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EWG electron withdrawing group

g gram(s)
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HMBC heteronuclear multiple bond correlation
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HRMS high-resolution mass spectrum
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TLC thin layer chromatography
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phorbol (1-1) 12-O-tetradecanoylphorbol-13-acetate prostratin (1-3)
(TPA, 1-2) latent HIV-activating activity
tumor promoting activity

daphnetoxin (1-4) resiniferatoxin (1-5) rediocide G (1-6)
anti-HIV activity analgesic activity anti-tumor activity

crotophorbolone (1-7) langduin A (1-8): R=H
Euphopiloside A (1-9): R = Glc



Paraxd

F1E Fim

1-1-2. HEEHRREA R B
FIVT o E T T PT NI IRIT 5/7/6 BER(ABC BR)DPRT U AffGER LTZ, MY 7m
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Figure 1-2. Structure of tigliane and daphnane diterpenes.

tricyclo[9.3.0.0]tetradecane

MeO | )
phorbol (1-1) resiniferatoxin (1-5)

FIVT BT F DTN OHEEAG KA 7~ (Scheme 1-1), F7UT7 0 &
T UTNASRIT BT A EE T HIEND, E OGRS 35T 5 B E 3
FARDINTEIZ, VTN, Coo DT TN ERY A BERIBMEAL L THEA RSNH 1Y
TV IARTHY, ZOHEGMAT=ALE, 20D 2 RINZKBISND, £DHFT, F7Y
T BT T TTNARAL, VR RO BB K AR LT A T R A
BINREEBEL CTERT AR TF A (1-10)CH K TH 2T I0RICEBTHEEZ
HILTUD, 1977 4, Hecker HIF, 1-10 705 5 BERVMEEINTELLTT LU, 77
T TF U ELTAU T T B O ERETIRA THL LW ATRB L, T
LU NZ LS ThIUAREER LT 6 BERDEEIND L, T7VT U HRENEL S,
ZIbya TR BRNHR L, AT a RNV LR D T BN SIND,
F26 BERN T BBRABRILKTHEE S 70441 BKER THA7 T BB ELD,
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; 'Appendlou -Baran
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X
1-10 lathyrane skeleton tigliane skeleton

FITVT A EREA T T B OB EMN A R 5 2 DO F S % 7R3 (Scheme 1-
2), Cha BIZFZVT B E AT D 1-11 DOLEBRIEK SIS EDA 7T Bk 1-12 24
FLTM, £72 Appendino HIXA 7/ —/VEEEAR 1-13 ARSI TR 5 L5 k5 058
ML, F7VT B ERED 1-14 BNEONLEHRE L2, DL EORERIL, AR LFr07
H2HATIRD Hecker HOAA ARG AZAHOH D TH 5,

Scheme 1-2. Relationship between tigliane and ingenane skeleton.

Cha and co-workers

MesAl. CH2C|2
-78°Cto0°C
82%
1-1 1-12
tigliane skeleton ingenane skeleton

Appendino and co-workers

HCIO4, MeOH

49%

1-13 1-14
ingenane skeleton tigliane skeleton
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N T T H(H)- AL (-1N R FERE LT, ZODRBETT7 A MAE AN
THILETT U AL 1-18 A% LT, iV T Pauson-Khand S 2&-> T AB BR & — 28|04
HL, FIVT VTN DRFBEEEATD 1-19 ~LEU, 1-19 (2642 3 TRERO
BREELHC L TEDNZ 1-20 (T8 L TVARABRAEASE DL, B a— LR UG
WEATL, A7 Bk 1-21 OREEITHRIILT, & & ITEDIZ 1-21 OFR{LEE A7
THZET, AT )= (1-2)DEEREDTH 14 TRETER LT,

Scheme 1-3. Total synthesis of ingenol (1-22) by Baran group.

MgBr [RhCI(CO),]>
// ’ CO, p-xylene
5 steps 140 °C
H 2%

Pauson-Khand
reaction

NO (+)-carene (1-17)

BF3°Et20
CH,Cl,
-78 °Ct0 -40 °C

80%

pinacol
rearrangement

4 steps
— total 14 steps
d , ""OTBS from (+)-carene (1-17)
A0 =
O
1-21 (+)-ingenol (1-22)

ingenane skeleton
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Scheme 1-4. Total synthesis of phorbol (1-1) by Wender group.

AcO AcO ]
1. m-CPBA
0] OH 5 steps 2. Ac,O, DMAP
E/)_/ HO o0 & HO o &
| y/ 0] /
furfuryl alcohol OTBS L OTBS |
(1-23) 1-24 1-25
[ A0 i AcO
@) DBU
T [HO\ g 4o g N g
o) \
\
i OTBS | OACOTBS
1-26 1-27

[5+2]
cycloaddition

1,3-dipolar
cycloaddition

phorbol(1-1)
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Scheme 1-5. Formal asymmetric synthesis of phorbol (1-1) by Wender group.

A A
\\/O

Ph
1. TBSCI 0 Ph—" o}
O  OH 2. n-BuLi; DMF 1-34 N
@—/ H™\-O_ OTBS 40
W BuBoTf  HO
-78°Cto 0°C p
1-23 1-33 OTBS
1-35 (chiral)
AcO VO(acac),
t-BuOOH:;
Ac,0 DBU

OAcOTBS
1-27

[5+2]
cycloaddition

19 steps
Cp,ZrCly, n-BulLi (using racemic 1-38)

_ =

enyne cyclization

1-37: X=0H, H phorbol(1-1)
PCC ,: 1-38: X=0
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Scheme 1-6. Formal asymmetric total synthesis of phorbol (1-1) by Cha group.

OTBS EtsN
cl CF3CH,0H;
Cl S Zn, MeOH
O + O _ >
[4+3]
Cl cycloaddition
OTBS B ]
1-39 1-40 1-41
OTBS OAc Candida OAc
1. HF rugosa
2. Ac,0 lypase
0] O O
90% 80%ee
OTBS OAc OH
1-42 1-43 1-44 (chiral)
Pd(OAc),
HCO.K
15 steps n-BuyN*Br-
Heck
reaction
Ti(Oi-Pr)4
i-PrMgBr 21 steps
enyne
cycloaddition
1-47 phorbol (1-1)
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OH 10 steps 880 DBU
X NNF g
1-48 1-49
[5+2]
Ohc cycloaddition
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OAc 0 . 8 steps
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{ OBn - H .
O
OTBS OTBS
1-51
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enyne
cycloaddition
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HCIO, 10 steps R
orthoester
formation

resiniferatoxin (1-5)
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Scheme 1-8. C-C bond formation by bridgehead radical coupling.

stereoselective construction
of tri-substituted carbon

1-57, n-Bu3zSnH O
%SePh V-40, toluene, 110 °C : H, j —
OAFO 65% oO o &
ﬁ/ OTBS
0O,Se-acetal (1-56) 1-58 stereospecific construction
\ (0] ‘ of tetra-substituted carbon
OTBS L o
5 1-57 I
OA‘/O o pt
ogro OTBS
bridgehead radical 1-60 crotophorbolone (1-7)
(1-59)

1-3-1. YHERIZBIIDL V=T =T T DA R 14

MIFIERICBIT D, ZRD TV IN Ty TV TGN ELTIZL Y =T 2T v v OF
K5 % 797 (Scheme 1-9), 6 BER(C BR) 7T/ A1 1-62 %, D-UAR—A(1-61)/15 28 T &
IZTHARLTZ, 1-6213 0,Se- 78X — M AliEE AL TR, ZTnET7 VIR A BRITH
WMBHLraX T ) 1-63 ETVIVAR 1-64 2TV WNVZRIREL ThHy TV 74528
T, AC BBZ2HTHLEW 1-66 & @ ARSI AR LT, SHIZ 2 TROZEWISIZE
STHXH T —h 1-68 ~ELE o, FH T —R BTV L 1-69 3 AESET-LZA, Ti
Mo FIND ZFEREG -~ T-endo 1L, 5/7/6 Mabr BksE A5 1-70 2 5-2 7,
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HO

N .

HO OH

28 steps

p-ribose (1-61)

NC

N2
U NeN

(V-40)

1-63, 1-64
chlorobenzene
130 °C

(@)
1-63\
~
.
TBDPSO SnBuj

1-64

three-component
radical coupling

TBDPSO
1-66

NaH, CS,, Mel
K,CO3, MeOH THF, 0 °C
56% (2 steps) 61%
TBDPSO
1-67
n-BusSnH, V-40
xylene

180 °C (MW)

59%

7-endo radical
cyclization

resiniferatoxin (1-5)
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SHIYAFIEE CTIIBIAM T P AN BRI E L L Ty VR RS O = BRI F O
RESEI B LTV D (Scheme 1-10), £3°, (R)-DVAR(1-TD)B IO 70T /2 (1-73)
2, CERT7VTER 1-72 & A BRARARIR—b 1-74 & A LTz, %tV T Horner-Wadsworth-
Emmons Il TCIING DD T7TF7T A NelfE L 5 BRAZBHTHZLT, 0+
I20,8e TBA—NET ) BFTDH 115 B LTz, 1-75 127V IVBARAAITHD V-40 &
KFEN T 2= VARXZAEHIE AL LGN TV v 1-76 DI AELTE, ZOTV TN =T)
ANTK LT T-endo BiAL T 5L TBRMEEE AT DMEY 1-77 Zm LAREIRIZ G 2
77

Scheme 1-10. Construction of the tricyclic skeleton of crotophorbolone (1-7) by predecessor.

/MeO

H
MeO
© 1. NaN(TMS), s H
2. TBAF
(R)-carvone 3. Dess-Martin OX.  pPhSe
a7 H.W.E. /
7 st reaciton CN
steps
T () 0 15
_ > PO(OPh),
TBSO
cyclopentenone 1-74 NC . /O bridgehead
(-73) N\N CN radical
(V-40) cyclization
toluene, 110 °C

H
—/\
O
NC OMe
CN - , o
crotophorbolone (1-7) 1-77 a-alkoxy bridgehead radical

(1-76)
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2 BETII/EMNRALREY DA RRIC OV RS, £, ST Ol L S - 1554
MTT AN B E G EOGR & T D IR FEEASAE G EZ B L L TSR ELTZ DD T T R
Vb 1-78,1-79 & CE]RT VT ER 1-72 Z W iera vy OB EEEEZHE L, 155
NI-MEBR A Z B RE b 52 Trahi LR (- E R AL . ZOE ERIED A %)
P& SERET 5,

%3 mECIHZRMIVRRy OREREISA L, FIVT L E T F o O T NSO
RERI A B FRIZ DV TR~ %, #TL CER7 T 7 AR T 1-80 kil L7z, 1-80 IZ/=
IRV ORE EIgZE T 58, U EEY 1-81 HMEbndEEZbS, 1-81
HFINT BT T DT IR OMFER A OB T RS L TRET DL, C12,13,14
MNEFNEIERER LT HZETHRLR— (1)L =T =T (1-5) &1L LD EL
TR T TVT e BT F o DT IS NEAR R TEDEEZ T,

Scheme 1-11. Unified strategy for total synthesis of tigliane and daphnane diterpenes.

,,,,, OTIPS SnBusl MeQ |,
PhSe : + PhSe &N | o -

P Li z
1-80 -
oLi 1-72
1-79 crotophorbolone
(1-7)
¥
,,,,, O
O HO
OTIPS
common intermediate tigliane diterpens daphnane diterpens
(1-81) phorbol (1-1) resiniferatoxin (1-5)

R? = homovaniloyl
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2-1. & RREHE

7\ fARVR e OAEHE % 7R T (Scheme 2-1), ZBRRR/LARBR(2-1)i1%, ZBREE
a5 2-2 0 A BROEREHAL., C13-C13° K5 & DB LU Ic > Tl NDEE X
Too 222 13, 3 FINTVANINIZED B BRIEICIOEE S 2Ll MEEL T
PIHR222AVFMEE R T D -7 NAF L TR )L 2-4 RGN bbb
2-4 DIFFANLIZIEAETHT7V711 2-3 2RI T 228 T, 3% C9 ML IUE IR B LT
C10 f7 =B RFEEE T, “BRMERFBEEO RN EL ZH 55T %2 N Tz,
2-4 [Im-allyl Stille 71> 7V 7228~ T2-5 L A Bg 2-6 LA 9T52TARL, 251 C
BR7VTER 2-7T DRFEHMRICE>THETHILEUT, 2-7 1%, BTEE DML LT 1L
IZEST(R)-TIVAR L (2-9) ) DALAREIRIIC B L T E DS, EH IHME LRI W T, Eid
ARG E DX BRI (EEW 2-2 DA RAERL TWDY, RETITET ., REFEF
FETOAMMREKE(2-9-2-2)DFREILIZ DN TIRAR=DG | B OEREMLIZES7akk
NARB(2-1)DEE IOV THIET 2,

Scheme 2-1. Synthetic plan for total synthesis of crotophorbolone (2-1).

—>

functionalization
of

OH  carbon skeleton

crotophorbolone (2-1)

MeQ _
’ Togte M3 _H e _H
PhS 0] SnBu3
€ s - -
: 28 PhSe 26 PhSe z

2.7 x/\f n-allyl Stille N
T T coupling OTIPS

bridgehead N
radical OTIPS

cyclization o)

(R)-carvone (2-9)
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2-22.CBRT7 T 7 AL FDOERBREDREL

AEFRE B L OEEPE RIS W TN LT C BRY7 77 A FOGGRRE %
Scheme 2-2 (27”3, (R)-H1/VAR L (2-9)0Zkt L, Cl4 fiiA VY 7o _= L& H#HIE 1 &
L TR C13 fZIZY A RF U AT VEL, C8LICE R A F LA 8 A
L2-11 ZaR L7, IRWTBirchiBIIZEL D 7~ EoF L7 40 o %ELL
7ot MR TF VLV E = Vo —T VBN S 5 2 & T2-12 ~ L E -, Bt

Scheme 2-2. Previous route for C-ring fragment.

1. e}
N
1. FeCls, MeMgBr ‘i'\"e " bou
TMSCI, EtgN £ Nope L
© 2. BF4-OEt, o LDA, (2 cycles)
CH(OMe)3 2. TBSCI, imidazole
64% (2 steps)
(R)-carvone (2-9)  45% (2 steps) 2-10 (d.r. = 5:1)
OMe
1. Li, NHg ; .
NH,Cl ag. " OMe  CSA, CH(OMe);
— EtO -
2. EtO\WLl 63%
TBSO
36% (2 steps) 212

m-CPBA

1. TBAF MeCN/H,0 (2:1)

2. PivCl, DMAP
100% (2 steps)

% S
N

64%

“ONa
DMAP
14 steps from
;(PhSe),, hv (R)-carvone (2-9)
L I MsCl, EtN 2-17:X= 0P, H T piga| | 5506 (3 steps)

2-18: X = OH, H
5T X =0 JS03-py., EtsN, 87%
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FZE o THTNT X =L L, AV 7 a22215k 2-13 Z#E L1=1%,
TR A TBS D Piv RICEMLT-, BN 2214 DZ>DF L7 4 O, X

EEERT R U E =LA m-CPBA TIERMICERIL L., | TR THILERF UL
AL EBH LT, O VAR R 2-15 (X A T L{k L2, Barton T AT /L~ b A5
LS fnTC, V7 == AP b= FFEET, MREHT 52 L TOSe-7 X — /L 2-
17 ~eBNWT, BoNT2-17T O Piv EZREL, AU R A2+ 55
TCE®T LT E K272/ LT,

RERN— MZBWT, (Ri#E%Z TBS D Piv E~EHT 2 MR H - 72(2-13
—2-14), T72bH TBS A4 fRi#iE L THT H2EE % AT, Barton = A7 /L 2-21
EARTDE. DTN T 7 FALPMEE L THEITLTLEWY, 77 h 2222 BERKL
72(Scheme 2-3), & Z CMEAZIR T DOREM % TIF 572 OITRERLE Piv IE~EHL LT,
ZHIZED T oAbl S, EEe T ARG ETL, 0,Se-T X —L 2-
17 B™MF o7z,

Scheme 2-3. Effect of the protecting group for introduction of Se group.

MeO MeO
,,,,, . H s ", H R =TBS ,M/eQ H
HO - = QYO - =
I | A o :
/ = 0 1/ o—
RO RO
2-15: R = Piv 2-20: R = Piv 2-22
2-19: R=TBS 2-21: R=TBS
R = Piv
MeQ _H MeQ
/N — "
PhSe—SePh ° ™
: PhSe Y
. v -
PivO PivO/
2-23 2-17

ARFETRRICIB W TES X TBS ROV IZ TIPS A2 HWH Z & T, RiEHED
T B CTEDHEEZT-, TIPS F&IX TBS LA LT VL RDOE#ERLTHY | Sl
WL LT B a DO FEFWMATE 5 LB 270, E73ERN 725 @ & D722, Barton
TRATNDT 7 M ALEIHITE D EHIFF LT,
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TIPS % W58 L WA RE 2 Scheme 2-4 (2R”$, 2-10 ~t R %3 2 F L5k
BN LT, TIPS B THRGE LT, 5 DAV7C 2-24 D Ty VR g 2-27 ~D G
X, JElCHESE LTS th 2 WV CHIVEICHETT LTz, VAR g% A 2 u{k L. Barton =
ATNNEBE LT A V@Y . T 7 R ALRIH S, $i< T VB IVURIC
Ko TO,Se-7&#—/L2-20 G5 7=, TIPS #i% TBAF IZ L > TRk L7otk, AU
o7 a— 230 EFLTHIETCRI I AL N 2T #AM LTz, LED LD
I, CBR7 T 7 AU RN 2-7T 2UERIEL Y 2 TREMT 2 Z LIk L,

Scheme 2-4. Optimized route for C-ring fragment.

