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RQN-18690A (WDIFFEBRZF DA HD 7 N—F12 XV | Streptomyces sp. QN18690 £
DORFEP D HEES N2 KRR T, A7 T4 2> 7 OGO EICEE U a5 A E
TERZAT 25 2 &AL 5 (Figure 1),

Figure 1. Structure of RQN-18690A (1).

CO,H
RQN-18690A (1)

AT FA T RONTBG R OBRRICHE W T preemRNA 214 hr 28] H L
TRV U EBXEDEAISTHY, BB o\ HICHRENTIEFICHEET 572
DIZMHADKISTH D, ZORIGEH I AT Z4 YV — L% 150 LLED X X7 '8 LN
K%+ RNA (snRNA) 5 722 5 B RE AR T, RQN-18690A ()iXZ OREKIK+D—>Th
% SF3b IZ/EH L, ZOBREZHEL TVWDH B2 5N TW5DH, RQN-18690A (1)ILFFIZ i
BN RSN -7 E MBI S X LRI E DB E AT T A T L YLT
PS5 2 & THEBA~OME A ZIH LT\ 5 b0 L& 2 s (Figure 2),

Figure 2. Splicing reaction.

IXVy AvbAr IFVY fobay ITFVYY
DNA
@ BE
Pre-mRNA
@ RIZ40Y
—1 <£5 dafk
mRNA  —] 1 -
Il aw
B INOE

RQN-18690A (1) & FELLDOIEM A H 7 5 KA & LT Herboxidiene (2)2, Pladienolide
B (3)8l, FRI01464 ()47 K TV | 72 Pladienolide B (8) DA B E A T H
% E710761 & H3B-880061 11« DI xt5 & LIz N CORKIREBR M Thhb i E, 277
AV ITHEEZ—7 > b E LIZAEERBER ST 5 (Figure 3),



Figure 3. Splicing related natural compounds and its analogues in clinical trial.
OAc

0 H
\JOH Nm/j\
! (o]
N Z
: H HO O O OAc
Herboxidiene (2) Pladienolide B (3) FR901464 (4)
0 EREREAILEY )oL

H3B-8800

RQN-18690A (DT A FE ALY M LT —H )5 Z ORI SLARKEE MRS X d, ZUTRR
@ Herboxidiene (2)?» C18 fifiit Ku ¥ L EMERTH D 2 & B3R I TV % (Figure
4),

Figure 4. Structure difference between RQN-18690A (1) and Herboxidiene (2).

COH 5 OH
RQN-18690A (1) Herboxidiene (2)
LN L7 D, 2O/ LG E SN TE LT, ZNETICEAR DRI TN
o T THEEIL, M RMEGE OWRIEZ BRI L LT RQN-18690A(1) D R4 RMFIE 41T -

7=

F 72513 RQN-18690A (DD EA A3 1T 5 CuCl-NaBHo/MeOH (T & % o, B- A
-7 7 b b OBITISOF T, 1,47, 1,2-0D "Bk OR T OGS AT L, st
577 b= 6 ZINEREL 5252 L% RLH L7=(Scheme 1), o.p-REIFIS-T 7 kv bt
ST 587 7 MV EEENICERT 2 FIELZNETHON TR, £ 2 TEHIT, K
G DOFEMZWFGES 5 Z L Ta,p- AT 7 S nbxtint 587 7 b —/v & — 28| TS
T O R AN FIEL R TED EBIMEEITo T,

‘\\\\ CuCl ‘\\\\
~ NaBH,
HO™ 07
0”0 X MeOH A
TIPS 6 TIPS

Scheme 1. One-Pot 1,4-, 1,2- dual reductions of a,B-unsaturated 5-lactone 5.



B—E RQN-18690A DARELR2ERR
B—E AR

Jim T L7z £ 912, RQN-18690A (1) D AHx A 1% Herboxidiene (2) > C18 fizfii &
0 R VSR TH D Z LB o T b (Figure 4), Herboxidiene (2)13F# % oA iE4E
ARV STV 5 KA C(Figure 5). = OHTHEFIZ Herboxidiene (2)1%, b FERZ
AR, B M2 AMIE, B R RIEDS MR 7R STk L CHRRWESIIATE M 2 A D 2 &
HHNTHEY, FEEMLED TRAIZERMEMTONTELN, £9, ZhETO
Herboxidiene (2) D&%~ L, #ICFk 4 OGS & OHIIZOW TR L 5,

Figure 5. Structure of GEX1 family.

R2

CO,R" RS E OH

Herboxidiene (2): R'= H; R2= H; R3= Me; R*= H; R5= Me
GEX1Q1 (2a): R'= H; R?= H; R®= Me; R*= OH; R%= Me
GEX1Q2 (2b): R'= glucronide; R?= H; R3= Me; R*= H; R%= Me
GEX1Q3 (2c): R'= H; R?= OH; R%= Me; R*= H; R%= Me
GEX1Q4 (2d): R'= H; R?= H; R®= CH,0H; R*= H; R%= Me
GEX1Q5 (2e): R'= H; R?= H; R®= Me; R*= H; R®= H

Kocienski 512 & 5 2& 8

1999 4 Kocienski &% Herboxidiene (2)% VT UL T 2D 7 7 7 A 2 Mo} T
NENEEGKR L, BETENLE D v 7Y 7 ZE AR 28 A L, #1026 I
L7ce 20X 9 2R 725 BRI 13, 72 D3 <T? Herboxidiene FD AR b 3@ L T
FIHENTWD, ZoDT7 T 7 A NOFFORFIBEIZIIAFMBIETH S Camphor-
10,2-sultam Xe1 ZF|H L, B v 7V > 721X Julia olefination % v 7z,

37T 1A= T AHHEEEE L, b TR TAFMBIELEANLZANVE L 8 ZHHK
L7-(Scheme 2), A/LH A 8 (ZkT Do A FIALSURIEE VT AT L AN HEIT L
HHIDOSMMEZATHAVET IR 9 215G, SbiZ 5 TRTY V7> 10 ~FE LT,
Sharpless R~k KaXx 4kic kL U4 —/ 11 & L%, pTsOH Z{EH &7 &4
— V12 %, SHIZ2 TFETT 7 h—/L 18 ~E /=, KkIZ Horner-Wadsworth-Emmons <
it & RN CEERE L CEE 2 545 7N Oxa-Michael )i, BBuOK (2 X 2 BHALIGD 2 TFET
THP 5% 14 26 LTz, EHIC4 TRTH vy 7Y C7RIBMAL 22057 V7 8 R 15 ~FE L
76



| "BuLi | AD-mix o
t/\ 5 steps Mel, DMPU - 5steps MeSO,NH,
—_— —_— —_— _—
oH — = THF —'o {BuOH-H,0
Xcq 6} 80% Xcq e} 43% 83%
8 9
1) 0
Allylo,C__P(OE), X
A(\O Cs,CO4, THF
O)\/j:/ p-TsOH 2 steps 83%dr=23 L |
——> MeO ¢°07: — HO™? 09 F
MeOH H H: ’B OK, THF
N e Sy 69% H Spmp 2 BU COZAIIyI OPMB
1 o 73% 12 89%, dr= >20:1 14
OLIB= 3:1 (x;B: 3:2
4 steps ' . N
T (307 = 0" cHo o.M
54%  CO,Allyl CO,Allyl o0~
15 15 Xc,

Scheme 2. Synthesis of THP fragment 15 by Kocienski's group.

g7 7 7 A v FOERIZ b ARFMBIEE Xer & AW = RS %EFIH L7 (Scheme 3a),
AVH 16 EIEFEEER T VT e R 1T & O syn i@RMEARF TV F—L AR LY
3 ODEE T HAFREHT DT /v R—=/UIIHE 18 ZH— DR & L TR, SbHiix
/v 19 #-100 C&M T LAH TiEm L, ZOBROMHRE & RERICE > T4 20T 5
REREHATAHTINANTIVa—L 20 &5 L1z, = AT/ 21 @ Ireland-Claisen $5{7(Z
KO INVR W22 20T AT VA 86:14 TieTe, 22 THELEYT AT LA~ —308
R#ETHoT272D, WVR B ET IV a— IV ~NEE Lk, A7 L7 u~ NI T77 4—I2&

SYEELT-, AL T 42238 12%0% D VO(acac)s filif 2 W72 AR AV IR T AT L
AIBINANTHEITL, =R N 24 ZH DA E LTH A7, LDA ZHWz ALK
25 77 & K 15 @ Julia olefination SN2 LD B9 E 25 U= 26 ZUUHE 69% T
7-(Scheme 3b), = 5{Z, 2 T.F&T Herboxidiene (2) DDA & =R L7,

o EL,BOTH O OH O oOMe LAH OH OMe
'ProNEt 8 steps Lil z
_ = e —_—>
xm)H + OHC™ ™" Gcr, 78°C XC1)H/ki/ - Ykrk/ THF \(/\‘/k/
OTBS  py OTBS 59, OTBS -100°C OTBS
16 17 18 19 75% (dr= 85:15) 20
single isomer single isomer
after recrystallization after recrystallization
EtOCO OH OMe OMe
(EtCO),0 R rBsC heat HO,C.12 4 steps
DMAP - BSCl . heat : % - ——, BTO,5" Z .
pyridine otes THF . z OTBS  77% : OH
21 68% (dr= 86:14) 2 23
BT= Benzothiazol-2-yI
VO(acac), DEAD, PPh3 o OMe
TBHP PCBOH B
<~ oo BTO,S BTO,S Y
CH2C|2, -8 °C THF z OPCB
69% 74% 25

single diastereomer
Scheme 3a. Synthesis of side chain fragment 25 by Kocienski's group.
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LDA
then 15
5

THF
-78 to-20°c  COLAllyl

69%, E/Z=91:9

2 steps
——>,  Herboxidiene (2)

OPCB 60%

Scheme 3b. Total synthesis of Herboxidiene (2) by Kocienski's group.

Banwell 52 X 3R 4L4 R 80

2000 4 Banwell 51X Horner-Wittig 77~ 7'V ' 7 L EHWT 2 DO 7 F7 7 A R

#fE L, Herboxidiene methylester (48) DA RIZkEh Lz, THPER T 7 7 A 2 FOARHF A
4521, Sharpless & =R ¥ b & 431 Oxa-Michael UGZFIH Lz, M8~ 7 7
A2 MIHBIFERIORFEZ LI, T AT UABIRIITHEE LT, BUSOD ks & LTE
C7= L FE BRI 312 HPLC TorB - /R L7,

HIFEEENCH D 1 1 —/L 27 12%F % Sharpless A7 =R & AL T FRREE O Y6 22ILHR
Eolele, 3,5V =rr_yo— b LFFE LK, ISR EFEM R A AL
7-2(Scheme 4), (EERAIRTRF Y FORBMKSICEY A —1r28 L L, £Z/H 3L
TR SN 5 a,p-(2)-= A7 L 30 D431 Oxa-Michael K& EEOIRVA N Sl
% THP 5% 81 # HH— DR & L TR, IHI26 LRTHy Y /7“%5!3{21&& 725K A
T4 UFFRURB2EEGH LI,

TBHP
(-)-DET _~ NaBH,CN
Ti O Pr), BF3 OEty 3 steps K,COg
. e NPty o MO weon
CH,Cl, AcO e
OH 73% OH 73% OH RT
76% (50-70%ee) 29 30 88%

recrystallization of the derivered
3,5-dinitrobenzoate

— P(Ph)2

COQMG OH 8% CO,Me

smgle
diastereomer

Scheme 4. Synthesis of THP fragment 32 by Banwell's group.

(S)-Roche = A7 /L 38 % HFJFUEHZ 8 THE T/ b 84 ~FHE L 72 (Scheme 5a), Zn(BH4)2
ERWTEYUT AT VARG 1,288l X0 7 U LT v a—)L 86 157z, & 5122 TFET
FEHINDT VT E R36ITHT D AT /ML LY 3Dt T 2 R ERE2fT 27V
a— 3T HH—DERYE L THERZ, 2277 aXr bl &5 Gilman i3 %2 7
NTE RBBIEMEE, U7 AT LAEIRIICT U L7 v a—/v 89 2457, ZhUZxiL,
Kocienski o ®5{k% %352 LTz Ireland-Claisen 5072 &> Co- A F /LA VAR Bk 8T %
AR LTz, LAHICK Y HAVR U EEE T L a—~8T L2, BILEISICE D Y 7
THIBMEE 2257 VT8 RAL G LTz, 728, C12 ORI (LS T X U{kL



o4, “ev—IREMOFE FROIGZHWZ, NaH ZHEH E L CHW= Horner-Wittig
By TV IR Y 42 I 65% (dr=3:2) TF37-(Scheme 5b), ¥'7 A7 LA~ —

7. TBS % it L 7=% . TBHP, VO(acac)2 fillit % Fl\ 7= =R ¥ ALS 21T > 72,
VT AT VABRME 41 Tho7eh, C18 fLDOSKRIZKH & F e AR ¥ 2 ROSLIRA
LTHEONAZ EERAMLE, ALY T AT LA ~—%48f L. Herboxidiene
methylester (43) DALY LT=,

CcO,Me 3 steps > ZnBHa), 2 steps TiCly
HO CHO ———>
/\r CH2C|2 THF
7%

0,
33 87% -78°Cto 0 °C

83%, dr=8:1
separated by preparative HPLC
Me Bf ‘BuLi OH OMe 1) (EtCO),0 OMe
/W 3 StePS OHCW/H/ CuBr Y\‘/H/ DMAP HOZCW
Et,0, -78 °C 2) LDA, HMPA
64% oTBs 2 o OTBS )then " oTBS
single dlastereomer 70% single diastereomer  1B55C! and heating
0,
OMe 68% (2 steps)

1) LAH, THF OHCW
2) DMP, CH,Cl, digs

64%, 2 steps 41
Scheme 5a. Synthesis of side chain fragment 41 by Banwell's group.

OMe
4 1) TBAF, THF, 68%
(. YT T [ 2)vo TBHP | g
THF CO,Me : otgs 2 Yot@cack,

55°C 42 CH,Cl,, -8 °C, HerbOX|d|ene methylester (43)
65%, dr= 3:2 73%, dr= 4:1
separated by semi-preparative HPLC separated by semi-preparative HPLC

Scheme 5b. Synthesis of Herboxidiene methylester (43) by Banwell's group.

Panek 512 & % &A k8

2007 4= Panek 537 A F)&5 %812, Herboxidiene(2) D&k & L LT, NFIEME
72 THP BR DFEEEI 1347 & A3 BEFE L 7= symsilane reagent 49 & 7 /L7 b R 50 O LAKEERN )
[4+2]8:1 b % iV 7= (Scheme 6), 3-7 F 2 -2-4—/L 44 ZJFENC, BERLOSZ R L,
HEENER AT U VT va—)v 46b ZfR12, 22D 2 TRTZAT L 47 & LA,
Ireland-Claisen Ha{i7 & fREFLA ML/ E A8 T symsilane reagent 49 ~iFE L7z, ZiL Ll
27— A0 D 4 TRTHBIN o REf7 VT e R 50 & OSLAER
[4+2]BR U ITINEE 65%, V7 A7 L ASRIRME 30:1 LLETH#ITL, cs2,6-VE Kr b7
VB82%hk G527, IHICATRTHy 7V U IRIRMEE oD =1 T B8 A LT,



X SiPhMe,

HSiPhMe, Lipase H 2 stops Xy SiPhMe;
/ . vinyl acetate =
\// PYO) - Y\/SlPhMez 4>yt 46% 46a — O\H/\OPMB
THF pentane :
OH OH \;/\/SIPhMez o
44 86% 45 OAc 46b 47
48%
OHC
w/\SiBnMez Me
LHMDS OPMB 3 steps OTMS 50 SiPhMe,
then TMSCI «_~ _ ) _
r CO,H e CO,Me DTBT, TMSOTf H _</\S|BnMe2
i i CH,Cl,/MeCN
-78°C to RT SiPhMe, SiPhMe, =22 o
48 49 H 2
86% 51

4 steps
~ "SiBnMe, T ——»
70% CN g3

—> MeO,C ~ ~SiBnMe,

65%, dr= >30:1 °2

Scheme 6. Synthesis of THP fragent 53 by Panek's group.
M7 7 7 A M 8- F 24— b4 ZJFREHT, BERIG T & TR B =1
7 56b ~i%E L7-(Scheme 7), Claisen KJHZ X Vo7 aFirs 758 L. Hl
BWEO)-=FNT I T— b 3 TRETHR L e TRX—L 59 LD/ n ?/Mlﬁ}im
kDT 2T UABIRANICART T VLT 2T 60 &K Lz, C12 MOARF HAESIC
Myers OAFMBEZFIH LT A7 VABIR A F UG EFIH LTz, EHIT, T%?
HA VT 4 MRS EB TRRER T v 7 U 7HIBMA L 72D B =13 —2 F 63 25k

L7,

WSiPhMez
OH

LiSiPhMe Lipase
/ Et,Zn, Cu2C:N WSiPhMeZ vir?yl acetate 489, 562 i SiPhMe,
OH THE OH pentane N SiPhMe, Et,0
54 55 W
OAc
OMe 45% 56b
Trimethyl MeO
Orthoacetate 59 OTBDPS 3 steps
Propionic acid \/\<\COZMe TMSsOTf MeO,C —, Xcg = T
toluene Me,PhSi" CHyCl OTBDPS 78% OTBDPS
reflux 58 -50 °C 62% dr= >30:1
. OMe
—— Xc;~ = - i = : , N%
.T7|-t|3F°c t00°C ; 62 oteops 3% : . OTBDPS OH |
96%, dr= 10:1 Xc

Scheme 7. Synthesis of side chain fragment 63 by Panek's group.

E=Ly 758 LE= LI —Y R 63 D spsp2 /B AH TV U TSI EY v
&S 7-(Scheme 8), 4 THFRO'ERELELH LD . VO(acac): itz A= EAKRET U )L
TIa—L 65 DRI UERIGIC LV EY T AT UAEIRNIC DRSS RS L 7-dr=
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>20:1), MBICHERISIZCLZ2 e Fex v HosrfKizE MKk o 2 TR T
Herboxidiene ()D& IR I LT,

TBAF then 63 OMe OMe
[AllylPdCI], 4 steps

53 — = o NN = - pp—— o) NN = -
THF, RT H = H =

CN OTBDPS 489  CO;Me OH

50-71% 64 65

VO(acac), 2 st

TBHP steps

: : —>5, Herboxidiene (2)

CH,Cl,, 0 °C CO,Me = OH
22 2 66 66%

48% (dr= >20:1)

Scheme 8. Total synthesis of Herboxidiene (2) by Panek's group.

Forsyth &z & 324 Ak8d
2008 4 Forsyth HIX >0 7 7 7 A hO@EEIZHARD v 7V > 7 K& v,

Herboxidiene (2) %2 A k% L7-, THP 887 7 7 A > b O#EFEIZIL Roush 7 v F/ALKIG &
NT =T LEfEE L2 T 7 N AURISEREOGEE LTHWE, g7 T 7 X FOERK
I FAEME 2 JFOR 2 Jtls . Keck 7 B F 14k, Myers 7 V¥ /U bk, 7 0 A X & &2 AR
R EER W, trans2- 7T 8T LIS 7T AR Rr— K 68 L) ATFNT Y
T— R b 3 TRTHEEINDIT VTt R69 & D Roush 7 v F/IALKISIZ LD 8 DD
BT DARFREHTHHRET VLT L3 —)0 70 &L 68% THK L 72 (Scheme 9a), il
WX LIVT =0 Dafilitl LT 7 R ALRISIZEY 6 BEBRT 7 M TL A LTz, Bl
TFNT2DVFILT) T— T 7 FoTLIZEAL, ALTEAI X — L &iET LT
THP 5% 73 % 157-(Scheme 9b), ifri# - @efk - @HA L 7 4 ALED 3 TRETH v 7
VIHIEMAL B =T —Y R T4 AR LT,

(e
i) ‘BUOK, "BuLi OHC & -OCHO

. OBn K K
P B(O'Pr), -78 C \)‘COZIPF GQ\r OBn RU3(CO)12H20 . OB
N ] _ n
i) 1IM-HCI; (L)-DIPT toluene NMO, 135 °C 0 0
71

i
68 COPr 5% 70 58%
68% (2 steps, dr=12:1)

Scheme 9a. Synthesis of 3-lactone 71.

1) LHMDS, THF, -78 °C o 3 steps
o then 71 OBn — > o e = =
2) Et5SiH, BF3-Et,0 ¥ SOLT ! © I
OEt 3SiH, BF3-Ety H, H CO,Et
CH,Cl,, -78 °C CO,Et 2
72 48% (E:z=>14:1) T4 74

72% (2 steps)

Scheme 9b. Synthesis of THP fragment 74 by Forsyth's group.
R)-AYTFNTZT—H 75053 TRTHBENLITLTE RT6 L7 aF LA TT
& D Keck 7 0 FALSIRIZ LY 3 DDEfR T 248K R EfToRET YLT)L=a—/L 78
%157~ (Scheme 10a), t Fu ¥ % A F /Lo —F L L L7=#%. Grubbs-Hoveyda fififi 79
ERHWEAZT 70l A/ a AR ARGIZ LY o B-REFN7 LT B R 80 &4



% L7z, C12 A7 A FLHEE Myers R T VX /ARG EZFIHA L, 7 AT L A RIRAICHE
FLl, AL 748800 3 TRTHY TV U IHIBRKRE 2D E=/LARL— |k 86 &5k
L7z, BE=1a—YRT4 EE=LARL— K8 DEART TV 7LD P ZEEE L
7-(Scheme 10b), 7 /L =—/L 87 |Zk}4 5 =R % AL IE Banwell & & [RIEED FiE%
W, AU~ — & B RL . KSR ESIZ X Y Herboxidiene (2) & &5 L7z,

/\/\SHBU:),
77 OH 1) KH, Mel OMe

’BuOZCY 3 steps OHC\‘/ MgBr,- OEt, /Y'\‘/ THF, 92% OHCT/YH/
—_— /
> _78 ° 2) Methacroleine
OH oBom CHzCl .78 C 78OBOM OBOM

52%(2 steps) 79 (cat.), CH,Cl,, 45 °C,
75 76 98%, brms, E:Z= 5.5:1 80

80% (2 steps, dr=>12:1)

Me LDA Me

2 steps w 82, L|CI W 2 steps OHCM
C2
OBOM THF 0°c OBOM OBOM

7%
67% (3 steps)

N
“Mes
85, CrCl, Q?Lo oMo CI Y
- N
THF M/Y'\‘/ 5
: OBOM o

H ‘CHCl,
82 Xc, 85

86

Scheme 10a. Synthesis of side chain fragment 86 by Forsyth's group.

1) VO(acac),, TBHP
CH,Cly, -15t0 0 °C

1) Pd(PPhj),, 1M-NaOH aq. OMe 59% (2 steps)
THF, 65 °C, 64% from 84 and 17% of epimer -
74 + 86 (o) NN = Herboxidiene (2)
2) BF5+Et,0, Me,S : 2) K,CO3, MeOH
CH,Cl,, -78 t0 0 °C CO,Et 87 OH H,0, reflux, 81%

Scheme 10b. Total synthesis of Herboxidiene (2) by Forsyth's group.

Ghosh 512 X 5 &4

2011 4 Ghosh 5% Forsyth GO FELFER, B8R v 7V I ISZFIH L T
Herboxidiene (2) D& & HKIZHK DI L=, THP B ~7 7 7 A > b & RIZIX Achmatowicz it
Z AT T 7 A FOARICIE Brown 7 B FLR L — g ARG E LTHWE, H
HERTHLTZNT I AT a—)L 88 b 2 TRTHELZT7 VT K 89 IZx4 5
Grignard SJSIZE D 7 U AT va— 90 157, THNEEESR S E AW TR ER &
L7z, Achmatowicz SSIC K WA LTEA~AIFr X — L EZB T LT/, 91 2k LTz, £ 2
nH 3 TRCTHE IS T 7 > 92 IC4%F7 % Luche S£{HIC XL 5 1,2-8 50 GIEY T AT L
FIBIRAZET LT, AT 0 ST 5377 a by 7 A7 LA RRBIZETT
L. B—0&pm e LTy 7 n7u/ U fF8k 93 A8/ L7z, Barton HOSRMIC XD N
EFSNCEY 7 a7 a RV ROBBRICE YD CO LA TFNAILAMHE L, SHIZ5 TET
TV THIERE R =S —Y K95 ~FFE LT,



_— 1) TBHP, VO(acac), O
2 steps T\ 1) AllyIMgBr T\ CH,Cl,, 0 °C N 3 steps
I\ - THF — e - . - .
OHC™ ™™g . 0 . 0 -
(6] 89% 2) Lipase HO 2) Et3SiH, TFA 65%
0 : O,
gg OH g OTBS vinyl acetate g0 OTBS CH,Cly, -40°C XN gq OTBS
40% 65% (2 steps)
o 1)NaBH,, CeCly oy N N
N CH,ClMeOH /, X 1) TCDI, DMPA " 5steps "
-10 °C toluene, 110 °C M
O (0] . (0] - O 2N
2) Ety,Zn, CHyly 2) (TMS),SiH, AIBN 399
COMe  OTBS  CH,CI,, RT CO,Me  OTBS  tglyene, 110 °C CO,Me OTBS ° CO,Me
92 73% (2 steps) 93 52% (2 steps) 94 95

Scheme 11. Synthesis of THP fragment 95 by Ghosh's group.

D~y =h—/L 96 ZHREFEHZ 2 TETT /LT b K 97 24K L7-(Scheme 12a).
WZX%9 % Brown 7 2 F LR bL—a v Fid AF L —T Uz kD 3 oDs ‘l’*}ﬁ‘é?%
HEATHA VLT 40 98 UK 63%, VT AT LAt 7.5:1 T~ 0% 8 T THMR
L7 U na—Y R99 &A4x4> 1Y/ 100 D Evans RF7 AF/ALIZE Y C12 Lo
AHEREME LT, SHIT4TRTHy 7Y U TRIBMAE 722 B =R L— | 102 Z &%
L7, Forsyth & S IFIEFERRO RIS TEAT v 7V > T H4TV T =2 108 % 1572 (Scheme
12b), ZhF TOHE @O T T AT LAY —IBREME LTELNTLE S C18-R)E R
B X VTR D VO(acac)z il A A7z =R F SAURIRIZI N T, RS & AR 50%F2
ETELEISEDLZEICLY, HHUONMAEKEZRT 5T RF Y ROLPNRRYFELND Z L
ZFTITHRE LT D,

1) k/\

+)-Ipcl,
OH OH Me
H 2 steps OHC 8 steps
, BF5-Et,0, THF, -78 °C p
H I 3 ELO, ]
O\/K/Y\OH _— \(‘)/\O 2) NaH, Mol /ﬁ/H/\ W
OH OH 34-45% 7§ aR, Me
"Bu,N*I,, THF 50% OTBS

96 97 63% (2 steps, dr= 7.5:1)

separated by column choromatography

4steps ,O OMe O)kN
100, NaHMDS o OfB\/\/W/\‘/H/ \_/
THF -78°C OTBS  41% = 102 OTBS

“Bn 101 100
64% single diastereomer
Scheme 12a. Synthesis of side chain fragment 102 by Ghosh's group.

