3 peaks were
missing due to broadening of the spectrum; HRMS (ESI) calcd for

CaoH2904 333.2071 [M—H]~ found 333.2074; UV (MeOH) Amax
236 nm (e 2.17x10%).

4.142. (12R17R,18S)-1ba. According to the synthetic procedure of
1aa, 1ba (6.25 mg, 18.7 umol) was synthesized from 24ba (45.0 mg,
59.0 mmol) in 32% yield over three steps by using TMSOTf (0.16 mL,
0.88 mmol) and 2,6-lutidine (0.16 mL, 1.3 mmol) in CH,Cl, (1.2 mL)
for the first reaction, NaClO, (80 wt %, 61.0 mg, 0.540 mmol) and
NaH;PO4-2H,0 (88.0 mg, 0.564 mmol) in a mixture of t-BuOH
(0.6 mL), 2-methyl-2-butene (0.6 mL) and H,O (0.6 mL) for the
second, and TBAF (1.0 M in THF, 0.59 mL, 0.59 mmol) in THF (1.2 mL)
for the third. Purification was performed by flash column chro-
matography on silica gel (1 g, hexane/EtOAc 1/1) for the second
reaction, and flash column chromatography on Chromatorex-ACD
(4 g, hexane/EtOAc 1/1 to 1/4) and HPLC (Inertsil ODS-4, MeOH/
H,0/AcOH 7/3/0.1 2.5 mL/min, tg=35 min) for the third: colorless
oil; [a]3*+7.6 (c 0.31, MeOH); HRMS (ESI) calcd for CaoHz904
333.2071 [M—H]™ found 333.2046. The other analytical data of 1ba
were identical to those of 1ab.

4.143. (12R,175,18R)-1bb. According to the synthetic procedure of
1aa, 1bb (6.64 mg, 19.9 pmol) was synthesized from 24bb (45.1 mg,
59.2 mmol) in 34% yield over three steps by using TMSOTf (0.16 mL,
0.88 mmol) and 2,6-lutidine (0.16 mL, 1.3 mmol) in CH,Cl, (1.2 mL)
for the first reaction, NaClO, (80 wt %, 60.9 mg, 0.539 mmol) and
NaH;PO4-2H,0 (85.7 mg, 0.549 mmol) in a mixture of t-BuOH
(0.6 mL), 2-methyl-2-butene (0.6 mL) and H,O (0.6 mL) for the
second, and TBAF (1.0 M in THF, 0.59 mL, 0.59 mmol) in THF (1.2 mL)
for the third. Purification was performed by flash column chro-
matography on Chromatorex-ACD (4 g, hexane/EtOAc 4/1 to 1/1)
for the second reaction, and flash column chromatography on
Chromatorex-ACD (4 g, hexane/EtOAc 1/1 to 1/4) and HPLC (Inertsil
0ODS-4, MeOH/H,0/AcOH 7/3/0.1 2.5 mL/min, tg=35 min) for the
third. Aldehyde 25bb: 'H NMR (500 MHz, CDCl3) 6 0.01 (3H, s, CH3
of TBS), 0.03 (3H, s, CH3 of TBS), 0.04 (3H, s, CH3 of TBS), 0.06 (3H, s,
CH; of TBS), 0.73 (3H, t, J=7.5 Hz, H20), 0.84 (9H, s, t-Bu of TBS), 0.90
(9H, s, t-Bu of TBS), 1.44—1.60 (3H, m, H3 and H19a), 1.70—1.80 (3H,
m, H2 and H19b), 2.00—2.28 (6H, m, H4, H13 and H16), 2.44 (3H, s,
CHs of Ts), 2.90 (2H, m, H7), 3.79 (1H, m, H17), 4.19 (1H, dt, J=6.3,
5.8 Hz, H12), 4.29 (1H, m, H18), 5.29—5.51 (5H, m, H5, H6, H8, H14
and H15), 5.65 (1H, dd, J=15.5, 5.8 Hz, H11), 5.98 (1H, dd, J=11.5,
10.9 Hz, H9), 6.47 (1H, dd, J=15.5, 11.5 Hz, H10), 7.32 (2H, d,
J=8.0 Hz, aromatic), 7.79 (2H, d, J=8.0 Hz, aromatic), 9.77 (1H, s,
H1). 3C NMR (125 MHz, CDCl3) § —4.73, -4.69, -4.63, -4.4,10.3,17.9,
18.2,20.9, 21.6, 21.9, 25.7 (x3), 25.9 (x3), 26.0, 26.5, 29.1, 36.5, 43.3,
72.3, 72.9, 86.2, 124.3, 127.4, 127.7, 127.8 (x2), 128.2, 128.7, 129.1,
129.2, 129.7 (x2), 134.3, 136.8, 144.6, 202.4; HRMS (ESI) calcd for
C39He606SSizNa 741.4011 [M+Na]*, found 741.3996. (12R,17S,18R)-
1bb: colorless oil; [«]3*—4.1 (c 0.36, MeOH); IR (neat) » 3416, 3010,
2966, 2927, 2875, 2854, 1714, 1565, 1437, 1409, 1260, 1169 cm~!; 'H
NMR (500 MHz, CD3;0D) ¢ 1.05 (3H, t, J=7.5 Hz, H20), 1.57 (2H, qd,
J=7.5, 6.3 Hz, H19), 1.68 (2H, br s, H3), 2.15 (2H, m, H4), 2.20—2.40
(6H, m, H2, H13 and H16), 2.90—3.00 (4H, m, H7, H17 and H18), 4.18
(1H, dt, J=6.3, 6.3 Hz, H12), 5.34—5.41 (3H, m, H5, H6 and HS8),
5.53—5.61 (2H, m, H14 and H15), 5.69 (1H, dd, J=15.5, 6.3 Hz, H11),
5.98 (1H, dd, J=10.9, 10.9 Hz, H9), 6.57 (1H, ddt, J=15.5,10.9, 1.2 Hz,
H10); 13C NMR (125 MHz, CD30D) é 10.9, 22.1, 26.1, 27.0, 27.3, 27.6,
36.6, 58.0, 59.8, 73.0, 126.5, 127.3, 129.0, 129.2, 129.4, 130.4, 130.9,
137.1, the C1 and C2 peaks were missing due to broadening of the
spectrum; HRMS (ESI) calcd for CypH2904 333.2071 [M—H], found
333.2059; UV (MeOH) Amax 236 nm (e 2.35x10%).

4.2. Bioassay

Peritonitis was induced as described in Ref. 29. Synthetic 1aa,
1ab, 1ba and 1bb (each 1 ng) were injected intravenously through
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tail vein followed by peritoneal injection of zymosan A (1 mg/mL).
After 2 h, peritoneal lavages were collected, PMN leukocyte num-
bers were counted, cell viability was determined using Trypan blue
exclusion, and differential cell counts were monitored by Wright-
Giemsa staining.

4.3. Statistical analysis

Results are expressed as means+SE. Differences between two
groups were tested by the Student’s t-test. Multiple comparisons
were analyzed using ANOVA followed by Tukey test. A significance
level of P<0.05, P<0.01 and P<0.001 was used.

Associated content

NMR spectra of newly synthesized compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.
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