1. 0
N
1. FeCla, MeMgBr QMe " oH
TMSCI, Et;N 5
© 2. BF4-OFt, LDA, 44%
CH(OMe); 2. TIPSCI, imidazole
(R)-carvone (2-9) 45% (2 steps) 2-10 (d.r. = 5:1)
OMe
1. Li, NH3 ; .
NH,4CI aq. i ¥ OMe  CSA, CH(OMe),
—> EtO >~
2. EtO\WLI 96%
TIPSO
32% (3 steps) 2-25
T
\ N\
m-CPBA ONa
MeCN/H,0 (2:1) DMAP
55% ;(PhSe),, hv
TIPso” TIPso”
2-26 (d.r.=1:1) 227:R=H
2.28: R = s = MSC! BN
SO3py.
MeQ 4 EtsN, DMSO MeQ 4 MeQ 4
’ CH,Cl, ’ ’
PhSe : 13'-(R)Z 80% PhSe PhSe
RO~ 13'(S): 80% o and o~
13-(R)-2-7 13-(R)-2-7
2-29:R = TIPS JTBAF 27% for 13'-(R) (3 steps) 12 steps from
2-30: R = H 27% for 13'-(S) (3 steps) (R)-carvone (2-9)
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2-3. ZBRYERFEHE DIEE

FEENELRRICB W T LIZREICHEKSE CBR7 77 A b 2-7 L 3 RHE
=y K28, ABRTZ IV AL bk 2-6 ZHifE L7 v MR E O ZBRIEREE A
ZL L 72(Scheme 2-5), Alal, CISLONAREFEN RIED LD L SIED LD ETEN
LT, TATE R2-TICkT 5, B UF T L2-8DFMEE AL T ¢ 0 0B
A E - T =V 2-32 ~ L8, 2-32D oDk FaxEorb, KL0K
IZZEN Tz C20 i R U2 @RINMIC TIPS fR#E L, b9 —FHDk Faf v iks
suanali~LEHR LT, 25 LTELN 2-34 & m-allyl Stille Hy 7V 7 210028~
TABRTZIT AN 2-6 L L, BRALBOSHIBRR 2-4 24572, feV T 2-4 (2T V1)V BilhA
FITHD V-40 LIZTTHITHD (TMS):SiH 22 EH S TIBEET Y L 2-3 2R AESE T,
2-3 1355 T T T-endo 1IN, ZahA/LiRay O =BV R EE R AA 5 2-2 % C9
ALVY {E A R SR I BA L LRSI, C10 A25E =R R RIT DWW LR EIRIIZ 52 72,

L EDOZEH ST BT, CI13 LD SEARAL DR T E L A E T o T2,
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Scheme 2-5. Construction of tricyclic carboskeleton of crotophornbolone.

MeO

’
’
’
‘y

or
13'-(R)-2-7

1. Pd(PPh3)4, (10 mol%)
AcOK, 18-crown-6

L
1. LiO/\H/ !
Me9 28

’
’
‘y

Et,0, -78 °C
2. ACzo, Et3N
0" H DMAP (0.5 eq.) Aco/\[fOAc
CH.Cl,
13'(S)-2-7 2-31

Meg

O=C(CC|3)2, PPh3

THF, 65 °C Phse” CHyCl, 0°C
2. K,CO3, MeOH HO N
(R): 40% (4 steps) /:(
(S): 36% (4 steps) OR
2-32:.R=H :l TIPSCI, 0 °C
2-33: R=TIPS (R): 72%, (S):69%
© 2_?”8“3 MeQ - 4 (TMS)sSiH [ T
V-40
Pd(PPh3)4 (10 mol%) toluene, reflux | O
Phse” H
KoCO3, CuTC Vi syringe pump =0
DMF, 0 °C OMe
(R): 60% (2 steps) o OTIPS bridgehead | TIPSO ]
(S): 54% (2 steps) 24 radical cyclization o-alkoxy bridgehead radical
n-allyl Stille coupling (2-3)
| 0 NC 5
| E\>_/< N\\N/Q |
(R): 69% S oCu* CN 5
(S): 60% ! ;
| CuTC V-40 !
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2-4. ZBRIERFEHRA~DEREEDOEA
2-4-1. BB L A RRETHE

BoNT ZRERFERICH L TCEREDEATLIZ LT AL O
BREToTc, FHITELHRIIBN T, A ROERE LA #HET L 7-(Scheme 2-6), %
T B — R & AR A — 28 E AN 5 729 Eschenmoser A F L i AEBE1T o
2o 2-2 \[ARIRSAF T LDA, TMSCl Z1EH &8, (EERMIC ) —r v ) bo—T
L& L7, Eschenmoser i Z1EH S5 2 & TC2iix AF L kL 2-35 #1572,
FHNT exo-A V7 4 2 2-35 a7 AEAFAE FINEANS 5 Z & Cendo-A V7 4 v~
~ERMEL, 5 BERT 2 2-36 AR LT,

BT CAfL~DE Fr X EROBAZRE LIz, =/ 2-36 ~HEHEAFET Davis
XV APEEHSES S, C4 itk ReX AL EIT LT, LLRRL,
SERBIRMEDME S, FLELEERV 23T BELE L TH LD &V ) REN & 57216,

Scheme 2-6. Previous results of C4-hydroxylation.

MeQ H RhCI3nH20

: 1. LDA, TMSCI EtOH/pH 7 buffer
THF, -78 °C 110°C

2. [CHy=NMe,['I 68%
(o) CH20|2,
OTIPS 62’;(/)2,2hetxane
13-(R)-2-2 o (2 steps) 13'-(R)-2-35

MeQO MeQO
NaN(TMS), H
THF, -78 °C;

O\
PhLINso,pn  OHO
OTIPS A OTIPS
13'-(R)-2-36 13'-(R)-2-37 (desired) 13'-(R)-2-37"
15% 43%
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22 TAMEL CA fLE K E AL SRR O R A R 5 7 DI U T o X 5
72 B FREF % ST L 72 (Scheme 2-7), SERMERFEHO A BICAF AL T ) L%
ALTEDb, CAfLE Fr i fLicsrs, CH OB T £ ¥ — L 2 M52 b &
Ui, 29 LTALS Ofe Fuk o T B RS A AT 5 2 LT, 5 BB
TR L. BRALECIS 25 B s L CHAT 5 2 & 2 LT,

Scheme 2-7. Plan for stereoselective C4-hydroxylation.

enone C4-
construction oxidation
B B —
low selectivity O HO

opening of
acetal ring

4

C4-
oxidation

2-39 crotophorbolone
(2-1)
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2-4-2. CAfLE Fua XA bokkE

AT Tl 72 B RGEHEIZHEV, C4 MLDFRRIZELD C B EOT B2 — VR & BHER
THZ L L Lz, ARl LLFD 2@ Y o5k E M L7 (Scheme 2-8),

XU DT & Z— VDMK iR Bt L7 (Scheme 2-8A), T/ > 2-36 % BaMESE:
TINENS 5 LBRAR T = X — L DK SR L TIPS ZEDBRENEIT L7, C20 Lk Fr
FUREITHE TIPS ETRE LR, 7 VT & REZERL LAV AR VR 2-42 ~ L8Nz,
T 2-42 12 TMSOTE Z/EFf & 872 2 A, CONLE K v Fod TMS £ & f-t
T, SBROx ) — 1y Uz —7 b b7 LTz, ZHUTRAFRITIB W TS U L
{EDHETT U, C4 NISTAR B REE U7 VAR V8 2-43 MG BTz,

T2 H — DMK ETIIN S U LR FRIRFICEIT L CLE 72, ZhaBhi<
HBT, 7 k&&= OEZNEILEIG Z 5 L 72 (Scheme 2-8B), 2-36 (2 BF3-OEt, f#
TEF m-CPBA Z{EA S B2 2 AT, AEUEAF Y WA= A F 4 12 m-CPBA
M5 2 & TRALBIERAHEIT L, 77 by 2-44 MERINR N HE LN, 77 F
CEMKGREL, U7 2-42 D COfitk FrF v id TMS KICTIRELZE Z A,
He L RIBEIZ C4 NISTAR LN L L= I VR VBN ST, el IIZ VR % A
FIMMETHZ LT, AFIVTZ AT )L 2-45 Ak LT, 723 C4 LD NLARILEEIZ DN T
1%, 2-45 OKIZ7~ L7z NOE fHEIZ XL v 7€ L=,
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Scheme 2-8. Examination of acetal-ring opening.

A) Hydrolysis of the acetal ring Naclo
2

NaH2P04
2-methyl-2-butene

HCI aq./dioxane
t-BuOH/H,0O

40 °C

2-40: R‘1 =H T|PSC|
2-41: R' = TIPS -

TMSOTf
~COxH 2,6-lutidine
CH,Cly, -20 °C

;1% TFA aq.

(R): 54% (4 steps)
(S): 38% (4 steps)

BF3 OEtz
mCPBA
CH,Cl,, -30 °C

NaOH
THF/MeOH/H,O

20%

1. TMSOTf
2,6-lutidine
CH,-Cl,, 0 °C

2. TMSCHN,
CH,Cl,/MeOH

57% (3 steps)

2-45: R? = TMS
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C9 (LD TMS TR IZEH725T C4 AL NE LBl ~ B L L2280 D HE
2-43 & 2-45 Z VT C4 itk R e S AL AR ET L7 (Table 2-1), #IOIZIE L TUA R
2-43 Z W TS ZE,{T -T2, Rubottom FE{LDO SR TRISEAT T2 A, FWENEET S
DI To->Tz(entry 1), H\ T Davis Bk ° ZMFL723, LML IRIISEONR) T
(entry 2), Davis BR{L D HEITULZRD > T2 RN T, HEEEMES: N C 2-43 DIV ARF T ED
i ahAEDMETEL, RGO P A THLH TN LT )T — "B ERR LR -To 7o) ThD
EE Xy T TCHNRUBEEAT VI TIRE LT AT VAT /L 2-45 W THRETLTZ
(entry 3), 2-45 {Z%FL T Davis BB DO Z A LIZEZA JHOBV LT VAR b T4 AT
% 2-47 BMEFRLTHRLIT,

Table 2-1. Examination of C4-hydroxylaiton of carboxylic acid 2-43 and methylester 2-45.

conditions
2-43:R'=TMS,R2=H 2-46:R'"=TMS,R?=H 2-46:R'=TMS, R2=H
2-45: R' = TMS, R? = Me 2-47:R'=TMS, R2=Me 2-47":R'=TMS, R? = Me
entry SM conditions results
1 2-43: R2=H 1. TESOTT, iPr,NEt decomp.

CH,Cl,, 0 °C
2. mCPBA, NaHCO3
CH,Cl,, -30 °C to 0 °C

2 2-43:R2=H recovery 64%

O\
Ph.J_N.
~- A SO,Ph

NaN(TMS),
THF, -78 °C to 0 °C

3 2-45: R? = Me ON 2-47: 24%
Ph\l/’:\sozph 247" 19%
NaN(TMS),
THF, -78 °C
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BT C13-13 55 ORALRIGIENC I\ T, AT VAT IV 2-47 OINK G fdE LT,
LINLZR D30, FEE N RET 50 A TR ISITET L)~ T,
Scheme 2-9. Attempt for hydrolysis of methylester 2-47.

ag. NaOH
DMSO, up to 140 °C

\

2-47:R=TMS decomposed 2-46: R=TMS

FITVT T F DT NN, 5 BER EDa-eRad 7 o i3I
REETHHENSN TS, FlZITHRLR— L (2-48)Do-t R3S A b (3 5L 41k
B NIGNHIE P OAREHZ L > TG L, C4 itk R e U BN B AL L 7oAV AR LR — L (2-
50)~ LA HAS 715 (Scheme 2-10), & DOHEE SUSHEMEIZLL T D LBV TH S, C4firkRrF
FENOLOE T O UIAFIZE S TU I T VR — VUGB HEITL, C4-10 FEEDEIRI sz
2-49 L7022, D% 2-49 D C4-10 (LA B D FTEARSIVORFIZ C4 MESZAR L FE s B R L |
AV RNV — IV INERESNTZEE ZHIVTND,

2-47 DOIKGFRIZISN TS, LS T INELL 722 LT, Scheme 2-10 (ZFALIL7Z i
EATL, C4-10 f5 5 OB A ~T, BRENRELIZEE LR LT, 22T, C4 OIS
IZEDa-EREX U NG ORGSR D | C13-13°F5 & OB LRI 21 To 28 L LT,

Scheme 2-10. Possible pathways for isometization of phorbol to isophorbol.

phorbol (2-48) 2-49 isophorbol (2-50)
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TV VR 2-43 D C13-13’ 56 OFR{LAY B 2 #5F L 72 (Scheme 2-11), f1DIZT T
DVAIVF R T RE T DL BUS 2 BGET L7z (Scheme 2-11A), 71 /V7R i 2-43
& m-CPBA L%, EDCI ZHWTHEA L, T v UbA % K251 8k L7z, 2
ARG TS 5 L5950 0-0 FEENHERAEL, MRBARTELCTRET
AV 2-52 WEE C-O A EKT S 2 LT, CI3~BEFERILSEAI N 2-
53 MG b iTc, iR, TIUNEERETHIETT Vv a—L 254 A LTc, L
U Z OEBEUSIRIGRIC & Y% 7272, RIZ Barton LR ER I G & fiy
L 72(Scheme 2-11B), #/L78 /[i& 2-43 % Barton = A7 )L 2-55 & L7=%&, FRFRF1E T,
FIEART > 72 AWT, B EZITY 2L TORE LT VNV E2EEFE CHIE LT,
BT~V A XY R 257 28 VIR TEILT HZ & T CI3ALICE RrF I ikziEA
L7, Entry | TIEHME SN TV DOEMICRISEIToTo & 2 A, IRIERRD L HEEe T
Jba—)L 2-54 GO T, ARIGROJRRIZ, 2-56 DISHEDmW~IV AT T D0
MZE DG THRISICE T, BEPEEL TWATOThDL EEE LT, ~LA*x
TN OKFCERE L, LERVEIRISZ T 27291 entry 2 TIIAKFHEM
AR THD -7 2 FA—NDOEERLP L TS EIT > T, £ DR RIERDNYE L,
8% DN THMM 2-54 BMEFONTc, —H, ANVATREY VUN-FFV RELERH
L. MEE A2 O WSR2 entry 3)ZET L7 & 2 A, 2-54 & & HITKFE(IR 2-58
AR LTz, ZORMETIL, BOSHIZART 214 R4 % 72 612 Hiinig M2 02
TBY, BT VM EDEENL DOKFBFEHREDBEOHE EHA LD
rTEEILND,
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Scheme 2-11. Oxidative truncation of C13-13’ bond.

A) via diacyl peroxide 2-51
~COzH  EDCI-HCI

0
NnTo
mCPBA O

Cl toluene (5 mM)

CH,Cl,, 0 °C O 100 °C
OTIPS
B 2-51: R' = TMS
Cl
2.52: R' = TMS ~  K,CO3, MeOH 2-53: R' = TMS, R? = m-CIBz
<9.4% (3 steps) - 2-54:R'=TMS, R2=H
B) via Barton ester 2-55 —
mercapt py.
conditions ;hv, Oy, t-BuSH

(see table)

;PR3
2-56: R' = TMS 2-57.R'=TMS 2-54: R' = TMS
entry mercapt py. conditions results
Sy EDCI-HCI, toluene, O
) ) ) 2 - . 0,
! D BUSH (10 eq.), hv-PPhy 2 o4 27T%
HO
Sy EDCI-HCI, toluene, O
) ) ) 2 - . 0,
2 HOD :tBuSH (30 eq.), hv;P(OMe); 2-54: 48%
5 _ﬁ/S 7N CFPrNE, toluene, O5; 2-54: 28%
OGN BuSH(10eq) hy PPhy  2-58: 19% 2.58 R' = TMS
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Foiz 2-64 OeRaXT R L TES I THR#EL72(Scheme 2-12), C13 fitkR a0
SEARAEERIE, 2-59 D C13,14 [ 7 e b DA 7V 7 E B HHEE LT,

Scheme 2-12. TES protection.