1) Pd(PPha) 1) VO(acac),, TBHP
aq. Cs,COq - OMe (CHxCI),, -16 °C
THF, 55 °C, 71% 18 50%, single diastereomer

95+102 ——————> =N = Herboxidiene (2)
2) aq. HCI o H 2) Me,SnH

MeOH, 69% CO,Me OH (CH,Cl),, 80 °C, 98%

103
Scheme 12b. Total synthesis of Herboxidiene (2) by Ghosh's group.

Urpi 61z & 528581
2011 % Urpi 613 E D — 3 (Forsyth, Ghosh) & [FEEE, &R D v 7V VU 7 KISIZ LD
ToODT T A kFERE L Herboxidiene )& 2 A Lz, TNEND T T T AL FOAR
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F BRI HIE MR RO SR Z R L TiCly il X 5 aldol sz & L7, %
JFEFCHHES)-AFNT 7T — 1k 104 725 3 TRETHB L h 106 & 3-7 7 F—1d
TiCls & v 7z aldol S Z £ 0 70 R—/L{K 106 Z @IE#E, &7 A7 VA RIS
(Scheme 13), 77 h> & YT A7 LA BHRAICIZITL L 4 DO T 2R FRAGT D VA4 —
JV 107 =& R L7=, Grubbs-Hoveyda fififi: 79 # /e F A7 7V L—hED T O A A X
BV ARINZ LY o p-AEEFIT AT L 108 1372, DBU M L L THW =2+ Oxa-
Michael 2 XD THP BRZME T HZ LIXTEX N, 2OV T7 A7 LA SRRMIT 1.8'1
Tholo, ZO _OORMERITBENIRNEETZ > =72, Barton-McCombie D5{FIZ LV B
Re ¥ iEafRrEL, = A7/ 110a, 110b & Liztk, hT7 L7 a~ 7T 7 4 —ToHlEL
oo Flz, BLNRTRNOTZ A7 /L 110b (X BuOK (2 L 0 B b3 25 Z L3 A[RETE 5 7=,
I HIC 3 LEZRET Forsyth b LFEOT v 7 U U JHIBMATHH =13 —Y N T4 %
AR LT,

, OH OH
TiCl,, Pr,NEt . N X -COzEt
3 steps CH,Cl,, -78 °C (Me,N)HB(OAC); 79 (cat.)
MeO,C.__LOH —>=, OBn _ —
’ \f o0 © then x-~cpo © O OBN ACOHICH,CN — # Ho OBn CH,Cl, RT
66% -3510 0 °C 00
(]
104 105 84%, dr= >97:3 106 96%, dr= 94:6 107 E/z=>97:3
'BUOK, 61%
|
2 steps o o
OBn toluene > L_oBn * ~_0Bn
“ 1o : s [0 07;
100 °C 5% [ f q 95
COzEt co Et CO Et CO,Et CO,Et
4% dr=1.8:1 109a 109b 110a 110b

separated by
inseparable mixture column choromatography

3 steps '
- o a
50% CO,Et

74
Scheme 13. Synthesis of THP fragment 74 by Urpi's group.

M7 7 7 A FOERKIZ S TiCla iz L A2 ARF 7V R—= VS &E IV, — 28R A
DIEE %lot@mmmlﬁ)G@x%w777~ﬁu1#%31&fﬁ@ém67k/
112 L AZ 7 b A DTNV F—=VEUG, #HiE< FZNTOD One-Pot iETISIZE Y —2
2 4 >0 m?é?%m%ﬁfé/ﬁ~wu3%mﬂ4\m/Yxrvﬁ@mm BHL
7o PEIRINT 7 U b E ATF L2 —T bIZ LD = AT )L 114 & L7-%. Ireland-
Claisen S5\ [ a2 EH# W T T v a— v 115 ZHE LTz, T/ 2 117 OFEEEIZIE. KIE
-bestmman 7V A RIEE AW, ZOR, IR CTRINEITO ZETCI2ito= A Y
fEEBHNTWD, TAF L 1NTIZHTHE FrAU#Eb, i< =13 —Y R 74 L O
Ty TV TR v 118 S L= (Scheme 14b), = Z L E DA E 55|
3 T.F2C Herboxidiene (2) D &A% A @Rk L2,
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i) TiCly, 'ProNEt

3 steps CH,Cl,, -78 °C OH OH 1) (EtCO),0, CeCl; EtOCO OMe
MeO,C ii) Methacrolein CH,Cly, RT
T . _ = e e —
OH  78% oTBs ) LiBH, otes 2 g‘r’(')‘igggﬁgng oTBS
81%, dr=>97:1
111 112 113 66% (2 steps) 114
OMe OMe 0} (I?

3 steps 12 1) Swern e P(OMe)
—>_ HO = o A1E Necnr = 2

— H OTBS 2) 116, NaOMe H OTBs N

- MeOH/THF - 2

0, = .

90%, dr=>97:3 115 78 °C to -40 °C 117 116

Scheme 14a. Synthesis of side chain fragment 117 by Urpi's group.

1) Catecholborane, Cy,BH
THF, RT then NaOH
2) 74, TI,CO3, Pd(PPh3),
THF/H,0, RT CO,Et
91% (2 steps)

Scheme 14b. Total synthesis of Herboxidiene (2) by Urpi's group.

OMe 3 steps
——, Herboxidiene (2)

49%

17

OTBS

118

Yadav 51z & 3R LA RS

2014 4F Yadav Si%, HEMBA% L7z Prins Gz #C THP 827 7 7 A b &AL
oo WBHT7 7 7 A > b EOEFEICIZY B A X F v ARG % FAViz, Banwell, Ghosh & &
A Uik 43 246k L. HerboxidieneQ) DI EAM E Lz, 74Tk K119 &(+)-2A >
FNUMBFFEIND 120 DAF 7 0 FARIZ LD A —L 121 Z@EIEE, mx) v F 4k
RH2457-(Scheme 15), 3-AFI/L-2-7F L -1-F—/A 6 2 TETHEINS T LT R
122 £ @ Prins % A 7 OBRLKINIZ XV | B2 TORFK RAEA Sz THP 88 123 %
IR LTz, Ba vR L%, 5 TROBEREELREZR YT 126 A LT,

OHC
1) 120, TsOH )=\—0Piv
CH,Cl,, oH 122 _ -
CHO 86%, 99%ee B CeCl3-7H,0, Lil aBH,
BI’IO/\/ 297, 99 0%S HO/\/W 4°> DMSO
2) NaNH,/NH; DCE, 80 °C ;
19 THF, 98% 121 80°C
. 5steps i N
/((O\/Iw%\/OPlv o F \\I S
OH
43% CO,Me
HO 124 2 125 120

Scheme 15. Synthesis of THP fragment 125 by Yadav's group.

(S)-Roche = A7 /)L 34 % HFEFEHZ 3 T2 Ta,B-REafim A7 /L 126 & L7-t%. Sharpless
AEFEVE Fuax i WERISICE Y 3 SOk 5 R AR e fT 54— 127 2157
(Scheme 16), < 512 6 TR CHRIR S 2 = A F & K 128 O ERINAYIE TG & 0 I
77 Ay NREROEREEZR 2 72, C12 L A F A IDEAIZIL Ghosh & & [AERD H [H
K7V va—T R 99 ZxtT %5 Evans R T VX LEIL VW, RAEHBHEE 3 TR
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TREGET VA 180 ~FE LT-%, P 1256 LDV O AR Z B ARGIZY T 48 %
&A% L. Herboxidiene(2Q)DOEREE E LT,

AD-mix B Me

CO,Me 3 steps CO,Et 6 steps
BnO/Y 2Me Bnoa‘/y 2Et MeSONH, CO,Et 6 steps
t
729 BuOH/H,0 OH 40%
34 126 0 °C, 88%, dr=93:7 127
Me OMe
LAH 6 Steps Scheme 12a /\L
— BnO
THF
OTBS 40% OTBS OTBS
92% Bn 101
OMe 125 OMe
3 steps 12 79 (cat.)
T o = —_— 0o NN =
—_— z CH20|2 z
43% - OTBS RT CO,Me = OTBS
° 130 43

76%, E/Z= 141
Scheme 16. A formal synthesis of Herboxidiene (2) by Yadav's group.

Hoveyda &2 X 324 pk 8
2014 4F Hoveyda Hix. HOLMBBR L7727 L o ~DAEIEIRK Cu-B (M 64E0 5%
E}Z 77 U VS AR A RO T il 2 AL IR A A INSOS Z FIUF L. Herboxidiene(2) D
BREEK LI, —oD 7T 7 A OB ED SR & RS v 7Y 7
}iﬁﬁ%ﬂﬂu\f:o (H)p-> bu b 181 ZHFREFEERE L, WERT V7 A% D A0E SRR
4 gk & Horner-Wadsworth-Emmons St #i< K 7 V7 o~ A R L Y
TTk K132 #4k L7-(Scheme 17), ZHUZkfL, TMS 7EF L > DT T AT L A4k
ARSI E 0 e v 7 va— b Lz, 43N Oxa-Michael K& &
BuOK (2 LD EMEAIZE Y 7% 183 #4572, Lipshutz b DKL D HIVRAZ L
—varé, F<IavHicLy = 1ra—Y K74 2157,

1) Og, CH,Cly, 78 °C
2) Q HQ  NMe, Me,SiCCH

EtO,C._ F P(OEt), o }—( Zn(OTf),, Et3N
NaH, THF _ CHo Ph Me toluene, 60 °C
= 3) O3, pyrldlneo CO.Et 2) TBAF, THF, 22 °C co E? X
131 CH,Cl,, -78 °C 2 132 3) 'BuOK, -65 °C 2 133
63% (3 steps) 67% (3 steps)

1) CuCN, "BuLi, "Bu3SnH

THF, -78 °C
then Mel, DMPU
2) I, THF (S
CO,Et

78% (2 steps) 74

Scheme 17. Synthesis of THP fragment 74 by Hoveyda's group.
R-AFNZ 7T — b 2 TRCHE LT AT E RT76128F L, 7 U LiR3E 135 Off
MESIZ LY, A L— b 136 Z4 ik L 7= (Scheme 17), A L— FDOFREIZL Y 3 D3
ARERETTDHT N 18 T AT LA 89:11 TE7=, 7 /7 78 I% Forsyth &
RO BRFHATH D, SHIC 4 TRTHELLT L2 187 o565 T U LT
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MR 189 L/ aFNVHEAT 2 A N 140 DRUSNT ZA V7 4 141 8RNI 5 272, 22
5 2 T THE Forsyth & & [FAERO H[EA 86 2 Ak L=, £ D%, Forsyth & & IZIX[A
¥E D F57% T Herboxidiene(2) & 24 A% L7-.

B(pin) [=\ BF;
0,
: mo:;o :;3‘& _— Cu(L) CyNQ/NCy
mol7 Cu
. in)B OH CUC', NaOMe OH
OHCY ‘BuONa, By(pin), 135 (pin) MeOH 4 steps
OBOM 8 THF, 22 °C Z
THF, 4 °C ’ 49%
76 OBOM OBOM
136 78
79%, 2 steps, dr= 89:11
5 mol% 138,
OMe 5 mol% CuCl OMe (E10),0P0° OMe
/\‘/H/ 'BUOK, B,(pin), (pin)Bj/Yk‘/ 140 (nip)B_~
—— e __ 140
oBom THF LIy OBOM A OBOM
137 139 H 141

76%, >98% branched
Z/E= >98:2, dr= 98:2

1) MeLi, THF

then I, MeOH Q\: §M  scheme 10b

- > - TS

2) vinyl-B(pin) 0 W —, Herboxidiene (2)
85, CH,Cl,, reflux = OBOM

86

“'P(3,5-xylyl), Ph
P(3,5-xylyl), (

Scheme 18. Preparation of side chain fragment 86 and total synthesis of Herboxidiene (2) by Hoveyda's group.

134

Z ¥ T, i#ED Herboxidiene (2)0)% AN O TIRRTE 2, Zb DA TIE
Herbox1d1ene(2)7£’ DODT T T A M Tf%ﬂ%ﬂ%/\ﬁkb B OKAETH vV
I AR IR A RS A B > TN A Z B L TV b, T, EREND T T T A b
DEFUNZ DN TIE, BERUEDHZ I T E ¢6$%W§<\it\97x%vﬁ7H%%
D79 ® HPLC LA MBI BT 2 2RI AL TRIAT 2 E R0 T AT LA
~—A AT D O DM RS A LB e P ETNE AL EVE VRS, DL
DBRNDEEIT, BUEERORAEFRISERHA L, ZRETIZRVERTFIEICEX
RQN-18690A (VDO AARZ HIF L, #iic/e GG A L% LTz,

RQN18690A M. 3 DOARFHEHTHTHPE 7 Z 7 A FeoRFy Raeg&te 5D
DRERE VD AEEZHT AT 7 7 A "D, 25 OISR % A4
RBISKHEEL T DNEROHEE 725, i'@x Herboxidiene (2) D 2= D44 il & [FEE
IZ RQN-18690A ()% 2 DIZ7 T 7 A v M CTENENEZEMR L, AROKETEND
EfE S DN KRMAREEZHWD Z Eic Lz, o077 7 A hOEEIZIZTZINET
(2B 72y Stille 77 v 7 ) UV ROGEE WD Z L 1Z L7z(Scheme 19),
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CO,Et
74 142

Scheme 19. Retrosynthetic analysis of RQN-18690A (1)

Flo, TOZHODT T 7 AL FORKFEMEFUTIZ I E TD Herboxidiene (2) D& sl
IR, AR 2 W e RE TV R—ABOSZRIAT 5 2 LI2 UTe, AR 348 fil
BEE BT KRR ILECIMOBNNES THD & RUSKRIENEMTHL Z Ly
DORENR B D, o, BBBEFED S T2 W OBREA~OAR & /NI, ZORGZ WU,
T NIRFRINDERET D ODARF R —BIIHET 5 L TE, KRN
F AN AREIZ 72 D & & % 7= (Figure 6),

Figure 6. Synthetic strategy toward the asymmetric total synthesis of RQN-18690A (1)

Q O OH
o ) - H H)‘k?g\/ —_—
CO,Et HO™

TIPS

FsC CFs,
CF ,

O s Organo Catalytic [ )., o
N O Aldol Reaction NT
HHO H OH

catalyst catalyst

O o
A A

TIPS

S 512, One-Pot Sz FIH L7228 2A 72 Gl &2 ik Ax 5 Z &2 L7z, One-Pot S IiE—2
DSOS FHNAVGREE 23BN U, D SUG 2 I FFE S 2 FIETH D, WS OF3E
WS T EFRDFUGRAIEZBINT 52 IR DO TRIGD 3 hr— LR L 725703,
WHT 5 2 ENTENERISOEIER, BREELITS 2 L R<BEBOTRE AF v 7T
52 LD, RSO - BRI < 72 D,

EFIL 2008 FHRFVER KPR FPHE i B W T2 W AR F T L R—1
POGZGERIS L LT THP 387 7 7 A2 b 95 (A F /L 2T MR D FE— ARG AU L
TV 5 0(Scheme 20), AL CH D7 a U 2l LCTHW, 7477 —1 147 &7
HRF =L 145 ORFE I B ATV R—=/VRISIZ KD Zo0ERiT 5 ERERT 2T VT
t K 148 #1572, %t < Horner-Wadsworth-Emmons S KW =271 149 Z AR LT,
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HHIE 35 antd (RBMEIECSE S (anti @ syn= 4:1), & DYEFUNZRIL 99%ee 72572, /K
Fmc ka4 L7 ¢ o oiEse, #Hi< DIBAL-H ETIZKY 77 F—/L 151 ~iFE L
oo BT Wittig SUSIZE D =270 162 #1572, ZiuUZxt L BuOK Z{EHSE 5 &4
W Oxa-Michael SR HEITL, 3 DOARFREHFTH7T FT7 FrE T 153 ZH—0
DT AT VA =& LT, 7 UV BRAERIBIRUSIC L0 VAR R 164 & LT2t&,
=T, Wb, K¥-Bestmann UG LY 7% 157 Ak L7-, Lipshutz cuprate % 1E
S W7-1%. cuprate # 9 — KA X U CHfE LE =LA X 168 & L7T=, &%, I VR EEH
SETHHZ 7 7 A b 95 AR LT,

o)
10 ol oH (EtO)zlgvcozEt OH
0._-CHO D-proline o) CHO| BuOK o X COzEt
@/ O DR o | THF, 0 °C W
147 145 148 149

50% (2 steps)
anti:syn=4:1, 99%ee (anti)

o N oH
_ 3P CO,Et
PdC.H, ¢ co,Et PIBALH o T o . CO,Et
EtOAC YA Et20 HO™ "0™ ™ benzene \
0°C -78 °C / 50°C

150 151 152
80% (3 steps)

RuO, SO;-Py
BuOK NalO, BH; DMSO, Et3N
Ol EoAdH.O p— OH ————
THF 07 EtOAc/H,0 0" YCOH THF, RT o CH,Clp, 0°C
0°c CO,Et /  5t00°C CO,Et CO,Et
74% 153 154 70% (2 steps) 195
single isomer
CuCN, "BulLi,
=" "BusSnH :
0" ~cHo 116, K,CO; o THF, -78°C ~enB
MeOH, RT then nBUs ThE
COgEt COzMe Mel, HMPA COz RT 002Me
156 45% (2 steps) 157 -30°c 158 48% (2 steps)

Scheme 20. First-generation synthesis of THP fragment 95

L L7 B ARG HRIEIZIZIN S OO EB H o7, Al—BEH THL 7LV T T —v
147 £ 7a /N —)L 145 OARF 7 0 AT )V R—)V i & Z ki < Horner-Wadsworth-
Emmons & Tk, BAOY 149-anti DM Z D syn k7 AT LA~ —149-syn &, 71
NF =)L 145 DB T TV R—/VRSIZ KV FFHE IS 160-anti X 1) 160-syn D RIZET 5
(Scheme 21), ZN L DILEMIIEGITHBER T RIpoTZLb, ZORT—AT v
TEREREEREDIZLTWe, 72, TR FrE T 1883 D7 U NLVEE T v 7Y
JHIBRA L 2D =13 — Y NEEICEMRT 572012 6 TREZELTRBY, ILARIHR
BT - 72 (Scheme 21),
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B H oH | o "
) 0 " @/'\‘/CHO . o . CO,Et OI . CO.Et
0. _CHO - O \ | \
@/ 10 mol% U/K/ \ | (E10)2P_COEt 149-anti 149-syn
147 5 proline 148-anti 148-syn BUOK on
* DMF OH o THF 4 . CO,Et
OHC ooz (J\V/CHO fJ\T/CHO 0%, 1h (J\Y/Q§/COZH 2
~ : H
145 150 = i 159 160-anti 160-syn
— -anti -syn —

147-anti, 50% (2 steps), anti:syn= 4:1, 99%ee (anti)

Scheme 21. Proline catalyzed asymmetric aldol reaction of furfural 147 and propanal 145, followed by
Horner-Wadsworth-Emmons reaction.

—J7. 2013 MG 1T, A CHL YT =T r Y ) — L EFEK 161 W=7 e
INF =L 145 ET VXK=V T AT E K146 EORKF 7 B ATV R— VG EHRE LTV D
(10](Scheme 22), = D inZ FWILIE 2 D DT 5 RF S & S LRI 5 2 &
MTEDHZ LA, BRI RO T V% B &2 RIFFCOEATE 5 2 LD, TR OEHE
b 2N D LB X,

EtO,C
OHC
o] PhsPs. _CO,Et
CF 02
OHC_~ . OHC\ 10 mol% 161 3 j/ X .
TIPS 1,4-dioxane-H,0 HO™ " HO™
145 146 RT, 8 h 162 TIPS 163 TIPS

93%, anti:syn=6.6:1
97% ee (anti)

Scheme 22. Diarylprolinol derivertive 161 in an asymmetric, direct cross-aldol reaction with alkynyl aldehyde.

ZORISERZISE LI THP 8277 7 A N T4 OFT- 725 &2 DL NI g2 L7
(Scheme 23), B'=/L 33— RO NE TLEMO FEEZHNLZ L, TAF
> 133 IToB-Afafi= 27 /L 164 D4y Oxa-Michael SR Z £ 0 SEARSHREICHESR C =
HEBZT, ap AR ATV 164 [Ta,B- A0 87 7 b2 b OFEIE - BIRKIS 72 ElT
LVFEL, ap-FREF &7 27 b b IX7 /LT B K 166 ([ZxtT 5 Zi®IRAY 72 Horner-
Wadsworth-Emmons i, 3 FNT7 7 b ACBROSIC XV FFEETE D &F 272, ZODHEE
THORKERERT D77 K 166 OREFITIT b Lo A A Ve K& 7 v 27 L
R=VRISERM$ 5 Z &iC LT,

ZIETEELEDD L, REREEIKITES OFGFER KR FERERHE i 281 5 THP
BT T 7 A MABIEDOHRM 2 SET S W2 A L, & HITI3i# % O Herboxidiene (2)
DTHPERT T 7 A2 b OERBI L B2 0RO K5 BRI mD b D, OREFRIST & 205457
T2 BB L LR, @ZAl 72 TR & AR 2 - IEASFBOSIC L0 . BRYDILK %
BT 28k T D ARKERE —FHIEET DN TE D, OFBAELZE 5 72D EREE
NEEIC 2D, @DFOND TNV F—/UKRT VT b FiEZ ST 2 LD | EEIITIROHE
REGSZIRS Z E R ARETH D, OHBFEHZ T L F MEZGA TV DD, BhbT L
F B AT DMENTR,
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o o o = o
&I |:> ((Oj\ I:> ’/Coj\ |:> 0”0 %
2

CO,Et CO,Et TIPS TIPS
74 133 164 5
CO,Et OHC e
= = ) oHC_- + AN
HO™ TIPS
HO 166 TIPS 145 146

165 TIPS

Scheme 23. Second generation synthetic plan of THP fragment 74.

FEFITHETEBRZRFRE LR BT, Al cH 27 e ) v EHWEAR
BTN R— VR Z ST, SRR =R E 2 K 171 O/ FEIZHKE) LTV 5 (Scheme
24), Tbb, Tul vEfil Liz7 a0 —L 145 OB/ T TV R—)UGIZ L 0
BT HOARFREGT DT VT R 167 Z @ KRR ERK LTz, 747 & R 167 [Tk
% Wittig SO K0 | o,p-AEaFI= 27 )L 168 ~iFil L7z, HEE T2 anti (K1MESE LT
BN TEY (anti: syn=4:1), Z OIEFURIT 99%ee(ant) 72 - 7=, VO(acac)z Z fiklit & L,
C17 (LDt Fu X EONEERHA LY 7 AT U AR =R ALIGIZ L 0 s
PE7emREF U REEA LT, C17 it Ro Ve WIS L 0 SRR S 728, A
FNE—T ALINZ LD = AT )L 171 ZHEEE L7=, 8% 0 Herboxidiene (2) D& k| D
ZFTRX Y MEEE SO T7 T T A NOH v TV U THIIToTEY, OV T A
TUAY—DRIEZMA DT DTS Z B P TIEILSE D2 MNEN B T2, ZOHETIE
LKA BT DAY REBE—OARME LTEKRT HZ LI LTV D,

10 mol% OH Etozc\fppm oH  TBHP OH
D-proline B H VO(acac), o, B
2x OHC__~- —— "5 OHC ——» EtO,C = » — > EtO,C: NS
DME. 0 °C benzene, RT toluene 1
145 ’ RT
167 71%, anti:syn= 4:1 168 71% 169

99%ee (anti)
1) PNBA, PPhy, DEAD
benzene, RT MeOZC\’/\‘/k/ Mel, NaH MeOij/\rK/
2) K,CO;4 DMF, RT

MeOH, RT

71%(3 steps)
Scheme 24. Synthesis of ester 171 included consecutive chiral centers.

C12 (LD ARFH G TIMB A IR 2 AV R WAL IRRIRAY 22 7 1 b UAUEOR 2 A T2
(Scheme 25), I 72bH, = A7 /L 171 % DIBAL-H (ICE V@B TTLLT7ATE K172 &£ L7z
#%. Wittig SKSIZ £V o, p-REIFIT 271 178 ~FE L7z, Ziucx L, JMEARAIRE
IRVIKRFEIRINIER 8 D WE 1,458 T ROG & AR T2, e C12 & S LSRRI AESL T
HZENTE R oTe, £ T—H, KRRMKGICE Y =271 174 (dr= LD~FFE L
TSR 7' e oAbz Aab Z s Lz, LDA #H\Ww T F oLz 77—k 175
ZZRNTHE L, £ ZICfx 07 F7 07 a bR RINT 2t 21T-72, 7’82 b iR
& LTBHT Z WG EITR S BWRERPGONIZR, £OVT AT VAL 6211725
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72 EUD Cl2finE~—Z T oo~ 7T 7 4 —IZ K D5BERREETHY . =D C12
PIRESEGRE S Lo 7=,

OMe OMe EtO.C.__PPhs OMe
Meozcjo}\‘/k/ DIBAL-H OHCM \f EtOZC%}\‘)\/
toluene benzene, RT
171 -78°C 172 173

88% (2 steps)

PA/C. H o OMe LiO o OMe BHT o OMe
T2 Eo,c A LoA | N~ 2 EtO,C iz~ s

THF THE | B0 THF oAy e
0°c -78°C :

174 78 C 175 176
80% 0
dr= 141 96% dr=6.2:1

Scheme 25. Effort for the construction of C12 chiral center.

Z 2 CAMICTIEL, RAMBIEZFIN Uiz C12 fLOSLEHIf 23745 Z Sic L, #Hifzie
AREHE A2 L7-(Scheme 26), 7 v 7V v Z ORIEFMEL 2 5 E =)L A X 142 137 L F =
ATEIR T ICHT B R A = MUC LV AR TE S LEXT, TAF=AT 103

RLUTT3AXY YY) o 178 ZIRRERERAMT 52 & THOAD EE5R T, C12 AT
WVIEEDSARITA TV 2 7 179156 2 A FIALBOSIZ K O SRR CE 5 L& 2 72,
XY VY119 ITARART 180 LT LT R R 172 & O Wittig MG & LU L -
TELEAV T 4 v OBRTOSICE VGG, TATE R 17213227 )L 171 OEITIZ L
DEOLNDEBZT-, 2O LI, ELFwRILOAEML— F TENHBAEREZFATLZ LT
DT AT VABERINT C12 (LA FIVEDOREGEA TR T2 72 726 BE Il CIE AN A mliBh 5L
AT D 2 L THESRICSLR AR T DI 2 o Z LIZ LT,

OMe Br OMe (0} (e} OMe

Bn 179 Bn 180 172 171

Scheme 26. New synthetic plan of side chain fragment 142.
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B THPERZ7IF 7 AL FDERK

REIETH DT 0 Y RFEAAE 181 # AW 7 m/N ) —)L 145 LT VX = LT LT |
K146 DARFT NV F— VUGS EAT T2, 5, HRICIES WSO 23 L 72 (Scheme
27a), RESICAIN S 7 A% =47 L7 b R 146 [l kU A Y 70 EAT £ F L2 183
29 % AL IR X 0 FE L 7201(Scheme 27b), 7 /v R—/VRNIZ KX W AT
VTR R 166 [IRLELEZ LD Z LD, INEITHIREEIED B2 TWVHIED £ £ |
LHERIE 182 % H 7z Zi#IAY Horner-Wadsworth-Emmons SIS L7202, I 36%
TEHHSTN, VT AT VARFNE 171 THINE T2 Z A7 )1 165 2155 Z LI L
7zo ZiUE, THP R 7 7 A v ME—MREIED T 27 L A RHWE 4:1(Scheme 20) &
gL TRESHELTND EWVAD, =T, WROSHRLHA ENREENT,

CF3
F3C CF3
Q
/\_> O (PhO),P.__CO,Et
N" on CFs 182 (1.3 equi COEt
H OHC_ . .3 equiv.)
OHC._ - , OHC\ 181 (10 mol%) NaH (1.2 equiv.)
TIPS 1,4-dioxane HO % THF
H,O (3 equiv) TIPS -78 °C to -40 °C N
145 146 RT, 2 days 116 on 165 TIPS
(2 equiv) (1 equiv) work-up 36% (2 steps)
Z:E=>20:1
anti:syn=17:1

Scheme 27a. Organocatalytic aldo reaction of propanal 145 and alkynyl aldehyde 146, followed by
Horner-Wadsworth-Emmons reaction using Ando's reagent 182.

"BuLi
N-f I holi OHC
\\ ormyl morpholine \
TIPS THF, 0°Cto RT TIPS
183 12 h 79% 145

Scheme 27b. Preparation of alkynyl aldehyde 146.

IR JFKNZOWT, £, e —BEEO TV F—VKIGIZER Lz, ZOMKIGTiE
FOSREE OREEIZ O R L T A28 TLC %OV NMR Tz L v @l s T
W, £ZTC, MUNZHERT 5 7 e — b 145 O & il % OSSR I DV TR
%17 7-(Table 1), Mt Tix, RJSZRTDO NMR 53025 7 0 F =)L 7 /L5 & K 146 D5
fFRZRES 52 & TRICOEITE ZHEH L7-, Scheme 27a TIX, SCHAD FIEIZHE 2 4
BOT =)L 145 ZHNTWz, UL, 1.5 YED T u3J—/L 145 TH 12 KT
FEIOT VX =LT /LTt K 146 BHKT 52 Lo -7z (Entry 1), 1.2 ¥ & T, 24
RIS 2kt L CH 7 X =L 7 LT & K 146 352 RIITEk Lo 72, ARiHck
WTh, SUGRFFR ORI & & HIT, RBR&ITEHE L T HEA BB S iz, s
Z 6L TR F =L 145 OBV T TV R—/VEUERe, TVT B R 166 OBi/K IR & DR
SISO EEZ Hivlz, £ 2T Entry 4 TITEHSODIIG % 5848 S 5 72O it &4
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20 mol%IZH° L CEREIT 72, ZORER., T/LF=/L T /LTt K 146 |L 4 K THEE
WZIER L., BIRGS 2N ETICHIHI SN Z RN bhotz, L EICED, a8 F—u
145, fibfiE | RSB DWW Tl s 2 e L=,

Table 1. Optimization of Organocatalytic Aldol Reaction of Propanal 145 and Alkynyl Aldehyde 146.

CF3
[r0s
H

OH  CF3 OHC_ .

OHC
OHC._~ N 181
TIPS  1,4-dioxane HO™ ™
145 146 H,0 (3 equiv.), 166 TIPS

(1 equiv.) RT

Entry 145 (equiv.) 181 (mol%) Time (h) Unreacted 146 (%)

1 1.5 10 12 0
2 1.2 10 24 5-10
3 1.0 10 72 5-10
4 1.5 20 4 0

Scheme 27 TiE7 /v R—IVIIGEDEZIZDRBEZAT > Ty, EE 79 2 &< —
R AT )V 165 ZfE5ET 5 Z & &3l 77-(Scheme 28), /iR IELZ BT H Z & T
JSBERE NI 72 27200 Tre < MR ORMEOB LR ZBAERHY | RO S 57
Hia Ea R LTz, T8 COMRIRSM T, MR ZHRELRB L CTHE, 22TV F—L
FOSORIGRER T LTz, KIS TH%, DR 7 bhra~ 8757 40— L DREEEREE
TV, B ET D Z-2 A7 )L 165 ZILEE 63%, Z-E3IRM>20:1, antisyn &R 20:1 T
Bz, ZOIEIC L D IREOSERMEA [ B L, B9 165 0BG 2 rIiEIc Lz, 72

B, HE9E L7ewy syn BMEARITEEREES > 7272, IRAEMDO FE EIROISIZED T,
OHC._ .

TIPS

’ N" OH CF
(1.5 equiv.) H (20 mol%) ’

OHC 1,4-dioxane
RN H,0 (3 eq)
TIPS
(1 equiv.)

63% yield
Z:E=>20:1
anti:syn= 20:1
98%ee (anti)

(PhO),P.__CO,Et

(1.5 equiv.)
NaH (1.5 equiv.)
THF

Scheme 28. Sequential synthesis of Z-ester 165.
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T AT )L 165 Z e DT - h L ZVIR CBBIEE T, Rzt 60 CTHIEVT S
LT, RN FNT 7 R ACSIEREIT L, a -G 8T 7 b B &R 85% T
#47-(Scheme 29), F7=. TONFWEERE L& A 98%ee 12o7-, 12, W7 L7 1
~ T T T 4L K VHIG CTHRT D ENRTERD STV T AT VA~ —%2 58T 5
ZEMWTETR,

TSOH *H,0
(0.1 equiv) fj\
toluene [e) (e} N
B X
60 °C, 0.5 h TIPS
165 TIPS 5

85% (98%ee)

Scheme 29. Intramolecuar lactonization of Z-ester 165.

WA, A L7 4 OB DOKFTE2IT - 72 (Table 2), Z OMFF T, —EES &M%
FFLIEEE, “EEEOAZETLTOIMNERND D, £7T . KBRINZ L 58T E2AB TN,
R D O BT A LT 4 VRO =ERAENIEIL S, BROREMEGALDHTH
-7 (Entry 1,2), &2, flix D 1,480 A &2 AW T 21T - 72, Stryker i34 A 72
AL, BUSETT L7y - 72 08l(Entry 3), L-selectride ¥ 7-1% NiCl/6H20, NaBH4 %
NGB I E O 5 i A3 (T L 72 04(Entry 4, 5), CuCl/6H20, NaBH4 % 2 % / —/LE
e 0 CT—RHIS S®/2 L 2 A, HE LTWeffT 7 h 184 &, SHIZT 7 b
VR L2 MBI EINTZT 7 b= e BRAME L THELND Z LB D57 (Entry6), D
FOSGEA Lo, AREEFN = AT U kT 5 1,4- 18507k & U TRRIZE H LTV 5 2308l o, B- A< finl
677 brnb—RIMET 277 MV EBETLFELE LTUEIRETICRE S
TRV, FERBREHI DWW T ZE TR 503, B&HEICT 7 h—/L 6 DIz B iR

W EIE(91%) T D = & 2kth L 7= (Entry 7).
ol ]
6 TIPS

Table 2. Reduction of a,B-Unsaturated 3-lactone 5.

conditions
(0] (0] \\ (0] O \\
5 184

TIPS TIPS
Entry Reagent Solv. Temp. (°C) Time (h) Results
1 Pd/C (30 wt%), Ho THF 0 0.2 complex mixture
2 Pd/C (30 wt%), Hy EtOAc 0 0.2 complex mixture
3 [(PPh3)CuH]g (0.2 equiv.) toluene 0to 70 6 no reaction
4 L-selectride (3 equiv.) THF -78 1 decompose
5 NiClg=H,0 (0.2 equiv.), NaBH,4 (5 equiv.) MeOH 0 1 decompose
6 CuCl (1 equiv.), NaBH,4 (4 equiv.) MeOH 0 2 mixture of 184 and 6
7 CuCl (0.5 equiv.), NaBH,4 (10 equiv.) MeOH -50 to -20 1 6 (91%)
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BFoicZ 7 b=/ 61Zxtd 5 Wittig SUGIZ £ 0 IR 75% CToB-REf1— 2 7 /L 164 %

#47-(Scheme 30),
. Ph3PyCO,Et -
R (2 equiv.) H/j\
——————> ZHo
Hofoj\ toluene, 60 °C X

CO,Et TIPS

TIPS
6 75% 164

Scheme 30. Wittig reaction of lactol 6.

o,B-REIFIT AT L 164 D4y 1N Oxa-Michael )G L D57 F T b Ru v T U ERER L
et L7=(Table 8), &3, THF & 0 ‘C T & BuOK ZHiikE U TEA 7,
BTSN Michael SOSHSHEITL, ®ICETT e FrETZ VR 184 2 5272, L
ML G, D cisitrans ERMEIT 1:83.3 T, HAYE LARWSNLKREVEIR 184-trans % 854
LCTHz27(Entry 1), iR CTRIGEITSTEHAEICHIZERUBRETH L Z LR bh o T
(Entry 2), 7235, BUGKER 2 IEIXT & AR ORI ET LIEEAME T LT 2 &b
72, TBAF Z¥Jk & L THWESAIZIE, IR T TIPS KD HRGE - 188-trans 7
BRI bz, L L, TBAF OMEZHEOL, S HITMASRME TRINEIT> 256
BB ET 5 cis BIEIR 188-cis 28 6.0:1 OBBRETHOLINLD Z &3> 7-(Entry 4), 21
TN TN LV RZIER cis iR~ PR BE) LTcTod & B2 Hivd, 188-cis & 133-trans
Ih T ru~ N7 T7 4 —ICL DB ARETS 572, 7238, 188-cis D AK{LFIX NOE
FENTIZ XV [FE LTz,

Table 3 Intramolecular Oxa-Michael Reaction of a,3-Unsaturated Ester 164.

' conditions i ' i i
N N LT N I

CO,Et TIPS CO,Et TIPS CO,Et TIPS \ CO,Et CO,Et
164 184-cis 184-trans 133-cis 133-trans
desired desired
Entry Reagent Solv. Temp. (°C) Time (h) Yield (%) 184-cis : 184-trans
1 BUOK (0.2 equiv.) THF 0 0.2 97 1:33
2 BUOK (0.2 equiv.) THF RT 0.2 71 1:2.2
3 TBAF (2 equiv.) THF RT 2 85 1:2.29
4 TBAF (10 equiv.) THF 60 15 67 6.0:13

a) 133-cis : 133-trans

H

) S 4 NOESY
» X
133-cis
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BT hTa~x T TT7 =280 558ELT- 188-trans iX TBAF (& Xk 2 BMAVESIZ L 0
138-cis ~EMAL E B Z ENAFETH H Z L3 h o 7= (Scheme 31),

(j\ TBAF (10 equiv,) ((j\ (j\
W + o
| O XN THR 0%, 15h N I O

CO,Et CO,Et CO,Et
133-trans 133-cis 133-trans
72% (133-cis : 133-trans=6.0 : 1)

Scheme 31. Isomerization of 133-trans by TBAF.

INFETHEARZT 7 =L 6025 188-cis £ TO—HD )%, One-Pot St OF| I &
ST, K VR ERFIEICHMER TE 5 & B 272 (Scheme 32), J72bb, op- LN
877 b b?®D 1,4, 1,258 CIC KV T 7 b—L 6 & Licth, ikdRiED Z %170 Wittig K
ST, Wittig SOSIEMEGEH: FTiThn o, KIS TH%RNIZZE D E E TBAF %N
Z % Z & THFW Oxa-Michael FUSIZE DT M Tk RrbE T VEROMEE, TIPS LDl
. ROEMACE —ZI T2 DAl E B 2 72,

ot et S @) PP
o aBH, 0o — r Wittig Reaction
A MeoH H A COAEt
5

TIPS
SROH 6 TIPS

Michael Reaction
TBAF
Deprotection of TIPS

(Ej\\ < Isomerization
0 X One-Pot Reaction

CO,Et
133-cis

Scheme 32. Sequential and effective synthetic plan form lactol 6 to alkyne 133-cis.

o.B-AEEF1Z 7 b b % CuCl-NaBH+/MeOH 41, 1,4-,1,2-3%5Cic XV 727 h—/L 6
LU=, B X D ¥R A 1T > 7-(Scheme 33), + DMLY & MBS T Wittig
A LTz, 6 BEfEITR . 2 O RUESRNIC TBAF (1.0 M THF solution) # 12 , & 512 0.5
FUINBA LTz, BUSKET#H#, YU BTN AT L n~ 7T 74— THR-ILIZEZA, AL
T % 183-cis IR 48%, 133-trans %= 8%157-, Z Z CIX—HDOKST bbb, Wittig X
Jix & Z AUz < TBAF 12 X %491 Michael 5Jis « TIPS SO iR - 183-cis ~0 AL
D 4 DD —DODRIEE#N.DFE Y One-Pot THIFIL7=Z L2705, HEE S 7 138-
trans |35 O TBAF SRR K 2 BMALSOSZATOEAIA Lz, BAEMICHRIE 5 133-cis
% HEEICE 54% TE7-,

_24_



CuCl One-Pot Reaction

(0.5 equiv)
PN NaBH, : PhsPCO2Et 15aE
(10 equiv) | (2 equiv) (10 equiv)
0707 LHO 07 N
A MeOH ! A toluene 60 °C, 0.5 h
5 TIPS .50 t0 20 °C | 6 TIPS 60 °C, 6 h COzEt
Th ; Wittig Reaction  Michael Reaction 133 -cis 133-trans
Deprotection 48% from 5 8%

Isomerization ~ Cis:trans= 6.0:1

Scheme 33. Synthesis of 133-cis utilized One-Pot reaction.

TF L 188-cs ANy TV L UEIMEL /2D THF BR7 7 7 A T4 ~EH LT
(Scheme 34), CuCN-7BuLi-“BusSnH 72>5ii#l X415 sBusSnCu(*Bu)CNLiz & 7 /L% >
133-cis S S Wk, I—FAZ U HEHISEE =LA X 186 & L7-l6l, t'=/)L A X
186 (X2 U I 7Tkt L CARLEE o 7efe D iR Z1TH 2 & 2 < RO RISIZ AV =, THF
., B2V AX186 I VRTUEH L THPER” 7 7 A 2 b 74 % 2 Bt 47% CTHT=,

CuCN (1.5 equiv.)
N "BuLi (3 equiv.)

((j”\ "BugSnH (3 equiv.) ((j\/\ Mel (15 equiv.) "

ST e equvy). Mel (15 equiv.)

0 X 0" " snBus | 70 °C to -30 °C 07 Y “SnBus
S 70 © 3 0

CO,Et THF, -70°C, 0.5h 1h CO,Et

CO,Et  [Cu]
133-cis 185 186
I, (5 equiv.)
B —
THF S

-30 Cto RT  CO,Et
2h 74

47% from 133-cis
Scheme 34. Synthesis of THP fragment 74.

At One-Pot U2 T& 5 &% % 7-(Scheme 35), bt =/L A& XK 185 |

— KA X U EERASHE, -70 TH5H-30 CE THESE%, SRNICEOEEavEE
Mz, FERRECTHIRIE, EFMWE T L0~ N7 7 0 —THE L, THP g7
T I AN T4 IR 45% T 7o, BeFERIIC RS 21T 9 Scheme 34 L IZIEF UPEET, X
v fifE e B RE A S LT,

......................................................................................

' One-Pot Reaction

CuCN (1.5 equiv.)
. "BuLi (3 equiv.)

f ((j\ "BusSnH (3 equiv.) Mel (15 equiv.) I, (5 equiv.) )

! =

! O Xy THF THF - 0 '
i COLEt 70°C,0.5h ° o CO,Et

| - , 0. -70°Ct0-30°C -30°C to RT
E 133-cis Th 2h I
: 45% from 133-cis

A

Scheme 35. One-pot transformation toward THP fragment 74.
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B=E QST F T A FOERK

—HI TR LI ATV 171 DA RIEZ DWW TE DR Z ik~ % (Scheme 36), [<)iiD—
|3 HTIL, 2002 4= MacMillan HIZ XV ESNTWD, r ) v afillt s Lz v XF
—/L 145 OARF TV K=V iz AWi=01, S5 n7=7 /07 b R 167 2k 25 Wittig X
ST KD o B-AREIFIT AT L 168 % 2 BePEINR T1% Crelz, HEYE T2 anti (RHMESE LT
oI, FONFIERIT 98%ee 12070, WT LA~ NI T 7 4 —ZXDBVT AT LA~
EEIINEETS 72 IREMO FE FRO SIS T2, VO(acac)s $E1A % il & L7-
TARF AMCSISIE T T AT UARIRICHEIT L, BONEREG T 528 % 2 R 169 UGk
T1%. &R 2001 DL ETH 2 7208, X512 2 OIS TILEERIDEFESENC LY . =27
V169 D anti (KD B MEFRNC T ARF ACEND Z Lo oTe, REISEDT AT /1168
D synhe ZARX T N1691Z T L7~ NI T 7 4 —ICE VBT D2 ENTELTZD
FOG—BEPEH D7 3 F— L 145 DARFT IV K=V SIC L > TE LY T AT LA~ —
RIS BET 22 N TE, KIZT, = AT /L 169 Ot Fu B2 TSRS
NERICHR STt INRBE R, A TF NV —TFT b E R T, = A7)V 171 Z &Rk L7019,

EtO,C.__PPh;

10 mol% OH TBHP

D-proline B B
2 x OHC_~ Pt OHC > EtO,C_~_~ VO(@cac),  go,c

DMF, 0 °C benzene, RT W toluene W

145 Joh 10 h 168 RT, 13 h
167 71%, anti:syn= 4:1 1%
99%ee (anti)

PNBA, PPhs
DEAD g0,c2 KeCOs  me0,c.2 Mel,NaH _ peo,c. 2
benzene MeOH DMF
RT, 13 h 187 RT, 8h

94°/ 9
R= p-NO, benzoyl| ? 79%

Scheme 36. Synthesis of ester 171.

T 25 )L 171 % DIBAL-H TEILLT /LT E R 172 & L7-#%. BL&HHE L7~ 180 L™
Wittig SC & 0 A4 1) 2 o 188 24k L 7220(Scheme 37).

o o
O)kN)vPPhs

180
QMe  piBAL-H qMe 29 qMe

- Bn (0]
O, O, s,
MeO,C. .z~ > OHC. == )k 5
2! j/\‘/'\/ tolugne T/\‘/'\/ toluene RT. 6 h o N)%/\‘/k/
-78°C, 1h -y

171 172 88% (2 steps) Bn 188

Scheme 37. Synthesis of oxazolidinone 188.
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IKBHRIMC L VAL T 4 U EBE T L%, NaHMDS Zi kL U CTHW o A FALEG
2KV RIEIRENIZ C12 2 A F NV E A8 AN U 72, LiBHs TARFMB I 232 eIz BRE L,
T a— L 189 ~iFE LT,

6 0 OMe 1) H,, 10% Pd/C OMe
o, 2, 10% o,
e LiBH .,
O)LN 2 _AcOE RT, 1h _ )L W iBH, W
\,{ 2) NaHMDS, Mel THF/MeOH :
Bn 188 THF, -78 °C, 10 h RT, 1.5h 189
76% (2 steps), dr=>20:1 89%

Scheme 38. Construction of methyl group at C12.

7L — L 189 DR ORI 21T - 7= (Table 4), Dess-Martin #&3& % V7221 S &
BHEIRIRE M E 5 2.5 DA T2 57 (Entry 1,2), TPAP (b TIX B Z IR 90% TH 2 7=
DL OT RN C12 A0 v A UALAEIN S 7= (Entry 8), 722 5 a2 1To72 & Z A,
Parikh-Doering (LB W\ T, ZO 2 VEAEITE T RIETCHNET 57 LT B R
190 # 5.2 % Z L 3 oo 7zLU(Entry 4), FON72T7 VT R1901Eh T L7~ N7
—IZ XD RIATOTICHE RS RO KNTHED 7=,

Table 4. Oxidation of Alcohol 189.

3 Q, OMe oo Q, OMe
) 189 ] 190
Entry Reagent Solv. Temp. (°C) Time (h) Results
1 DMP (1.5 equiv) CH,Cl, 0 0.5 complex mixture
2 DMP (1.5 equiv), NaHCO3 (3 equiv) CH,Cl, 0to RT 1.5 complex mixture
3 TPAP (0.1 equiv), NMO (5 equiv), MS4A CH,ClI, 0to RT 0.5 90%, dr= 13:1
4 SO3+Py (3 equiv), Et3N (5 equiv), CH,Cl, 0 1 91%, No epimerization

DMSO(excess)

7Tt K190 % Corey-Fuchs O HIETT LF o ~LHET M 2T -72R2, Z 7=
DIZET, VT rET NS 2 191 OFRAE AT L7z(Table 5), £7°, it7##97 Corey-Fuchs
SDIFIEC L DT I X AERE R T DNEMEIRIREME 5 25 DA T2 ->7- (Entry 1), i
EA-25 CIZ FFSEA I b RROR R %2 5 2 72(Entry 2), ZOJKE LT, RNTH
4 25\ RE 1A TH 5 dibromomethylene triphenylphosphorane 23El S i 2E L T
WHZENRBEZ LN, 2T, FRIC MV = F LT I E2TMIAE LTNA, & HIEIR
T(78 C) TG #IT - 72231(Entry 8), € DfER, MWNETHNET AV T aET7 Vv
191 2455 Z L ITRPh LT,
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Table 5. Synthesis of dibromoalkene 191.

oM
OHC._ 2 )
5 190 191
Entry Reagent Solv. Temp. (°C)  Time (h) Results
1 CBry4 (3 equiv), PPh3 (6 equiv) CH,Cl, 0 0.5 complex mixture
2 CBry4 (3 equiv), PPhj3 (6 equiv) CH,Cl, -25 1 complex mixture
3 CBry (3.5 equiv), PPh3 (4.5 equiv) CH,Cl, -78 0.5 ~80%

Et3N (3.5 equiv)

7L z— L 189 735 Table 4 O Table 5 ICB I ARESMHEAZ AN T T aE® 7 L7y
191 OAKRERART- L 2 A, 2 BEPEINR 78% C H I % 157-(Scheme 39). NaHMDS |Z &
D77 V% 177 & LT=%. PA(PPhs)s il F 2BusSnH #{/EFR S BMIEH~ 7 7 A > b

142 A pk L7z 24,

CBry4 (3.5 equiv)
PPh3 (7 equiv)

OMe SO3-Py (3 equiv) OMe :
O, Et;N (5 equiv) OHC O, Et3N (3.5 equiv)
HO™ ™ : —_— y - - -
: CH,CI,/DMSO : CH,Cl,
0°C,1h - 190 -78°C,0,5h 191
189 78% (2 steps)
n
Br o OMe BuzSnH
NaHMDS AN Pd(PPhs), By,sn
THF : THF
0°,0.5h - 0°C,0.5h 142
80 % 7 92 %

Scheme 39. Synthesis of side chain fragment 142.
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HIUET RQN-18690A D ARFLERR

B, BoETENEN T UHIBMA T4 & 142 AR LTS, REITIE, Fhb
DT 7V 7 ROGE RQN-18690A (1) DA I HOW TR %, 2001 4EFIE S 1%,
Concanamycin F OD£&KIZB W T, =3 —T K192 & B =/L A X 193 @ Stille 77
T TR T2% CTHEITT 5 2 L 2 iE LT 525 (Scheme 40), 7 > 7V o FELIE
FEOLFEREE S RQN-18690A (1) LI L TWAD Z &b, Zo&ME#A+TsZ L L
77

Me.,, Pd,(dba)z (0.25 equiv.)
= 2 3
: BusSn._~ ~OMe AsPh; (2 equiv.)
Me “ODEIPS N o Me LICI(3 equiv.)
DEIPSO OPiv Me\\\o NMP, 40°C, 16 h
Me Me 2%

192 193

Scheme 40. Example of modified Stille coupling reaction between vinyl iodide 192 and vinyl stannane 193.

=3 — K74 L =LA X 142 2% USCER & RIS TR 21T - 7-(Scheme 41).,
FOSTREE 40°C TIISDHEFTRE) > 72728 60 CIZHIEL TiTo72E 2 A, 10 5T
eFsERE L, B E T4 195 UK T4% ThH- 2 77,

((jY\ BuzSn
(6] =+
CO,Et

74 142
(1 equiv.) (1.5 equiv.)

Pd,(dba); (0.25 equiv)
AsPhj (2 equiv)
LiCl (3 equiv)

NMP
60°C, 10 min

Scheme 41. Stille coupling with vinyl iodide 74 and vinyl stannan 142.

%12, TMSOK %AW T F )L AT V% VR Vi~ L i53E L 7-261(Scheme 42), 'H-
NMR, 1BC-NMR } OEEE (R lalb= +12.2 (c=0.033, MeOH, 22 °C). & kihlalo=
+14.9 (c=0.27, MeOH, 19 ONi%, REMOZ L BW—E%/~x L, Z 212 RQN-18690A(1)
DDA F R A LTz,

TMSOK (10 equiv)

THF

CO,Et F
40°C,6h

Scheme 42. Total synthesis of RQN-18690A (1).
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BEE /N

% —3 TlE RQN-18690A (1) DB FRIZ DWW Tk ~~7-, % —Hi T3 RQN-18690A (1) & %5
{LIH% & % 7> Herboxidiene (2) D 25 DA LB 2 FRIT L EH DRINT 5 A BRI & D
IZHOWTIR 72, 72, BEHEN N E TIT- TE 7~ RQN-18690A (1) DA FMIZE DGk L |
BISNTZHEIZOWTERT S LT, 202U BT X7 G aEHE 2DV TR
L7z, BB CTHPER 7 7 7 A2 b 74 DA OV THERM % 7k~ 7= (Scheme 43), #5F &
LT, O 181 AW ARFT L R—/ ST L W o0k T 5 R S % m Sk
BIRYICHEE L 722 &, Qop-REafl 877 > b OF AT, B—0RMEKRLE LTEAEY
ERDIENTERZ L, Qap-Rfafn 877 b b % 1,4, 1,280 L W —ZRIxfid
577 h—/L B ICHEETEZZ L, @One-Pot &% 2 FEET 45 Z & TS TR
T enbiFonsd,

CF

3
FsC CF,4
o)
OHC L) O I
\/ N OH CF3 OHC . (PhO)ZP\/C02Et
145 H , NaH TsOH *H,0
+ cat. 20 mol%, 181 a e
OHC 1,4-dioxane HO x THF, -78 °C %oéu%ne
[ H,0, RT
S TIPS TIPS
146 T'PS 166 63%, Z.E=>2011 165
anti:syn= 20:1 TBAF, 60 °C
. cucl "
2 NaBH, PP COEt  TaAF ((j\ (j\
—_— +
MeOH toluene, 60 °C 60 °C 07
o~ O N 50 °C HO" O X BN | O S
5 TIPS 6 TIPS CO,Et CO,Et
85%, 98%ee 133-cis 133-trans
54% from 165
"BusSnCu("Bu)CNLi; Mel I, ;
THF, -78 °C -30°C  RT S
CO,Et
74

45% from 133-cis
Scheme 43. Synthesis of THP fragment 74.

FoETTIME T T 7 A FOGEKICOW TR & R~ 7=(Scheme 44), #fE L LT, ©
Za ) filifil e L7 a8 — L 145 D&V~ aldol [, Ht< Wittig FUSIC L 0 —o
@L%ﬁ'ﬁ“éxﬁm EHTHa,pREEFIT ATV 168 % anti FRIIHT-Z &, QFHERDY
WFSENC LV HE—DBEMERE L TCoARFT F 169 257~ 2 L. @Evans K& 7 /L% 11k
2R CL2iDAREFREERE LI Z LnbIT oD,
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10 mol% E‘OZCTPPhs TBHP o OH .
D- prolme j VO(acac O,,, H steps
T oo YV e A e By s
DMF, 0 °C toluene 62%
145
168 71% 169
71%, anti:syn= 4:1 single diastereomer

99%ee (anti)

OMe 104 Pd/C
)k W ACOEt, RT )K W Ssteps g sn
) NaHMDS, Mel 57%
THF 78 °C Bn 179

76%(2 steps, dr=>20:1)
Scheme 44. Synthesis of side chain fragment 142.

FEHTIIE S E=HTAR L oD 757 A & Stille v 7Y o 7 RISIC
X 0ERET S Z LAk L. RQN-18690A() DD ARF AR K LT~ Z 12>\
~7-(Scheme 45).

Pd,(dba),
AsPPh,
Licl
E—
NMP

60 °C CO,Et

74%

TMSOK

THF

40 °C
73%

Scheme 45. Total synthesis of RQN-18690A(1).

CO,H

RQN-18690A (1)
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F_% CuCl-NaBH4/MeOH iZ X 50,p- &0 §-F 7 F D
EiERY 1,4, 1,2- 850G DB %

F—H HROTR

B —# C CuCl-NaBH«#/MeOH &2 X Da.p-Raf1 &7 7 b b ITxid Dimst i hnndiE
WHNZT 7 b= 6 2 hx2 5 Z & %R/~ (Scheme 46).

o CucCl -
g il /(j\
(0] (6] N MeOH HO (0] N
N TIPS -50to -20 °c N

5 6 TIPS

Scheme 46. Reduction of a,B-unsaturated lactone 5 to lactol 6.
CuCl-NaBH«#/MeOH %D L 52t o, REEFI = A 7 /WZxtd 5 1,48 0{k & LT
BEIZH 5T 5 051(Scheme 47), L L7eld B, ABUSD K 9 1Za,p-Afafl §-7 7 ki
®FLC, e 1,4, 1,202 KV xhs 325 7 7 b= ARG LN D FEIXIh

FTITHE STV R0,
CucCl

0 0
NaBH,
Ph/x§b/u\OEt MeOH Ph/A\v/u\OEt
196 197

Scheme 47. 1,4-Reduction of a,B-unsaturated ester 196.
BTN 6T 7 b ERIGTDHT I b= ~E LT DDA LT 0 KO
NARZNVEEBILTHARERD Y | %< OYHE U 2 TR Z %7 % (Scheme 48),

O (0] OH
(0) (0) (0]
7Y — 50— §)
R R R
198 199 200
Scheme 48. Reduction of a,B-unsaturated lactone 198 to lactol 200.

il & LC. 2004 4 Sergey A. Kozmin (3 Bistramide A O A IZEB WV Ca,P-AEF0 §-
727 K 201 \ZxF L, KB X2 ZFEEAG ORI, H i< DIBAL-H (2 X% HLR =13
DIFILD 2 TRROBTISIZ L VT 57 7 F—/1208 %4k L TV 5 27hI(Scheme 49),
ZOFEE, WHTHEERFIEO—2Th D, LLRNRL, 2O TIEEDEEHE
PER LR LIRS 2 D380 5 D, Bl 213 — B B OKFBIRINEUG Tl fhofriEic —
HEA, —HESG, XUV =T R EEET A REOLAEITIE, EOEREEERR ML
B LT ARG & 5 2 72 TR e e, & 512, DIBAL-H Ee b Rk 27 V4,
TRFNE = NI AR EEET LAY TIIETOERELRIEELZBE LT uEe b
R0, ZO X DI, BREAERIC Z O 2 BIFEEIC AT O Z LITEERNETH Y . RWITA
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LN FETHEIN TRV, o, R 87 7 b2 & 1,4, 1,2-% 50 T 28Tk
T5T77 b NVETELTDHIENTENTL VAR FEIC LD EEZT-,

DIBAL-H

TBSO
201 202 203

Scheme 49. Two steps reduction of o,B-unsaturated lactones 201 to lactols 203.