TESOTf
2,6-lutidine
CH,Cl,, 0 °C

—_—_—

87%

’ H
’

’ \O

’, W

OTIPS
2-54: R = TMS 2-59: R = TMS Jn1an14 = 10.1 Hz

CONLIZ TMS =—T L& 5 HE 2-50 Z W\ C, C4fitk Fuafxfbaist L
(Table 2-2), Hikk & LT NaN(TMS)2 f7(E I, fix Davis % V%2 U U Z/Maf Lz, 7
EIEROAFH Y D AP REREWRLL AT O T4 XYY P B,C?
EHNWTRISZEAT2T2E 2A, WTNOREE b B iR 2 A9 50K 2-60 D
FERIRICH- 2 T2 ZOHFRTEH, XY V0 CERAWESGAIZ, &b Bk
KA 5 2. 43%INFET 2-60 1355170,

Table 2-2. Examination of C4-hydroxylation.

NaN(TMS), (10 eq.)
~OTES THF (0.01 M)
-78 °C, 30 min;
Davis oxaziridine

OTIPS
2-59: R=TMS
Ph O\N
~Ns0,pn NG 2
O>g g0
O, O,
A B C
-78°C,2h -78 °C t0 -30 °C -78 °C
2-60: 27% (brsm 34%) 2-60: trace 2-60: 43% (brsm 62%)
recovery: 20% recovery: 52% recovery: 31%
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CERLEICT®EX—NE2HT5HEH 2-36 W86, C4fite Rax i bldEE R
UWVANZARIRIME T & - 72 (Scheme 2-6), — 7, 7B —/VERZBHER L2 H/HE 2-50 %l
T5H LT, SEABIRPESEL L2, D CBROBFREELATE TO, C4 Tt R
SALD SEASERIRVE DFEIC DOV TITLA T D X 9 12858 L 7= (Figure 2-1), BT AT
HDHFT R TLAT )T — NONKEEIZ 6 BNV E 7 v EHEHR LTV LG5, 2-
BDLEITHoTWVWDHEEZBND, 2D L& CANDoIE convex & 72> THED
SARIIZZEN TN D Z e D, BRAEFI DS alfi S-S & LERONLIR LML
L7ee&EZ T, —H., 6BREZERMLTHE, OV v=—TF e CSALAT
L KB DSARIEE 2l 272012, 7 BEOBENZENT H, ZD& & 2-59°D K5
PRECE A ELY | S TMS JE, TIPS 5523 C4 WL Dol & i3 5, & OfER, BRbX
SRR BT L, ELMbF A2 AT 5 2-60 MESL L TR LN EB R T,

Figure 2-1. Plausible explanation of stercoselectivities of C4-hydroxylation.

2-59"R =TMS 2-60: R=TMS
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2-4-3. 7 a hAERALRa L DLEERK

BHNT- 2-60 27 1 hAR/LAR B L~ &= (Scheme 2-13), KIRSME T TFA 2 1F
AEEHZL T, 350 YLD S TES OLERIRICHRE LT, GohT
Jba—)L 2-61 % Dess-Martin {3 A W TERL L7 b 2-62 & L7 b | BRMESMET
MG 2 Z L TERLIVIAEZBEL 2 ARALRE R-DEAR LTz, 22k
(R)-F1 VIR (2-9)0 5 33 TR TOHID 7 1 hkRLRa DGRk & ER L7223,

Scheme 2-13. Total synthesis of crotophorbolone (2-1).
OTES LOH

1% TFA
THF/H,0, 0 °C

Dess-Martin Periodinane
NaHCO3;, CH,Cl,

92% 87%

OTIPS OTIPS

1% HCI

MeOH/H,0, 70 °C 33 steps from

(R)-carvone (2-9)

81%

2-62: R =TMS crotophorbolone (2-1)
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AR L7778 AR e rQR-D)OFFET — X IS 1 L BVW—EE R L7ZH 0
D, BCOFI N7 bO—Enb T T I T2 (Table 2-3), Z DT FUIFHIE
FECEDbOTHDEE X, EEIZZa MARLRe 2 R OHEBEL, &R
ENMR 7 —# &5 & &L LTz,

Table 2-3. Comparison of the '*C chemical shifts of reported and synthetic 2-1.

No 13C () of literature 2-1 13C (8) of synthetic 2-1 A
1 158.4 157.9 0.5
2 134.6 134.8 -0.2
3 209.8 209.3 0.5
4 73.5 73.4 0.1
5 38.2 38.4 -0.2
6 141.3 141.5 -0.2
7 126.2 125.2 1.0
8 442 442 0
9 77.2 overlapped -
10 58.2 58.4 -0.2
11 37.8 37.7 0.1
12 46.3 46.3 0
13 208.7 208.2 0.5
14 57.7 57.9 -0.2
15 141.1 141.2 -0.2
16 116.4 116.5 -0.1
17 19.9 19.9 0
18 17.8 17.8 0
19 10.2 10.2 0
20 67.8 67.8 0

crotophorbolone (2-1)
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WESH TCOBFIEICNE> CTrabi/LRar O EEZ R 2072 1% 24(Scheme 2-14), /AT
(croton oil)Z Mg HMEAY ) — /L THERL , KEMZ =D H Y =F )—T )V TKEETRE LT,
BoNT=KEE 1| M BB KIRIRIZE>T pH 5 ICHRIEL . AU REM & S X0REL
720 EHITKEALFT NI KRG ZINZ T pH 7 (SRR, I8EA BB LT, 55Nk
ENEFES VBTN T T I~ T T7 40— ZE0RER T 58T, LR — /L (2-48) &1 VRV
R—IL(2-50)DIRE W EFFT-,

NN TRFDAVIZA VIR — L(2-50) DIR A WA B TE SR TINEV S 52 Torubhindhmy
(2-1)~EEHL 7=, ZHUZED KT 15 mL 25 60 mg D7 abhi/viRa w457,

Scheme 2-14. Tsolation of crotophorbolone (2-1) from croton oil.

2.2% Ba(OH),-8H,0

in MeOH, rt, 12 h

croton oil >
15 mL filtration (pH 5)

;SiO5 column chromatography

(CHCI3/MeOH = 20 to 6, twice)

phorbol (2-48) isophorbol (2-50)
crude: 373 mg
(including 2-48:2-50 = 1:1.7)
0.01 M H,SOq4

in MeOH/H,O (7:2)
reflux (110 °C), 1 h

;Si0O, column chromatography
(hexane/EtOAc = 2 to 1/4)

crotophorbolone (2-1)
60.4 mg (175 pmol)
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HEEL7-Z7 o hARLARr 2-1)ONMR ZHIELI-E 2 A, T REDEWDIZ
XoT, BCHrIany 7 MTTNBAEL D Z &Ny H-oT-(Table 2-4), HEEL 7= 2-1
Z15mg HONCTHIELZE 2 A, KV 7 Uid e L BnW—%%2R L1z, —h.
F—Y 7 NEfmRL, AREEHRLIZHD LR L 2mg @ 2-1 Z VT NMR #IE %17
STl A, ALz 2-1 L BW— % R L7=, Table 2-5, Figure 2-2 (2134 [A] HiffE L
722-12mg)t A L7z 2-1 0 ' HB LW BCNMR 57— Ol % R L,

Table 2-4. Comparison of the '3C chemical shifts of isolated, reported and synthetic 2-1.

No  isolated 2-1 literature 2-1 A isolated 2-1  synthetic 2-1 A
(15mg) (2 mg)
1 158.4 158.4 0 157.9 157.9 0
2 134.7 134.6 0.1 134.8 134.8 0
3 209.8 209.8 0 209.3 209.3 0
4 73.5 73.5 0 73.4 73.4 0
5 383 38.2 0.1 383 38.4 -0.1
6 141.3 141.3 0 141.5 141.5 0
7 125.9 126.2 -0.3 125.2 125.2 0
8 443 44.2 0.1 44.2 44.2 0
9 | overlapped 77.2 - overlapped overlapped -
10 58.1 58.2 -0.1 58.4 58.4 0
11 37.9 37.8 0.1 37.7 37.7 0
12 46.2 46.3 -0.1 46.3 46.3 0
13 208.6 208.7 -0.1 208.2 208.2 0
14 58.0 57.7 0.3 57.9 57.9 0
15 141.1 141.1 0 141.2 141.2 0
16 116.4 116.4 0 116.5 116.5 0
17 20.0 19.9 0.1 19.9 19.9 0
18 17.9 17.8 0.1 17.8 17.8 0
19 10.2 10.2 0 10.3 10.2 0.1
20 67.9 67.8 0.1 67.8 67.8 0
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Table 2-5. Comparison of NMR data of isolated and synthetic crotophorbolone (2-1) in

CDCls.

isolated 2-1 synthetic 2-1
ne 'H [3, multi. J (Hz)] BC ©) 'H [5, multi. J (Hz)] BC (9)
1 7.55 (m) 157.9 7.55 (m) 157.9
24 134.8 134.8
3 209.3 209.3
4 73.4 73.4
5a 2.50(d, 19.2) 383 249(d, 18.9) 384
5b 2.55(d,19.2) 2.54(d, 18.9)
6 141.5 141.5
7 5.51(d, 6.0) 125.2 5.50 (d, 6.0) 125.2
8 3.71(dd, 13.3, 6.0) 442 3.70 (m) 44.2
9 overlapped overlapped
10 3.11 (m) 584 3.12 (m) 584
11 2.69 (m) 37.7 2.68 (m) 37.7
12a 2.31(dd, 14.6,5.5) 46.3 2.31(dd, 14.6,5.5) 46.3
12b 2.47 (m) 2.46 (m)
13 208.2 208.2
14 3.40(d, 13.3) 579 3.38(d, 12.4) 57.9
15 141.2 141.2
16a 4.83 (brs) 116.5 4.83 (brs) 116.5
16b 5.04 (m) 5.04 (m)
17 1.64 (s) 19.9 1.64 (s) 19.9
18 1.02 (d, 6.9) 17.8 1.02 (d, 6.9) 17.8
19 1.83 (m) 10.3 1.83 (m) 10.2
20a 3.98 (d, 12.8) 67.8 3.98(d, 12.8) 67.8
20b 4.04 (d, 12.8) 4.04 (d, 12.8)
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Figure 2-2. Comparison of NMR data of isolated and synthetic crotophorbolone (2-1) in
CDCl.
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2-5. BE MR & HE

' a-Alkoxy bridgehead radical reactions were utilized for the two- and three-component

coupling reactions in our laboratory. (a) Urabe, D.; Yamaguchi, H.; Inoue, M. Org. Lett.
2011, 713, 4778. (b) Murai, K.; Katoh, S.; Urabe, D.; Inoue, M. Chem. Sci. 2013, 4, 2364. (¢)
Urabe, D.; Nagatomo, M.; Hagiwara, K.; Masuda, K.; Inoue, M. Chem. Sci. 2013, 4, 1615.
(d) Kamimura, D.; Urabe, D.; Nagatomo, M.; Inoue, M. Org. Lett. 2013, 15, 5122. (e)
Nagatomo, M.; Koshimizu, M.; Masuda, K.; Tabuchi, T.; Urabe, D.; Inoue, M. J. Am. Chem.
Soc. 2014. 136, 5916.

For a review on Stille couplings, see: (a) Farina, V.; Krishnamurthy, V.; Scott, W. J. Org.

[\S)

React. 1997, 50, 1. For recent applications of m-allyl Stille couplings on natural product
synthesis, see: (b) Vanderwal, C. D.; Vosburg, D. A.; Weiler, S.; Sorensen, E. J. J. Am. Chem.
Soc. 2003, 125, 5393. (c) Snyder, S. A.; Corey, E. J. J. Am. Chem. Soc. 2006, 128, 740. (d)
Shipe, W. D.; Sorensen, E. J. J. Am. Chem. Soc. 2006, 128, 7025.

3OGEREART . FURKRTFE LER S, 2011,

COEPIRER, MR TAHE LER S, 2013,

5 Nicolaou, K. C.; Baran, P. S.; Zhong, Y.- L. Choi, H.- S.; Fong, K. C.; He, Y.; Yoon, W. H.
Org. Lett. 1999. 1, 883.

¢ Barton, D. H. R.; Serebryakov, E. P. Proc. Chem. Soc. 1962, 309.

7 Barton, D. H. R.; Ozbalik, N.; Schmitt, M. Tetrahedron Lett. 1989, 30, 3263.

8 Chen, L.; Deslongchamps, P. Can. J. Chem. 2005, 83, 728.

? Stolle, A.; Ollivier, J.; Piras, P. P.; Salaiin, J.; de Meijere, A. J. Am. Chem. Soc. 1992, 114,
4051.

10" (a) Allred, G. D.; Liebeskind, L. S. J. Am. Chem. Soc. 1996, 118, 2748. For the use of
CuTC in Pd-catalyzed Stille couplings, see: (b) Williams, D. R.; Meyer, K. G. J. Am. Chem.
Soc. 2001, 123, 765. (c¢) Fuwa, H.; Kainuma, N.; Tachibana, K.; Sasaki, M. J. Am. Chem.
Soc. 2002, 124, 14983. (d) Fiirstner, A.; Nevado, C.; Tremblay, M.; Chevrier, C.; Teply, F.;
Aissa, C.; Waser, M. Angew. Chem. Int. Ed. 2006, 45, 5837. (e) Bishop, L. M.; Barbarow, J.
E.; Bergman, R. G.; Trauner, D. Angew. Chem. Int. Ed. 2008, 47, 8100. (f) L1, J.; Yang, P.;
Yao, M.; Deng, J.; Li, A. J. Am. Chem. Soc. 2014, 136, 16477.

V40 @ hL o HCO 10 REFEPEEEE L 1L 88 °C THH—F, AIBN O hLx
HC o 10 BB E X 65°C, 7 ¥ I /VBIARANC B3 2 FEMMIEFnYEAlEE D web
A MITHETE 5, http://www.wako-chem.co.jp/siyaku/info/muk/pdf/NR.pdf

12 Chatgilialoglu, C.; Griller, D.; Lesage, M. J. Org. Chem. 1988, 53, 3642. bond dissociation
energies: BusSn-H 74 kcal/mol, Et3Si-H 90 kcal/mol, TMS3Si-H 79 kcal/mol

13" (a) Schreiber, J.; Maag, H.; Hashimoto, N.; Eschenmoser, A. Angew. Chem. Int. Ed. 1971,
10, 330. (b) Danishefsky, S.; Kitahara, T.; McKee, R.; Schuda, P. F. J. Am. Chem. Soc. 1976,
98, 6715.

14" (a) Weedon, A. C.; Disayanaka, B. W.; Synthesis, 1983, 11, 952. (b) Nickel, A.; Maruyama,
T.; Tang, H.; Murphy, P. D.; Greene, B.; Nacem, Y.; Wood, J. L. J. Am. Chem. Soc. 2004,
126, 16300.

15 Davis, F. A.; Jenkins, R., Jr.; Yocklovich, S. G. Tetrahedron Lett. 1978, 19, 5171.

10 BB O THNMR OfbFE> 7 M Cafire Kaf VO RILEIZ K - TR
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FINCEALT A Z ERHBNTWAD, SEEAINT C4 it Ru ¥ oS iRk
IZOWTITHRE SN TWAEFILAEME '"HNMR Oy 7 &+ 5 Z &1z
J:OTEE%EJ‘ l/f:o

1H chemical shift of 2-63 and 2-64 (in CDCl3).

QACOA
’ : ~ C
5=751 | «, R
H §=322
HH OAc
§ = 2.45 (2H) §=3.73,2.31

phorbol-12.13.20-triacetate (2-63) isophorbol-12.13.20-triacetate (2-64)

1H chemical shift of 13'-(R)-2-37 and 13'-(R)-2-37" (in CDCl3).

6 =3.41,1-87-1.92
13'-(R)-2-37"

Jacobi, P.; Harle, E.; Schairer, H. U.; Hecker, E. Liebigs Ann. Chem. 1970, 741, 13.

Grieco, P. A.; Oguri, T.; Yokoyama, Y. Tetrahedron Lett. 1978, 419.

Jacobi, P.; Harle, E.; Schairer, H. U.; Hecker, E. Liebigs Ann. Chem. 1970, 741, 13.

Abdel-Hafez, A. A.-M.; Nakamura, N.; Hattori, M. Chem. Pharm. Bull. 2002, 50, 160.
Owen, D. J.; O’Donnell, J. F.; Li Y. J. Org. Chem. 1995, 60, 2286.

Barton, D. H. R.; Crish, D.; Motherwell, W. B. Tetrahedron 1985, 41, 3901.

Davis, F. A.; Sheppard, A. C.; Chen, B. -C.; Haque, M. S. J. Am. Chem. Soc. 1990, 112, 6679.
Asaba, T.; Katoh, Y.; Urabe, D.; Inoue, M. Angew. Chem., Int. Ed. 2015, 54, 14457.