YL EDEED S, CuCl-NaBH4/MeOH R&IZ X Do,p-AREafn 87 7 b > ORTT I DS
AT -T2,
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B_f RSB b RE

B AREIFN 5-7 7 b 204 & BT VK & L RISSREEELOE 41T - 72 (Table 6),
F, AX ) —/VHER T, NaBHs % 3 FFH/EA & W72 (Entry 1), 6%DJFUEHEIU Ol
205a 75 205e DIETLAENG LAV, E/oEkWIZfafi T 4 —/v 205e 72572, 10 HED
NaBHi Z vy, -50 CTRIGHIT S 12 HA101E. 13 & A EHEEI RN S 72 (Entry 2), 7K
(2. 3% &M NaBH4lZKF L 0.5 %5 ED CuCl ZIFM LEIGE T 72 & 2 A, HREEDOIE
THMET DT 7 b—1 205b 35 Hi7=(Entry 3), A% /—/#, CuCl & NaBHs % H
Wz oL BRI AT LD 1,48 oSO IBER O FOS T 5 23081 Z 0 15 1o, B-AEIFT §-
77 NOMMBEHECRHET DT 7 AR GO HIE I E THEIR TRy, K
(2, 10 Z & NaBH4 & 0.5 80D CuCl W 7=85A 12U 90% T H W) & 38R BI 5
252 L RbhoTl-(Entry 4), ZOWE, SRITREESUEDT-DH12-50 CTH5H-20 CETHIEL
7z CuCl &% 0.2 HEE THO LESLAITIE AT 7 h 206a k> TLE-7
(Entry 5), —7J7, NaBHs % 1 & CHIOLT & RBf17 7 b 206a DA% G252 L)
b5 7= (Entry 6), KIZ o> CuCl LIS OERSJE T RKOMRF 21T 572 & Z A NiCle-
6H20 Z W= b mINETHMN E 357 7 h—/L 206b % 52 =04, 273 [(Entry 7).
CoCle ZHW=35A121ET 7 h—/L 205b OYLRITHFRE 72 5 7-04(Entry 8), ZiLH Dk
K6, Entry 4 Z st & L, 7o, AR W CRELIN 2 D NERF 235U O LT
WCHBEREEZ R L TWD ZERbnoTle, mERETIR, BBt Z GTe A ¥ ) — VIS %
-50 CIZWHEIL, 22 NaBHa 212, DO F £ 15 E#HE25, 2WIE NaBHs 23 —#D
WL, BT 5, £ 212 CuCl 2012 5 & BN RS ABAG S, KFBEDFAE & FRITFEE
BT &0 RN ODILEEA-20 CHTE T EAT 5, —75. JElE CuCl DA %/ — VEIRIC
%L T-50 CF. NaBHa ZINA725E 2L, 3 ISR B S, SROFIRSLEIT
ROGAEMNBY, UGOay ha—LRE LN ERbhoTlz, ZORER) D NaBHs D £
B ) = ~DIRIED UGB DT 72> T D 2 ESRE &, BRI ONER % Bt L
7= & 2 A, NaBHa Z{KE T TR SH 7212 CuCl 2z 5 2 & THIEWMED B\ ERRER
BEFEHND LI oT,
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Table 6. Optimization of the Reaction Conditions?.

(0] O OH
O O 0]
Ph Ph Ph
0O
reagent 204 205a 205b
(6] | — .
Ph MeOH OH OH
204 OH OMe OH | OH
Ph Ph Ph
205c¢ 205d 205e
Entry Reagents Bath temp.  Time 204 205a 205b  205¢  205d 205e
(equiv) () S O G O S O R O G ¢ (N (O

1 NaBH, (3) RT 3 6 <1 7 3 1 71
2 NaBH, (10) -50 1 70 4 Y - <1 13
3 CuCl (0.5), NaBHy (3) 0 1 - 5 68 <1 ¢ 16
4 CuCl (0.5), NaBH, (10) -50 to -20 1 ¢ <1 90 <1 - <1
5 CuCl (0.2), NaBH, (10) -50 to -20 1 <1 7 79 — —° <1
6 CuCl (0.5), NaBH, (1) -50 to -20 1 <1 90 <1 - - —c
7 NiCl,-6H,0 (0.5), NaBH,4 (10) -50 to -20 1 - <1 86 -¢ -° <1
8 CoCl, (0.5), NaBH, (10) -50 to -20 1 -° 35 58 <1 —c -°

@ General conditions: a,B-unsaturated lactone 204 (0.5 mmol), MeOH (5 mL).

b Because 204, 205a, and 205¢ were inseparable, thier yields were determined by NMR spectroscopy; the other

yields are isolated yields.
¢ not detected.
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BM EEREORE & RICEEDOEE

B IR RS R o B RAEfN T 7 bz L7 (Table 7), 97, ~Xv v
IVEEDEBATE T DB OWTIRE 21T o 70, o, B, yIIC_ DNV EEE R T Ho,p-
Tﬁ’fm 87 7 b1 208a-c (TN TNHEWILERTT 7 h—/L 207a-c %5 % 72, DIBAL-H T
TLEND DT ®T— MERTZ AT NVEE BT Hop- A §-7 27 1 206d-e lZFHBW\Th
%ﬂ%@ﬁ%%%&? R EINRTHIGT ST 27 F—/1 207d-e & 5-27-, " EiEAR
—HEAEAT Do AER 8T 7 b 206fh ICBWTH Z ORISR SN, A
POS TG SN HEA EIE=ER- AT o8 Rl r—y g V3Bl S en-o
7-28l, Shr & B A WS IR E I G2 H T 5 7 = = VR TEB S o B AR 5T
7 Ry 206171 IZDOWTHIRFTEIT o722, ZNHORBICEFR R MINETHENE TS T
7 k=1 207 %527‘:0 BN Z S, a3 y-7 7 by 206m K e 7 kv
206n Z WA ICE, 77 F—120Tmn 1T E< B 6T, WIS T 28T 7 b DA
w5z, ztiﬂtk BWT, 6 BEEINAIC 1,4-, 1,2-OEFEE TOCA TS D Z &0
Mmool

Table 7. Sequential 1,4- and 1,2-Reductions of o,B-Unsaturated Lactones with CuCI-NaBH, in MeOH?2.

0 cucl
o NaBH, _
R n

206a-n 207a -n
‘\):I/\ @\/ \/\/‘\):I EtOzC/\/i) /\/‘j
207a (92%) 207b (83%) ‘\/P 207d (83%) 207e (88%) 207f (70%)

207c (79%

207i (90%) R=H
\/E:I 207 (91%) R=OMe
207k (85%) R =CO,Me
2071 (80%) R =CN

TIPS
207g (91% 207h (78%)
207m (0%)° 207n (0%)°

aGeneral conditions: a,B-unsaturated lactones 206a-n (1.0 mmol), CuClI (0.5 mmol), NaBH, (10 mmol), MeOH (10
mL), -50 to -20 °C, 1 h. Yields are isolated yields.
bThe corresponding saturated lactones were isolated in 90% and 85% yields, respectively.
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WAL RSB DWW THEE LT, AMSTIERNTERT 5 Cul 23l & LT,

BeA VT 4 KT D 1,498 K OB VR = VRIS 2 1,258 0 SOG2SEgE I 2 5
ZETHIET DT F—ANERLTDHHOLEE %7 (Figure 6), &—EfE B IXBEIZ NS
N TW% CuCl-NaBH4 &2 L D o,p-REEFA D VAR = AL AT KT 5 1,482 5008 & [RkE
DI TH D LB 2 b H0s 20 72 CuCl, NaBHs, MeOH 23 ET 5 Z &

ZLfETH S CuH & BHsn(OMen 134T %5, CuH A iFo,B-FRaf17 7 b A2t
MLUT, ndk B ZEKT 5, ZhnbAELD Cux/L—RCBAZ ) —LERIELT
fafn7 7 b E 24T 5, CuOMe D i% BHs-n(OMe)s (2 L W iE 5t SN C CulH 28 FAd
Do

Figure 6. Mechanism of 1,4-reduction of a,B-unsaturated lactones by CuCl-
NaBH, in MeOH.

(1)
CuCl + NaBH; —> CuH + BH3; + NaCl

l MeOH

BH3_.,(OMe), + H,

O
BH2.n(OMe) 41
CuOMe -CuH
MeOH Q
C

fafiZ 7 b B BHIGTDHT 7 b= 1,28 SN H\RICB VT CuH & BHs
2W(OMehn TR E L TEH L TWA EE 2T, 2O L ERGEET 57290, AETSM2
77 bzt b 1,280 E LTHEH T 20 E R %217 - 7-(Table 8), fafn7 7
hY 204a 23t L, THNETORESRGZEHA LizE 25, EIEEEG8%) TxnT 57 7 k
—/L 205b % 5% 7=(Entry 1), L7 L CuCl Z ¥R L2 WEMIZB W TiE, 72 h—/1 205b
TFEALEELNT, VA —IL 205e ZULEHK 90% CTH- 2 72 (Entry 2), Z 1LILi# % & NaBH4
WL DRI MEL L CHEITLCLE -2 TH D, —F, CuCl ZHN L 7=5M4Tix
NaBH4 (3R ¢ CuH & BHsn(OMe)n DAL & FEICHE RS B(OMe)s ~ & A I 5T
DIZ, BRELEICAIE SIS 2 hr—LSh,
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Table 8. 1,2-Reduction of Saturated lactone 204a.

0o OH OH
0 o OH
- . .
Ph Ph Ph

204a 205b 205e
Entry Conditions Yield of 205b (%)  Yield of 205e (%)
1 CuCl (0.5 equiv), NaBH,4 (10 equiv), MeOH, -50 to -20 °C, 1 h 88 <1
2 NaBH, (10 equiv), MeOH, -50 to -20 °C, 1 h <1 90

Table 8 DFEFIZINZ T, CuH 28 1,258 UM bR < B> Tvs L5 272 (Scheme
50), T 72bb. CuH 2Maf15 7 o E OB R =V EAFUL - iEHE(ELE)., 527 h—L

G ~DETOG et S H T,

OH
MeOH
G

Scheme 50. 1,2-Reduction of saturated lactones E by CuCl and NaBH,4 in MeOH.

ZHNAERGES 2729012 CulH 3L LR WS T TO 1,2-8 e A8 U 7o R 27k 2 72
(Scheme 51), T 72bbH, fif1Z 7 + 204a oL, A% /—/Lf1-50 CT BHs « THF %
mz =, :nif‘@%ﬁ%ﬁ:& [FERIC —WF 2T T-20 CECTHIB L, LoLans, 7
7 b= ~OBTLNTEETET, FEOLAMRER SN, 2O Enb, 1,298 57TK
JEZHBWT CuH ﬁi‘)im%ﬁﬂ:oﬁ:bb@fx;.ll%%f: LTWDZ ENRBIT,

0}

fe} BH3-THF (10 equiv)
Ph MeOH > no reaction
e

204a -50t0-20°C, 1 h

Scheme 51. Treatment of saturated lactone 204a with BH3* THF in MeOH.

WIZ, RSO Z R TT2DD A r— VT v 7O 217> 7-(Table 9), JiiE 1.0g
(5.2 mmol) D A & — )L TG EAT o 1o, ARISTHBSIETH D Z & D BRBRAAIRE %
INFETEY 5 CFIFT, 55 CE LTz, A7r—nT v IffE-T, EEZE LTS G
DEZEZ, £T 04%ED CuCl TRILEARIZE Z A, WK B8R THM LT L8017 7
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—/L 205b % 5 -2 7-(Entry 1), Entry 2 CTlIfilfiiE% 0.2 & E THO L TEREIT- 72
. [FRRICEINEEO1%) THIMZ ST, 2O ZDOOERIZB T, 1,458 00D HH
HWITL7-faFnT 7 b 206a 1T &< B S o 72, 0.5 mmol A7 — /L CTHETZ1T-> T\
7= % _f Table 6 OMFFIZIZAAFIT 7 h 206a HADT-HIZL72< & 0.5 HED
CuCl B EZ 572 (Entry5), 2 £V, ZOXH /A —mzB T, “EMEH O 1,2-
BICRSZSERE S 572D CulH OfflitRE, 35 K1Y BHa-n(OMe)n DI ILHREDHERF 347
T RhrolebDEEZT,

Table 9. Scale-up Experiment.

(0] OH (o]
CuCl
e} | NaBH, (10 equiv) o) o)
Ph MeOH Ph Ph
204 -55t0-20°C, 1 h 205b 205a
1.0 g (5.2 mmol)
Entry CuCl (equiv) Yield of 205b (%)
1 0.4 88
2 0.2 91
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HOE H, oSN, EEBRITZ PIBITARIGHEOHEEICET AEE

{7 K )T, RBUSSRMETlo,p-AafnT 7 ~ ATk 2Eki 7 1,47, 1,2-
BICIGIES-T 7 N A D HRBRANZHEITT 5, -7 7 b2 206m 3L We-7 7 k2 206n
W LTI, LASECROSITEITT 2 b 00, 1,2-8 O < ETES, i3 2 fafn
77 bk 208 KT 209 DA% H % 7= (Table 10, Entry 1, 2), Ziud., H. AN, LERT 7
N ORINIERIGEDZER D s Teled B 2 1o, ZOEZFREATHTE (L INBEEIE
LUFDET) IR0 BETELHLEZX, UTFDOarva—2HEETo7,

Table 10. Reduction of five-, six and seven-membered o,-unsaturated lactones with
CuClI-NaBH, in MeOH.

CuCl (0.5 equiv) o
o | NaBH4 (10 equiv) o
Ph MeOH Ph
n -50t0-20°C, 1 h n
n=0, 1, 2 n=0, 1,2
Entry Substrate Products
(0]
O
Ph
206m 207m (0% 208 (90%
(0]
2 0 |
Ph
204 205b (90%) 205a (<1%)
0}
(0]
’ f@ fO f@
Ph
206n 207n (0%) 209 (85%)

1991 & Wiberg &%, valerolactone & butyrolactone (Z DWW T, 7’1 h > DA /LR =)L
FAOBFNEDE N Z 5y T AL R D HERI L T 5 B0(Table 11), iz Kivif
valerolactone ?® J573 butyrolactone X ¥ 8 kcal/mol FFIPENE W EAVRINL TV D,
DOFERLFEERICE 25 & ARIOFEBRTIE CuH OB VAR = LV EA~OBFIMEDED 1,2
TEDFIEHEDEVIC KM EN =D TIX 2B 2T,

Npm
Pt
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Table 11. Energies of Lactones and Protonated Lactones (RHF/6-31G*).

H\
0 (0]

DO

butyrolactone  butyrolactone-H*

H\
(0] 0]
QO

valerolactone

valerolactone-H*

Compound E (Hartree) AE (kcal/mol) AH
butyrolactone -304.70518

butyrolactone-H* -305.04343 -212.3 -204
valerolactone —343.73665

valerolactone-H* -344.08665 -219.6 212

ZZ T, H, N, LERO CuH IZx3 2 B0V & DFT
12), ET/VIVE & LC, EH#AL A A X720 w-butyrolactone (Entry 1-3), §-valerolactone (Entry4-
6). e-caprolactone (Entry7-9)% H\ 7=, CuH O#EARHEZ anti (Entry 1,4, 7)& syn (Entry 2,
5 80 MM THHE L, AT Z b(Entry 3,6, 9)E DT R LX—EE T T
AH(Hartree) & L CHEH L7z (Entry 1-2, 4-5, 8-9)

RS BAE D - 72 (Table

Table 12. Energies of CuH-Coordinated Lactones and Free Lactones.

,CuH HCu_

o o)
{D oib
)n )n

n=1,273 n=1,23 n=1
anti syn

Entry Compound E (Hartree) AE (Hartree)
1 y-butyrolactone-CuH (anti) —503.253347 —196.757893
2 y-butyrolactone-CuH (syn) -503.253087 —196.757633
3 y-butyrolactone -306.495454
4 &-valerolactone-CuH (anti) —542.568307 —196.759953
5 8-valerolactone-CuH (syn) —542.568761 —196.760407
6 d-valerolactone —345.808354
7 g-caprolactone-CuH (anti) —581.882443 —196.759622
8 g-caprolactone-CuH (syn) —581.88337 —196.760549
9 g-caprolactone -385.122821
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w2, ZRENDT 7 b ooz —%E2F I L2 (Table 13), Z DT R/LF—7EN
RKEWFIELIVWLETHD Z & &/RT, y-butyrolactone & §-valerolactone ~Cl8-valerolactone
DIFNEVEZETIEHDHDOD, TDFEE 1—2 keal/mol &/NEWEDTH - 7-(Entry 1,
2), F7=. §-valerolactone & e-caprolactone O T /L F —ZE X X 5T/ SV E D72 - 72 (Entry
3,4, U b DFTHEICX > TH, N, LEERTZ b OMICKIGHEDOZZFEHT5ICES
REEDHZ LILTE 7267%0710

Table 13. Energy Differences between Pairs of CuH-Coordinated Lactones.

Entry  Pirs of lactones AH
AH (Hartree)
(kcal/mol)
1 AE (y-butyrolactone-CuH (anti)) —
(y-buty (anth) 0.002060 1293
AE (8-valerolactone-CuH (anti))
2 AE (y-butyrolactone-CuH (syn)) —
(y-buty (sym) 0.002774 1.741
AE (6-valerolactone-CuH (syn))
3 AE (e-caprolactone-CuH (anti)) —
0.000331 0.208
AE (8-valerolactone-CuH (anti))
4 AE (e-caprolactone-CuH (syn)) —
(e-cap (sym) _0.000142  —0.089

AE (6-valerolactone-CuH (syn))

7%, Ei CuH & VAR =L OBFMEICE 2 DFT §HHEMAR L CuH 377 Fo LY
V7 e Lewis BB CHDH L EBET L L, CulH 1T 1 BEEH D 1,480 TAR LI — R
REAFNT 7 R ARV LD B AF AT L a— b ORI AEET 5 & E %2, Luche 2
TCOSUCHETIRIBES N TWD K912, 2 BFEH D 1,2-% % Scheme 52 O 7 1t 2 Tif
1ITTHEWETE S, ZDOHA, Wiberg D71 hvDF 7 k2 B VR =)V~ BTtk
DENZ R Ty FHEIERH RS R CL 4 B0 X B B'S-valerolactone & i 5 Biy-butyrolactone &
BOSHEDENZ G T & 5 ATRetEE H 5,

HCu_
O—Me

/BHz n(OMe),

zs:aé@

R
E

Scheme 52. 1,2-Reduction of saturated lactones E by CuCl and NaBH, in MeOH.
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BEE /N

% =% T3 CuCl-NaBH4/MeOH (2 X Do B- RN -7 7 k> Ol 1,4-, 1,280
FOGIZE DT 7 b=V OB DOWTEI Lz, H—H8iCIXFE 0N 5 & AR O HME
[ZDOWTHRA 7o, 5 /i Cldo,B-Afafil 87 7 b 204 & HEIZSUSGRMORE L EZ TV,
PURIZR LTttt % 7E B 7= (Scheme 53),

OH

CuCl (0.5 equiv)
o ‘ NaBH, (10 equiv) o
Ph MeOH Ph

-50t0-20°C, 1 h

204 90% 205b

Scheme 53. One-Pot Sequential 1,4- and 1,2-Reductions of a.,B-Unsaturated Lactone 204 with CuCl-
NaBH, in MeOH.

=R CIHIEE PR O, S A B = X AOEBRIZ SN TR, B, AREAAR
BT AR T, BRSBTS AEITT B 5 S R A 3R LT, E70,
% DEIRT — 4 5 B Cul OREER B O LR = L SIS & > CHEAT
F5 2L EART 5T 8RR L, HINETIE S f 0O RETH b AN 2
o, A, CEBBORISEOMEICE LT, DFT 35S - S5 R,
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woIE

AR ST PTIEEHENE R IR RQN-18690A D24k & . CuCl-NaBH4/MeOH %2 L 5 a,B-
AN &7 7 b O 1,4+, 1,2 BITIS ORI OV TR H D TH 5.

5 CILA G O 218 & EELD RQN-18690A 24 I DU Tik 7= (Scheme 54),
THP 887 7 7 A2 NI 7 a U VBB REREAE 2 V- ARFE 7 LV R—VEORIZ £ 0 @ik
RIS D AR EEAL, 5122 ED One-Pot MSZFIH L THIREL AL
oo BT 7 7 A FOARIZEBWTHAKAMECHL 70 ) 2 W=7 v/ —1o
YL T TV K=V 2 SN SRR R T D AT A Lz, oD T T TR
> b OEFEICIE Stille 7 v 7V VR E AV, RQN-18690A OEA AR L, F D
SNTAHEE ETEE T D Z LN TE T, Bifie 7 r 8 — L ZJFENE L, A3 AR E R R
VENTE Ty 70 A B 2 A5 R U 72 AR A ki Herboxidiene it 5 DA BB 720087 L
HLDTH Y, RQN-18690A DEAFLD I8 6T KIKME IV THI T 7oA LRI 2 24t
T HMEH DHTERETH D, S HICAREGHIEIL RQN-18690A #E (KD Zh=EH) & kI i H
TLHZENHRETH Y, JF LAY OREIETEIEFHBIFRIC O BT 2 2 N TE 5,

OHC._~ organic OHC

catalyst j\ .
+ B —
OHC HO™ ™
\

TIPS
TIPS

organic OH
catalyst H

OHC._ —> OHCY\/

Scheme 54. Total synthesis of RQN-18690A (1) utilizing effective organo-catalytic reaction.

B OETIIE -E TR SNz §-T7 7 O 1,47, 1,2 B0 KGE S D
WZiB K L, FrHETTG E L CRE &5 7-(Scheme 55), A THUWS CuCl, NaBHy,
MeOH (ZIUHA Tl 72AIE TH 228, pUSKHFZ RE(LT 5 2 L2 XV op-EaFn &7
I N EMIET DT P ANNERERILT 5 ENTE D, EARKGNEEVERER
TAMEA L, B RY REITCANCR Ui A2 BRI U TR BUSHEAME L &0
IREEFS, SBICARISHNAERT 7 M BRIICET TS 2 2 AR L, ko X
N ARSI S TH 0 7208 5B REFEEIN o, B-REafn 67 7 b O 1,4-,
1,280k & L THEA LT HlES 5 G Th 5,

(0] OH

CuCl (0.5 equiv)
o NaBH,4 (10 equiv) o
| MeOH
EtO,C -50t0-20°C,1h EtOC
88%
Scheme 55. One-pot sequential 1,4- and 1,2-reduction of o,B-unsaturated d-lactone with CuCI-NaBH,
in MeOH.

—
—
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RBROE

General Information
'H, BC NMR spectra were recorded on a JEOL ECA-400, ECX-500 or Bruker Avance 600 MHz

spectrometer. Chemical shifts for "H-NMR were reported in parts per million (ppm) downfield from
tetramethylsilane as the internal standard (0 ppm) and coupling constants are indicated in Hertz (Hz).
The following abbreviations are used for spin multiplicity: s= singlet, d= doublet, t= triplet and/or
quartet, m= multiplet and br= broad. Chemical shifts for '3C-NMR were reported in parts per million
(ppm), relative to the central line of the triplet for CDCIls at 77.0 ppm or the central line of the triplet
for (CD3)2CO at 205.87 ppm. High-resolution mass spectral analyses (HRMS) were carried out using
LTQ Orbitrap XL (Thermo Fisher Scientific) and GCT premier (Waters). FT-IR spectra were recorded
on a FT/IR-620 (JASCO) with attenuated total reflection (ATR) method. Specific optical rotations
were measured using a DIP-1000 (JASCO). Preparative flash column chromatography was performed
using Merck Silicagel 60 (0.040 - 0.063 mm) or Fuji Silicia NH-silicagel, DM2035 (average 0.06 mm).
Analytical thin layer chromatography (TLC) separations were performed on Merck precoated
analytical plates (Slica gel 60 F2s4). Preparative TLC separations were performed on Merck precoated

analytical plates (Slica gel 60 F2s4).

(4S,5S,2)-ethyl 5-hydroxy-4-methyl-7-(triisopropylsilyl)hept-2-en-6-ynoate (165).

CFs

FsC CF,

L3 O PhO g\)ci
(PO, OFEt

N CF
oo ®| oHC

OHC 181 NaH 182
OHC\/ + \ -
TIPS 1,4-dioxane/H,0 HO” SN THF, -78 °C
145 RT N
146 TIPS
166 63%

Flask A: To a stirred solution of 3-triisopropylsilyl propynal (146, 2.18 g, 10.4 mmol)!'!} in 1,4-
dioxane (10.4 mL) and H,O (0.56 mL) at room temperature under N, atmosphere was added propanal
(145, 1.12 mL, 15.5 mmol) and (R)-a,o-bis[3,5-bis(trifluoromethyl)- phenyl]-2-pyrrolidinemethanol
(181, 1.09 g, 2.07 mmol). The resulting mixture was stirred at that temperature for 4 h. Meanwhile, in
the separated flask B, to a stirred solution of (diphenoxyphosphoryl)acetic acid ethyl ester (182, 4.98
g, 15.5 mmol)!'?! in THF (70 mL) at 0 °C under N, atmosphere was added NaH (622 mg, 15.5 mmol,
60% dispersion in mineral oil). The resulting mixture was stirred at that temperature for 15 min, then
cooled to -78 °C. The reaction mixture of flask A was diluted with THF (10 mL) and transferred by
cannula to the flask B at -78 °C over 5 min. After stirring at that temperature for 1.5 h, the reaction

mixture was quenched with sat. NH4Cl aqueous solution and extracted with EtOAc. The organic layer
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was washed with brine, dried over MgSOs, and concentrated in vacuo. The residue was purified by
silica gel flash column chromatography (10% EtOAc/n-heptane) to afford 165 (2.22 g, 6.56 mmol,
63%) as a colorless oil.

[a]p!® +46.2 (¢ 0.61, CHCl3); 'TH-NMR (500 MHz, CDCl3) § 6.11 (dd, J = 11.5, 9.5 Hz. 1H), 5.88
(d,J=11.5Hz, 1H),4.25 (t,J= 7.5 Hz, 1H), 4.18 (q, J = 7.5 Hz, 2H), 3.75-3.68 (m, 1H), 2.40 (d, J =
6.5 Hz, 1H), 1.30 (t, J = 7.5 Hz, 3H), 1.18 (d, J = 6.5 Hz, 3H), 1.07 (s, 21H); *C-NMR (125 MHz,
CDCl) 6 166.6, 150.4, 121.1, 106.9, 86.7, 66.5, 60.2, 39.8, 18.6, 15.9, 14.2, 11.1; IR (ATR) v 3459,
2943, 2866, 1720, 1463, 1183, 1031, 882, 675 cm™'; HRMS (ESI") caled. for: C19H3503Si ((M+H]"):
339.2350, found: 339.2340.

(5S,6S)-5-methyl-6-((triisopropylsilyl)ethynyl)-5,6-dihydro-2H-pyran-2-one (5).

CO,Et

TsOH -H,0 Z
—_—

toluene, 60 °C o7 0o X

. TIPS
165 TIPS 85% 5

To a stirred solution of 165 (2.15 g, 6.35 mmol) in toluene (32 mL) at room temperature under N
atmosphere was added p-toluenesulfonic acid monohydrate (121 mg, 0.64 mmol). After stirring at
60 °C for 0.5 h, the reaction mixture was concentrated in vacuo and the residue was purified by silica
gel flash column chromatography (15% EtOAc/n-heptane) to afford 5 (1.59 g, 5.44 mmol, 85%, 98%
ee) as a colorless oil.

[a]p' +1.8 (¢ 0.56, CHCl3); "TH-NMR (500 MHz, CDCl3) 8 6.73 (dd, J = 10.0, 3.5 Hz, 1 H), 6.00
(dd, J=10.0,2.0 Hz, 1 H), 4.81 (d, J= 8.5 Hz, 1H), 2.81-2.74 (m, 1H), 1.27 (d, /= 7.5 Hz, 3H), 1.07
(s, 21H); BC-NMR (125 MHz, CDCl3) § 162.7, 150.2, 120.3, 102.1, 89.2, 73.4, 35.3, 18.5, 16.3, 11.0;
IR (ATR) v 2943, 2866, 1731, 1462, 1228, 1084, 1020, 882, 811, 665 cm™; HRMS (ESI") caled. for:
Ci17H200,Si ([M+H]%): 293.1931, found: 293.1924.

Enantiomeric exess was determined by HPLC (Waters HPLC system; Alliance 2695 Separations
Module, 2998 Photodiode Array (PDA) Detector) using a Chiralpak AS-3 (DAICEL corporation; 0.46
cm x 25 cm) column (200/1= n-hexane/i-PrOH; flow rate 1.0 mL/min, 220 nm, major enantiomer; tg

= 17.9 min, minor enantiomer; tg = 21.3 min).
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Ethyl 2-((2R,5S,6S)-6-ethynyl-5-methyltetrahydro-2H-pyran-2-yl)acetate (133-cis). "
Ethyl 2-((2S,5S,6S)-6-ethynyl-5-methyltetrahydro-2H-pyran-2-yl)acetate (133-trans).

AN NasH, PhaPx -CO-Et
P 0o |~
10) o) % MeOH . HO (0] \\ toluene, 60 °C HO \\
-50t0 -20 °C TIPS CO,Et TIPS
6 164
TBAF, THF, 60 °C

THF, 60 °C RIS N

CO,Et CO,Et
133-cis 133-trans
54% from 5

To a stirred solution of 5 (400 mg, 1.37 mmol) in MeOH (13.7 mL) at -50 °C was added NaBH4 (517
mg, 13.7 mmol) and connected the drying tube within carcium carbonate to a reaction flask. After
stirring at that temperature for 15 min, removing the driying tube, CuCl (67.7 mg, 0.68 mmol) was
added to the reaction mixture, which turned to the black suspension with evolution H gas. The reaction
temperature was warmed to -20 °C over 1 h, and then the reaction was quenched with sat. NH4Cl
aqueous solution. EtOAc was additionally added to the mixture and vigorously stirred for 30 min at
room temperature to obtain clear solution. The resultant was extracted with EtOAc and the organic
layer was washed with brine, dried over MgSQOs, and concentrated in vacuo. The crude 6 (420 mg)
was used in the next step without further purification. To a stirred solution of crude 6 (420 mg) in
toluene (6.9 mL) at room temperature under N, atmosphere was added ethyl
(triphenylphosphoranylidene) acetate (654 mg, 2.74 mmol). After stirring at 60 °C for 6 h, TBAF (13.7
mL, 13.7 mmol, 1 M solution in THF) was additionally added to the reaction mixture. After stirring at
that temperature for 0.5 h, the reaction mixture was diluted with EtOAc and the organic materials were
washed with water and brine, dried over MgSOs, and concentrated in vacuo. The residue was purified
by silica gel flash column chromatography (10% EtOAc/n-heptane) to afford 133-cis (138.2 mg, 0.66
mmol, 48%, colorless oil) and 133-trans (24 mg, 0.11 mmol, 8%, colorless oil). To a stirred solution
of 133-trans (24 mg, 0.11 mmol) in THF (1.1 mL) was added TBAF (1.1 mL, 1.1 mmol, 1 M solution
in THF) at room temperature. After stirring at 60 °C for 30 min, the reaction mixture was diluted with
ethyl acetate and the organic materials were washed with water and brine, dried over MgSQO4, and
concentrated in vacuo. The residue was purified by silica gel flash column chromatography (10%
EtOAc/n-heptane) to afford 133-cis (17.3 mg, 0.08 mmol). Totally, 155.5 mg (0.74 mmol, 54% from
5) of 133-cis was obtained.
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Ethyl 2-((2R,5S,6S)-6-ethynyl-5-methyltetrahydro-2H-pyran-2-yl)acetate(133-cis).

[a]p?! -6.7 (¢ 0.63, CHCLs); 'H-NMR (500 MHz, CDCl3) & 4.14 (q, J = 7.0 Hz, 2H), 3.80-3.74 (m,
1H), 3.76-3.73 (m, 1H), 2.65 (dd, J = 16.0, 7.0 Hz, 1H), 2.46 (d, J = 2.0 Hz, 1H), 2.41 (dd, J = 16.0,
7.0 Hz, 1H), 1.86 (dq, J = 14.0, 3.5 Hz, 1H), 1.72-1.68 (m, 1H), 1.69-1.59 (m, 1H), 1.42-1.33 (m, 1H),
1.26 (t,J=7.0 Hz, 3H), 1.26-1.18 (m, 1H), 0.99 (d, J = 6.0 Hz, 3H); 3C-NMR (125 MHz, CDCl;) &
171.0, 82.3, 74.6, 74.3, 73.2, 60.5, 41.2, 36.0, 31.7, 31.0, 17.7, 14.2; IR (ATR) v 3271, 2930, 2873,
1732, 1458, 1370, 1310, 1193, 1073, 1031 cm!; HRMS (ESIY) caled. for: Ci2H1903 ([M+H]Y):
211.1329, found: 211.1330.

Ethyl 2-((2S,5S,6S)-6-ethynyl-5-methyltetrahydro-2H-pyran-2-yl)acetate (133-trans).

[a]p2! -8.3 (¢ 0.55, CHClL3); 'H-NMR (500 MHz, CDCl3) & 4.38-4.35 (m, 1H), 4.34 (br-s, 1H), 4.22-
4.10 (m, 2H), 2.56 (dd, J = 15.0, 8.0 Hz, 1H), 2.50 (d, J=2.5 Hz, 1H), 2.42 (dd, J= 15.0, 5.5 Hz, 1H),
2.14-2.07 (m, 1H), 1.88-1.82 (m, 1H), 1.56-1.51 (m, 2H), 1.48-1.43 (m, 1H), 1.26 (t, J= 7.5 Hz, 3H),
1.12 (d, J=7.5 Hz, 3H); 3C-NMR (125 MHz, CDCl3) § 171.1, 82.3, 74.3, 69.6, 68.9, 60.5, 40.7, 32.8,
25.8,25.1,17.1, 14.2; IR (ATR) v 3266, 2976, 2934, 1734, 1456, 1371, 1287, 1171, 1051, 1031 cm"
I HRMS (ESI") caled. for: C12H1903 ([M+H]): 211.1329, found: 211.1322.

Ethyl 2-((2R,5S,6S)-6-((E)-1-iodoprop-1-en-2-yl)-5-methyltetrahydro-2H-pyran-2-yl)-
acetate (74).[4n

. CuCN, "BuLi o .
"BusSnH |
THF, -70 °C 2
—_— (6] Z "SnBuz | — > =
0" ™y thenMel COLEt THF o !
CO,Et -70 °C to -30 °C 2 -30 °C to RT CO,Et
133-cis 185 45% 74

To a stirred suspension of CuCN (44.7 mg, 0.50 mmol) in THF (2 mL) at -70 °C under N> atmosphere
was slowly added »n-BuLi (0.37 mL, 1.00 mmol, 2.69 M solution in n-hexane). After stirring at that
temperature for 15 min (homogeneous solution was obtained), n-BuzSnH (0.26 mL, 1.00 mmol) was
additionally added to the mixture. After stirring at that temperature for 10 min, 133-cis (70.0 mg, 0.33
mmol) in THF (1 mL) was slowly added. The resulting mixture was stirred for 0.5 h before addition
of Mel (0.31 mL, 5.00 mmol), then resulting mixture was gradually warmed to -30 °C over 1 h. Then,
L (211 mg, 1.67 mmol) was additionally added to the reaction mixture and the resulting mixture was
gradually warmed to room temperature over 2 h. The resulting mixture was quenched with 10% KF
aqueous solution and sat. Na,S>O3 aqueous solution, filtered through a pad of celite with EtOAc. The
organic materials of the filtrate was extracted with EtOAc. The organic layer was washed with brine,
dried over MgSQOs, and concentrated in vacuo. The residue was purified by silica gel (mixed with 10 %
K>CO3) flash column chromatography (5% EtOAc/n-heptane) to afford 74 (53.0 mg, 0.15 mmol,
45 %) as a colorless oil.

[a]p'® +12.2 (c 0.38, CHCls); 'TH-NMR (500 MHz, CDCl3) & 6.20 (s, 1H), 4.13 (q, J = 7.5 Hz, 2H),
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3.78 (dtd, J=13.5, 7.0, 2.5 Hz, 1H), 3.51 (d, J= 10.5 Hz, 1H), 2.55 (dd, J = 15.0, 6.5 Hz, 1H), 2.39
(dd, J=15.0, 6.5 Hz, 1H), 1.85 (dq, J=13.5, 3.5 Hz, 1H), 1.80 (d, /= 1.5 Hz, 3H), 1.71-1.66 (m, 1H),
1.55-1.47 (m, 1H), 1.40-1.32 (m, 1H), 1.32-1.20 (m, 1H), 1.24 (t,J=7.5 Hz, 3H), 0.70 (d, J= 6.5 Hz,
3H); ¥*C-NMR (125 MHz, CDCl3) § 171.2, 147.1, 89.1, 80.2, 74.2, 60.4, 41.4,32.6,32.2, 31.4, 19.5,
17.5, 14.2; IR (ATR) v 2954, 2927, 2851, 1733, 1377, 1278, 1191, 1066, 1030, 778 cm''; HRMS
(ESI") caled. for: C13H22I103 ([M+H]Y): 353.0608, found: 353.0598.

(4S,5R,E)-ethyl 5-hydroxy-2,4-dimethylhept-2-enoate (168).

EtO,C.__PPh,

10 mol% OH OH
2 x D-proline OHC H E1O.C H
OHC — ' N \
>~ DbMF o benzene, RT W
145
167 71% (2 steps) 168

To a stirred solution of propanal (145, 18.6 mL, 258 mmol) in DMF (129 mL) at 0 °C under Ar
atmosphere was added D-proline (1.49 g, 12.9 mmol). After stirring at that temperature for 10 h, the
reaction mixture was quenched with pH 7.0 phosphate buffer solution and extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SOj, and concentrated in vacuo to afford crude
167. To a stirred solution of crude aldehyde 167 in benzene (369 mL) at room temperature under Ar
atmosphere was added ethyl-3-(triphenylphosphoranylidene) propionate (56.1 g, 155 mmol). After
stirring at that temperature 10 h, the reaction mixture was concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (20% EtOAc/n-hexane) to afford 168 (18.4 g, 91.9
mmol, 71%, anti:syn=4:1) as a colorless oil.

[a]p!® -20.8 (¢ 0.49, CHCI;, diastereomer mixture); "TH-NMR (500 MHz, CDCI;, diastereomer
mixture) 6 6.70 (dq, J = 10.0, 1.0 Hz, 0.8H), 6.62 (dq, /= 10.0, 1.0 Hz, 0.2 H), 4.20 (q, J = 7.5 Hz,
0.4H), 4.19 (q, J= 7.5 Hz, 1.6H), 3.47-3.43 (m, 0.8H), 3.44-3.39 (m, 0.2H), 2.64-2.25 (m, 1H), 1.87
(d,J=1.0Hz, 2.4H), 1.87 (d, J= 1.0 Hz, 0.6H), 1.59-1.52 (m, 1H), 1.46-1.32 (m, 2H), 1.30 (t,J=17.5
Hz, 3H), 1.07 (d, /= 7.0 Hz, 0.6H), 1.05 (d, /= 7.0 Hz, 2.4H), 0.97 (t, J=7.5 Hz, 2.4H), 0.96 (t, /=
7.5 Hz, 0.6H); 1*C-NMR (125 MHz, CDCl3, diastereomer mixture ) & 168.3, 168.2, 144.0, 143.4, 128.5,
127.5,76.5,60.5,39.3,38.8,27.7,27.4,16.3,15.3,14.2,12.7,12.6, 10.1, 10.0; IR (ATR, diastereomer
mixture) v 3457, 2964, 2933, 1693, 1367, 1232, 1141, 1095, 972, 751 cm’!; HRMS (ESI*) calcd. for:
Ci1iH2103 ([M+H]Y): 201.1485, found: 201.1484.

(2S,3R)-ethyl 3-((2R,3R)-3-hydroxypentan-2-yl)-2-methyloxirane-2-carboxylate (169).

OH TBHP 0 OH
E0,C. - VO(acac), _ Et0,C. I~ _~
W CHCl RT j/\‘/\/
168 169

71%
To a stirred solution of 168 (1.50 g, 7.50 mmol) and VO(acac), (99.4 mg, 0.375 mmol) in CHCl,
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(38 mL) at 0 °C under Ar atmosphere was added #-butylhydroperoxide (7.96 mL, 26.3 mmol, 3.77 M
solution in toluene). After stirring at room temperature for 12 h, the reaction mixture was quenched
with sat. Na»S>03 aqueous solution and extracted with EtOAc. The organic layer was washed with
brine, dried over Na,SOs, filtered, and concentrated in vacuo. The residue was purified by silica gel
flash column chromatography (20% EtOAc/n-hexane) to afford 169 (1.15 g, 5.32 mmol, 71%, dr=
>20: 1, 97%ee) as a colorless oil.

[a]p?! -3.4 (¢ 0.50, CHCl3); 'H-NMR (500 MHz, CDCl3) § 4.26-4.16 (m, 2H), 3.65-3.61 (m, 1H),
3.16 (d,J=10.0 Hz, 1H), 1.98 (d, /J=4.0 Hz, 1H), 1.73-1.65 (m, 1H), 1.58-1.49 (m, 2H), 1.55(s, 3H),
1.29 (t, J = 7.5 Hz, 3H), 1.00 (d, J = 7.0 Hz, 3H), 0.99 (t, /= 7.0 Hz, 3H) ; 3C-NMR (125 MHz,
CDCl3) 6 141.5,76.4,63.9,61.7, 56.1,37.8,27.2, 14.1, 13.6, 13.0, 9.8; IR (ATR) v 3526, 2968, 2938,
1729, 1463, 1370, 1298, 1180, 1096, 757 ¢cm’!; HRMS (ESI") caled. for: CiiH2104 ([M+H]Y):
217.1434, found: 217.14233.

The alcohol 169 was converted to the corresponding benzoyl ester and enantiomeric excess was
determined by HPLC (SHIMAZU HPLC system; HPLC pump: LC-10AD, UV detector: SPD-
M10Avp) using a Chiralpak IF (DAICEL corporation; 0.46 cm x 15 cm) column 99/1 n-hexane/i-
PrOH; flow rate 1.0 mL/min, 254 nm, major enantiomer; tr= 11.5 min, minor enantiomer; tr = 9.8
min).

(2S,3R)-ethyl  2-methyl-3-((2R,3S)-3-((4-nitrobenzoyl)oxy)pentan-2-yl)oxirane-2-carboxy-
late (187).

o)
HOZCONOZ @NOZ

OH (6] (0]
O, B %
Et0,C.= 2 , PPhy, DEAD 9
W benzene, RT EtO
169 96% 187

To a stirred solution of 169 (3.60 g, 16.6 mmol), triphenylphosphine (8.73 g, 33.3 mmol) and p-
nitrobenzoic acid (5.56 g, 33.3 mmol) in benzene (83 mL) at 0 °C under Ar atmosphere was added
diethylazodicarboxylate (15.1 mL, 33.3 mmol, ca. 2.2 M solution in toluene). After stirring at room
temperature for 13 h, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel flash column chromatography (9% EtOAc/n-hexane) to afford 187 (5.84 g, 16.0 mmol, 96%)
as a pale yellow oil.

[a]p?' +13.8 (¢ 0.58, CHCI3); "TH-NMR (500 MHz, CDCls) § 8.30 (d, J = 9.5 Hz, 2H), 8.24 (d, J =
9.5 Hz, 2H), 5.24-5.20 (m, 1H), 4.26-4.15 (m, 2H), 3.08 (d, /= 10.0 Hz, 1H), 1.93-1.84 (m, 2H), 1.87-
1.80 (m, 1H), 1.55 (s, 3H), 1.24 (t, J= 7.5 Hz, 3H), 1.07 (d, J= 7.0 Hz, 3H), 0.97 (t, /= 7.5 Hz, 3H);
I3C-NMR (125 MHz, CDCl3) § 171.1, 164.3, 150.5, 135.7, 130.7, 123.5, 79.0, 62.9, 61.8, 56.8, 36.2,
24.6, 14.1, 13.5, 12.2, 9.8; IR (ATR) v 2976, 2940, 1721, 1526, 1464, 1348, 1268, 1178, 1099, 719
cm’'; HRMS (ESIY) calced. for: C1sH2aNO7 ([M+H]Y): 366.1547, found: 366.1540.
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(2S,3R)-methyl 3-((2R,3S)-3-hydroxypentan-2-yl)-2-methyloxirane-2-carboxylate (170).

O
o o] K,CO; o, OH
Etozcﬁ}Y'v — Meozcj?/\‘/'v
MeOH, RT

187 94% 170

To a stirred solution of 187 (5.55 g, 15.2 mmol) in MeOH (150 mL) at 0 °C under Ar atmosphere
was added potassium carbonate (210 mg, 1.52 mmol). After stirring at room temperature for 6 h, the
reaction mixture was quenched with pH 7.0 phospate buffer solution and extracted with EtOAc. The
organic layer was washed with brine, dried over MgSQOs, and concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (25% EtOAc/n-hexane) to afford 170 (2.89 g, 14.3
mmol, 94%) as a colorless oil.

[a]p?! -7.8 (¢ 0.68, CHCl3); 'H-NMR (500 MHz, CDCl3) & 3.76 (s, 3H), 3.66 (dt, J = 8.5, 4.5 Hz,
1H), 3.17 (d, J=9.0 Hz, 1H), 1.65-1.59 (m, 2H), 1.63-1.57 (m, 1H), 1.55 (s, 3H), 1.53-1.46 (m, 1H),
1.00(d, J = 7.0 Hz, 3H), 0.99 (t, J = 7.0 Hz, 3H); *C-NMR (125 MHz, CDCl3) § 171.9, 74.8, 64.2,
57.4,52.6,37.6,27.5,13.5,10.5, 10.3; IR (ATR) v 3482, 2964, 1735, 1439, 1292, 1197, 1161, 972,
867,757 cm'; HRMS (ESI*) caled. for: C1oH1904 ((M+H]Y): 203.1278, found: 203.1274.

(2S,3R)-methyl 3-((2R,3S)-3-methoxypentan-2-yl)-2-methyloxirane-2-carboxylate (171).
OMe

OH
0, o,
Me0,C = Mel, NaH _ peo,c. 22
DMF, RT

170 79% 171

To a stirred solution of 170 (1.26 g, 6.23 mmol) and iodomethane (3.88 mL, 62.3 mmol) in
dimethylformamide (125 mL) at 0 °C under Ar atmosphere was added sodium hydride (500 mg, 12.5
mmol, 60% dispersion in mineral oil). After stirring at room temperature for 8 h, the reaction mixture
was quenched with pH 7.0 phospate buffer solution and extracted with EtOAc. The organic layer was
washed with brine, dried over Na,;SOy4, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (5% EtOAc/n-hexane) to afford 171 (0.96 g, 4.44 mmol, 79%) as a
colorless oil.

[a]p?! -3.3 (¢ 0.54, CHCl3); "TH-NMR (500 MHz, CDCls) 6 3.76 (s, 3H), 3.43 (s, 3H), 3.21 (ddd, J =
6.5, 6.5, 4.5 Hz, 1H), 3.15 (d, J = 9.0 Hz, 1H), 1.74-0.66 (m, 1H), 1.55-1.46 (m, 2H), 1.54 (s, 3H),
0.96 (d, J = 6.5 Hz, 3H), 0.91 (t, J= 7.5 Hz, 3H); BC-NMR (125 MHz, CDCls) § 172.0, 83.6, 64.2,
58.2, 57.5, 52.6, 35.8, 23.8, 13.5, 10.5, 9.7; IR (ATR) v 2968, 2939, 1735, 1460, 1284, 1195, 1164,
1090, 868, 756 cm™' ; HRMS (ESI") calcd. for: C11H2104 ([M+H]"): 217.1434, found: 217.1431.
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(S)-4-benzyl-3-((E)-3-((2R,3R)-3-((2R,3S)-3-methoxypentan-2-yl)-2-methyloxiran-2-
yl)acryloyl)oxazolidin-2-one (188).

)L )K/Pphs
OMe OMe \,{
(0)) (0))
MeO,C. =~ DIBAL-H _ OHC. Z> )k W
toluene benzene, RT
-78 °C
171 172

88% (2 steps)

To a stirred solution of 171 (580 mg, 2.68 mmol) in toluene (15 mL) at -78 °C under Ar atmosphere
was slowly added DIBAL-H (3.93 mL, 4.01 mmol, 1.02 M solution in n-hexane). After stirring at that
temperature for 1 h, the reaction mixture was poured onto saturated aqueous potassium sodium (+)-
tartrate tetrahydrate solution. Ethyl acetate was additionally added to the resulting mixture and
vigorously stirred at room temperature for 1 h. The organic materials were extracted with EtOAc,
washed with brine, dried over Na,SOs, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (30% EtOAc/n-hexane) to afford crude 172. To a stirred solution of
crude 172 in benzene (13 mL) at room temperature under Ar atmosphere was added (S)-4-benzyl-2-
oxazolidinyl (triphenylphosphoranylidene) acetate (180, 1.54 g, 3.22 mmol). After stirring at that
temperature for 1 day, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel flash column chromatography (17% EtOAc/n-hexane) to afford 188 (911 mg, 2.35 mmol,
88%, 2 steps) as a colorless oil.

[a]p?!' +35.8 (¢ 0.38, CHCl3); 'TH-NMR (500 MHz, CDCl3) § 7.47 (d, J = 16.0 Hz, 1H), 7.36 (t, J=
7.5 Hz, 2H), 7.29 (d, J= 7.5 Hz, 1H), 7.22 (d, J= 7.5 Hz, 2H), 6.94 (d, J= 16.0 Hz, 1H), 4.76-4.71
(m, 1H), 4.24-4.17 (m, 2H), 3.44 (s, 3H), 3.34 (dd, /= 14.0, 3.0 Hz, 1H), 3.24-3.20 (m, 1H), 2.91 (d,
J=9.5Hz, 1H), 2.79 (dd, J= 14.0, 10.0 Hz, 1H), 1.74-1.64 (m, 1H), 1.59-1.51 (m, 2H), 1.52 (s, 3H),
0.95 (d,J= 6.5 Hz, 3H), 0.93 (t,J= 7.5 Hz, 3H); *C-NMR (125 MHz, CDCl3) § 164.4, 153.3, 152.3,
135.2,129.4, 129.0, 127.3, 120.7, 83.8, 67.6, 66.2, 58.8, 58.3, 55.3, 37.8, 36.3, 24.0, 15.0, 10.6, 9.8;
IR (ATR) v 2967, 2935, 1777, 1682, 1635, 1455, 1353, 1209, 1091, 691 cm''; HRMS (ESI") caled.
for: C2oH30NOs ([M+H]"): 388.2118, found: 388.2109.

(S)-4-benzyl-3-((S)-3-((2R,3R)-3-((2R,3S)-3-methoxypentan-2-yl)-2-methyloxiran-2-yl)-2-
methylpropanoyl)oxazolidin-2-one (178).

Me O O OMe
Ha, PdIC )L NaHMDS, Mel 0.,
N N
EtOAc THF, -78 °C :
Bn 178

76% (2 steps)

To a stirred solution of 188 (620 mg, 1.60 mmol) in EtOAc (12 mL) at room temperature under Ar
atmosphere was added palladium-Activated Carbon (62 mg). After stirring at that temperature for 1 h
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under hydrogen atmosphere, the reaction mixture was filtered thorough a pad of celite with EtOAc
and the filtrate was concentrated in vacuo to afford crude 179. To a stirred solution of crude 179 in
THF (14 mL) at -78 °C under Ar atmosphere was added sodium bis(trimethylsilyl) amide (2.24 mL,
2.40 mmol, 1.07 M solution in THF). After stirring at that temperature for 1 h, iodomethane (0.44 mL,
7.10 mmol) was added to a resulting mixture. The resulting mixture was stirred at that temperature for
10 h, quenched with sat. NH4Cl aqueous solution and extracted with EtOAc. The organic layer was
washed with brine, dried over Na,SOs, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (15% EtOAc/n-hexane) to afford 178 (495 mg, 1.23 mmol, 76%, 2
steps) as a colorless oil.

[a]p?! +59.4 (¢ 0.58, CHCI3); 'TH-NMR (500 MHz, CDCl3) § 7.35-7.32 (m, 2H), 7.29-7.26 (m, 1H),
7.22-7.20 (m, 2H), 4.73-4.68 (m, 1H), 4.20-4.15 (m, 2H), 3.94-3.87 (m, 1H), 3.40 (s, 3H), 3.24 (dd, J
=13.5,3.0 Hz, 1H), 3.15-3.12 (m, 1H), 2.77 (dd, J=13.5, 10.0 Hz, 1H), 2.73 (d, /= 9.0 Hz, 1H), 2.19
(dd, J= 14.5, 10.0 Hz, 1H), 1.78 (dd, J = 14.5, 5.0 Hz, 1H), 1.67-1.58 (m, 1H), 1.55-1.46 (m, 1H),
1.44-1.38 (m, 1H), 1.29 (s, 3H), 1.25 (d, J= 6.5 Hz, 3H), 0.89 (t, /= 7.5 Hz, 3H), 0.87 (d, /= 6.5 Hz,
3H); *C-NMR (125 MHz, CDCls) 8 176.6, 153.2, 135.2, 129.4, 128.9, 127.3, 84.0, 66.1, 63.8, 59.1,
58.3,55.2,41.1,37.9,36.1,33.4,24.1, 18.2,17.4,10.7,9.8; IR (ATR) v 2966, 1776, 1698, 1455, 1385,
1350, 1208, 1088, 747, 702 cm™'; HRMS (ESI") caled. for: C23H34NOs ([M+H]"): 404.2431, found:
404.2421.

(5)-3-((2R,3R)-3-((2R,3S)-3-methoxypentan-2-yl)-2-methyloxiran-2-yl)-2-methylpropan-1-

ol (189).
o o oM oM
e o, ®  LiBH, o, €
0 NW THF/MeOH HOW
{ = RT :
Bn 178 189

89%

To a stirred solution of 178 (330 mg, 0.82 mmol) in THF (7 mL) and MeOH (0.7 mL) at 0 °C under
N> atmosphere was added lithium borohydride (0.82 mL, 2.46 mmol, 3 M solution in THF). After
stirring at room temperature for 30 min, reaction mixture was quenched with H>O and extracted with
EtOAc. The organic layer was washed with brine, dried over MgSQs, and concentrated in vacuo. The
residue was purified by silica gel flash column chromatography (50% EtOAc/n-hexane) to afford 189
(169 mg, 0.73 mmol, 89%) as a colorless oil.

[a]p" +4.8 (c 0.28, CHCI3); 'H-NMR (500 MHz, CDCls) & 3.51-3.43 (m, 2H), 3.42 (s, 3H), 3.18
(ddd, J= 6.0, 6.0, 4.5 Hz, 1H), 2.70 (d, J = 10.0 Hz, 1H), 1.09-1.83 (m, 1H), 1.77 (br-t, J = 6.0 Hz,
1H), 1.71-1.63 (m, 2H), 1.56-1.45 (m, 2H), 1.49-1.44 (m, 1H), 1.30 (s, 3H), 1.00 (d, /= 6.5 Hz, 3H),
0.95 (d, J = 7.0 Hz, 3H), 0.91 (t, J = 7.5 Hz, 3H); *C-NMR (125 MHz, CDCl5) & 83.9, 67.9, 64.7,
60.1, 58.3, 42.6, 36.1, 32.7, 24.0, 17.6, 17.0, 10.6, 9.9; IR (ATR) v 3446, 2964, 2933, 2877, 1458,
1384, 1091, 1039, 935, 892; HRMS (ESI") calcd. for: C13H2703 ([M+H]"): 231.1955, found: 231.1949.
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(2R,3R)-2-((S)-4,4-dibromo-2-methylbut-3-en-1-yl)-3-((2R,3S)-3-methoxypentan-2-yl)-2-
methyloxirane (191).

OMe  50,-Py, Et3N o, OMe  CBry, PPh;
/A\V/A\T/A\I/L\J/' DMSO HC =z EtsN
CH,Cl,, 0 °C CH,Cl,, -78 °C
190

78% (2 steps)

To a stirred solution of 189 (70.0 mg, 0.304 mmol), triethylamine (0.21 mL, 1.52 mmol) and dimethy]
sulfoxide (0.25 mL) in CH2Cl, (1.5 mL) at 0 °C under N> atmosphere was added pyridine-sulfur
trioxide complex (145 mg, 0.912 mmol). After stirring at that temperature for 2 h, the reaction mixture
was diluted with EtOAc and washed with H,O and brine. The organic layer was dried over MgSQOs,
and concentrated in vacuo. The residue was filtered through a pad of silica gel with EtOAc / n-heptane
(1 / 3) and concentrated in vacuo to afford crude 190. In the separated flask, to a stirred solution of
carbone tetrabromide (353 mg, 1.06 mmol) in CH,Cl, (3 mL) at 0 °C under N, atmosphere was added
triphenylphosphine (558 mg, 2.13 mmol). The mixture was stirred at that temperature for 15 min,
triethylamine (0.15 mL, 1.06 mmol) was additionally added to the resulting mixture at 0 °C. After
stirring at that temperature for 5 min, crude 190 in CH>Cl, (1.5 mL) was added at -78 °C to the mixture.
After stirring at that temperature for 0.5 h, the mixture was quenched with sat. NaHCO3 aqueous
solution. The residue was filtered through a pad of celite and the filtrate was extracted with EtOAc.
The organic layer was dried over Na;SO4 and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (10% EtOAc/n-heptane) to afford 191 (90.9 mg, 0.24 mmol, 78%,
2 steps) as a colorless oil.

[a]p?! +7.5 (¢ 0.35, CHCl3); "H-NMR (500 MHz, CDCl3) § 6.17 (d, J = 10.0 Hz, 1H), 3.42 (s, 3H),
3.18 (ddd, J= 6.0, 6.0, 4.0 Hz, 1H), 2.76-2.66 (m, 1H), 2.62 (d, /= 10.0 Hz, 1H), 1.89 (dd, J = 14.0,
4.5 Hz, 1H), 1.71-1.63 (m, 1H), 1.56-1.47 (m, 1H), 1.46-1.40 (m, 1H), 1.30 (s, 3H), 1.28 (dd, /= 14.0,
10.0 Hz, 1H), 1.06 (d, J = 6.5 Hz, 3H), 0.97 (d, J= 7.5 Hz, 3H), 0.91 (t, J = 7.5 Hz, 3H); *C-NMR
(125 MHz, CDCl3) & 143.2, 88.1, 83.8, 66.0, 59.6, 58.3, 45.8, 36.1, 36.0, 23.9, 20.0, 16.5, 10.5, 9.9;
IR (ATR) v 2964, 2932, 1618, 1383, 1261, 1147, 1091, 935, 782 cm''; HRMS (ESI") calcd. for:
C14H2sB1,0; ([M+H]Y): 383.0216, found: 383.0199.

(2R,3R)-2-((S)-4-bromo-2-methylbut-3-yn-1-yl)-3-((2R,3S)-3-methoxypentan-2-yl)-2-
methyloxirane (177).

Br o OMe
NaHMDS A
—_—
THF, 0°C :
191 177

80%
To a stirred solution of 191 (48.2 mg, 0.125 mmol) in THF (1.0 mL) at 0 °C under N> atmosphere
was added sodium bis(trimethylsilyl) amide (0.25 mL, 0.25 mmol, 1.0 M solution in THF). After

stirring at that temperature for 0.5 h, the reaction mixture was quenched with sat. NH4Cl aqueous
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solution and extracted with EtOAc. The organic layer was washed with brine, dried over MgSQj4, and
concentrated in vacuo. The residue was purified by silica gel flash column chromatography (10%
EtOAc/n-heptane) to afford 177 (30.5 mg, 0.10 mmol, 80%) as a colorless oil.