(a) Crombie, L.; Games, M. L.; Pointer, D. J. J. Chem. Soc. 1968, 1347. (b) Thielmann, H.
W.; Hecker, E. Libigs Ann. Chem. 1969, 728, 185.
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H3E FOUT LA TF DT ORI S

3-1. BRREHE

sabRRar OERERERELELC, FIIT L X7 DT ORI A
A TE 24T -T2, B REFEZ Scheme 3-1 (IR LTz, F7VT v X7 F 0 OT NV~ IT
BNATARNTANLE BT O EREELA T2, LTINS ERAZHA 57 3-1
ZMEFERI A DT DILEF AL TRE LT, T72H 3-1 D CI13 i bz B0
ELT, CI2 iz kL, v/ a/ AT B2 TT IUT T N ThHHRILR— /L
B-2MWAETED, —F Cl4 (NixEBR{bL, AV 7 a XV KOk, AV A7 L O
BAATHIZLTL Y =T 2T v B3R EDE T F DT N AT 5 EA LR L
7o B RAR 3-2 1%, ZubbvRer O THWEIEZ IS H 352820 AT
XHEEZ T,

Scheme 3-1. Strategy for divergent synthesis of tigliane and daphnane diterpenes.

1. C12-hydroxylation
2. cyclopropanation

“'

) tigliane diterpens
phorbol (3-2)

common intermediate (3-1)
R =TMS 1. C14-hydroxylation

2. LiJ\

3. orthoester formation

daphnane diterpens
resiniferatoxin (3-3)
R? = homovaniloyl
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3-1-1. ZabfvRnry OFEBIC I @ P EEE RO

Ho@ P A 3-1 OEE I8 H 458, ZuabdkiRn (3-4)L3AY 7 a = L D[ D
FHDNEI2 5 (Scheme 3-2), 2T 3-4 oA Y 7B VHAEFRETEUR, 3-1 DA T
HEEZEZ T, Tbb AT RNV HEABEIRICER X U A E AL 3-5 BAEKTEN
I LR 7 LR — L RSICE ST 3-1 B TEDEE 2 T,

Scheme 3-2. Plan for synthesis of common intermediate 3-1 from crotophorbolone (3-4).

retro-aldol
reaction

OH
crotophorbolone (3-4) 3-5 common intermediate (3-1)
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subilRu(3-4), bLLIFZabRRnr o C20 itk R 4 TIPS JEC#EL -
3-5 ZHWT, AV T a = VIO BB S MR L 7z (Table 3-1), 3 /KRS EMRFIL
7z(entry 1-3), 7R VRN OKRERZ FHOTE SR Z R ET L7y, OSSR EHE LT
HDIHTholz, £ZTT7rELRY Ab(entry 4), YERBEF I Al(entry 5)Z iAo, B
FOSITHEIT Uo7, Ief2 12 m-CPBA Z AW =R ¥ AL Z T 57 (entry 6), BRIV
[THEATLIED, A7 _X=)V BT 7T BR EOA V740 DS LT 3-9 DMEHILTZ,
LI EDFERING 3 DDAV TAAFIET | AV TRV D Bz BRI  DHZ81
ISR DS T RS AT,

Table 3-1. Attempted conversion of crotophorbolone (3-4) to common intermediate 3-1.

conditions

OR
3-4.R=H TIPSCI, imidazole 3-5 (desired) 3-7 (desired)
3-5: R=TIPS j DMF, 82%

entry SM conditions results
1 3.4 0.5 M H,SO, aq. 3-8: 23%
110 °C recovery: <50%
Co(acac),
2 3-6 PhSiHg, O, THF messy
Hg(OAc),, THF/H,O
3 3-6 :NaBH,, NaOHaq. messy
NBS
4 3-4 THF/H,0, 0 °C messy
0Os0O4, NMO . 0
5 3-6 THF/H,0 recovery: <50%
6 3-6 mCPBA 3-9: 86%

CH,Cly, 78 °C to -40 °C
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3-1-2. FLEFEERDOFHAE G E

JabRVR Ly DGR E TSRS UTZ, J0E TR CoHhm i A B A pl i\ 237
Z L7z (Scheme 3-3), HEH A 3-1 DG TIL, 7RV ARB (3-4) DGR THEALL
C SRMER BB OMEES B O TR LIENHEIE CELHEEZ X T, Z7alR/Linr d
EEMICBWTHWE CEBRT7T7 AN 3-10 13, IGEEN 7V NG9 5720 ice v rnm
[2.2214 75 BREREEET 5 CI13-13 /A% A 35, ZHIUCEY | MBIV BRKIE M
WCHEIT L7223, — 07, C13-13 5 B & I L I Bl 57201, RO T EZETHL
VORI SHS T, T THEIOFHA RISV TIX CERT 77 Ak 3-12 ZHiT- 125
LTz, 3-12 1% Cl4 A A Y T =)V a2 R 3 A e a2 1 ~7 2 o fid %
HLTWD, 2O rng FOERT v X — WA E IR L EHDHEE Z DI, BT
LSIPEEIND, —FH T CI13 LB b LRISEDRBLE TH OO RSB B 3-13 ZHEEE
B, EHEIZ C13 L7 R ~EHN A EETHY | AR O TR HIFF &5,

Scheme 3-3. Design of new C-ring fragment 3-12.

MeO

,,,,, > H construction of
13 carbon skeleton z
14
PhSe Y <
z J g

H removal of
312 isopropenyl group

3-13 common intermediate
(3-1)
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3-2. CRIZ7 A MDA

A CRXFH LT CEBR 7 7T AU ND B &I T T, £ DA kA% Scheme 3-4 (2T, 16
SANL~DEL VR AOE AL, 7abR/vRor THWE CEBR7 77 A MO A k&[RRI
14 OINVRF U NVEEE RN EL TITHZEE LT, 3-14 DA XV /n22.1]~T X
BRI D FNT B —ALIZE S THEETH2LEL WELLTHEW L 7u~F
B 3-15 AR E LT, 3-15 1% 3-16 DTV AR T HZETER TEDHEE 2 7=, 3-16 I
ERE¥ Ry 3-17 L7 VULVEEFE(R 3-18 LD Diels-Alder SUSHZE - TESHIZA T
x5, eRafitny 3-17 Z#F L7z Diels-Alder )GHIZE> T, C BR7T7 A M RRIZ
IR R ERREL T X TED 6 BIRN —ZITHBE T, GO TRLNEBT
EHEMFFLI,

Scheme 3-4. Synthetic plan for C-ring fragment 3-12.

':‘/OT'F’S OTIPS 0
PhSe —> Hom/‘/ —> RO\”/‘&

Oy'\ H Formation of 0 I:EWG intramolecular O EWG
) O, Se-acetal acetalization
C-ring fragment 3-14 315
(3-12)
solvolysis of
lactone
X (o) 0
| =
Hoj?) * E@G —— m
0 omsser WO uo
4-methyl-3-hydroxy-2-pyrone ~ 3-18 3-16
(3-17)
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3-2-1. Evans DARZE BN ELZFIH LTz C BT 77 A M RO

Evans DR F AW EEZ B T A5T7 7V TIR 3-19 %R AREL THW =1 ELfAfE Diels-
Alder )i~ 2 #4T7-72(Scheme 3-5), G TV 7/ —)L HEIHEL THR=U 0 % [
WS CRIGEAT T2 2 A, R CROMTHEITL ., BLREET 527 endo IR MYICE
v rnaZ sk 3-20 ZEINER T 2 72, 3-20 DALARLZFT 'H NMR (B2 Hy 7V 7€
B WTHEE LT3, e T, “EHAEA O SLIRERIN 7238 5T 2 M L 72 (Scheme 3-5,
Table), KFERFAR T HEfE =T WIS ST 00 M2 ER S22 SEIRIICE
BT IR BB IL AR T 507 20538 T ROGMET T L, EE ITIR 3-21 25ERMIZEL N
7=(entry 1), IZBICKISD IR FIFAZETEIRMEDSGET HEH % IRIR ST (entry 2-
3) AR VAR B (entry 4-6)ZMET LT, fE R 7nu AR U BREEE L CTHWASRMAIZB W T
FEFNTEONLREIRNE T 3-21 S NT,

Scheme 3-5. Diels-Alder reaction of pyrone 3-17 and acrylamide 3-19.

@)
N o — quinidine 0o H,, Pd/C
I; )\ /g i-PrOH/H,0 7 solvent, temp.
O+ 0
HO o N~ O HO
97% see table
0 ° 0 NJ<

\\\/O ~100%

K

3-17 3-19 3-20\\

o 0 o 0 entry solvent temperature d.r. (3-21:3-22)
% o \% o AcOEt rt :0.26
OH + OH AcOEt 0°C :0.20
o NJ<O o NJ< AcOEt -78°Cto0°C 1 0.27

DAL WN -~
G G G G

L \\/O Hex./AcOEt =2:1 rt :0.13
toluene rt :0.17
3-21\\ 3-22\\ CHCl, rt :0.03
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BoNni=T77h 3-21 b, C BT TV A b 3-12 DA &R LT=(Scheme 3-6), £9°4
XY TaR21 T FAEE LT LT, 3-21 (TR LT, MRS T A ) — Vv Z 1R
REE2ET 7 OBRBRET IO MBS R ET LT, 3-23 DeRu Akl | 15
LIy 3-24 ~TIPSOTE ZEHSE L, 4 FINT BX— /LT, B 7efba i
3-25 ELIVI, KWV T, BELURFIEADTZOIZ C10 AT VAT )V a T VAR g ~E
B DR EAT T2, LINLIRAS, 3-25 @ CT fird C10 LD — DD AF JLTAT )L D)
B, —HOHRERIRPNE T HZ IR EETH -7, BN HOT=0D1Z, CT L& C10
MAC R D BRI A A 5 3-21 OIS ER ATz, CIOALT 7R KO RUGYER Em e
265 CT LT IRD Weinreb 7IN~OEHZFRETLTZ0, BEe U ITEIT LT,
Z TR RN XT L CRVEE R =NV A F T 57 7V VR EIK Diels-Alder
B DRY = ARELTHWSZ EELTE,

Scheme 3-6. Construction of oxabicyclo[2.2.1]heptane structure 3-25.
TIPSOTf

0w MeONa X 2,6-lutidine OTIPS
MeOH CH,Cl,
P —— P — 10
OH . (@) MeO,C : 97% MeO,C 75
N J(O CO,Me CO,Me
R 3-23: X = OH, H — Dess-Martin ox. 3-25
~ 3-24:X=0 75% (2 steps)
3-21 NaOH
LisyMe |- MesAl THFﬁgg{#eOH
) MeNH(OMe) g
OMe
0
0 //OTIPS
S S T W L
o” > nMe N
Om el
e
3-27 3-26

R = OMe or N(OMe)Me

¥

’OT|PS
PhSe

Oo” H
C-ring fragment (3-12)
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3-2-2. 77Va=NNEH- CRERK

IR FRIZRT L CREMENE N EB ZOND=NINVEEH T 53R (K 3-28 &
T C BT A MDA R ERHILIZ(Scheme 3-7), 77Vn=kJ/L 3-28 Lt'm 3-17 @
Diels-Alder i1 endo IEIRINZAE RN Z G- 2 Teb DD | FOFRPEITIR NG D TH-T,
ZHUT= NIV ISR NS | endo 5% 52 DB IRFEL exo K% 52 DB IRRED
TRNNX—ZEDNNSNT2D THHESE 2 HILD, KtV THEDILE 3-29-endo D ik A% 37
RERIRIICIE L LT, 1567z 3-30 ([THEFEMEAY ) — VEERSE 224, =RNIVIFTE
TR BNEINNI K L. AF LT ATV 3-31 BWELNT-, U7 L a—L
ZERAt L. TIPSOTf Z/ERSE 5Ty /A 3-33 ~LE V-,

Scheme 3-7. Construction of bicyclic structure 3-33.

quinidine 0] o

| D i-PrOH 0 0

0] + % 7 + %

HO CN CN
O HO CN HO

3-17 3-28 3-29-endo 3-29-ex0
100% (endo:exo = 1:0.65)

0 Ha, 5% Pd/C 0 MeONa o, OH
E@ CH,Cl, % MeOH
/ > 11
MeO,C Y
88% 2L
HO OH

\

CN (dr.=1:0.21 at C11) CN
3-29-endo 3-30 3-31
Dess-Martin TIPSOTf
Periodinane . 2,6-lutidine .

o OTIPS
CH,Cl, CH,Cl,
Me0,C” Me0,C”

73% (2 steps) 95%
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W THRERAL ~D Se Ji-DE A% HIFL T, AT /LT AT )V 3-33 DK fRERREL
7z(Table 3-2), K/AZ ) — /IRGES KT ND L2 ERISTHERASE 223, Kk
IFHEITL D o7 (entry 1), T TR T, IRALIZEZAFE DMRELTZ(entry 2), —
TR EANESAE T E’z{ﬂyk 2 VDS (entry 3NTEBWTIRT = AT )LD IR 53 i
DT, Lo, MEUEBRRICEB W TIE DO VAR VR 3-34 OEEMEIZID T B4 —/Ln
OEL ., 3-34 IR EA jfroj/bé@yff BT,

Table 3-2. Selective hydrolysis of methylester 3-33.

OTIPS OTIPS
conditions
MeO,C” ™ HOC™

CN CN
3-33 3-34
entry conditions results
1 NaOH no reaction
MeOH/H50, rt
2 NaOH decomposed
MeOH/H,0, 50 °C
3 LiOH, H,O, 3-34: trace
MeOH/H,0, rt (decomposed in the

purification process)
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ZZ T, VARV EE 3-33 AAERAE T, fe L VRO A AT 572 (Scheme 3-8), A
FNT ATV 3-33 %, B bk FEE A OD R TIKR S EL 1551721V AR 8 3-34 D
HURE I LT MsCl ZERSEDZETAYV BT, ALV AT )L 3-35 AL
FeUD U N AF VR EEEREHZET Barton TAT/LELIZ%, 7 2= )L VL = RTEE
THEASRIT 2 WO 217528 T 0,Se-7 B4 —/L 3-36 ~EE 24 LLehin,
FOWRIT 15%E BRI RIZEE FoT-, AF LT AT )L 3-33 DANKS R L > TELINL-
VRV FE 3-34 DA INSEHET IR AT T=Z 80D ZOMK OISz X
STHEPEEL CNDEEE X, T THNVRUBROMREIRLL LT, K0iE /e d k4
TRETELU DNV, TULVREARFTT A28 LT,

Scheme 3-8. Introduction of Se group at bridgehead position.

,,,,, OTIPS  LiOH, Hy0O, OTIPS MsClI, Et3N
MeOH/H,O CH,Cl,, 0 °C
MeO,C HO,C™ ™

CN CN

3-34
Cfs

N\
N0oNa

,,,,, OTIPS  DMAP OTIPS
toluene, rt;
MsO,C PhSe 4

z (PhSe),, hv

CN
3-36
15% (3 steps)
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AF LT AT IV 3-31 D, RPNV T AT )L 3-37 BEOT VLT AT )L 3-38 ~DZAE AR
#fL7=(Table 3-3), AF/LTAT /L 3-31 ([T T, FREMIEIFE T, XU NT a— ik
TER & 7208, B SIS TLRD > 7= (entry 1-3), £ZT, XU LT ba— L k)sR
O @, TIAT va— e W e A BOSHHEICHEITL, BT UL 27 )L
3-38 IR TS A7 (entry 4),

Table 3-3. Protecting group exchange.

,,,,, OH BnOH OH
o
"~ RO,C

z allyl alcohol :
CN CN
3-31 3-37: R=Bn
3-38: R = Allyl
entry conditions results
1 BnONa no reaction
BnOH
2 BnOH, Na,CO; no reaction
DMF
3 BnOH, NaH decomposed
THF
4 /\/ONa 3-38 78%
allyl alcohol
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AFIWVTZAT NN DT VIVTEAT IV ASOBRED R ISEITLIZZ LG, T8 3-30 DTV
T Na— I LR Z B IR oTc, REUSIZEBW TS, =RILEE T, F7R H3igiR
HINTEOSL, TUNVT AT )L 3-38 3G, fit T ba—/ L &gkl | TIPSOTS IZL->
THFNT BE— RIS EEITSE, TULVTZ AT VAT HE T 7a{bE ) 3-40 ~&
ARV

Scheme 3-9. Preparation of allyl ester 3-40.

TIPSOTf
o) NaOAllyl ", R 2,6-lutidine ., OTIPS
o) allyl alcohol CH,Cl, /,
48% Allylo,C™ 81% Allylo,C™
OH &\ CN CN
3-30 Dess-Martin ox. 3-38: R=0H, H 3-40
95% 3-39:R=0
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FHNWTTIUNLVZRT IVORGEL, i< T Y VHIFMR D& % 1T>7-(Scheme 3-10), 5
[, O,Se-7&&#—/L 3-36 DMIZ, IR G TTV NV ERAESELND O,Te-7 X
— )L 3-AP B RaT7 axe T T VIR 3-43% G LT, TUNVEEDEREIT/ RTIOT L
fiklfe e D2 E CHIBICHEI T VAR R 3-34 &2 5272, 20 3-34 ZHUERIM O FFEA
YIALL, AVAT RNV U LRSS HIZET Barton TAT )L 3-41 ~EEWE, BH7
3-41 VT 2= VULV =RETE TS 58 0,Se-7 84—/ 3-36 DMELiZ, —HY
T 2= VT VYRR PRI 21T 57282 A ARIR2 8D 0,Te-7 &4 —/V 3-42 H3 %
BTz, RICRD AL O,Te-7 & X —MAEED, JeRVI DT WATREE ThoTlobi2
EEZBND, FTZAVIVERAT )L 3-35 IZX LT, V7 ==LV T VIREKFEARTFE TR
U LIPLIHEELT T N AT 2= VT VIR ESEHZE T, a7 ax e 7 VT LUR
3-43 Z =R TR,

Scheme 3-10. Synthesis of radical precursors.