[a]p'® +8.1 (¢ 0.25, CHCl3); TH-NMR (500 MHz, CDCls) & 3.43 (s, 3H), 3.19 (ddd, /= 6.5, 6.5, 4.5
Hz, 1H), 2.80 (d, /= 10.0 Hz, 1H), 2.67-2.60 (m, 1H), 1.88 (dd, J = 14.0, 4.5 Hz, 1H), 1.72-1.63 (m,
1H), 1.58-1.51 (m, 1H), 1.51-1.44 (m, 1H), 1.39 (dd, /= 14.0, 11.5 Hz, 1H), 1.31 (s, 3H), 1.22 (d, J =
7.0 Hz, 3H), 1.00 (d, J = 6.5 Hz, 3H), 0.92 (t, J = 7.5 Hz, 3H); 3C-NMR (125 MHz, CDCl;) 5 84.1,
83.5,66.3,59.6, 58.3,46.3,39.7,36.4,24.4,24.1,21.6, 16.2, 10.8, 9.9; IR (ATR) v 2968, 2934, 2877,
1457, 1383, 1147, 1091, 934, 898, 804 cm!; HRMS (ESI") caled. for: CisH24BrO, ([M+H]Y):
303.0954, found: 303.0949.

Tributyl((S,E)-4-((2R,3R)-3-((2R,3S)-3-methoxypentan-2-yl)-2-methyloxiran-2-yl)-3-
methylbut-1-en-1-yl)stannane (142).

Br o OMe  nBusSnH
x Pd(PPhs)s  Bu,sn
THF, RT
177 142

92%

To a stirred solution of 177 (48.3 mg, 0.159 mmol) in THF (1.5 mL) at room temperature under N
atmosphere was added Pd(PPhs)s (18.4 mg, 15.9 mmol) and n-BusSnH (104 mg, 0.40 mmol). After
stirring at that temperature for 0.5 h, the reaction mixture was concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (10% EtOAc/n-heptane) to afford 142 (75.0 mg,
0.146 mmol, 92%) as a colorless oil.

[a]p'® +8.2 (¢ 0.33, CHCI3); '"H-NMR (500 MHz, CDCl;3) § 5.89 (d, J= 19.0 Hz, 1H), 5.81 (dd, J=
19.0, 6.5 Hz, 1H), 3.41 (s, 3H), 3.15 (ddd, J = 6.5, 6.5, 4.5 Hz, 1H), 2.63 (d, J = 9.5 Hz, 1H), 2.42-
2.36 (m, 1H), 1.70-1.63 (m, 2H), 1.55-1.40 (m, 9H), 1.34-1.26 (m, 6H), 1.28 (s, 3H), 1.04 (d, /= 6.5
Hz, 3H), 0.92-0.85 (m, 21H); 3C-NMR (125 MHz, CDCl3) § 154.3, 125.9, 84.1, 65.9, 60.2, 58.2,
46.2,39.0,36.4,29.1,27.3,24.1,21.4,16.7, 13.7, 11.0, 9.9, 9.4; IR (ATR) v 2957, 2926, 2873, 1597,
1457, 1378, 1147, 1093, 990, 661 cm™'; HRMS (ESIY) calcd. for: C2¢Hs30.Sn ([M+H]"): 517.3068
('?°Sn), found: 517.3047.

Ethyl 2-((2R,5S,6S)-6-((S,2E,4E)-7-((2R,3R)-3-((2R,3S)-3-methoxypentan-2-yl)-2-methylo-
xiran -2-yl)-6-methylhepta-2,4-dien-2-yl)-5-methyltetrahydro-2H-pyran-2-yl)acetate (195).

(EOUY\' . BusSn
CO,Et CO,Et

74 142 74% 195

To a stirred solution of 74 (10.4 mg, 29.5 mmol) and 142 (23.0 mg, 44.3 mmol) in NMP (0.3 mL) at

Pd,(dba)s, AsPh;
LiCl

_

NMP, 60°C

room temperature under N, atmosphere was added LiCl (8.8 mg, 88.5 mmol, flame dried), Pd»(dba);
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(6.8 mg, 7.38 mmol) and AsPhs (18.1 mg, 59.0 mmol). After stirring at 60 °C for 10 min, reaction
mixture was quenched 5 % KF aqueous solution. The organic materials were filtered through a pad of
celite with EtOAc and the filtrate was extracted with EtOAc. The organic layer was washed with brine,
dried over MgSOQs, and concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (13% EtOAc/n-heptane) to afford 195 (9.9 mg, 22.0 mmol, 74%) as a colorless oil.

[a]p!® +17.0 (¢ 0.22, CHCl3); TH-NMR (500 MHz, CDCl3) § 6.22 (dd, J= 15.0, 11.0 Hz, 1H), 5.89
(d,J=11.0Hz, 1H), 5.45 (dd, /= 15.0, 8.5 Hz, 1H), 4.12 (qd, /= 7.0, 1.5 Hz, 2H), 3.76 (dtd, J= 13.0,
7.0, 2.5 Hz, 1H), 3.40 (s, 3H), 3.23 (d, /= 10.0 Hz, 1H), 3.14 (ddd, J = 6.0, 6.0, 4.5 Hz, 1H), 2.60 (d,
J=9.0 Hz, 1H), 2.58 (dd, J = 18.5, 6.5 Hz, 1H), 2.45-2.36 (m, 1H), 2.38 (dd, J = 15.0, 6.5 Hz, 1H),
1.86 (dd, J=13.0,4.5 Hz, 1H), 1.84-1.81 (m, 1H), 1.70 (s, 3H), 1.70-1.67 (m, 1H), 1.68-1.57 (m, 1H),
1.60-1.50 (m, 1H), 1.53-1.47 (m, 1H), 1.41-1.37 (m, 1H), 1.39-1.30 (m, 1H), 1.26 (s, 3H), 1.24 (t, J =
7.5 Hz, 3H), 1.24-1.19 (m, 2H), 1.04 (d, J= 7.0 Hz, 3H), 0.89 (t,J= 7.5 Hz, 3H), 0.82 (d, J= 6.5 Hz,
3H), 0.67 (d,J= 6.5 Hz, 3H); *C-NMR (125 MHz, CDCl3) § 171.3, 139.4, 135.0, 128.2, 125.0, 90.6,
84.0,73.9, 66.2, 60.2, 60.1, 58.3, 46.9, 41.6, 36.3, 35.1, 32.3, 32.1, 31.6, 24.1, 22.0, 17.6, 16.6, 14.2,
11.8,10.8,9.9; IR (ATR) v 2963, 2927, 1737, 1456, 1380, 1192, 1092, 1066, 1032, 967 cm™!; HRMS
(ESIY) caled. for: C27H4705 ([M+H]Y): 451.3418, found: 451.3404.

2-((2R,5S,6S)-6-((S,2E,4E)-7-((2R,3R)-3-((2R,3S)-3-methoxypentan-2-yl)-2-methyloxiran-
2-yl)-6-methylhepta-2,4-dien-2-yl)-5-methyltetrahydro-2H-pyran-2-yl)acetic acid (RQN-
18690A (1)).

TMSOK
R —
THF, 40 °C

CO,H
72% RQN-18690A(1)

To a stirred solution of 195 (9.1 mg, 20.0 mmol) in THF (0.5 mL) at room temperature under Ar
stmosphere was added TMSOK (25.9 mg, 0.20 mmol). After stirring at 40 °C for 6 h, the reaction
mixture was quenched with sat. NH4Cl aqueous solution and extracted with EtOAc. The organic layer
was dried over MgSOj4 and concentrated in vacuo. The residue was purified by preparative thin layer
chromatography on silica gel (9% MeOH/CHCIl3) to afford RQN18690A (1) (6.1 mg, 14.4 mmol,
72%) as a colorless oil.

[a]p'® +14.9 (¢ 0.27, MeOH); 'H-NMR (500 MHz, (CDs),CO) & 6.33 (dd, J = 15.0, 11.0 Hz, 1H),
5.93 (d, J=11.0 Hz, 1H), 5.51 (dd, J = 15.5, 9.5 Hz, 1H), 3.80-3.74 (m, 1H), 3.37 (d, J = 10.5 Hz,
1H), 3.32 (s, 3H), 3.08 (dt, J=11.5, 6.5 Hz, 1H), 2.52 (d, J = 9.0 Hz, 1H), 2.50-2.44 (m, 1H), 2.44
(dd, J=15.5,7.5 Hz, 1H), 2.39 (dd, /= 15.5, 6.0 Hz, 1H), 1.87-1.84 (m, 1H), 1.85 (dd, /= 13.5, 4.5
Hz, 1H), 1.74-1.71 (m, 1H), 1.70 (s, 3H), 1.64-1.53 (m, 1H), 1.59-1.50 (m, 1H), 1.56-1.46 (m, 1H),
1.40-1.33 (m, 1H), 1.35-1.30 (m, 1H), 1.32-1.26 (m, 1H), 1.24 (s, 3H), 1.18 (dd, J = 13.5, 10.0 Hz,

_56-



1H), 1.03 (d, J = 7.0 Hz, 3H), 0.85 (t, J = 7.5 Hz, 3H), 0.83 (d, J = 7.0 Hz, 3H), 0.70 (d, J = 7.0 Hz,
3H); *C-NMR (125 MHz, (CD:),CO) 5 172.0, 140.3, 135.5, 128.8, 125.7,91.2, 84.6, 74.6, 66.1, 59.7,
57.8,47.5,41.5,36.9,35.7,32.8,32.7,32.2, 24.2,22.2, 17.7,16.7, 11.8, 11.5, 9.7; IR (ATR) v 2963,
2927, 2873, 1733, 1712, 1456, 1380, 1091, 1066, 967 cm’'; HRMS (ESI') calcd. for: CasHasOs
(IM+H]"): 423.3105, found: 423.3089.

General Procedure for Reduction of a,B-Unsaturated 8-Lactones into 8-Lactols

NaBHa (10 mmol, 10 equiv) was added in three roughly equal portions to a stirred solution of an o, 3-
unsaturated &-lactone (1.0 mmol) in MeOH (10 mL,; lactone concentration, 0.1 M) at -50 °C in a
reaction flask connected to a drying tube containing calcium carbonate. After the solution was stirred
for 15 min at -50 °C, the drying tube was removed, and CuCl (0.5 mmol, 0.5 equiv) was added to the
reaction mixture, which immediately turned into a black suspension and evolved H» gas (the flask was
kept open to let out the gas). The reaction temperature was warmed to -20 °C over the course of 1 h,
and the reaction was quenched at that temperature with saturated aqueous NH4Cl. Then EtOAc and
water were added to the mixture, which was vigorously stirred for 30 min at room temperature. The
resulting clear solution was extracted with EtOAc, and the combined organic layers were washed with
brine, dried over MgSQOs, and concentrated in vacuo. The crude mixture of products was purified by
silica gel flash column chromatography with gradient of EtOAc and n-heptane as eluents to afford the

desired &-lactol.

6-benzyltetrahydro-2H-pyran-2-ol (205b).

on  White solid (90%, cis:trans= 1.4:1); '"H-NMR (600 MHz, CDCl3) 8 7.30-7.27 (m, 4H,
o cis trans), 7.22-7.20 (m, 6H, cis trans), 5.28 (brs, 1H, trans), 4.66 (m, 1H, cis), 4.19 (m,
Ph\/@ 1H, trans), 3.64 (m, 1H, cis), 3.06 (d, /= 4.0 Hz, 1H, cis-OH), 2.95 (dd, J= 14.0, 7.0
205b  Hy 1H, cis), 2.81 (dd, J= 14.0, 7.0 Hz, 1H, trans), 2.73 (dd, J = 14.0, 7.0 Hz, 1H, cis),
2.67 (dd, J=14.0, 7.0 Hz, 1H, trans), 2.55 (brs, 1H, trans-OH), 1.87-1.80 (m, 3H, cis trans), 1.71-1.42
(m, 6H, cis trans), 1.35-1.28 (m, 2H, cis trans), 1.25-1.18 (m, 1H, cis); '*C-NMR (150 MHz, CDCl;)
0 138.7 (trans), 138.5 (cis), 129.4 (cis), 129.4 (trans), 128.2 (cis), 128.2 (trans), 126.2 (cis), 126.1
(trans), 96.5 (cis), 92.0 (trans), 77.3 (cis), 69.7 (trans), 42.8 (trans), 42.6 (cis), 32.5 (cis), 30.9 (trans),
30.0 (cis), 29.6 (trans), 21.9 (cis), 17.3 (trans); IR (ATR) v 3318, 2942, 2861, 1353, 1142, 1047, 1010,

903, 746, 700 cm’'; HRMS (ESIY) calcd. for: C12H20NO, ([M+NH4]%): 210.1489, found: 210.1489.
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3-benzyltetrahydro-2H-pyran-2-ol (207a).
OH Colorless oil (92%, cis:trans= 1:1); 'TH-NMR (500 MHz, CDCl3) & 7.30-7.17 (m,
@/\Ph 10H), 4.97 (t, J = 3.5 Hz, 1H), 4.52 (dd, J = 7.0, 6.0 Hz, 1H), 4.01-3.95 (m, 2H),
3.58-3.55 (m, 1H), 3.50 (ddd, J=13.5, 10.5, 3.5 Hz, 1H), 3.07 (dd, /= 13.5, 4.5 Hz,
1H), 3.03 (d, /= 6.0 Hz, 1H), 2.71 (dd, J= 14.0, 7.5 Hz, 1H), 2.60 (dd, /= 3.5, 1.5
Hz, 1H), 2.51 (dd, J=13.5, 1.5 Hz, 1H), 2.40 (dd, /= 13.5, 8.0 Hz, 1H), 1.98-1.92 (m, 1H), 1.77-1.44
(m, 8H), 1.23-1.16 (m, 1H); *C-NMR (125 MHz, CDCls) § 140.1, 139.7, 129.3, 129.1, 128.2, 125.9,
125.9, 98.9, 93.4, 65.3, 59.8, 43.3, 41.7, 38.0, 37.3, 26.5, 25.3, 24.6, 23.3; IR (ATR) v 3376, 3026,
2939, 2854, 1496, 1454, 1069, 983, 747, 699 cm’'; HRMS (ESTI") calcd. for: C12H6NaO> ([M+Na]"):

215.1043, found: 215.1044.

207a

4-benzyltetrahydro-2H-pyran-2-ol (207b).

OH Colorless oil (83%, cis:trans= 1:1); TH-NMR (500 MHz, CDCl;) 8 7.30-7.26 (m,
C{])\/ 4H), 7.22-7.17 (m, 2H), 7.16-7.13 (m,4H), 5.30 (brs, 1H), 4.63 (ddd, J = 9.0, 6.0,
Ph 2.0 Hz, 1H), 4.00 (m, 1H), 3.95 (m, 1H), 3.62 (ddd, J=11.5, 5.0, 2.0 Hz, 1H), 3.44
(dt,J=12.0,2.0 Hz, 1H), 2.98 (d, J= 6.0 Hz, 1H), 2.59-2.54 (m, 3H), 2.48-2.44 (m,
2H), 2.24-2.16 (m, 1H), 1.92-1.88 (m, 1H), 1.87-1.80 (m, 1H), 1.80-1.77 (m, 1H), 1.57-1.48 (m, 2H),
1.41-1.22 (m, 3H), 1.09 (ddd, J=12.0, 12.0, 9.0 Hz, 1H); 3C-NMR (125 MHz, CDCl;3) § 139.7, 139.6,
129.1,129.1, 128.3, 128.2, 126.1, 125.9,96.1, 91.6, 65.4, 59.6, 43.3, 43.0, 39.4, 36.7, 36.5, 31.8, 31 .4,
30.5; IR (ATR) v 3386, 2918, 2847, 1718, 1453, 1118, 1067, 1024, 976, 699 cm''; HRMS (ESI")

calcd. for: Ci2Hi6NaO; ([M+Na]"): 215.1043, found: 215.1044.

207b

5-benzyltetrahydro-2H-pyran-2-ol (207c).

OH Colorless Semisolid (79%, cis:trans= 1:1) ; 'TH-NMR (500 MHz, CDCls) § 7.30-7.26 (m,
0 4H), 7.21-7.18 (m, 2H), 7.16-7.13 (m, 4H), 5.16 (q, J = 3.0 Hz, 1H), 4.74 (ddd, J = 8.5,
5.5,2.0 Hz, 1H), 3.97-3.93 (m, 1H), 3.71 (t, /= 11.0 Hz, 1H), 3.52 (dd, J=11.5, 4.0 Hz,
Ph 1H), 3.24 (dd, J=12.0, 10.0 Hz, 1H), 2.81 (d, /= 5.5 Hz, 1H), 2.58-2.41 (m, 5H), 1.92-
207¢ 1.83 (m, 4H), 1.77-1.56 (m, 4H), 1.42-1.35 (m, 1H), 1.27-1.23 (m, 1H); BC-NMR (125
MHz, CDCI3) & 139.8, 139.7, 129.0, 128.9, 128.4, 128.3, 126.1, 126.0, 96.1, 91.9, 70.1, 65.0, 38.8,
38.2,37.0,36.6, 32.0, 29.7, 27.9, 24.0; IR (ATR) v 3379, 3026, 2928, 2852, 1496, 1454, 1052, 1027,

996, 698 cm'; HRMS (ESI") calcd. for: C14H24NO, ([M+C,HsNH3]%): 238.1802, found: 238.1800.

Ethyl 3-(6-hydroxytetrahydro-2H-pyran-2-yl)propanoate (207d).

Colorless oil (88%, cis:trans= 1.5:1); TH-NMR (600 MHz, CDCl3) 6 5.28 (brs, 1H,
trans), 4.68 (m, 1H, cis), 4.13 (q, J = 7.0 Hz, 4H, cis trans), 3.94 (m, 1H, trans), 3.44
(m, 1H, cis), 2.99 (brs, 1H, cis-OH), 2.55 (brs, 1H, trans-OH), 2.49-2.33 (m, 2H, cis

(0]

EtO,C 207d
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trans), 1.87-1.48 (m, 15H, cis trans), 1.36-1.13 (m, 9H, cis trans); *C-NMR (150 MHz, CDCl;) &
173.8 (cis), 173.7 (trans), 96.4 (cis), 91.8 (trans), 75.2 (cis), 67.7 (trans), 60.3 (cis trans), 32.7 (cis),
31.1 (trans), 31.0 (trans), 30.9 (cis), 30.5 (trans), 30.3 (cis), 29.7 (cis trans), 22.0 (cis), 17.4 (trans),
14.2 (cis trans); IR (ATR) v 3422, 2939, 2869, 1732, 1443, 1372, 1269, 1181, 1030, 971 cm™'; HRMS
(ESIY) caled. for: CioH1904 ([M+H]"): 203.1278, found: 203.1278.

3-(6-hydroxytetrahydro-2H-pyran-2-yl)propyl acetate (207e).

Colorless oil (83%, cis:trans= 1.5:1); 'H-NMR (600 MHz, CDCI3) & 5.28 (brs, 1H,
trans), 4.69 (m, 1H, cis), 4.07 (m, 4H, cis trans), 3.94 (m, 1H, trans), 3.42 (m, 1H, cis),
3.20 (d,J= 3.5 Hz, 1H, cis-OH), 2.70 (brs, 1H, trans-OH), 2.03 (s, 6H, cis trans), 1.92-
1.42 (m, 17H, cis trans), 1.32-1.14 (m, 3H, cis trans); 3C-NMR (150 MHz, CDCI;) §
171.2 (cis trans), 96.4 (cis), 91.8 (trans), 75.8 (cis), 68.1 (trans), 64.5 (trans), 64.4 (cis),
32.7 (cis), 32.4 (trans), 32.2 (cis), 31.2 (trans), 30.4 (cis), 29.7 (trans), 24.8 (cis), 24.7 (trans), 22.0
(cis), 21.0 (cis trans), 17.4 (trans); IR (ATR) v 3417, 2939, 2866, 1736, 1441, 1366, 1236, 1032, 973,
903 cm!'; HRMS (ESI") caled. for: C1oH22NO4 ([M+NH4]Y): 220.1543, found: 220.1546.

OAc 207e

6-allyltetrahydro-2H-pyran-2-ol (207f). Bl
Colorless oil (70%, cis:trans= 1.4:1); TH-NMR (600 MHz, CDCl3) & 5.87-5.77 (m,

OH
o 2H, cis trans), 5.31 (brs, 1H, trans), 5.10-5.04 (m, 4H, cis trans), 4.71 (m, 1H, cis), 4.01
(m, 1H, trans), 3.48 (m, 1H, cis), 3.13 (d, /= 6.0 Hz, 1H, cis-OH), 2.61 (brs, 1H, trans-
Z 207f OH), 2.38-2.34 (m, 1H, cis), 2.26-2.22 (m, 2H, cis trans), 2.19-2.15 (m, 1H, trans),

1.91-1.84 (m, 3H, cis trans), 1.72-1.47 (m, 6H, cis trans), 1.33-1.15 (m, 3H, cis trans);
I3C-NMR (150 MHz, CDCl3) & 134.9 (trans), 134.7 (cis), 116.9 (cis), 116.7 (trans), 96.5 (cis), 92.0
(trans), 75.9 (cis), 68.3 (trans), 40.6 (trans), 40.5 (cis), 32.7 (cis), 30.7 (trans), 29.9 (cis), 29.7 (trans),
21.9 (cis), 17.3 (trans; IR (ATR) v 3392, 2939, 2863, 1642, 1440, 1195, 1027, 978, 912, 733 cm’;
HRMS (ESIY) calcd. for: CsH14NaO; ([M+Na]"): 165.0886, found: 165.0887.

(5S,6S)-5-methyl-6-((triisopropylsilyl)ethynyl)tetrahydro-2H-pyran-2-ol (207g).

OH  Colorless oil (91%, cis:trans= 1.8:1); 'H-NMR (600 MHz, CDCls) & 5.35 (brs,
1H, trans), 4.72 (m, 1H, cis), 4.41 (d, J=10.0 Hz, 1H, trans), 3.88 (d, /= 10.5 Hz,
: 1H, cis), 3.06 (d, /= 6.0 Hz, 1H, cis-OH), 2.58 (brs, 1H, trans-OH), 1.88-1.44 (m,
207g 10H, cis trans), 1.07 (brs, 42H, cis trans), 1.05 (d, J = 6.5 Hz, 3H, trans), 1.01 (d,
J=6.5Hz, 3H, cis); BC-NMR (125 MHz, CDCl5) §, 106.3 (trans), 105.0 (cis), 96.5 (cis), 91.7 (trans),
86.2 (cis), 85.7 (trans), 73.1 (cis), 66.7 (trans), 36.2 (trans), 35.9 (cis), 32.5 (cis), 30.6 (cis), 29.4 (trans),
25.5 (trans), 18.6 (cis trans), 18.1 (trans), 17.3 (cis), 11.2 (cis trans; IR (ATR) v 3412, 2942, 2865,
1461, 1148, 1063, 994, 882, 735, 668 cm™'; HRMS (ESI") calcd. for: C19H4NO2Si ((M+C,HsNH;3]%):

TIPS
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342.2823, found: 342.2820.

6-(prop-2-yn-1-yltetrahydro-2H-pyran-2-ol (207h).
oy  Colorless oil (78%, cis:trans= 1:1); "TH-NMR (500 MHz, CDCl3) § 5.34 (brs, 1H),
\/@ 4.75(ddd, J=9.5,6.5,2.0 Hz, 1H), 4.11 (dddd, /= 12.0, 6.5, 6.5, 2.5 Hz, 1H), 3.64-
3.59 (m, 1H), 2.96 (d, J = 6.0 Hz, 1H), 2.54-2.52 (m, 1H), 2.50 (dd, J= 6.5, 2.0 Hz,
207h  1H),2.41 (dd, J= 7.0, 2.0 Hz, 1H), 2.37 (dd, J = 6.5, 3.0 Hz, 1H), 2.34 (dd, J= 6.5,
3.0 Hz, 1H), 2.03-2.01 (m, 2H), 1.93-1.86 (m, 3H), 1.80-1.70 (m, 3H), 1.66-1.50 (m, 3H), 1.41-1.21
(m, 3H); BC-NMR (125 MHz, CDCl;) § 96.5, 92.1, 81.0, 80.7, 74.4, 70.1, 69.9, 67.2, 32.4, 30.3, 29.5,
29.4,25.8,25.7,21.6,17.1; IR (ATR) v 3395, 3295, 2944, 2864, 1440, 1194, 1035, 981, 916, 732 cm
I HRMS (ESI") calcd. for: CsH12NaO, ([M+Na]"): 163.0730, found: 163.0727.

V4

6-phenyltetrahydro-2H-pyran-2-ol (207i).52

White solid (90%, cis:trans= 1:1) ; TH-NMR (500 MHz, CDCls) & 7.38-7.26 (m,
10H), 5.44 (s, 1H), 5.02 (dd, J = 12.0, 2.0 Hz, 1H), 4.88-4.85 (m, 1H), 4.48 (dd, J =
11.5, 2.0 Hz, 1H), 3.29 (d, J= 5.5 Hz, 1H), 2.84 (brs, 1H), 2.08-1.39 (m, 12H); 3C-
NMR (125 MHz, CDCls) 6 142.9, 142.0, 128.3, 127.5, 127.4, 126.0, 125.9,96.9, 92 4,
78.6, 71.1, 33.6, 32.7, 32.3, 29.4, 22.5, 17.9; IR (ATR) v 3376, 3026, 2939, 2854,
1604, 1496, 1454, 1069, 983, 699 cm’'; HRMS (ESI*) caled. for: C13H2NO, ([M+CoHsNH;[Y):
224.1645, found: 224.1646.

OH
@)

207i

6-(4-methoxyphenyl)tetrahydro-2H-pyran-2-ol (207j).

oH  Colorless Semisolid (91%, cis:trans= 1:1) ; TH-NMR (500 MHz, CDCI;) §
o] 7.32-7.27 (m, 4H), 6.89-6.86 (m, 4H), 5.44 (brs, 1H), 4.97 (dd, J=11.5,2.0 Hz,
1H), 4.88 (ddd, /=9.5, 5.5, 2.0 Hz, 1H), 4.44 (dd, J=11.5, 2.0 Hz, 1H), 3.80
MeO 207] (s, 6H), 3.05-3.03 (m, 1H), 2.63 (brs, 1H), 2.09-2.01 (m, 1H), 1.97-1.92 (m,
2H), 1.83-1.61 (m, 7H), 1.56-1.48 (m, 1H), 1.47-1.39 (m, 1H); 3C-NMR (125
MHz, CDCl3) 6 159.0, 158.9, 135.1, 134.2, 127.4,127.3, 113.7,97.0,92.4, 78.2, 70.8, 55.3, 33.5, 32.6,
32.4,294,22.4,17.9; IR (ATR) v 3333, 2939, 2836, 1613, 1516, 1249, 1132, 992, 955, 814 cm;

HRMS (ESIY) calcd. for: Ci2H1703; ((M+H]): 209.1172, found: 209.1174.

Methyl 4-(6-hydroxytetrahydro-2H-pyran-2-yl)benzoate (207Kk).
OH White solid (85%, cis:trans= 1:1); "TH-NMR (500 MHz, CDCls) § 8.01-7.98
0 (m, 4H), 7.40 (dd, J = 16.5, 9.0 Hz, 4H), 5.45 (brs, 1H), 5.06 (dd, J = 12.0,
2.5 Hz, 1H), 4.86 (ddd, J=9.5, 6.0, 2.0 Hz, 1H), 4.51 (dd, J=11.5, 2.0 Hz,
MeOC™ ™ 1H), 3.90 (s, 6H), 3.73 (brd, J = 4.5 Hz, 1H), 3.25 (brs, 1H), 2.10-2.02 (m,
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1H), 1.96-1.63 (m, 7H), 1.54 (dq, J = 14.0, 4.0 Hz, 1H), 1.47-1.39 (m, 3H); 3C-NMR (125 MHz,
CDCl3) 8 167.0, 167.0, 148.2, 147.1, 129.6, 129.1, 129.0, 125.8, 125.7, 96.9, 92.2, 77.9, 70.5, 52.0,
33.7,32.7,32.2,29.4,22.4, 17.7; IR (ATR) v 3354, 2948, 1721, 1612, 1435, 1275, 1109, 990, 762,
705 cm’'; HRMS (ESIY) caled. for: Ci13H20NO4 ([M+NH4]Y): 254.1387, found: 254.1385.

4-(6-hydroxytetrahydro-2H-pyran-2-yl)benzonitrile (2071).
White solid (80%, cis:trans= 1:1); 'TH-NMR (500 MHz, CDCl5)  7.64-7.61 (m,

OH
5 4H), 7.47 (dd, J = 17.0, 9.0 Hz, 4H), 5.47 (brs, 1H), 5.07 (dd, J = 11.5, 2.5 Hz,
1H), 4.90 (ddd, J=9.5, 6.0, 2.0 Hz, 1H), 4.55 (dd, J= 11.5, 2.0 Hz, 1H), 3.19 (d,
" J=6.5Hz, 1H),2.77 (dd, J= 3.0, 2.0 Hz, 1H), 2.13-2.03 (m, 1H), 2.02-1.95 (m,
2071

2H), 1.88-1.67 (m, 6H), 1.56-1.34 (m, 3H); '3C-NMR (125 MHz, CDCls) § 148.4,
147.2,132.1, 132.1, 126.5, 126.4, 118.9, 118.8, 111.1, 110.9, 96.8, 92.2, 77.4, 70.2, 33.7, 32.7, 32.1,
29.3,22.3,17.6; IR (ATR) v 3336, 2947, 2228, 1733, 1278, 1192, 1028, 980, 888, 829 cm'!; HRMS
(ESI") caled. for: C12H3NNaO, ([M+Na]"): 226.0838, found: 226.0837.

Preparation of a.-Unsaturated lactones
6-benzyl-5,6-dihydro-2H-pyran-2-one (204).

o
0 o}
Cl)v )K/
MgBr- OH i o =
Ph CHO X Ph\/K/\ iProEtN, DMAP \/‘\/\ M O ‘
~ Et,0, RT X CH,Cl,, RT Ph X CH,Cl, Ph
reflux
210 69% 211 74% 212 69% 204

1-phenylpent-4-en-2-ol (211).

To a stirred solution of allylmagnesium bromide (100 mL, 70 mmol, 0.7 M in Et,0 solution) in Et,O
(100 mL) at 0 °C was added phenylacetaldehyde 210 (4.67 g, 35 mmol, 90% purity). After stirred
overnight at room temperature, the reaction mixture was quenched with sat. NH4Cl aqueous solution
and 1N-HCI aqueous solution at 0 °C. The aqueous layer was extracted with EtOAc and the combined
organic layer was washed with brine, dried over MgSQO4 and concentrated in vacuo. The residue was
purified by silica gel column chromatography (20% EtOAc/n-heptane) to afford 211 (4.27 g, 69%) as
a colorless oil. The spectral data was in agreement with the data previously reported.[3!

1-phenylpent-4-en-2-yl acrylate (212).

To a stirred solution of 211 (4.27 g, 24.2 mmol) and in CHCl, (50 mL) at 0 °C was added iPr.EtN
(9.7 mL, 60.5 mmol), N,N-dimethyl-4-aminopyridine (148 mg, 1.21 mmol) and acryloyl chloride (3.95
mL, 48.4 mmol). After stirred overnight at room temperature, the reaction mixture was concentrated
in vacuo. The residue was purified by silica gel column chromatography (5% EtOAc/n-heptane) to

afford 212 (4.13 g, 74%) as a colorless oil. The spectral data is in agreement with the data previously
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reported.[3l

6-benzyl-5,6-dihydro-2H-pyran-2-one (204).

To a stirred solution of 212 (4.13 g, 17.9 mmol) in CHxCl, (400 mL) at room temperature was added
Grubbs 1%t catalyst (295 mg, 0.36 mmol). After refluxing stirred for 3 h, Grubbs 1% catalyst (295 mg,
0.36 mmol) was additionally added to the reaction mixture. Moreover refluxing stirred for 3 h, the
reaction mixture was concentrated in vacuo. The residue was purified by silica gel column
chromatography (50% EtOAc/n-heptane) to afford impure 204, and then repurified by NH-silica gel
column chromatography (50% EtOAc/n-heptane) to afford 204 (2.32 g, 69%) as a white solid. The

spectral data is in agreement with the data previously reported. !

3-benzyl-5,6-dihydro-2H-pyran-2-one (206a).

LHMDS
cl
o)
Q  LHmDS Q Se k
o) BnBr ) ph PN " o Ph
THF THF |
78 to -30 °C 78 °C
213 s 214 coy, 2062

3-benzyltetrahydro-2H-pyran-2-one (214).

To a stirred solution of tetrahydropyran-2-one 213 (2.0 g, 20 mmol) in THF (40 mL) at -78 °C was
slowly added LDA (20 mL, 22 mmol, 1.09 M THF solution). After stirred at that temperature for 30
min, benzyl bromide (2.85 mL, 24 mmol) was added to the reaction mixture. The resultant mixture
was warmed to -30 °C over 3 h, quenched with sat. NH4CI aqueous solution. The aqueous layer was
extracted with EtOAc. The combined organic layer was washed with brine, dried over MgSO. and
concentrated in vacuo. The residue was purified by silica gel column chromatography (40% EtOAc/n-
heptane) to afford 214 (2.58 g, 68%) as a colorless oil. The spectral data is in agreement with the data

previously reported.[34

3-benzyl-5,6-dihydro-2H-pyran-2-one (206a)."!

To astirred solution of 214 (1.8 g, 9.46 mmol) in THF (38 mL) at -78 °C was slowly added LHMDS
(10 mL, 10.9 mmol, 1.09 M THF solution). After stirred at that temperature for 30 min, N-tert-butyl
phenylsulfinimidoyl chloride (2.55 g, 11.8 mmol, as a solution in THF (10 ml)), was added to the
reaction mixture. The resultant mixture was stirred for 1 h, quenched with sat. NH4Cl aqueous solution.
The aqueous layer was extracted with EtOAc. The combined organic layer was washed with brine,
dried over MgSO, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (35 % EtOAc/n-heptane) to afford 206a (1.17 g, 66%) as a pale yellow oil.

TH-NMR (500 MHz, CDCls) & 7.33-7.30 (m, 2H), 7.25-7.20 (m, 3H), 6.43 (t, J = 4.0Hz, 1H), 4.35
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(t,J=6.0 Hz, 2H), 3.63 (d, J= 1.5 Hz, 2H), 2.43-2.39 (m, 2H); ¥*C-NMR (125 MHz, CDCl;) 5 164.8,
140.1, 138.2, 132.9, 129.2, 128.5, 126.5, 66.3, 36.7, 24.4; IR (ATR) v 3060, 3028, 2902, 1710, 1398,
1274, 1112, 997, 856, 699 cm™'; HRMS (ESI") calcd. for: Ci12Hi302 ([M+H]"): 189.0910, found:
189.0912.

4-benzyl-5,6-dihydro-2H-pyran-2-one (206b).

Bng\/Ph

o o 1) LDA, TMSCI o
TMEDA, Cul PhSeCI

o™ Tusc 0 THF, -78 °C (ii\/

Tl-éF " Ph 2) H,0,/H,0, NaHCO, Ph
7810 -10 °C

215 216 THF/EtOAC 206b

54% 74% (2 steps)

4-benzyltetrahydro-2H-pyran-2-one (216).

To a stirred solution of Cul (3.9 g, 20.4 mmol) in THF (80 mL) at room temperature was added
TMEDA (3.34 mL, 22.4 mmol). After stirred at that temperature for 10 min, the reaction flask was
cooled to -78 °C and benzyl magnesium bromide (22.7 mL, 20.4 mmol, 0.9 M THF solution) was
added followed by stirring for 15 min at -78 °C. TMSCI (6.47 mL, 51 mmol) and 5,6-dihydro-2H-
pyran-2-one 215 (1.0 g , 10.2 mmol), as a solution in THF (10 mL), was then injected and stirring
continued while the temperature was allowed to rise to -10 °C over 6 h. The mixture was quenched
with sat. NH4Cl aqueous solution. The aqueous layer was extracted with EtOAc. The combined
organic layer was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was
purified by silica gel column chromatography (30% EtOAc/n-heptane) to afford 216 (1.06 g, 54%) as
a colorless oil. The spectral data is in agreement with the data previously reported.[¢]

4-benzyl-5,6-dihydro-2H-pyran-2-one (206b).

To a stirred solution of 216 (600 mg, 3.15 mmol) in THF (21 mL) at -78 °C was added LDA (4.3
mL, 4.73 mmol, 1.09 M THF solution). After stirred at that temperature for 15 min, TMSCI (2.85 mL,
24 mmol) was added to the reaction mixture followed by stirring for 15 min at -78 °C. Then, PhSeCl
(906 mg, 4.73 mmol), as a solution in THF (5 mL), was injected and stirring continued for 30 min at
-78 °C. The resultant mixture was quenched with sat. NH4Cl aqueous solution. The aqueous layer was
extracted with EtOAc. The combined organic layer was washed with brine, dried over MgSO. and
concentrated in vacuo. The residue was dissolved in THF (12 mL) and EtOAc (24 mL), added
NaHCOs (2.6 g, 31.5 mmol). To this stirred mixture at 0 °C was injected H20; (3.06 mL, 31.5 mmol,
35% aqueous solution). After stirred at that temperature for 4 h, the reaction was quenched with sat.
NazS203 aqueous solution. The aqueous layer was extracted with EtOAc. The combined organic layer
was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was purified by

silica gel column chromatography (30% EtOAc/n-heptane) to afford 206b (440 mg, 74%, 2 steps) as

_63-



a colorless oil.

TH-NMR (500 MHz, CDCls) § 7.35-7.32 (m, 2H), 7.29-7.27 (m, 1H), 7.17-7.16 (m, 2H), 5.80 (brs,
1H), 4.33 (t, J = 6.0 Hz, 2H), 3.56 (s, 2H), 2.34 (t, J = 6.0 Hz, 2H); 3C-NMR (125 MHz, CDCl3) &
164.6, 160.0, 135.8, 129.0, 128.8, 127.2, 117.0, 66.0, 43.0, 27.4; IR (ATR) v 3061, 3028, 2947, 2899,
1714, 1278, 1223, 1079, 1045, 701 cm™'; HRMS (ESI*) calcd. for: C12H1302 ([M+H]Y): 189.0910,
found: 189.0911.

5-benzyl-5,6-dihydro-2H-pyran-2-one (206c).

1) SO4-Py, EtzN E10,C

n-BuLi DMSO
Et0,C.__CO,Et LAH HO OH TBSCI TBSO OH  CH,Cly, 0°C to RT \
]/ Et,0 THF 2) NaH TBSO
Ph 0°C toRT Ph -78 °C to RT Ph o 9 on
216 7% 27 85% 218 (PhO)P OEt 219
o] THF, -78 to -20 °C
76% (2 steps
TFA o o (2 steps)
—_—
CH,Cl,
reflux
86%  206c

2-benzylpropane-1,3-diol (217).

Et,O (70 mL) was slowly added to the flask on ice bath injected LAH (2.23 g, 60 mmol). To this
stirred mixture at 0 °C was slowly added 2-benzylmalonic acid diethyl ester 216 (5.0 g, 20 mmol) as
a solution of Et;O (20 mL). After stirred overnight at room temperature, the reaction mixture was
cooled to 0 °C and quenched with H20 (2 mL), 2N-NaOH aqueous solution (2 mL) and then HO (6
mL). The residue was filtered on celite pad and washed with EtOAc. The filtrate was washed with
brine, dried over MgSQO4 and concentrated in vacuo. The residue was through a short pad of silica gel
(EtOAC as a eluent) to afford 217 (2.55 g, 77%) as a white solid. The spectral data is in agreement

with the data previously reported.3”]

2-benzyl-3-((tert-butyldimethylsilyl)oxy)propan-1-ol (218).

To a stirred solution of 217 (5.91 g, 35.5 mmol) in THF (60 mL) at -78 °C was added n-BuLi (25
mL, 40.8 mmol, 1.64 M in hexane). After stirred for 1 h at room temperature, the reaction temperature
was cool to -78 °C. To this stirred mixture was added TBSCI (5.9 g, 39.1 mmol), as a solution in THF
(20 mL), and stirred overnight at room temperature. The reaction was quenched with H.O and the
aqueous layer was extracted with EtOAc. The combined organic layer was washed with H,O, brine,
dried over MgSO, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (5-10% EtOAc/n-heptane) to afford 218 (8.51 g, 85%) as a colorless oil. The spectral

data is in agreement with the data previously reported.[38]
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(2)-ethyl 4-benzyl-5-((tert-butyldimethylsilyl)oxy)pent-2-enoate (219).5

To a stirred solution of 218 (1.5 g, 5.35 mmol) in CH2Cl, (20 mL), DMSO (10 mL) and Et3N (3.7
mL, 26.8 mmol) at 0 °C was added pyridine sulfur trioxide complex (SOsPy, 2.55 g, 16 mmol). After
stirred for 5 h at room temperature, the reaction mixture was quenched with H,O. The aqueous layer
was extracted with CH2Cl,. The combined organic layer was washed with brine, dried over MgSO.
and concentrated in vacuo. The residue was through a short pad of silica gel (EtOAc as a eluent) to
afford crude aldehyde which was used in the next step further purification. In the separated flask, to a
stirred solution of (diphenoxyphosphoryl)acetic acid ethyl ester (1.88 g, 5.9 mmol) in THF (30 mL) at
0 °C was added NaH (236 mg, 5.9 mmol, 60% dispersion in mineral oil). After stirred for 10 min, the
reaction mixture was cooled to -78 °C and that crude aldehyde as a solution in THF (5 mL) was
injected. The reaction mixture was warmed to -20 °C over 1 h and quenched with sat. NH4Cl aqueous
solution. The aqueous layer was extracted with EtOAc. The combined organic layer was washed with
brine, dried over MgSO. and concentrated in vacuo. The residue was purified by silica gel column
chromatography (5-10% EtOAc/n-heptane) to afford 219 (1.35 g, 73%, 2 steps) as a colorless oil.

'TH-NMR (500 MHz, CDCl3) § 7.27-7.14 (m, 5H), 6.19 (dd, J=11.0, 9.5 Hz, 1H), 5.76 (d, J = 13.0
Hz, 1H), 4.11 (q, J = 7.5 Hz, 2H), 3.88-3.81 (m, 1H), 3.51 (d, J=4.5 Hz, 2H), 2.84 (dd, J=13.5, 7.5
Hz, 1H), 2.65 (dd, J = 13.5, 7.0 Hz, 1H), 1.24 (t, J = 7.5 Hz, 3H), 0.88 (s, 9H), -0.01 (s, 6H); 3C-
NMR (125 MHz, CDCI3) 6 166.1, 151.1, 139.7, 129.3, 128.1, 125.9, 120.3, 64.1, 59.8, 42.0, 37.0,
25.9, 18.2, 14.2, -5.4; IR (ATR) v 2954, 2929, 2857, 1717, 1254, 1182, 1099, 832, 775, 699 cm'!;
HRMS (ESI*) calcd. for: C20H3303Si ([M+H]"): 349.2193, found: 349.2192.

5-benzyl-5,6-dihydro-2H-pyran-2-one (206c).

To a stirred solution of 219 (2.0 g, 5.74 mmol) in CH2Cl; (30 mL) at room temperature was added
TFA (0.64 mL, 8.61 mmol). After refluxing stirred for 6 h, the reaction mixture was concentrated in
vacuo. The residue was purified by silica gel column chromatography (45% EtOAc/n-heptane) to
afford 206¢ (932 mg, 86%) as a colorless oil.

TH-NMR (500 MHz, CDCls) § 7.36-7.32 (m, 2H), 7.29-7.25 (m, 1H), 7.20-7.19 (m, 2H), 6.86-6.84
(m, 1H), 6.02 (dd, J = 10.5, 1.0 Hz, 1H), 4.38-4.35 (m, 1H), 4.20-4.17 (m, 1H), 2.82-2.74 (m, 3H);
I3C-NMR (125 MHz, CDCl5) 6 163.8, 149.5, 137.5, 128.9, 128.8, 126.9, 120.8, 70.0, 36.6, 35.7; IR
(ATR) v 3061, 3028, 2923, 1720, 1225, 1085, 1017, 822, 737, 700 cm'; HRMS (ESI*) calcd. for:
C12H130; ([M+H]"): 189.0910, found: 189.0911.
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3-(6-0x0-3,6-dihydro-2H-pyran-2-yl)propyl acetate (206d).

o 0
OH _
Ho/\/\/ 1) gasspoy Et3N oH CI)K/ O)v
Imidazole CH,Cl,, 0°C iProEN
OH 2L,
TBDPSCI W TBDPSO” "N 272 " 7 X~ DmMAP A
: 84% 220 2) MgBr_~ CH,Cl,, RT
B0, RT OTBDPS OTBDPS
75% (2 steps) 221 93% 222
0
TBAF AcCl, EtsN o
Grubbs 1 st Q AOH DMAP \
B —
CH,Cl, THF, RT CH,Cl,, 0 °C
reflux
46%
° OTBDPS quant. 89% OAc
223 206d

4-((tert-butyldiphenylsilyl)oxy)butan-1-ol (220).

To a stirred solution of 1,4-butanediol (82.0 g, 0.91 mol) and imidazole (7.4 g, 109 mmol) in DMF
(300 mL) at 0 °C was slowly added TBDPSCI (25.0 g, 91 mmol) over 1 h. After stirred at room
temperature for 2 days, the reaction mixture was quenched with H,O and extracted with 1/1 mixture
of EtOAc and n-heptane. The combined organic layer was washed with H,O, brine, dried over MgSO4
and concentrated in vacuo. The residue was purified by silica gel column chromatography (25%
EtOAc/n-heptane) to afford 220 (25.0 g, 84%) as a colorless oil. The spectral data is in agreement with

the data previously reported.[*’]

7-((tert-butyldiphenylsilyl)oxy)hept-1-en-4-o0l (221).

To a stirred solution of 220 (25.0 g, 76.1 mmol) in CH2Cl; (150 mL), DMSO (150 mL) and EtsN (53
mL, 381 mmol) at 0 °C was added pyridine sulfur trioxide complex (SOs:Py, 36 g, 228 mmol). After
stirred for 1 h at that temperature, the reaction mixture was concentrated in vacuo to remove almost
CH:Cl,. The resultant mixture was diluted with EtOAc, washed with H20O, brine, dried over MgSQO4
and concentrated in vacuo. The residue was through a short pad of silica gel (1/2= EtOAc/n-heptane
as a eluent) to afford crude aldehyde which was used in the next step further purification. This crude
aldehyde was dissolved in Et,O (250 mL) and allylmagnesium bromide (163 mL, 114 mmol, 0.7 M
Et,O solution) at 0 °C was slowly added. After stirred overnight at room temperature, the reaction
mixture was quenched with sat. NH4CI aqueous solution and 1N-HCI aqueous solution at 0 °C. The
aqueous layer was extracted with EtOAc and the combined organic layer was washed with brine, dried
over MgSO, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(20% EtOAc/n-heptane) to afford 221 (20.9 g, 75%, 2 steps) as a colorless oil. The spectral data is in

agreement with the data previously reported.°
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7-((tert-butyldiphenylsilyl)oxy)hept-1-en-4-yl acrylate (222).

This experimental procedure was used preparation of 212 as a reference. 221 (7.51 g, 20.4 mmol)
was employed as a starting material and desired 222 was given with 93% as a colorless oil.

TH-NMR (500 MHz, CDCls) & 7.66-7.64 (m, 4H), 7.44-7.36 (m, 6H), 6.37 (dd, J=17.0, 2.0 Hz, 1H),
6.09 (dd,J=17.5,10.5 Hz, 1H), 5.80 (dd, /= 10.5, 1.5 Hz, 1H), 5.75 (ddt,J=17.0, 10.5, 7.0 Hz, 1H),
5.10-5.05 (m, 2H), 5.03-4.98 (m, 1H), 3.69-3.62 (m, 2H), 2.36-2.33 (m, 2H), 1.77-1.70 (m, 3H), 1.68-
1.52 (m, 3H), 1.04 (s, 9H); 3C-NMR (125 MHz, CDCl3) 6 165.9, 135.5, 133.9, 133.5, 130.4, 129.5,
128.8,127.6,117.8,73.3,63.5, 38.6,29.9, 28.3,26.8, 19.2; IR (ATR) v 3072, 2931, 2858, 1721, 1405,
1270, 1191, 1108, 984, 700 cm’'; HRMS (ESI") calcd. for: Ca6H3503Si ([M+H]Y): 423.2350, found:
423.2350.

6-(3-((tert-butyldiphenylsilyl)oxy)propyl)-5,6-dihydro-2H-pyran-2-one (223).

This experimental procedure was used preparation of 204 as a reference. 222 (5.7 g, 13.5 mmol) was
employed as a starting material and desired 223 was given with 46% as a colorless oil.

TH-NMR (500 MHz, CDCls)  7.66-7.65 (m, 4H), 7.45-7.37 (m, 6H), 6.88-6.84 (m, 1H), 6.01 (dt, J
=9.5, 1.5 Hz, 1H), 4.44-4.39 (m, 1H), 3.71 (t, J = 6.0 Hz, 2H), 2.32-2.29 (m, 2H), 1.91-1.83 (m, 1H),
1.83-1.73 (m, 2H), 1.70-1.61 (m, 1H), 1.05(s, 9H); 3C-NMR (125 MHz, CDCl3) 5 164.5, 145.0, 135.5,
133.7,129.6,127.7,121.4,77.7,63.2,31.4,29.4,27.7,26.8, 19.2; IR (ATR) v 3070, 2930, 2857, 1720,
1427, 1253, 1106, 818, 740, 701 cm’'; HRMS (ESIY) calcd. for: C24H34NO3Si ([M+NH,4]"): 412.2302,
found: 412.2307.

6-(3-hydroxypropyl)-5,6-dihydro-2H-pyran-2-one (224).

To a stirred solution of 223 (1.45 g, 3.67 mol) and AcOH (0.31 mL, 5.5 mmol) in THF (20 mL) at
0 °C was added tetra-n-butylammonium fluoride (4.0 mL. 4.0 mmol, 1.0 M THF solution). After
stirred at room temperature for 2 h, the reaction mixture was concentrated in vacuo. The residue was
purified by silica gel column chromatography (10% MeOH/EtOAC) to afford 224 (572 mg, quant.) as
a colorless oil. The spectral data is in agreement with the data previously reported.[*1

3-(6-0x0-3,6-dihydro-2H-pyran-2-yl)propyl acetate (206d).

To a stirred solution of 224 (300 mg, 1.92 mmol) in CH.Cl, (10 mL) at 0 °C was added EtsN (0.8
mL, 5.76 mmol), N,N-dimethyl-4-aminopyridine (11.7 mg, 0.01 mmol) and acetyl chloride (0.27 mL,
3.84 mmol). After stirred at that temperature for 30 min, the reaction mixture was quenched with sat.
NaHCO3; aqueous solution and extracted with CH,Cl,. The combined organic layer was washed with
brine, dried over MgSO. and concentrated in vacuo. The residue was purified by silica gel column
chromatography (30% EtOAc/n-heptane) to afford 206d (309 mg, 81%) as a colorless oil.

TH-NMR (500 MHz, CDCls) 6 6.90 (ddd, J = 10.5, 6.0, 4.0 Hz, 1H), 6.03 (dt, /= 10.0, 2.5 Hz, 1H),
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4.49-4.43 (m, 1H), 4.16-4.07 (m, 2H), 2.38-2.34 (m, 2H), 2.06 (s, 3H), 1.96-1.72 (m, 4H); 3C-NMR
(125 MHz, CDCl5) § 171.0, 164.2, 144.9, 121.4, 77.3, 63.7, 31.3, 29.3, 24.1, 20.9; IR (ATR) v 2957,
1715, 1386, 1366, 1233, 1154, 1097, 1036, 959, 814 cm’'; HRMS (ESI") caled. for: C1oH;5O4
(IM+H]"): 199.0965, found: 199.0968.

Ethyl 3-(6-0x0-3,6-dihydro-2H-pyran-2-yl)propanoate (206e).

0 O 1)isobutene, NaCIO, o
Dess NaH,PO,
0 || Martin 0 || t+BuOH/H,0, RT @ \
CH,Cl,, 0 °C 2) Etl, K,CO3
OHC DMF, RT EtO,C
OH 224 60% 225 53% (2 steps) 206e

3-(6-0x0-3,6-dihydro-2H-pyran-2-yl)propanal (225).

To a stirred solution of 224 (1.0 g, 6.4 mmol) in CH,Cl, (200 mL) at 0 °C was added Dess-Martin
periodinane (4.07 g, 9.6 mmol). After stirred at room temperature for 3 h, the reaction mixture was
guenched with sat. NaHCO3 aqueous solution and extracted with CH,Cl,. The combined organic layer
was washed with brine, dried over MgSOa and concentrated in vacuo. The residue was purified by
silica gel column chromatography (100% EtOAc) to afford 225 (592 mg, 60%) as a colorless oil.

TH-NMR (500 MHz, CDCls) § 9.84 (s, 1H), 6.90 (ddd, J= 9.5, 5.5, 3.0 Hz, 1H), 6.04-6.02 (m, 1H),
4.51-4.45 (m, 1H), 2.78-2.75 (m, 2H), 2.44-2.32 (m, 2H), 2.11-1.97 (m, 2H); 3C-NMR (125 MHz,
CDCl3) 6 201.0, 164.0, 144.9, 121.3, 76.6, 39.1, 29.5, 26.9; IR (ATR) v 2934, 2734, 1707, 1389, 1249,
1152, 1086, 1038, 959, 814 cm’'; HRMS (ESI*) caled. for: CsH ;105 ([M+H]"): 155.0703, found:
155.0705.

Ethyl 3-(6-0x0-3,6-dihydro-2H-pyran-2-yl)propanoate (206e).

To a stirred solution of 225 (400 mg, 2.6 mmol) in t-BuOH (10 mL) and H.O (5 mL) at room
temperature was added 2-methyl-2butene (2.76 mL, 26 mmol), NaH2PO4 (1.55 g, 16.0 mmol) and
NaClO; (705 mg, 7.8 mmol). After stirred at that temperature for 3 h, the reaction mixture was diluted
pH 7.0 phosphate buffer and extracted EtOAc. The combined organic layer was concentrated in vacuo.
The residue was dissolved in DMF (10 mL), added ethyl iodide (2.08 mL, 26 mmol) and potassium
carbonate (719 mg, 5.2 mmol) at room temperature. After stirred overnight at that temperature, the
reaction mixture was quenched with H,O extracted with EtOAc. The combined organic layer was
washed with brine, dried over MgSQO4 and concentrated in vacuo. The residue was purified by silica
gel column chromatography (50% EtOAc/n-heptane) to afford 206e (236 mg, 53%, 2 steps) as a
colorless oil.

TH-NMR (500 MHz, CDCl3) & 6.89 (ddd, J=9.5, 5.5, 3.0 Hz, 1H), 6.04-6.01 (m, 1H), 4.50 (dddd,
J=12.5,7.5,7.5,5.5 Hz, 1H), 4.14 (q, J = 7.5 Hz, 2H), 2.59-2.52 (m, 2H), 2.40-2.31 (m, 2H), 2.07-
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2.02 (m, 2H), 1.26 (dd, J = 7.5, 6.0 Hz, 3H); *C-NMR (125 MHz, CDCls) § 172.8, 164.1, 144.9,
121.4,76.7, 60.6, 29.8, 29.4, 29.3, 14.2; IR (ATR) v 2981, 2936, 1714, 1380, 1247, 1185, 1077, 1036,
957, 815 cm'; HRMS (ESI*) caled. for: C1oH150s ([M+H]Y): 199.0965, found: 199.0968.

6-allyl-5,6-dihydro-2H-pyran-2-one (206f).

o LHMDs o

N Cl
o O X"pgr o (0] (0} mCPBA ° é ) /k o

K,CO; HClag.  __ NaHCO, Ph” SN \

MeO > MeO o
acetone MeOH CH,Cl, THF, -78 °C
reflux Y reflux RT = =

226 228 229 206f
227 S7%(2steps) 48% 34%

2-allylcyclopentanone (228).

To a stirred solution of methyl 2-oxo-cyclopentane-1-carboxylate 226 (2.0 g, 14.1 mmol) in acetone
(30 mL) at room temperature was added allyl bromide (4.76 mL, 56.3 mmol) and potassium carbonate
(7.8 g, 56.3 mmol). After refluxing stirred for 4 h , the reaction mixture was filtered through a pad of
celite and filtrate was concentrated in vacuo. The residue was dissolved in MeOH (40 mL) and 5N-
HCI aqueous solution (40 mL) and stirred refluxing for 1 day. The reaction mixture was diluted with
H,O at room temperature and extracted Et,O. The combined organic layer was washed with sat.
NaHCO3 aqueous solution and brine, dried over MgSQs, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (25% EtOAc/n-heptane) to afford 228 (1.0 g, 57%, 2

steps) as a colorless oil. The spectral data is in agreement with the data previously reported.l*?

6-allyltetrahydro-2H-pyran-2-one (229).

To a stirred solution of 228 (1.9 g, 15.3 mmol) in CH>Cl, (30 mL) at 0 °C was added mCPBA (4.6
g, 18.4 mmol, contains 30% H,O reagent) and NaHCOs (2.57 g, 30.6 mmol). After stirred overnight
at room temperature, the reaction mixture was quenched with sat. Na;S,03 aqueous solution. The
aqueous layer was extracted with CH,Cl,. The combined organic layer was washed with sat. NaHCO3
aqueous solution and brine, dried over MgSQO4 and concentrated in vacuo. The residue was purified
by silica gel column chromatography (35% EtOAc/n-heptane) to afford 229 (998 mg, 48%) as a

colorless oil. The spectral data is in agreement with the data previously reported.[*3!