Pd(PPh3),
OTIPS

HCO,H, Et;N
THF

‘

AllylO,C™ clean reaction HOC™
CN CN
3-40 3-34
MsCl, EtsN
(/\fs CHQC'Q
i | N
OTIPS ONa OTIPS
o DMAP, toluene:
@ : MsO,C7 ™
NN O CN CN
- 3-41 - 3-35
(PhTe), (PeTe),
(PhSe), hv NaBH,
hv THF/MeOH
0°C
/OTIPS /OTIPS //OTIPS
Phse” > PhTe” ™ PhTeOC” ™
CN CN CN
3-36 3-42 3-43

58% (3 steps) 27% (3 steps)
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THLTELNZT Y VHTERMAZ W T 7aXuT 0 3-44 LOTV IV R ERRHIL
7=(Table 3-4), O,Se-7&X#—/L 3-36 |Zx%fLCT7T IV BAEAAI(V-40)2(TMS):SiH 2 /EH &
Wil A AUTZT U IR 3-44 LR UTZ 3-45 3, TV VN E K FE(LS 7z 3-46 &
ELITEL Nz (entry 1), IR, BIUEILEIZRWED D, 0,Se-7 &4 — /L 3-36 HMETANL
FYANORIFMEE LT, RN AR LTz, — 7, TV LVRIEBMAEL T 0,Te-7
L= 3-42 T TUIINVHEEHIEL TN T AR T W TRISE T o122 A, HE
WHET DD Th o7z (entry 2), ZAUTIE 3-42 DAZETHY, B RICHHEITT S
ANCHREE L =727 E 2, KV ERT VT IVIR 3-43 W TRE L 7=(entry 3), 73
NTNIRET D INGMATTZETHEEDT I NATI NG, it CO BN LVAGEANL
TUNIVHIET LML TS EIT o7z, LILRBRBLLETeM CO MISIFE T,
TUINTI IV 3-44 EROGLUTARR LT 3-47 BMESEL THELE,

UL EZY, AP raR 21 ~T 2o Ex A3 DN T ¥ 1L ORI RS LTI,
O,Se-7 X — /i3 ChHEZE Z T,
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Table 3-4. Investigation of the reactivities as radical precursors.

1

O
OTIPS 3-44
conditions
R™ ™
CN
3-36: R = SePh
3-42: R = TePh
3-43: R = COTePh
entry SM conditions results

(TMS)5SiH, V-40
syringe pump
PhCI, reflux

1 3-36:R=SePh

Et3B, air
dichloroethane
50 °C

2 3-42: R =TePh

Et3B, air
dichloroethane
70 °C

3 3-43: R=COTePh

3-45: <14% (dr. = ca.1:1)
3-46: 36%
recovery: 25%

decomposed

3-47: 21%

3-46 3-47
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CERTT7 A b 3-12 DA FLIZIAIT T 3-36 D=RU/L DR TTA ML= (Table 3-5), entry
1 |28\ T, DIBAL-H %#-30 °C CEHS®72L2A, EAHDT /LT ER 3-12 LEHiZ, Tv
TEROafr A EMEA LT 3-12" D3R U T, B ANEI 272012, IVRIR TS ZAT
STLZA RSB TEREE T IERPUEL 72D > T (entry 2), £72 DIBAL-H D /LA AWM
\ZEDERT & — Vs OSSN, DT VARAEEEIZ %5 THF I
(entry 3)X°, /LA AFEMEDMENT — FMERELE TTHI THS Red-Al(entry H)ZFRFTLIZ, Lo
L. RIEDKIGTENMEL, = O TTIFEE T LR 2T,

UL EOFERNS AT B2 — A EZ A T 5 3-36 (123 T, =ML OIE T A
ThHHEEZT-, TZ T, JVEGHIZT VT ERICE#TEDLLEE 2 HND Weinreb 7IREH
35 0,Se-7 X —IVEERTDHIELLT,

Table 3-5. Attempts for reduction of nitrile group.

’

O~ H
3-36 3-12
entry conditions results
1 DIBAL-H 3-12: 23%
CH,Cl,, -30 °C 312" 21%
2 DIBAL-H 3-12: 24%
CH,Cl,, -78 °C recovery: 48%
3 DIBAL-H 3-12;: 0%
THF (005 M), -78°Ctort recovery: 78%
4 Red-Al 3-12: 0%
toluene, -78 °C to -20 °C recovery: 45%
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3-2-3. Weinreb 73K % FV = C REHK

Weinreb 7IRZFFORY T AREHNT C BRI 77 A MDOE AT 72(Scheme 3-
11), EREF e ry 3-17 L7 Z7UL T IR 3-48 L0 Diels-Alder S EF =V 0 &L LT
HnicbE o U FARIEITIHBLL 20> 72b DD | endo IIRIIIZHEIT LT,

THLTHELNTE 3-49 (XN ETITHRFILIZA I EESE 0,8e-7 24 —/b 3-57 ~LZ
Haliz, 3726, 3-49 O " HEfEAEEITTL 3-50 ~EA LT, 55172 3-50 1T L THE
MR T TINT Na— VEEREE 5L, TINMEE N7 DA DR IR LT
YVEAT )V 351 DGO, AUTeR XU AL L, TIPSOTf Z/EHSEAZ LT
TUREREAEREGL, 3-53 ~EEUNT, FEWN THRERAL~D Se JRFDEAEAToT=, TU/LEE
BXTUT LR LS TRELAVR VR 3-64 LLT-t%, EDCI #H W\ CALV T REUY
VN-AF VR EAEE L, Barton =AT /L 3-55 ~EA ML -, 3-55 |2V T == /LU L =RAF
ET. KT T HHNTHIRIZITHIET T IS LT FEGEEAL~ Se JR 1735 A
STz 3-57 MELILTZ 4,

3-57 @ Weinreb 7IRDiEJCIE THF ¥+ DIBAL-H Z/EHSE 52T, BEAT &4 —
IHEE R AT, TV TR 3-12 @R TH 27, UL EickheRosiv'n
V31T B8 TRRTCERI IV AN 312 DA MESE T Lz,
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Scheme 3-11. Synthesis of C-ring fragment 3-12 from Weinreb amide 3-48.

o)
| XN f quinidine O H,, Pd/C
PrOH 4 CH,CI
O + Me. ! . Ch -
HO Me N HO
o) OMe 85% (13%ee) o N Me
|
OMe
317 3-48 3-49
o OTIPS
ON TIPSOTf g
A PNa CH,Cl, 0
OH é " B
M R20 _Me
o ’T‘ e AllylO O N’Me 73% O 'Tl
OMe OMe OMe
3-50 Dess-Martin ox. |: 3-51:R'"=0OH, H Pd(PPh3), |: 3-53: R? = Allyl
56% (3 steps) 3-52:R'"=0 HCO,H, Et;N > 3-54: R? = H
S
N-ONa OTIPS
|
_ ;(PhSe),, hv .

(o N'VIe

PhSe—SePh OMe
3-56 -

EDCI-HCI, CHyCly | (]

8 steps

43% (2 steps) from hydroxypyrone 3-17

DIBAL-H, THF 3-57: R° = NMe(OMe)
72% 3-12:R°=H

65



H3E FOUT LA TF DT ORI S

3-3. ZRIERFEIE OB
3-3-1. w-allyl Stille Zy 7V T IZRWBEE DA AL

BT CERI7 I AN 312 ZHWC, FIUT L F T F DT N~ SRl T5 =
BRPE IR B B AR LT, B REMEEICERL C, Zabhi R ar O E AUCHENLLT- A Rk
WA S ERL 72, MIDIZ = RSB = M8 ALT=(Scheme 3-12), E=/LUF T L3%7 LT ER
3-12 IofHnL, LY 4 — V&2 U Ry T v F Uk Lz, S5 =T UV T BT —h 3-
58 O _HfEHE ., BEEA A REEREE 353 -Trost JISIZED BPE(LL 3-59 ~EZ8HL

-9

— o

Scheme 3-12. Installation of three-carbon unit.
OTIPS Y oTiPS Pd(PPhs), OTIPS
' ) KOAc, 18-crown-6
OLi  pnpse THF,65°C _ PhSe”
= - =
z ; Ac,0, pyridine OA AcO
O&\H 62% ¢ 78%

OAc OAc
3-12 3-58 3-59

FEWVT C5 L& C20 fix X BT D720, 7 BT )L 3-59 DAL E RN 72T T /L DR
. BIO 3-59 HFELT-TA—/L 3-62 DOERAZR TIPS (R#EA M EL7=(Scheme 3-
10), 3-59 (ZfKiRSef: F. THF 231 E L C DIBAL-H Z{E & B2 24, C20 MR AY 72
TR FIVEEOBRENEIT L, Lo Lens, BIRMITHRETHY, C5 fLoT BT /L
DEREZNTZ 3-61 X°2 DOT BT NVENREINIZUA—/L 3-62 N TELNZ, +
ZTUA IV 3-62 ITHL T VMR L TH D TIPS Jea FAWVZIRIRI 7 R 2 MR T LT,
TIPSOTf ZRIE FEASEI2L24, e C20 MR ARNEI L THEONTDN, D3N
PRI > 7= (entry 1), =2 T TIPSCl % FVWN TR EE, S ARG U7z (entry 2-8), IKEEEL
Toran AR FOCTZGA TR, RO FEF IR FBIREO L ED Ao o7
(entry2-4), ZZ THEEELL T DMF ZHWTHRFIZITo7cL A, EIRICSGEED RbhT:
(entry 5-8), FFICHRFEL L TAIL Y — L& T, -10 °C THRIGSE AR Kb B A7k
K& 5 % 7 (entry 8),
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Scheme 3-13. Selective functionalization of C20-hydroxy group.

OTIPS OTIPS
@ DIBAL-H
Phse” > THF, -78 °C
AcO/f’\f
20 0AC
3-59 3-60 (desired) 3-61: R" = Ac, 10%
36% 3-62: R'=H, 36%
NaOMe
MeOH
96%

'OTI PS
PhSe see table

OH
3-62 3-63 (desired) 3-64: R°=H
3-65: R>= TIPS
ields
entry reagents conditions y
3-63 3-64 3-65 recovery
1 TIPSOTf CH,Cl, 25% 12% 18% 45%
2,6-lutidine -78 °C to -50 °C
2 TIPSCI CH,Cl, trace - - 80%
imidazole 0°C,tort
3 TIPSCI CH,Cl, 4% 6% - 86%
EtsN 0O°Ctort
4 TIPSCI CH,Cl, 9% 3% - 88%
DMAP O°Ctort
5 TIPSCI DMF 32% 15% 5% 43%
pyridine 0°C
6 TIPSCI DMF 41% 8% 15% 33%
DMAP 0°C
7 TIPSCI DMF 35% 7% 7% 44%
imidazole 0°C
8 TIPSCI DMF 47% 5% 12% 33%
imidazole -10°C
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T Stille By 7 V7 a G 2720 OIEE DG A 1T 72 (Scheme 3-14), 7T /L
BT 504 3-66A 1TBINWIIL 7 2 F AL THESIZ 3-60 & TIPS (Ri# T 524 TH
U7z, £-7 VLT La— L 3-63 DR AR L~ EH T 528 T ka7
Stille 717 V7 D IE %A ) L7=(Scheme 3-14, table), KT AT /L 3-66B, VT AT
JL 3-66C 1T EEE WD Z LTI B<MFHTZ LM TE = (entry 1-2), TFA =27 /LAbE 18
[CHEITLEEITL 3-66D & 5-2 72, UL, 3-66D OEHLEG (A s — s, A7z
FRICLDE AT B — WA E DR BLHI S L7 (entry 3), Appel KISIZED7mmil
W(entry 4)X°> MsCl Z WDt (entry 5)i%, 784 —/VORRRE O BRI AW E 5 2

=, — 7 TsCl ZEHEE 2L, Biermnfbii 3-66E 24 L7203, HEEDOMMERIZB T,
—HRA3EL 3-67 <° 3-68 MEIA R L L TH U7 (entry 6),
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Scheme 3-14. Preparation of the substrates for Stille coupling reaction.

TIPSCI
imidazole, DMF
100%
conditions
entry conditions desired compound results
1 CICO,Et 3-66B: X = OCO,Et 3-66B: 88%
pyridine, 0 °C
2 CIPO(OEt), 3-66C: X = OPO(OEt), 3-66C: 95%
Et;N, DMAP, CH,Cl,
3 (CF3;C0),0 3-66D: X = OCOCF; 3-66D: 29%
Et;N, DMAP, CH,Cl, recovery: 52%
4 (CCl3),CO 3-66E: X = ClI decomposed
PPh3, CH,CI,
5 MsCI 3-66E: X = CI decomposed
Et3N, CH20|2 or
3-66F: X = Ms
6 TsCl 3-66E: X = ClI 3-66E: 18%
Et;N, DMAP, CH,Cl, or 3-67: 18%
3-66G: X =Ts 3-68: 32%

3-67 3-68
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3-3-2. n-allyl Stille By 7Vo7 ORRGT

BRLT=TUALEY) 3-66 (XL T, 5 ABRAX(LEWY 3-69 LDn-allyl Stille 77>
T ERRE LT REISIESISERBTINMALTHY, —FEEG D E/Z OB LR ESNIZT-
D AKR~ IR CRIGTAMERDLHEE X -, £3 . TUNLT T —h 3-66A Z#FEEEL T,
Jubis VAR R DR TR Ch 1o F A7 =2 2- ViR BREE TINA L TRV S
Gl 2R LTz (entry 1), BISHAL 7 40 DRMEALE LD ZEARETTL, LTy 7 )
THAEIR 3-70 52 72 ARINRIZEE Fo70, 22T S SEOfa# b 2 A 7=, 3-
66A 1ZxfL, DMSO/1,4- A %Y ARG EHE N | PA(PPhs)s & 30 mol%filifil U THVY, Hi
EVF 7 A AL ZTNA L TR ETT 2722 (entry 2), 2O TRIGIE M W2
T, R2%ENENSE LT, ZORISEERE ThHE 2, FEORFEIT 7 (entry
3-4), ZOFER REET AT L 3-66B % W ZI5E1T 64%DILET 3-70 24352 LI
L7z,

Table 3-6. Examination of m-allyl Stille coupling reaction.