6-allyl-5,6-dihydro-2H-pyran-2-one (206f)
This experimental procedure was used preparation of 206a as a reference. 229 (382 mg, 2.73 mmol)
was employed as a starting material and desired 206f was given with 34% as a colorless oil. The

spectral data is in agreement with the data previously reported.*4!
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6-(prop-2-yn-1-yl)-5,6-dihydro-2H-pyran-2-one (206h).
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2-(3-(trimethylsilyl)prop-2-yn-1-yl)cyclopentanone (232).1%

To a stirred solution of cyclopentanone 230 (0.88 mL, 10 mmol) at room temperature was added
N,N-dimethylhydrazine (2.28 mL, 30mmol). After stirred 6 h at room temperature, the reaction
mixture was quenched with sat. NH4Cl aqueous solution. The aqueous layer was extracted with Et,0.
The combined organic layer was washed with brine, dried over MgSO. and concentrated in vacuo to
afford crude hydrazone (980 mg, 5.15 mmol) which was dissolved in THF (20 mL). To this stirred
solution at -40 °C was added LDA (5.2 mL, 5.67 mmol, 1.09 M THF solution) and stirred for 1 h as
that temperature. To this stirred solution at -40 °C was added 3-bromo-1-(trimethylsilyl)-1-propyne
(1.18 g, 6.18 mmol) and warmed to room temperature over 3 h. After stirred overnight at room
temperature, the reaction mixture was quenched with sat. NH4Cl aqueous solution. The aqueous layer
was extracted with Et,O. The combined organic layer was washed with brine, dried over MgSO. and
concentrated in vacuo. The residue was dissolved in THF (20 mL) and added oxalic acid (1.4 g, 15.5
mmol) dissolved in HO (20 mL). After stirred at 60 °C for 3 h, the reaction mixture was cooled to
room temperature and extracted with Et,O. The combined organic layer was washed with sat. NaHCO3
aqueous solution and brine, dried over MgSQs, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (20% EtOAc/n-heptane) to afford 232 (480 g, 25%, 3 steps) as

a colorless oil. The spectral data is in agreement with the data previously reported.[*6]

6-(3-(trimethylsilyl)prop-2-yn-1-yl)tetrahydro-2H-pyran-2-one (233).

This experimental procedure was used preparation of 229 as a reference. 232 (777 mg, 4.0 mmol)
was employed as a starting material and desired 233 was given with 63% as a colorless oil.

TH-NMR (500 MHz, CDCl3) § 4.45-4.39 (m, 1H), 2.72 (dd, J=17.0, 4.5 Hz, 1H), 2.64-2.59 (m, 1H),
2.56 (dd, J=17.0, 8.5 Hz, 1H), 2.50-2.43 (m, 1H), 2.17-2.11 (m, 1H), 2.02-1.94 (m, 1H), 1.91-1.82
(m, 1H), 1.66 (dtd, J = 14.0, 10.0, 5.0 Hz, 1H), 0.15 (s, 9H); 3C-NMR (125 MHz, CDCls) 5 171.0,
100.8, 88.0, 78.1, 29.5, 27.1, 26.8, 18.3, -0.1; IR (ATR) v 2954, 2180, 1741, 1445, 1247, 1186, 1054,
1029, 835, 757 em™'; HRMS (ESI*) caled. for: CiiH1902Si ([M+H]"): 211.1149, found:211.1149.
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6-(3-(trimethylsilyl)prop-2-yn-1-yl)-5,6-dihydro-2H-pyran-2-one (234).

This experimental procedure was used preparation of 206a as a reference. 233 (415 mg, 1.97 mmol)
was employed as a starting material and desired 234 was given with 57% as a colorless oil.

TH-NMR (500 MHz, CDCls) 6 6.93 (ddd, J = 10.0, 6.0, 2.5 Hz, 1H), 6.06-6.03 (m, 1H), 4.55 (ddt, J
=11.5,9.5,4.5 Hz, 1H), 2.78 (dd, J=17.0, 5.0 Hz, 1H), 2.66 (dd, /= 17.0 ,8.5 Hz, 1H), 2.62-2.57 (m,
1H), 2.51-2.44 (m, 1H), 0.16 (s, 9H); 3C-NMR (125 MHz, CDCl3) § 163.6, 144.8, 121.2, 100.3, 88.6,
75.4,28.2, 26.1, -0.1; IR (ATR) v 2959, 2179, 1719, 1386, 1248, 1060, 1036, 838, 813, 759 cm™;
HRMS (EST*) calcd. for: Ci11H170,Si ([M+H]"): 209.0992, found: 209.0993.

6-(prop-2-yn-1-yl)-5,6-dihydro-2H-pyran-2-one (206h).

To a stirred solution of 234 (233 mg, 1.12 mmol) in THF (5 mL) at room temperature was added
tetra-n-butylammonium fluoride (1.68 mL, 1.68 mmol, 1.0 M THF solution) which was mixed THF
(1.5 mL) and AcOH (0.11 mL, 1.9 mmol). After stirred at that temperature for 30 min, he reaction
mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography
(50% EtOAc/n-heptane) to afford 206h (139 mg, 91%) as a pale yellow oil.

TH-NMR (500 MHz, CDCl3) § 6.93 (ddd, J=10.5, 6.5, 3.0 Hz, 1H), 6.06-6.04 (m, 1H), 4.58 (ddt, J
=12.5, 8.0, 4.5 Hz, 1H), 2.75-2.62 (m, 2H), 2.62-2.51 (m, 2H), 2.11 (t, J = 2.5 Hz, 1H); 3C-NMR
(125 MHz, CDCls) & 163.5, 144.8, 121.2, 78.2, 75.2, 71.9, 28.1, 24.7; IR (ATR) v 3284, 2919, 1715,
1387, 1256, 1228, 1148, 1053, 1037, 812 cm'; HRMS (ESI*) calcd. for: CsHoO, ([M+H]): 137.0597,
found: 137.0599.

6-phenyl-5,6-dihydro-2H-pyran-2-one (206i).
6-(4-methoxyphenyl)-5,6-dihydro-2H-pyran-2-one (206j).

O

O Method A) o
MgBr\/\ / Grubbs 2nd o
CHO /PrZEtN DMAP toluene, 60 °C ‘

X —_—
R Etzo RT CH20|2 RT Method B)
Grubbs 1st

235 R=H 237 R=H, 95% 239 R= H, 95% CH,Cly, reflux

236 R= OMe 238 R= OMe, 77% 240 R= OMe, 69% 206i R= H, Method A, 35%

206j R= OMe, Method B, 47%

1-phenylbut-3-en-1-o0l (237).

This experimental procedure was used preparation of 211 as a reference. Benzaldehyde 235 (2.5 g,
23.6 mmol) was employed as a starting material and desired 237 was given with 95% as a colorless
oil. The spectral data is in agreement with the data previously reported.!]

1-(4-methoxyphenyl)but-3-en-1-ol (238).

This experimental procedure was used preparation of 211 as a reference. 4-methoxy-benzaldehyde
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236 (1.0 g, 7.3 mmol) was employed as a starting material and desired 238 was given with 77% as a
colorless oil. The spectral data is in agreement with the data previously reported.[*®!

1-phenylbut-3-en-1-yl acrylate (239).

This experimental procedure was used preparation of 212 as a reference. 237 (2.0 g, 13.5 mmol) was
employed as a starting material and desired 239 was given with 95% as a colorless oil. The spectral
data is in agreement with the data previously reported.[*]

1-(4-methoxyphenyl)but-3-en-1-yl acrylate (240).

This experimental procedure was used preparation of 212 as a reference. 238 (1.23 g, 6.9 mmol) was
employed as a starting material and desired 240 was given with 69% as a colorless oil.

TH-NMR (500 MHz, CDCl3) & 7.29 (d, J = 9.0 Hz, 2H), 6.87 (d, J= 8.5 Hz, 2H), 6.42-6.38 (m, 1H),
6.16-6.10 (m, 1H), 5.85-5.80 (m, 2H), 5.70 (ddt, J = 18.0, 10.5, 7.5 Hz, 1H), 5.10-5.03 (m, 2H), 3.80
(s, 3H), 2.73-2.67 (m, 1H), 2.61-2.56 (m, 1H); 3C-NMR (125 MHz, CDCls) 6 165.4, 159.3, 133.3,
132.0, 130.7, 128.6, 128.0, 118.0, 113.8, 75.1, 55.2, 40.5; IR (ATR) v 2937, 2837, 1720, 1612, 1515,
1248, 1173, 1035, 982, 829 cm’!; HRMS (EI") calcd. for: C14H1603 [M]": 232.1099, found: 232.1101.

6-phenyl-5,6-dihydro-2H-pyran-2-one (206i)

To a stirred solution of 239 (1.5 g, 7.4 mmol) in toluene (300 mL) at room temperature was added
Grubbs 2™ catalyst (128 mg, 0.15 mmol). After stirred at 60 °C for 6 h, the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel column chromatography (40% EtOAc/n-
heptane) to afford 206i (400 mg, 35%) as a white solid. The spectral data is in agreement with the data
previously reported.[*]

6-(4-methoxyphenyl)-5,6-dihydro-2H-pyran-2-one (206j)

To a stirred solution of 240 (1.1 g, 4.7 mmol) in CH,Cl, (200 mL) at room temperature was added
Grubbs 1%t catalyst (580 mg, 0.71 mmol). After refluxing stirred for 6 h, the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel column chromatography (50% EtOAc/n-
heptane) to afford impure 206j, and then repurified by NH-silica gel column chromatography (50%
EtOAc/n-heptane) to afford 206j (450 mg, 47%) as a white solid. The spectral data is in agreement
with the data previously reported.>°!
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Methyl 4-(6-0x0-3,6-dihydro-2H-pyran-2-yl)benzoate (206Kk).
4-(6-0x0-3,6-dihydro-2H-pyran-2-yl)benzonitrile (206l).

K FsB
cho BN
/@/ CH2C|2/H20 RT Grubbs 2nd
R 2) CHZCI2 reflux
241 R= CO,Me IPrZEtN, DMAP 243 R= CO,Me, 82% (2 steps) 206k R= CO,Me, 41%
242 R=CN CH,Cl,, RT 244 R= CN, 87% (2 steps) 2061 R=CN, 43%

Methyl 4-(1-(acryloyloxy)but-3-en-1-yl)benzoate (243).5!

To a stirred solution of 4-formylbenzoic acid methyl ester 241 (2.0 g, 12.2 mmol) and
tetrabutylammonium iodide (0.45 g, 1.22 mmol) in CH2Cl, (40 mL) and H>O (40 mL) at room
temperature was added potassium allyltrifluoroborate (1.98 g, 13.4 mmol). After vigorously stirred for
15 min at that temperature, organic layer was separated, dried over MgSO, and concentrated in vacuo.
The residue was dissolved in CH,Cl, (20 mL) at 0 °C, added iPr2EtN (5.34 mL, 30.5 mmol), N,N-
dimethyl-4-aminopyridine (75 mg, 0.61 mmol) and acryloyl chloride (2.0 mL, 24.4 mmol). After
stirred overnight at room temperature, the reaction mixture was concentrated in vacuo. The residue
was purified by silica gel column chromatography (10% EtOAc/n-heptane) to afford 243 (2.62 g, 82%,
2 steps) as a colorless oil.

TH-NMR (500 MHz, CDCl3) & 8.02 (d, J= 8.0 Hz, 2H), 7.41 (d, J= 8.5 Hz, 2H), 6.46-6.43 (m, 1H),
6.17 (dd, J = 17.0, 10.0 Hz, 1H), 5.92-5.86 (m, 2H), 5.70 (ddt, J = 17.0, 10.5, 7.0 Hz, 1H), 5.09-5.05
(m, 2H), 3.91 (s, 3H), 2.72-2.66 (m, 1H), 2.63-2.58 (m, 1H); 3C-NMR (125 MHz, CDCls)  166.7,
165.2,145.0, 132.6,131.3, 129.8, 129.7, 128.3, 126.3, 118.6, 74.8, 52.1, 40.6; IR (ATR) v 2952, 1719,
1614, 1405, 1275, 1180, 1111, 983, 919, 706 cm’'; HRMS (ESI?) caled. for: CisHi704 ([M+H]"):
261.1121, found: 261.1122.

1-(4-cyanophenyl)but-3-en-1-yl acrylate (244)

This experimental procedure was used preparation of 243 as a reference. 4-cyanobenzaldehyde 242
(2.0 g, 15.2 mmol) was employed as a starting material and desired 244 was given with 87% (2 steps)
as a colorless oil.

TH-NMR (500 MHz, CDCls) & 7.65 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H), 6.45 (dd, J = 17.5,
1.5 Hz, 1H), 6.17 (dd, J = 17.5, 10.5 Hz, 1H), 5.90-5.86 (m, 2H), 5.68 (ddt, J = 18.0, 11.0, 7.0 Hz,
1H), 5.09-5.05 (m, 2H), 2.71-2.65 (m, 1H), 2.62-2.56 (m, 1H); 3C-NMR (125 MHz, CDCl3) & 165.1,
145.2,132.3,132.1, 131.7,128.0, 127.1, 119.0, 118.6, 111.8, 74.5, 40.5; IR (ATR) v 3079, 2982, 2229,
1723, 1611, 1404, 1266, 1183, 983, 808 cm™'; HRMS (EI") calcd. for: Ci14H;3NO> [M]*: 227.0946,
found: 227.0945.
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Methyl 4-(6-0x0-3,6-dihydro-2H-pyran-2-yl)benzoate (206Kk)

To a stirred solution of 243 (1.5 g, 5.76 mmol) in CH>Cl> (300 mL) at room temperature was added
Grubbs 2" catalyst (244 mg, 0.29 mmol). After refluxing stirred for 6 h, the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel column chromatography (50% EtOAc/n-
heptane) to afford impure 206k, and then repurified by NH-silica gel column chromatography (50%
EtOAc/n-heptane) to afford 206k (550 mg, 41%) as a white solid.

'TH-NMR (500 MHz, CDCls) $ 8.08 (d, /= 8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.00-6.97 (m, 1H),
6.18-6.16 (m, 1H), 5.53 (dd, J = 10.0, 6.0 Hz, 1H), 3.93 (s, 3H), 2.66-2.63 (m, 2H); 3C-NMR (125
MHz, CDCl;) 8 166.6, 163.6, 144.6, 143.3, 130.3, 130.0, 125.8, 121.8, 78.5, 52.2, 31.6; IR (ATR) v
2962, 1712, 1427, 1277, 1245, 1109, 1014, 916, 814, 768 cm’; HRMS (ESI*) calcd. for: Ci3H 304
([M+H]"): 233.0808, found: 233.0808.

4-(6-0x0-3,6-dihydro-2H-pyran-2-yl)benzonitrile (2061)

This experimental procedure was used preparation of 206k as a reference. 244 (1.2 g, 5.3 mmol) was
employed as a starting material and desired 2061 was given with 43% as a white solid.

TH-NMR (500 MHz, CDCl3) & 7.71 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H), 6.99 (ddd, J= 9.0,
6.5, 3.0 Hz, 1H), 6.17 (dt, J= 10.5, 1.0 Hz, 1H), 5.53 (dd, J = 12.0, 4.5 Hz, 1H), 2.69-2.53 (m, 2H);
13C-NMR (125 MHz, CDCl5) § 163.2, 144.5, 143.5, 132.5, 126.5, 121.7, 118.3, 112.4, 78.0, 31.4; IR
(ATR) v 2230, 1714, 1385, 1249, 1151, 1062, 1031, 907, 813 cm’'; HRMS (ESI") calcd. for:
Ci2H10NO; ([M+H]"): 200.0706, found: 200.0706.

5-benzylfuran-2(5H)-one (206m).

o)
= ] o]
MgBr< =~ OH CI)K/ )K/
CHO _ iPREIN,DMAP O Grubbs 2nd
Ph Et,0, RT Ph CH,Cl,, RT Z toluene, RT
245 s 2% 8oy Ph 247 77% pp 206M

1-phenylbut-3-en-2-ol (246)

To a stirred solution of phenylacetaldehyde 245 (3.0 g, 25 mmol, 90% purity) in Et,O (50 mL) at
0 °C was added vinyllmagnesium bromide (37.5 mL, 37.6 mmol, 1.0 M THF solution). After stirred
overnight at room temperature, the reaction mixture was quenched with sat. NH4Cl aqueous solution
and 1N-HCI aqueous solution at 0 °C. The aqueous layer was extracted with EtOAc and the combined
organic layer was washed with brine, dried over MgSQO4 and concentrated in vacuo. The residue was
purified by silica gel column chromatography (5-10% EtOAc/n-heptane) to afford 246 (1.87 g, 46%)

as a colorless oil. The spectral data is in agreement with the data previously reported.2

_74_



1-phenylbut-3-en-2-yl acrylate (247).

This experimental procedure was used preparation of 212 as a reference. 246 (1.87 g, 11.5 mmol)
was employed as a starting material and desired 247 was given with 80% as a colorless oil.

TH-NMR (500 MHz, CDCls) & 7.30-7.26 (m, 2H), 7.23-7.20 (m, 3H), 6.38 (dd, J=17.5, 1.0 Hz, 1H),
6.11 (dd, J = 17.0, 10.0 Hz, 1H), 5.87-5.80 (m, 2H), 5.56-5.52 (m, 1H), 5.24-5.16 (m, 2H), 3.02 (dd,
J=13.5,6.5 Hz, 1H), 2.93 (dd, J = 13.5, 6.5 Hz, 1H); 3C-NMR (125 MHz, CDCls) § 165.3, 136.8,
135.6, 130.8, 129.6, 128.6, 128.3, 126.6, 117.1, 75.2, 40.8; IR (ATR) v 3031, 2925, 1721, 1635, 1404,
1265, 1184, 984, 808, 699 cm™'; HRMS (ESI") caled. for: C13H14NaO; ((M+Na]"): 225.0886, found:
225.0885.

5-benzylfuran-2(5H)-one (206m).

To a stirred solution of 247 (1.7 g, 7.86 mmol) in toluene (400 mL) at room temperature was added
Grubbs 2" catalyst (200 mg, 0.24 mmol). After stirred overnight at 70 °C , the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel column chromatography (55% EtOAc/n-
heptane) to afford 206m (1.05 g, 77%) as a colorless oil. The spectral data is in agreement with the
data previously reported.[>!

7-benzyl-6,7-dihydrooxepin-2(5H)-one (206n).

0
o}
0 O pac
NaOH aq.  pp"Xx H, gus Ph mCi> O

_CHO + —_— S
Ph H,0, RT EtOAc, RT CHClg, RT

235 248 249  49%, (2 steps) 250 86% Ph 251
LDA

o 3

_Ss k

Ph” "N [\
THF, -78 °C

63% Ph 206n

2-benzylcyclohexanone (250).

To a stirred mixture of cyclohexanone 248 (6.4 g, 65.2 mmol) in H20 (150 mL) at room temperature
was added NaOH (1.3 g, 32.6 mmol). After stirred at that temperature for 5min, benzaldehyde 235
(2.38 g, 22.4 mmol) was added to a mixture and continued stirring at room temperature for 3 days.
The reaction mixture was neutralized with glacial acetic acid. The mixture was extracted with EtOAc
and the combined organic layer was washed with brine, dried over MgSO, and concentrated in vacuo.
The residue was dissolved in EtOAc (100 mL), added Pd/C (240 mg) and stirred under H, atmosphere
at room temperature for 1 day. The residue was filtered through a pad of celite and washed with EtOAC.
The filtrate was concentrated in vacuo and the residue was purified by silica gel column
chromatography (1-5% EtOAc/n-heptane) to afford 250 (2.07 g, 49%, 2 steps) as a colorless oil. The
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spectral data is in agreement with the data previously reported.>*

7-benzyloxepan-2-one (251).

To a stirred solution of 250 (1.0 g, 5.3 mmol) in CHCI3 (13 mL) at 0 °C was added mCPBA (931 mg,
5.31 mmol, contains 30% H.O reagent). After stirred at room temperature for 2 days, the reaction
mixture was quenched with sat. Na,S;Os aqueous solution. The aqueous layer was extracted with
CHCls. The combined organic layer was washed with sat. NaHCO3 aqueous solution and brine, dried
over MgSO, and concentrated in vacuo. The residue was purified by through a pad of silica gel (EtOAc
as eluent) to afford 251 (950 mg, 88%) as a colorless oil. The spectral data is in agreement with the

data previously reported. [

7-benzyl-6,7-dihydrooxepin-2(5H)-one (206n).

To astirred solution of 251 (354 mg, 1.73 mmol) in THF (12 mL) at -78 °C was slowly added LDA
(2.4 mL, 2.6 mmol, 1.09 M THF solution). After stirred at that temperature for 30 min, N-tert-butyl
phenylsulfinimidoyl chloride (560 mg, 2.60 mmol, as a solution in THF (3 ml)) was added to the
reaction mixture. The resultant mixture was stirred for 1 h, quenched with sat. NH4Cl aqueous solution.
The aqueous layer was extracted with EtOAc. The combined organic layer was washed with brine,
dried over MgSO, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (30% EtOAc/n-heptane) to afford 206n (220 mg, 63%) as a colorless oil. The spectral

data is in agreement with the data previously reported.[>¢]

Preparation of authentic compounds in Table 6

Methyl 5-hydroxy-6-phenylhexanoate (205c).

o)
Pd/C
Hagus NaOMe oH OMe
—_ >
EtOAc, RT. MeOH, RT
Ph
quant. " 205a 76% 205¢

6-benzyltetrahydro-2H-pyran-2-one (205a)

To a stirred solution of 204 (374 mg, 1.99 mmol) in EtOAc (10 ml) at room temperature was added
Pd/C (37 mg). After stirred at that temperature under H, atmosphere for 2 h, the reaction mixture was
filtered through a pad of celite and washed with EtOAc. The filtrate was concentrated in vacuo to
afford 205a (380 mg, quant.) as a semisolid. The spectral data is in agreement with the data previously
reported.7]
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Methyl 5-hydroxy-6-phenylhexanoate (205c)

To a stirred solution of 205a (47 mg, 0.25 mmol) in MeOH (2.5 mL) at 0 °C was added sodium meth
oxide (40 mg, 0.74 mmol). After stirred at room temperature for , the reaction mixture was quenched
with sat. NH4CI aqueous solution. The aqueous layer was extracted with EtOAc and the combined
organic layer was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was
purified by silica gel column chromatography (45% EtOAc/n-heptane) to afford 205c¢ (42.5 mg, 76%)
as a colorless oil.

'TH-NMR (500 MHz, CDCl3) 8 7.33-7.30 (m, 2H), 7.26-7.20 (m, 3H), 3.83 (octet, J = 4.0 Hz, 1H),
3.67 (s, 3H), 2.83 (dd, J = 13.5, 4.5 Hz, 1H), 2.66 (dd, J = 13.5, 8.5 Hz, 1H), 2.36 (t, J = 7.5 Hz, 2H),
1.89-1.80 (m, 1H), 1.79-1.70 (m, 1H), 1.62-1.48 (m, 3H); 3C-NMR (125 MHz, CDCl3) § 174.1, 138.3,
129.4,128.6, 126.5,72.2,51.5,44.0,36.1, 33.8, 21.1; IR (ATR) v 3448, 2949, 1734, 1437, 1198, 1173,
1084, 1011, 743, 700 cm’'; HRMS (ESI") calcd. for: C13H1903 ((M+H]Y): 223.1329, found: 223.1331.

(Z)-6-phenylhex-2-ene-1,5-diol (205d).

1% OH
CeCl3-7H,0
O ‘ NaBH,4 OH ‘
—_—
MeOH, 0 °C Ph
Ph 204 83% 205d

To a stirred solution of 204 (94.1 mg, 0.5 mmol) in MeOH (5 mL) at 0 °C was added CeCls 7H,0
(372 mg, 1 mmol). After stirred at that temperature for 5 min, NaBH. (37.8 mg, 1 mmol) was added
and the mixture was continued stirring at 0 °C for 30 min. The reaction mixture was quenched with
sat. NH4Cl aqueous solution, and extracted with EtOAc and the combined organic layer was washed
with brine, dried over MgSQO4 and concentrated in vacuo. The residue was purified by silica gel column
chromatography (90% EtOAc/n-heptane) to afford 205d (80 mg, 83%) as a colorless oil.

TH-NMR (500 MHz, CDCls) & 7.34-7.31 (m, 2H), 7.26-7.21 (m, 3H), 5.93-5.87 (m, 1H), 5.71-5.66
(m, 1H), 4.20 (dd, J=12.5, 7.5 Hz, 1H), 4.10 (dd, J = 12.5, 7.5 Hz, 1H), 3.90-3.85 (m, 1H), 2.84 (dd,
J=14.0, 4.5 Hz, 1H), 2.74 (dd, J = 14.0, 8.0 Hz, 1H), 2.41-2.30 (m, 2H), 2.05 (brs, 2H); 3C-NMR
(125 MHz, CDCI3) 6 138.3, 131.4,129.3, 129.1, 128.5, 126.5, 71.5, 57.5, 43.6, 34.3; IR (ATR) v 3326,
3025, 2919, 1454, 1351, 1078, 1018, 849, 742, 698 cm’'; HRMS (ESI*) caled. for: Ci2H;702
([M+H]"): 193.1223, found: 193.1225.

6-phenylhexane-1,5-diol (205¢).

o OH
o) | NaBH, OH
MeOH, RT  Ph
Ph 204 71% 205e

To a stirred solution of 204 (94.1 mg, 0.5 mmol) in MeOH (5 mL) at 0 °C was added NaBH. (56.7
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mg, 1.5 mmol). After stirred at room temperature for 3 h, the reaction mixture was quenched with sat.
NH4Cl aqueous solution. The aqueous layer was extracted with EtOAc and the combined organic layer
was washed with brine, dried over MgSO. and concentrated in vacuo. The residue was purified by
silica gel column chromatography (90% EtOAc/n-heptane) to afford 205e (68.9 mg, 71%) as a
colorless oil. The spectral data is in agreement with the data previously reported.[®!

Computational studies

To evaluate the differences in reactivity between five-, six-, and seven-membered-ring lactones, we
used density functional theory to calculate the energies of model compounds y-butyrolactone, &-
valerolactone, and g-caprolactone and their coordination complexes with CuH. Table 12 shows the
calculated differences in energy (AE) between the anti and syn forms of the CuH-coordinated lactones
and the corresponding free lactones. Table 13 shows the energy differences (AH) between pairs of
CuH-coordinated lactones. The calculations indicated that the 6-valerolactone/CuH complexes were
more stable than the y-butyrolactone/CuH complexes, but the AH values were only 1-2 kcal/mol. This
computational model did not show a clear difference in reactivity between y-butyrolactone and &-
valerolactone. Moreover, there was almost no difference in energy between d-valerolactone and e-

caprolactone.

Computational Methods!>”!

All calculations were performed in Jaguarl® with the B3LYP hybrid functional®'l and the LACVP**
basis set.[9?l The complexes were modeled with the Maestro graphic user interface and were optimized
in the gas phase. To validate the nature of all stationary points, we calculated the number of negative

eigenvalues from the vibrational analysis (0 or 1 for minima and transition states, respectively).
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Ac

acac
AIBN
BHT

Bn
BOM
DEAD
DET
dba
DBU
DEIPS
DIBAL-H
DIPT
DMAP
DMF
DMP
DMPU
DMSO
DTBT
EtOAc
HMDS
HMPA
LAH
LDA
LHMDS
mCPBA
Mes
NaHMDS
NMO
NMP
PCB
Pin

Piv

acetyl

acetylacetone
2,2'-azobis(isobutyronitrile)
2,6-di-tert-butyl-p-cresol
benzyl

benzyloxymethyl

diethyl azodicarboxylate
diethyl tartrate
dibenzylideneacetone
1,8-diazabicyclo[5.4.0Jundec-7-ene
diethylisopropylsilyl
Diisobutylaluminium hydride
diisopropyl tartrate
N,N-dimethyl-4-aminopyridine
N,N-dimethylformamide
Dess-Martin periodinane
N,N'-dimethylpropyleneurea
dimethyl sulfoxide
2,6-di-tert-butylpyridine
ethyl acetate
hexamethyldisilazide
hexamethylphosphoric triamide
lithium aluminium hydride
lithium diisopropylamide
lithium hexamethyldisilazide
m-chloroperoxybenzoic acid
mesityl

sodium hexamethyldisilazide
4-methylmorpholine N-oxide
N-methylpyrrolidone
p-chlorobenzyl

pinacol

pivaloyl
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PNBA
Py

RT
TBAF
TBDPS
TBHP
TBS
TCDI
TMEDA
TFA
THF
THP
TIPS
TMS
TMSOK
TMSOTTf
TPAP
TsOH

p-nitro benzoic acid

pyridine

room temperature
tetra-n-butylammonium fluoride
tert-butyldiphenylsilyl

tert-butyl hydroperoxide
tert-butyldimethylsilyl
1,1'-Thiocarbonyldiimidazole
tetramethylethylenediamine
trifluoroacetic acid
Tetrahydrofuran

Tetrahydropyran

Triisopropylsilyl

Trimethylsilyl

potassium trimethylsilanolate
trimethylsilyl trifluoromethanesul fonate
tetrapropylammonium perruthenate

p-toluenesulfonic acid
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