SnBu3
/’/,/ OTIPS O 3-69 /,,,/ OTIPS
@ Pd(PPhs), (30 mol%.)
PhSe - conditions PhSe -
X/\f' N
OTIPS o OTIPS
3-66X 3-70
entry SM conditions yield of 3-70
1 3-66A: X = OAc ES)_/(O K2CO3 15%
' 7 o-cyOMF (recovery 11%)
3-66A: X = OAc LiCl, CuCl 0
? DMSO/1 4-dioxane 42%
X = LiCl, CuCl 0
3-66B: X = OCO,E ; 64%
’ OCOEL  HMsort 4-dioxane °
LiCl, CuCl 46%

4 3-66C: X =OPO(OEt):  p\150/1' 4 dioxane
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3-3-3. FUANBILRIGEDORE

TV HNERAV G Z R U= (Table 3-7), 1ZUHIZ7abdL R oy O2E I Tk
Tho7c TMS;SiH 2 WD 2 it L 72 (entry 1-4), TMS3SiH ai%%‘% VIR TLAI TH DT
ORGEANL T 1V D EER 72K BN TEHEE 2 1o, KIS ORGSR, AV @ K Eb
1 3-71 DAL iéﬁyﬁu&hﬁ“ IRIR Tl D BRLAR 3-13 3SR D T, I
PR T DWW T, &IoAlE LT L7z TMS;SiH O BUSHEDMEL | SOSIZRF# 23
o TCLESTZT280 73[1?}L P CREEIRE AT B — WA IE DN EEE LT 72D 70 LB 42
L7, 22 fﬁﬁ%ﬂ%}im PEASEVVK LN 7 2= L ARICE R LIZE A, HE B bED
iz, KBEANL 72 IV INE KRS RBIARY) 3-71 M55 7= (entry 5-6), — 7. 7K
FAERN) 7 2= VAR L AR T KB ERERN/NSNEEB X BNLHKFE(LN 7 F VA% H
WA 3 TLITAERE T, LT BRIUIE 3-13 IR RAICH R EDOIRTH 2 72,

IRB AR DI OUNTE 3-13 AL 72/b G4 3-73 1ITHV VT NOE EBRIZK
VIR 7E L7=(chapter 3-4, Scheme 3-15),

Table 3-7. Examination of radical cyclization.

entry reductant conditions 3.13 3.71
1 (Me3Si);SiH AIBN, benzene, 80 °C 21% -
2 (Me;Si);SiH AIBN, toluene, 110 °C 25% -
3 (Me3Si);SiH V-40, toluene, 110 °C 13% -
4 (Me3Si);SiH V-40, xylene, 150 °C 7% -
5° Ph3SnH V-40, toluene, 110 °C 15% 1%
6 Ph;SnH V-40, xylene, 150 °C 23% 20%
7° n-BuzSnH V-40, toluene, 110 °C 42% -

@ reductant and V-40 were added by syringe pump NG
<V—40 = OVN\\N/Q >
CN
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FOHNBRACR IS BT A ARRINPEIC DWW TEBE LT, KB LI W TIEETLL
C4,9,10 f2D = D>DARF BHBHISIL TS,

CY (DU R FR AL T, FAE T DREEANLT ANV DSLARSHEAN W BRI T2 1L Tdo
BT SRR RIS SN D,

FENT C10 N =R B DOSLARIL RTINS )~ BB O IR E I Lo
TRESIND, ZZ T, 2D T-endo BALIZK T HERB IR EER DFT 15 (UM06-2X/6-31G(d)
level) BIC L > CTHEE L7z, e BEHREIARNDIRIE D721, T UV IITT R TATIVHEICE
THLZ CHE L, SRR RO RNVX —X AT 7T L% Figure 3-1 |7, T 8RILKZIC
ACZHHHE B BLO BILEBIREEICH L THOZEE THDHIZH, C10 ALIZBIT AR
{EATEEROICRESNDEBE X OND, 22T, BBREO =L —Z gL 72 L2
A BONARMEFEREE T D TS-1 DEE THHIEN537H>>72(9.23 keal/mol vs 10.17
kcal/mol), ZAUd, 6 BER EOATFI)VHIKFELE S HER EOKFELEOHBEN T TS-2 (1280
T, IVRWSEAR RN E CT 7o d T H LB 53 LT (Figure 3-2),

AR B D7 V05 convex H KWK FELINDIET, C4 MDD NARAL T G
INTEZZBND,
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Figure 3-1. Energy diagram of radical cyclization.

OMe

UMO06-2X/6-31G(d)
AG (kcal/mol at 298K)

10
50 —
0.0 +
-5.0 —
10 ——
15 ——
20 —— B

25 —
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Figure 3-2. Conformations of transition states of radical cyclization.

:r,”OMe
.B -

TS-2 (0.94 kcal/mol)

218 A

74

B' OMe

UMO06-2X/6-31g(d)
(AG in kcal/mol, 1 atm, 298K)



H3E FOUT LA TF DT ORI S

34, ZBRERBEE~DEREDEA

HIEFREA 3-1 OERRIZHNT, IRBBEA~DOBERELEANEZIT-T-, £7° 5 B8R LITAT
NVELL T ) mE AN LT=(Scheme 3-15), 7 by 3-13 % C2 (MLERWIC= /— /L)L m—T
NNELT, bz ) —/L U )L —TF L2 Eschenmoser AL AU ATV, exo AL
T4V 3-T2 ~EEN, BT 3-T2 (kL TMEASR M T ey y Ml AEf S 7224,
FL 74 DRMALLE LB, 6 BB EOT X — /L ONKSELEITL, 7 3-73 735
Nico —BRIEALEWD C4, 10 SO LFIE, ZORERT 3-73 ORAIT/RLTZ NOE 8
I EVIRE LT, HEVT CO MU m—T )V DE A LTI LT, 20T, C4 LD
RERITER B AL THLHEZ Z DD, Lol &5 TMS PRED LA FL
=W, T INT B X — AL E T LR T CO MLIRERIZGDNR D72

Scheme 3-15. Functionalization of tricyclic carboskeleton.

OTIPS OoTIPS  RhCl3:nHO

1. LDA, TMSCI EtOH/pH 7 buffer
THF, -78 °C 110 °C

2. [CH2=NM62]+|-
CH2C|2;

SiO,, hexane
64% (2 steps)

‘-TMSOTf
‘LIN(TMS);, TMSCI
-“TMS-imidazole

3-74 3-75: R = TMS (desired)
not detected
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3TN T 'Y= MEBOGZIH T 5729012, C13 L7 b DR ILZE M L7 (Scheme 3-
16), 3-73 \ZXFUKIR T AKRF(LART R T N LEERHSELE, = ) AFE T R DB
WILPENT va—u 3-76 DWELIT, Hit\ T oDeRnd s TMS A CR#T 52
&£T C9 ZIZ TMS T—T /LN ASNTZ 3-77 BB LTz, 3-77 D C4 L ~SLARER I
bR EANE A TEAUR, EF EERG-1) NG TES,

Scheme 3-16. Protection of C9-hydoroxy group.

NaBH,4 TMSOTf
CH,Cl,/MeOH 2,6-lutidine
(= 1:1), -78 °C CH2C|2
; ACOH (excess)
3-73 70% 3-76 70%

common intermediate (3-1)
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3-5. BE AL IE

! (a) Mukaiyama, T.; Isayama, S.; Inoki, S.; Kato, K.; Yamada, T.; Takai, T. Chem. Lett. 1989,
449. (b) Isayama, S.; Mukaiyama, T. Chem. Lett. 1989, 1071.

For base-catalyzed Diels-Alder reaction of 3-hydroxy-2-pyrone, see: (a) Okamura, H.;
Iwagawa, T.; Nakatani, M. Terahedron Lett. 1995, 36. 5939. For asymmetric Diels-Alder
reaction of 3-hydroxy-2-pyrone, see:(b) Okamura, H.; Morishige, K.; Iwagawa, T.; Nakatani,
M. Tetrahedron Lett. 1998, 39. 1211. (c) Wang, Y.; Li, H.; Wang, Y. -Q.; Liu, Y.; Foxman, B.
M.; Deng, L. J. Am. Chem. Soc. 2007, 129, 6364. (d) Singh, R. P.; Bartelson, K.; Wang, Y.;
Su, H.; Lu, X.; Deng, L. J. Am. Chem. Soc. 2008, 130, 2422. For a review on Diels-Alder
reaction of 2-pyrones, see: (e) Afarinkia, K.; Vinader, V.; Nelson, T. D.; Posner, G. H.
Tetrahedoron 1992, 48, 9111.

3 KGHENLKFE(CI3 D) & AF LU KFE(ClA (D) E DT v 7Y v TEFITHRE ST
% (Figure 3-3), Z D HREBEIC 14D _H>DKERIFB L, 8MKFEELDH v 7Y
VIERIZE O FOSNRE R A HEE LT,

2

Figure 3-3. Determination of relative configuration.

o OHy, o OHy,
H14exo H14exo
Hg
X H14endo HO H14endo
0] X

reported coupling constant
H13-H14eXO =2.0~4.5 Hz
H13-H14eXO =1.1~1.5Hz

coupling constant
H13-H14exo =3.6 Hz
H13'H14endo =14 Hz

Hg-H14exo = 10.1 Hz (syn)
H8'H14endo =46 Hz (antl)

See also ref 2¢

Barton, D. H. R.; Ozbalik, N.; Schmitt, M. Tetrahedron Lett. 1989, 30, 3263.

Kamimura, D.; Urabe, D.; Nagatomo, M.; Inoue, M. Org. Lett. 2013, 15, 5122-5125.

(a) Nagatomo, M.; Nishiyama, H.; Fujino, H.; Inoue, M. Angew. Chem. In. Ed. 2015, 54,

1537. (b) Nagatomo, M.; Kamimura, D.; Matsui, Y.; Masuda, K.; Inoue, M. Chem. Sci. 2015,

6,2765.

Chatgilialoglu, C.; Griller, D.; Lesage, M. J. Org. Chem. 1988, 53, 3642.

Chen, L.; Deslongchamps, P. Can. J. Chem. 2005, 83, 728.

Stolle, A.; Ollivier, J.; Piras, P. P.; Salaun, J.; de Meijere, A. J. Am. Chem. Soc. 1992, 114,

4051.

10 Magid, M. R.; Fruchey, S.; Johnson, W. L.; Allen, T. G. J. Org. Chem. 1979, 44, 359.

' Allred, G. D.; Liebeskind, L. S. J. Am. Chem. Soc. 1996, 118, 2748.

12 (a) Han, X; Stoltz, B. M.; Corey, E. J. J. Am. Chem. Soc. 1999, 121, 7600. (b) Shipe, W. D.;
Sorensen, E. J. J. Am. Chem. Soc. 2006, 128, 7025.
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13 (a) Zhao, Y.; Truhlar, D. G. Theor. Chem. Acc. 2008, 120, 215. (b) Zhao, Y.; Truhlar, D. G.
J. Phys. Chem. A 2008, 112, 1095.

14 % 2 B Figure 2-1 =%

15 Ward, D. E.; Rhee, C. K. Can. J. Chem. 1989, 67, 1206.
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4-1. Zuabi)vinar OLE R

MIFSEEINZIB VTS S I FIEIZIE N, Za B ey O = BRI E I OREET
72(Scheme 4-1), Al R LD KRB CEITOIZETR)-ANR G 12 TIRTCEBRIZTY
A 42 ZRRT DRI, 2 TROA R OEMEICREI LT, Hil T, ZRHE
=vh 4-3 DE AL, n-allyl Stille 7V 7 KGEANL T NV ERALRGNIZ L > T/ abdr
Nur O =R E 4-8 AR LT,

Scheme 4-1. Construction of tricyclic carbon skeleton 4-8.
Li
LiO
MeQ oY

6 steps

12 steps

A

(R)-carvone (4-1) 4-2

O SnBu3
4-5 C
Pd(PPh3), ; 62%
CuTC, K,CO3 / °
DMF, 0 °C to rt, OTIPS
67% O 4-6
r-allyl Stille - -
coupling

(TMS)3SiH
V-40
toluene, reflux

:

bridgehead
radical
cyclization
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ELIZELNT ZBREIRFBER 4-8 ZERRMLTHILTruNRVRar DG EE
% L7=(Scheme 4-2), JCATAFZEIZIVN T, C4 ML ORI AL O SEARERIUE D B E /2> T
Wz, AlEl C BBAEREHRALL CO iz TMS & CTHRGELT: 4-13 2R LSO IE L TH
WHZET, MBI MER K&\ LD LTI LT, D%, 5T 4-15 2B HE
b3 HZ&TrRMIVRR DHIOEE K, (R)-T1IVAR D 33 TRETEML, LD
BRIE, 5 BERE 6 HER%Z | n-allyl Stille 71>V 7 CAGEANL 73 A1 VERAL D — D DHE
IZE > THRER S E DR A RIS 23, T2 VT -7 F o DT i@ 3% = Bk
B DR RAISHEEEI AN THHLERLTUVD,

Scheme 4-2. Total synthesis of crotophorbolone.

RhCI3-nH20,
1. LDA, TMSCI EtOH/pH 7 buffer
THF, -78 °C 110 °C
2. [CHy=NMe,]*I 85%
;Si0,, hexane
57% (2 steps)
1. HCl aq./dioxane TMSQTf
40 °C 2,6-lutidine
2. TIPSCI CH,Cl,
3. NaClO, 40% (4 steps)
1. =~ S
NaN(TMS),
xNon THF, -78 °C;
EDCI-HCI
;hv, Oy; P(OEt);
2. TESOTf /oN
412:R=TMS 34% (2 steps) O, 414, 43%

~OTES 1.TFA,0°C

2. Dess-Martin
periodinane total 33 steps
3 HCl from (R)-carvone (4-1)
70 °C
OTIPS
4-15: R = TMS 65% (3 steps) crotophorbolone (4-16)
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4-2. FIVT v BT F o OT N~ DB A R

IRy DEA RIS Z AL LT, FIVT L X7 F o T VR FHD RN
BEBUCEFATE, IZLDIT, MR 2GR DT OITHTZERE LT C BT 77 A 4-
26 DA AT T-7=(Scheme 4-3), KA TlIERa® T err 4-17 77UV T IR 4-18 £D
Diels-Alder SGEHEEEL T, BbNIZE T 7a7 7 4-19 Z'EREREHT 5281250,
0,Se-7BZ—/L 4-26 A LTZ, ZAUCEVEREF v ay 4-17 935, o 8 TFET C
BRI T A NG HZEITRBILTRY, Zubiviar DA THWZ CBR7T7 Ak
4-2 DA FLEEAT, R TREE DR 2 2R L 72(4-26:8 steps vs 4-2: 12 steps)s

Scheme 4-3. Synthesis of newly designed C-ring fragment 4-26.

0
S /( quinidine O/ Pd/C
5 + Moo PrOH____ CH,Cl,
HO N0 85% HO Me

0 OMe ° 07N

417 4-18 a-19 OMe
R  _ o, OTIPS
' TIPSOTY
/\/ONa (o) CH2C|2 O
A RO S M
AllylO O N -Me 73% O Oy\w e
OMe OMe
4-20 Dess-Martin ox. E 4-21:R"=0OH, H Pd(PPh3), E 4-23: R? = Allyl
56% (3 steps) 422:R'=0 HCO,H, Et;N = 4-24: R2 = H
S
_ONa

N OTIPS

- o

~ PhSe - 8 steps
EDCI-HCI, CH,Cl, /5 from hydroxypyrone 4-17
:(PhSe),, hv 07 “R?
43% (2steps) 4 o5 R3 = NMe(OMe) -] DIBALH, THF
4-26: R® = 72%
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JakviRay O R CHENL LT 71
T, 5/7/6 FEBRE & DREELAFT - 7-(Scheme 4-4), 7 /LT ERIC=

ETAN ﬁ':%ﬂfi C %7?7%.‘/]\ 4-26 = FHu

Fa—=vh4-37E AL,

AL T4 DEMELE, A — D% %RE’J%:IX\7)/1/711/2~/l/0)7§'f§31|:%r’ﬁéf fRIET

ATV 4-30 AR LT, iV Cr-allyl Stille 7y 7V 7128k 5 BB 4-5 L

be\_o

iz 4-31 DORAISVTBIAN TN EERILKGRI T 228 T, F7VT 7 )

WD ZBRVER B IR O
B RIS 23k 2 72 C BRTZ T 7 A M LIG I TED T
%/J IR DG AT TED,

VTN S

IR LT, 2O Bk, ZabkkLRay
EMEZ R TERY., 20K

Scheme 4-4. Construction of tricyclic carbon skeleton 4-32.

Li ,

OTIPS T
PhSe = :

: ; Ac,0, pyridine OAc
/
07 H 62%
OAc
4-26 4-27

’

OTIPS OTIPS
' 1. TIPSCI, 47% ‘
2. CICO,Et, 100%
PhSe . PhSe

4-28: R=Ac, R=Ac

429 R=H R=H ~1 NaOMe 96%

n-BusSnH
V-40
toluene, reflux

N 42%
0O OTIPS bridgehead

4-31 radical
cyclization

&3

Pd(PPh3),
KOAc, 18-crown-6
THF, 65 °C

78%

SnBu3

O 45
Pd(PPhs),

LiCl, CuCl
DMSO/1,4-dioxane

64%

m-allyl Stille
coupling




FINT BT F DTN ORI G RE BfEL., 507z B L&Y 4-32 D
B REFA LA T2 (Scheme 4-5), 4-32 (Z%fL T Eschenmoser AF L AL EITHIZET,
exo AL T4 4-33 ~LEHAL T, 4-33 BT AMBEAEAE AL A AL T 40D
AT, SUNLTBE— VORGP IER—ZITHEITL, 7R 4-34 MELITZ, 2D
IR EALEREIR AR T L, b2 A4 —/L 4-35 1 TMSOTE ZAEfSE52L T, C9
NL2S TMS CHRESITZ 4-36 DB FRICEED LT,

Scheme 4-5. Functionalization of carbon skeleton 4-32.

OTIPS OTIPS RhCl3-nH,O
1. LDA, TMSC EtOH/pH 7 buffer
THF, -78 °C 110 °C
2. [CH2=NM62]+|- 76%
CH2C|2; °
OTIPS S0, hexane OTIPS
4-32 64% (2 steps) 4-33
NaBH, TMSOTf
CH,Cl,/MeOH 2,6-lutidine
78 °C CH,Cl,
70% ; ACOH (excess)

70%

4-36: R=TMS
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45

A7z 4-36 @ C4 fi~eRuXTHAE A 52T, B HIK 4-37 DGR TE D,
512 4-37 D CI2 (LB X Cl4 ML ORI ERERALIC L > TR A 72T 7T s 7 )
TR PE R TEDEE 2 HILDH(Scheme 4-6),

Scheme 4-6. Divergent synthesis of tigliane and daphnane diterpenes.

1. C12-hydroxylation
2. cyclopropanation

—"

tigliane diterpens
phorbol (4-38)

4-36: R' = TMS common intermediate Tl
(4-37: R' = TMS)
1. C14-hydroxylation

2. LiJ\

3. orthoester formation OR2

daphnane diterpens
resiniferatoxin (4-39)
R? = homovaniloyl
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General Methods: All reactions sensitive to air or moisture were carried out in dry solvents
under argon atmosphere, unless otherwise noted. THF, CH2Clz, toluene, DMF and Et20 were
purified by Glass Contour solvent dispensing system (Nikko Hansen & Co., Ltd., Osaka, Japan).
All other reagents were used as supplied. Analytical thin-layer chromatography (TLC) was
performed using E. Merck Silica gel 60 F254 pre-coated plates (0.25 mm). Preparative thin-
layer chromatography (PTLC) was performed using E. Merck Silica gel 60 F254 pre-coated
plates (0.50 mm). Flash chromatography was performed using 40-100 um Silica Gel 60N
(Kanto Chemical Co., Inc.). Melting points were measured on Yanaco MP-J3 micro melting
point apparatus, and are uncorrected. Optical rotations were measured on JASCO DIP-1000
Digital Polarimeter at room temperature using the sodium D line.  Infrared (IR) spectra were
recorded as a thin film on a NaCl disk using JASCO FT/IR-4100 spectrometer. 'H and "*C
NMR spectra were recorded on JEOL JNM-ECX-500 or INM-ECS-400 spectrometer at room
temperature. Chemical shifts were reported in ppm on the  scale relative to CHCI3 (6 = 7.26
for 'TH NMR), CDCl3 (8 = 77.0 for '3C NMR), C¢Ds (5 = 7.16 for 'TH NMR) and CeDs (5 =
128.0 for 3C NMR) as internal references. Signal patterns are indicated as s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; br, broaden peak. The numbering of compounds
corresponds to that of 2-1. High resolution mass spectra were measured on JEOL JMS-

T100LP instrument (ESI-TOF) or BRUKER DALTONICS microTOF II (ESI-TOF).

Figure S1. Numbering of crotophorbolone (2-1)

crotophorbolone (2-1)
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OMe
FeCl;, MeMgBr CH(OMe), 13 ol
TMSCI, Et;N BF;-OFt, © OMe
O DMPU, THF  TMSO CH,Cl, -50 °C ©
45% (2 steps)
2-9 29" 2-10

Dimethylacetal 2-10. [TA-11-153, 155]

MeMgBr (1.0 M in THF, 600 mL, 600 mmol) was added to a solution of FeCls (1.0 g, 6.2
mmol) in THF (100 mL) at -20 °C over 2 h. Then, a solution of (R)-carvone 2-9 (41.5 g, 276
mmol) in THF (150 mL) was added to the mixture over 2 h.  After the reaction mixture was
stirred at -20 °C for 1.5 h and warmed to 0 °C, TMSCI (48 mL, 380 mmol), N,N'-
dimethylpropyleneurea (DMPU, 40 mL, 330 mmol) and EtsN (50 mL, 360 mmol) were
successively added. The reaction mixture was warmed to room temperature and stirred for
9.5 h. After the mixture was cooled to 0 °C, pH 7 phosphate buffer (500 mL) was added.
The resultant mixture was filtrated through a short pad of Celite with EtOAc. The filtrate was
extracted with EtOAc (200 mL x2), and the combined organic layers were washed with brine
(500 mL), dried over NaxSOu, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (500 g, hexane/EtOAc 100/1 to EtOAc) to afford impure
2-9’, which was used in the next reaction without further purification.

BF3-Et20 (35 mL, 280 mmol) was added to a mixture of solution of the above impure 2-9’
and CH(OMe)s (33 mL, 300 mmol) in CH2Cl2 (550 mL) at -50 °C. The reaction mixture was
stirred at -50 °C for 2.5 h, and poured into saturated aqueous NaHCO3 (500 mL) at 0 °C. The
resultant mixture was extracted with EtOAc¢ (200 mL x2), and the combined organic layers were
washed with brine (500 mL), dried over Na2SOs, filtered and concentrated. The residue was
purified by flash column chromatography on silica gel (1 kg, hexane/EtOAc 30/1 to 1/1) to
afford 2-10 (27.9 g, 124 mmol) as a 5:1 diastereomeric mixture at the C13 position in 45% yield
over 2 steps: colorless oil; <yk-04-102-p.p1d> [a]p?! +230 (¢ 0.15, CHCl3); <yk-04-102-p.jws>
IR (neat) v 2946, 2925, 2833, 1675, 1445, 1373, 1138, 1104, 1068 cm™!; <yk-04-108-auto-9-
1.jdf, yk-04-108-auto-f9-1.als> 'H NMR (400 MHz, CDCl3) major isomer: § 1.73 (3H, s, H17),
1.79 (3H, dd,J=2.3, 1.8 Hz, H18), 2.43 (1H, dd, J=10.1, 7.3 Hz, H8a), 2.45 (1H, dd, J=10.1,
10.1 Hz, H8b), 2.72 (1H, m, H13), 2.81 (1H, ddd, J = 10.1, 10.1, 7.3 Hz, H14), 3.44 (6H, s,
OMe x2), 4.26 (1H, d, J = 3.2 Hz, CH(OMe)2), 4.84 (1H, s, H16a), 4.86 (1H, m, H16b), 6.83
(1H, m, H12); <yk-04-101-f22-28-c-1.jdf, yk-04-101-f22-28-c.als> '3*C NMR (100 MHz,
CeD6) 6 16.1,19.1,42.7,43.4,45.0, 55.2,56.2,105.8, 112.9, 135.9, 143.3, 145.4, 197.3; HRMS
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(ESI) calcd for C13H2003Na 247.1305 [M+Na]", found 247.1316.

OMe i-ProNLi, THF
“ -78 °C;
Y "OMe

O HO
N HO
2-10 2-10"
D

Alcohol 2-10°. [TA-11-161]
n-BuLi (1.6 M in hexane, 230 mL, 370 mmol) was added to a solution of i-Pro.NH (52 mL,
370 mmol) in THF (250 mL) at -78 °C over 40 min. The mixture was warmed to 0 °C and

stirred for 30 min, and then cooled to -78 °C. A solution of a 5 : 1 diastereomeric mixture of
2-10 at the C13 position (27.9 g, 124 mmol) in THF (250 mL) was added to the mixture at -
78 °C over 30 min. The resultant mixture was stirred at -78 °C for 1 h, and then N-
hydroxymethylphtalimide (D, 44 g, 250 mmol) was added portion-wise over 1 h. The reaction
mixture was stirred at -78 °C for 2 h, and then H20 (500 mL) was added. The resultant mixture
was extracted with Et20 (300 mL x3), and the combined organic layers were washed with
saturated aqueous Na2CO3 (250 mL) and brine (500 mL), dried over Na2SOs4, filtered, and
concentrated. The residue was purified by flash column chromatography on silica gel (500 g,
hexane/EtOAc 30/1 to 1/1) to afford impure 2-10° (22.4 g). The yield of 2-10" was calculated
to be 44% (54.6 mmol) by the '"H NMR analysis using p-xylene as an internal standard. For
characterization 2-10°, small amount of the mixture was purified by PTLC (hexane/EtOAc 3/1):
yellow oil; <yk-05-072-f20-42.p1d> [a]p'® +56 (c 1.3, CHCl3); <yk-05-072-f20-42 jws> IR
(neat) v 3515, 2956, 2926, 1727, 1661, 1450, 1377, 1284, 1112, 1070 cm™'; <3-alcohol jdf, 3-
alcohol.als> "H NMR (500 MHz, CsDs) & 1.39 (3H, s, H17), 1.78 (3H, dd, J=2.3, 1.7 Hz, H18),
2.11 (1H, ddd, J=13.0, 6.9, 3.5 Hz, H8a), 2.40 (1H, m, H13), 2.71 (1 H, dd, J = 13.0, 11.0 Hz,
H14),3.02 (3H, s, OMe), 3.11 (3H, s, OMe), 3.25 (1H, dd, J = 9.2, 4.6 Hz, OH), 3.68 (1H, ddd,
J=12.0, 6.9, 4.6, H7a), 3.85 (1H, ddd, J = 12.0, 9.2, 3.5 Hz, H7b), 3.98 (1H, d, J = 2.3 Hz,
CH(OMe)2), 4.70 (1H, s, H16a), 4.71 (1H, m, H16b), 6.94 (1H, brs, H12); <yk-02-117-f12-29-
c-1jdf, yk-02-117-f12-29-c-1.als> 3C NMR (125 MHz, CsDs) & 15.9, 18.1, 43.2, 47.3, 49.9,
55.7, 56.6, 60.9, 105.8, 115.6, 135.4, 142.9, 144.6, 202.1; HRMS (ESI) calcd for C14H2204Na
277.1410 [M+Na]", found 277.1422.
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> 50 °C
- TIPSO™
2-24
OMe
L OMe JngH14 = 12.4 Hz

JH11H12a = 13.3 Hz
JH12aH13 = 13.3 Hz
JH13H14 =124 Hz

OMe
TIPSO~ TIPSO~

2-24" (30%) 2-24" (36%)
Alcohol 2-24”" and ketone 2-24’. [TA-11-165, 167,168]

TIPSCI (22 mL, 100 mmol) was added to a solution of impure 2-10" (40.5 g, 105 mmol
calculated by the '"H NMR analysis) and imidazole (21.4 g, 314 mmol) in DMF (210 mL) at
room temperature. The reaction mixture was stirred for 3 h at room temperature, and then
TIPSCI (5.6 mL, 26 mmol) was added. The reaction mixture was stirred for further 5 h at
room temperature. After the mixture was cooled to 0 °C, saturated aqueous NH4Cl (300 mL)
was added. The resultant solution was extracted with Et2O (200 mL x3), and the combined
organic layers were washed with H2O (500 mL) and brine (300 mL), dried over NaxSOy4, filtered,
and concentrated. The residue was purified by flash column chromatography on silica gel
(500 g, hexane/EtOAc 100/1 to 30/1) to afford impure 2-24, which was used in the next reaction
without further purification. For characterization of 2-24, small amount of the mixture was
purified by PTLC (hexane/EtOAc 20/1). 2-24: colorless oil; <4-tipsenone(tal1023).p1d>
[a]p® +68 (c 0.23, CHCl3); <4-tipsenone(tal1023).jws> IR (neat) v 2942, 2867, 1672, 1463,
1381, 1368, 1244, 1115, 1079 cm™'; <TA-11-015-tipsenone-3.jdf, TA-11-015-tipsenone-3.als>
"H NMR (400 MHz, CDCl3) & 1.02-1.05 (21H, m, TIPS), 1.73 (3H, s, H17), 1.80 (3H, dd, J =
2.3, 1.4 Hz, H18), 2.23 (1H, ddd, J = 12.8, 2.3, 2.3 Hz, HS8), 2.70 (1H, ddq, J =11.4, 2.8, 2.3
Hz, H13), 3.13 (1H, dd, J = 12.8, 11.4 Hz, H14), 3.44 (3H, s, OMe), 3.47 (3H, s, OMe), 3.68
(1H, dd, J=9.6, 2.3 Hz, H7a), 4.26 (1H, d, J = 2.8 Hz, CH(OMe)2), 4.37 (1H, dd, J =9.6, 2.3
Hz, H7b), 4.96(1H, s, H16a), 4.99 (1H, s, H16b), 6.86 (1H, brs, H12); <TA-11-015-tipsenone-
C-2.jdf, TA-11-015-tipsenone-C-2.als> 3C NMR (100 MHz, CDCl3) § 12.0, 16.3, 18.0, 18.6,
42.3,45.3,50.8,56.1,57.5,59.6,106.0, 115.8, 136.2, 142.9, 143.0, 198.4; <TA-11-021-HRMS-
tipsenone> HRMS (ESI) calcd for C27H4204SiNa 433.2745 [M+Na]", found 433.2743.

The above impure 2-24 was equally divided into two portions, which were separately
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subjected to Birch reduction. Li (1.4 g, 200 mmol) was added to a solution of 2-24 (30.4 g,
51 mmol calculated by the 'H NMR analysis) in a mixture of liquid NH3 (ca. 200 mL) and THF
(51 mL) at -78 °C. The mixture was stirred -78 °C for 35 min, and then solid NH4Cl was
slowly added until the blue color disappeared. After saturated aqueous NH4Cl (200 mL) was
added, the resultant mixture was stirred at 50 °C for 15 h. The same protocol was repeated by
using the other batch of impure 2-24 (30.4 g, 51 mmol). The two work-up solutions were
combined, and the resultant mixture was extracted with Et2O (200 mL x4). The combined
organic layers were washed with H2O (200 mL) and brine (200 mL), dried over NaxSOy4, filtered,
and concentrated. The residue was purified by flash column chromatography on silica gel
(500 g, hexane/EtOAc 50/1 to 10/1) to afford 2-24” (12.9 g, 31.1 mmol) and 2-24’ (15.6 g, 37.8
mmol) in 30% and 36% yield, respectively, over 2 steps. The structure of 2-24’ was
determined by the 'H-'H coupling constants. 2-24”: colorless oil; <5-2-overred.pld> [a]p?
-54 (¢ 0.12, CHClIs); <5-2-overred.jws> IR (neat) v 3493, 2944, 2867, 1463, 1377, 1102, 1065
cm’!; <5 -TIPS-overred-H-1.jdf, 5_-TIPS-overred.als> 'H NMR (400 MHz, CDCl3) & 1.03-
1.07 (25H, m, H12a, H18 and TIPS), 1.43 (1H, m, H11), 1.67 (3H, s, H17). 1.61-1.79 (3H, m,
H8, H12b and H13), 1.84-1.89 (1H, m, H14), 3.21 (1H, dd, J =9.2, 9.2 Hz, H9), 3.37 (3H, s,
OMe), 3.39 (3H, s, OMe), 3.54(1H, dd, J=10.1, 10.1 Hz, H7a), 3.89 (1H, dd, J=10.1, 3.2 Hz,
H7b), 4.00 (1H, d, J = 2.3 Hz, CH(OMe)2), 4.73, (1H, s, H16a), 4.85 (1H, s, H16b), 4.92 (1H,
s, OH); <TA-11-026-overred-C-2.jdf, TA-11-026-overred-C-2.als> *C NMR (100 MHz,
CDCl3) 6 11.6, 17.9, 18.3, 29.6, 38.2, 42 (the chemical shift was deduced from by the HMQC
spectrum), 45 (from the HMBC spectrum), 48 (the from the HMQC spectrum), 56.4, 57.2, 68.8,
81.1, 107.1, 114 (from the HMQC spectrum), 144 (from the HMBC spectrum), one *C peak
was not observed; <5-2-overred> HRMS (ESI) caled for C23H604SiNa 437.3058 [M+Na]",
found 437.3052. 2-24’: colorless oil; <5-tipsbirch(tal1027).p1d> [a]Jp** +11 (c 1.0, CHCI3);
<5-tipsbirch(tal1027).jws> IR (neat) v 2941, 2867, 1715, 1644, 1462, 1378, 1148, 1108, 1075
cm!; <TA-11-027-fr7-13-1.jdf, TA-11-027-fr7-13-1.als>'H NMR (400 MHz, CDCl3) § 0.99-
1.05 (24H, m, H18 and TIPS), 1.40 (1 H, ddd, J=13.3,13.3, 13.3 Hz, H12a), 1.75 (3H, s, H17).
2.11-2.19 (2H, m, H12b and H13), 2.36-2.42 (2H, m, H8 and H11), 2.51 (1H, dd, J=12.4, 12.4
Hz, H14), 3.41 (3H, s, OMe), 3.43 (3H, s, OMe), 3.75 (1H, dd, J = 9.6, 2.8 Hz, H7a), 3.87 (1H,
dd, J=9.6,5.5 Hz, H7b), 4.13 (1H, d, J = 2.3 Hz, CH(OMe)2), 4.82, (1H, d, J = 2.3 Hz, H16a),
4.90 (1H, m, H16b); <TA-11-027-tips-birch-C-1.jdf, TA-11-027-tips-birch-C-1.als> 3*C NMR
(100 MHz, CDCl3) 6 12.0, 12.2, 14.6, 17.7, 17.8, 18.0, 32.4, 42.3, 44.3, 50.7, 54.0, 56.5, 57.6,
59.4, 106.9, 114.9, 143.4, 210.9; <TA-11-027-HRMS-TIPSbirch> HRMS (ESI) calcd for
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C23H1404SiNa 435.2901 [M+Na]", found 435.2904.

OMe
k TPAP, NMO

' SoMe  MS4A, CH,Cl,

_ =

81%

’
’
’
‘r

HO

TIPSO~
2-24"

Ketone 2-24’. [TA-11-169]

Tetra-n-propylammonium perruthenate (TPAP, 1.1 g, 3.1 mmol) and N-methylmorpholine
oxide (NMO, 11.0 g, 93.9 mmol) were successively added to a suspension of 2-24” (12.9 g,
31.1 mmol) and MS4A (13.0 g) in CH2Cl2 (62 mL) at room temperature. The reaction mixture
was stirred at room temperature for 2 h, and then TPAP (500 mg, 1.42 mmol) and NMO (5.5 g,
47 mmol) were added.  After being stirred for 10 h, the reaction mixture was directly subjected
to flash column chromatography on silica gel (500 g, hexane/EtOAc 50/1 to 10/1) to afford 2-
24’ (10.4 g, 25.2 mmol) in 81% yield.

THF, -78 °C
89%

Vinyl ether 2-25. [TA-11-031]

t-BuLi (1.77 M in pentane, 86 mL, 150 mmol) was added to a solution of ethyl vinyl ether
(16 mL, 170 mmol) in THF (140 mL) at -78 °C. The mixture was warmed to 0 °C, stirred for
2 h, and then cooled to -78 °C. A solution of 2-24’ (15.8 g, 38.3 mmol) in THF (52 mL) was
added to the mixture. The reaction mixture was stirred at -78 °C for 40 min, and then saturated
aqueous NH4Cl (300 mL) was added. The resultant solution was extracted with Et2O (200 mL
x3), and the combined organic layers were washed with brine (300 mL), dried over Na2SOau,
filtered, and concentrated. The residue was purified by flash column chromatography on silica
gel (500 g, hexane/EtOAc 100/1 to 30/1) to afford 2-25 (16.5 g, 34.0 mmol) in 89% yield:
colorless oil; <6-TIPS-vinylether.pld> [a]p?* +14 (¢ 0.92, CHCIl3); <6-TIPS-vinylether.jws>
IR (neat) v 3468, 2942, 2869, 1643, 1620, 1463, 1379, 1102, 1076 cm™'; <6-TIPS-vinylether-
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1,jdf, 6-TIPS-vinylether-1.als> 'H NMR (400 MHz, CDCl3) 8 0.77 (3H, d, J = 6.4 Hz, H18),
1.00-1.06 (21H, m, TIPS), 1.25 (3H, t, J = 6.9 Hz, CH2CHs), 1.54-1.81 (5H, m, H8, H11, H12
and H13), 1.62 (3H, s, H17), 2.81 (1H, m, H14), 3.36 (3H, s, OMe), 3.42 (3H, s, OMe), 3.66
(1H, d, J = 8.7 Hz, H7a), 3.73 (2H, qd, J = 6.9, 1.8 Hz, CH2CHz), 3.89 (1H, d, J = 8.7 Hz, H7b),
4.08 (1H, d, J = 2.3 Hz, CH(OMe)2), 4.11 (1H, d, J = 1.8 Hz, CHAH=C(OFEt)) 4.42 (1H, s,
OH), 458 (1H, s, CHaHs=C(OFEt)), 4.89 (1H, s, H16a), 4.90 (1H, s, H16b); <6-TIPS-
vinylether-C-1.jdf, 6-TIPS-vinylether-C-1.als> '3C NMR (100 MHz, CDCl3) § 12.0, 12.2, 14.6,
15.4,17.7, 18.06, 18.10, 26.4, 36.3, 42.0, 43.2, 56.0, 57.0, 62.9, 63.7, 78.8, 82.6, 107.8, 115.7,
144.1, 164.8; <TA-11-017-TIPS-vinylether-HRMS> HRMS (ESI) calcd for C27Hs5205SiNa
507.3476 [M+Na]", found 507.3473.

CSA
benzene
EtO
CH(OMe)3, 80 °C
96% TIPSO™
2-26

Compound 2-26. [TA-11-175]

(+)-CSA (5.0 g, 22 mmol) was added to a solution of 2-25 (13.2 g, 27.3 mmol) in a mixture
of benzene (1.0 L) and CH(OMe)3 (170 mL) at room temperature. The reaction mixture was
warmed to 80 °C and stirred for 1.5 h, and then CSA (2.5 g, 11 mmol) was added. The reaction
mixture was stirred at 80 °C for further 1 h. After being cooled to 0 °C, the mixture was
poured into a mixture of H20 (500 mL) and saturated aqueous NaHCO3 (300 mL) at 0 °C. The
resultant solution was separated, and the aqueous phase was extracted with EtOAc (300 mL x2).
The combined organic layers were washed with saturated aqueous NaHCOs3 (300 mL), H20
(300 mL) and brine (300 mL), dried over Na>SOs4, filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel (500 g, hexane/EtOAc 100/1 to 50/1) to
afford 2-26 (11.9 g, 26.3 mmol) as a 1 : 1 diastereomeric mixture at C13’ position in 96% yield:
colorless oil; <7-tipsbicyclo(tal1033).pld> [a]p?® -21 (¢ 1.0, CHCIs); <7-tipsbicyclo
(tal1033).jws> IR (neat) v 2943, 2867, 1662, 1647, 1620, 1454, 1383, 1269, 1094, 1065, 1042
cm’!; <TA-11-033-fr5-8-1.jdf, TA-11-033-fr5-8-1.als> '"H NMR (400 MHz, CDCl3) § 0.73 (3H
x1/2, d, J =6.8 Hz, H18), 0.76-0.83 (1H, m, H12a), 0.83 (3H x1/2, d, J = 6.9 Hz, H18), 0.90-
1.10 (21H, m, TIPS), 1.268 (3H x1/2, t, J = 6.9 Hz, CH2CH3), 1.272 (3H x1/2, t, J = 6.9 Hz,
CH:2CH3), 1.30-1.36 (1H x1/2, m, H12a), 1.75 (3H x1/2, s, H17), 1.77 3H x1/2, s, H17), 1.78-
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1.82 (2H x 1/2, m, H12b and H13), 1.83-1.92 (3H x1/2, m, H11, H13), 2.07 (1H x1/2, ddd, J =
13.3, 11.0, 3.7 Hz, HI2b), 2.23-2.31 (3H x1/2, m, H8 and H14), 2.75 (1H x1/2, m, H14), 3.43
(3H x1/2, s, OMe), 3.46 (3H x1/2, s, OMe), 3.54-3.73 (8H x1/2, m, H7 and CH2CH3), 3.970
(1H x1/2, d, J = 1.4 Hz, CHAHB=C(OE)), 3.973 (1H x1/2, d, J = 1.8 Hz, CHAHs=C(OE)),
4.26 (1H x1/2,d, J = 1.4 Hz, CHAH=C(OEY)), 4.27 (1H x1/2, d, J = 1.8 Hz, CHAHs=C(OE)),
4.76 (1H x1/2, m, H13"), 4.78 (1H x1/2, d, J = 2.7 Hz, H13"), 4.83 (1H x1/2, s, H16a), 4.85
(1H x1/2, s, H16a), 4.93 (1H x1/2, m, H16b), 4.94 (1H x1/2, m, H16b); <TA-11-033-fr5-8-C-
1.jdf, TA-11-033-fr5-8-C-1.als> *C NMR (100 MHz, CDCl3) § 12.0, 14.4, 17.0, 17.6, 17.97,
17.99,21.9,23.4,23.8,28.2,31.8,32.2,33.6,34.1, 38.5,44.0,44.2,45.8, 53.8, 54.2, 62.5, 64.2,
65.2,77.69,77.73, 81.0, 81.2, 101.5, 102.6, 109.7, 110.2, 145.7, 147.0, 160.6, 160.8; <7-TIPS-
bicyclo-tal 1033> HRMS (ESI) calcd for C26Has04SiNa 475.3214 [M+Na]", found 475.3211.

MeO
m-CPBA e H
pH 7 buffer
EtO s,
CH4CN, 10 °C I :
TIPSO 55% TIPso”
2-26 227

Carboxylic acid 2-27. [TA-11-047]

m-CPBA (77% purity, 4.3 g 19 mmol) was to a solution of 2-26 (11.4 g, 25.2 mmol) in a
mixture of CH3CN (170 mL) and pH 7 phosphate buffer (84 mL) at 10 °C. The reaction
mixture was stirred at 10 °C for 30 min, and then m-CPBA (77% purity, 4.3 g 19 mmol) was
added. After 30 min at 10 °C, m-CPBA (77% purity, 2.2 g, 9.8 mmol) was added again. The
mixture was stirred at 10 °C for further 1.5 h, and then saturated aqueous NaHCO3 (200 mL),
saturated aqueous Na2S203 (50 mL) and brine (100 mL) were successively added. The
resultant solution was extracted with Et2O (300 mL x3), and the combined organic layers were
washed with saturated aqueous NaHCO3 (200 mL), H20O (200 mL) and brine (200 mL), dried
over NaxSOs, filtered, and concentrated. = The residue was purified by flash column
chromatography on silica gel (500 g, hexane/EtOAc 20/1 to 1/1) to afford 2-27 (5.87 g, 13.8
mmol) as a 1 : 1 diastereomeric mixture at C13’ position in 55% yield: colorless oil; <8-
carboxylicacid.pld> [a]p?® -24 (¢ 0.40, CHCl3); <8-carboxylicacid.jws> IR (neat) v 2943, 2867,
1719, 1647, 1462, 1382, 1106, 1044 cm’'; <8-carboxylicacid-H-1.jdf, 8-carboxylicacid-H-
1.als> "H NMR (400 MHz, CDCl3) § 0.87-0.92 (1H x1/2, m, H12a), 0.91 (3H x1/2,d, J= 6.9
Hz, H18), 0.99-1.04 (21H, m, TIPS), 1.01 (3H x1/2, m, H18), 1.38-1.44 (1H x1/2, m, H12a),
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1.74 3H x1/2, s, H17), 1.77 3H x1/2, s, H17), 1.79-1.86 (1H x1/2, m, H12b), 1.95 (1H x1/2,
m, H13), 2.00 (1H x1/2, m, H13), 2.02-2.14 (3H x1/2, m, H11, H12b), 2.22 (1H x1/2, brd, J =
6.5 Hz, H14),2.32 (1H, x1/2 ddd, J = 6.0, 5.5, 5.5 Hz, H8), 2.45 (1H x 1/2, brs, H14), 2.51 (1H
x1/2,ddd, J=7.8, 7.3, 4.6 Hz, HS), 3.49 (6H x1/2, s, OMe), 3.58 (1H x1/2,dd, J=9.6, 7.3 Hz,
H7a), 3.61 (1H x1/2,dd, J=10.4, 5.5 Hz, H7a), 3.66 (IHx 1/2,dd J=10.4, 5.5 Hz, H7b), 3.80
(1H x 1/2, dd, J = 9.6, 7.8 Hz, H7b), 4.85 (1H x1/2, s, H13"), 4.87 (1H x1/2, d, J = 2.3 Hz,
H13°), 4.88 (1H x1/2, s, H16a), 4.92 (1H x1/2, s, H16a), 5.00 (1H x1/2, s, H16b), 5.01 (1H
x1/2, s, H16b); <8-carboxylicacid-C-1.jdf, 8-carboxylicacid-C-1.als> *C NMR (100 MHz,
CDClI3) 6 11.85,11.90,16.9,17.5,17.9,21.5,23.1,23.4,27.6,33.4,34.0,34.3, 34.5, 37.7, 43.7,
455, 45.7, 55.0, 55.1, 63.4, 63.6, 80.2, 80.8, 102.6, 103.5, 110.8, 111.2, 143.4, 144.5, 172.5,
172.6; <8-carboxylicacid-HRMS> HRMS (ESI) calcd for C23H4205SiNa 449.2694 [M+Na]",
found 449.2700.

S — —
_ONa
MO, ___H CH;S0,Cl, EtN H @“
CH,Cl,, 0 °C ~ F
HO MsO
: DMAP
0] 2 toluene
TIPso” TIPso”
2-27 2-28
TBAF
CH3CN, 60 °C

13'(R)-2-30 13'(S)-2-30
(27%, 3 steps) (27%, 3 steps)

0,Se-Acetal 2-30. [TA-11-049, 050, 051]

CH3S02Cl (4.3 mL, 56 mmol) was added to a solution of 2-27 (5.87 g, 13.8 mmol) and EtsN
(17 mL, 120 mmol) in CH2Cl2 (140 mL) at 0 °C. The reaction mixture was stirred for 30 min
at 0 °C, and then pH 7 phosphate buffer (200 mL) was added. The resultant solution was
extracted with CH2Cl2 (200 mL x3), and the combined organic layers were washed with H20
(200 mL) and brine (200 mL), dried over Na2SOu, filtrated, and concentrated to afford crude 2-
28, which was used in the next reaction without further purification.

2-mercaptopyridine N-oxide sodium salt (F, 6.2 g, 42 mmol) and DMAP (339 mg, 2.77

mmol) were successively added to a solution of the above crude 2-28 in toluene (140 mL) at
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room temperature under argon atmosphere. The reaction mixture was stirred at room
temperature for 2 h, and then (PhSe)2 (12.9 g, 41.3 mmol) was added. The resultant mixture
was irradiated with a high pressure Hg lump for 1.5 h.  After the mixture was concentrated,
the resultant residue was purified by flash column chromatography on silica gel (250 g,
hexane/EtOAc 10/1) to afford crude 2-29, which was used in the next reaction without further
purification.

TBAF (1.0 M in THF, 55 mL, 55 mmol) was added to a solution of the above crude 2-29 in
CH3CN (140 mL) at room temperature. The reaction mixture was stirred at 60 °C for § h.
After the mixture was cooled to room temperature, saturated aqueous NH4CI (300 mL) was
added. The resultant solution was extracted with Et2O (200 mL x3), and the combined organic
layers were washed with H20 (200 mL) and brine (200 mL), dried over Na>SOs4, filtered, and
concentrated. The residue was purified by flash column chromatography on silica gel (250 g,
hexane/EtOAc 30/1 to 10/1) to afford 13°(R)-2-30 (1.40 g, 3.67 mmol) and 13°(S)-2-30 (1.41
g, 3.70 mmol) in 27% and 27% yields, respectively, over 3 steps. The C13’ configuration was
determined by the NOE experiment of 13°(S)-2-30. 13°(R)-2-30: colorless oil; <11-R-
selen(tal1051).p1d> [a]p'? -78 (¢ 0.49, CHCI3); <11-R-selen(tal1051).jws> IR (neat) v 3461,
2934, 2876, 1645, 1579, 1454, 1438, 1376, 1193, 1123, 1098 cm™'; <11-R-selen-1.jdf, 11-R-
selen-1.als> "H NMR (400 MHz, CDCIl3) § 1.29 (3H, d, J = 6.9, H18), 1.52 (1H, ddd, J = 10.1,
4.1,2.3 Hz, H12a), 1.75 (3H, s, H17), 1.75-1.80 (2H, m, H11 and 12b), 1.88 (1H, m, H13), 2.06
(1H, ddd, J=6.4, 5.0, 2.8, H8), 2.32 (1H, brd, J = 6.9 Hz, H14), 2.73 (1H, t, J = 6.4 Hz, OH),
3.44 (3H, s, OMe), 3.72 (1H, ddd, J=11.9, 6.4, 5.0 Hz, H7a), 4.07 (1H, brd, J = 11.9 Hz, H7b),
4.75 (1H, s, H16a), 4.76 (1H, d, J = 2.3 Hz, H13"), 4.97 (1H, s, H16b), 7.26-7.35 (3H, m,
aromatic), 7.70-7.72 (2H, m, aromatic); <11-R-selen-C-1.jdf, 11-R-selen-C-1.als> '3C NMR
(100 MHz, CDCl3) & 20.1, 23.4, 23.5, 33.2, 36.8, 45.3, 47.7, 54.8, 65.5, 92.6, 104.7, 111.0,
127.6, 128.4, 129.0, 136.3, 143.8; <11-R-selen-HRMS> HRMS (ESI) calcd for Ci19H2603SeNa
405.0939 [M+Na]", found 405.0945. 13°(S)-2-30: colorless oil; <11-S-selen(tal1051).p1d>
[a]p!® +21 (¢ 0.90 CHCl3); <11-S-selen(tal1051).jws> IR (neat) v 3466, 3075, 2931, 2871,
1644, 1577, 1476, 1451, 1438, 1378, 1213, 1104, 1030 cm!; <11-selen-shita-1.jdf, 111-selen-
shita.als> "H NMR (400 MHz, CDCls3) 6 1.05 (1H, dddd, J=13.7, 3.2, 3.2, 1.8 Hz, H12a), 1.19
(3H, d, J = 6.9 Hz, H18), 1.72 (3H, s, H17), 1.67-1.76 (1H, m, H11), 1.88 (1H, ddd, J = 4.6,
3.2, 1.8 Hz, H13), 2.06 (1H, ddd, J=13.7, 11.0, 3.2 Hz, H12b), 2.17 (1H, ddd, J = 6.4, 6.4, 4.6
Hz, HS), 2.64 (1H, m, H14), 2.94 (1H, m, OH), 3.45 (3H, s, OMe). 3.82 (1H, m, H7a), 4.09
(1H, m, H7b), 4.70 (1H, s, H16a), 4.85 (1H, d, J= 1.8 Hz, H13"), 4.95 (1H, s, H16b), 7.26-7.35
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(3H, m, aromatic), 7.72-7.74 (2H, m, aromatic); <TA-11-051-S-C-1.jdf, TA-11-051-S-C-1.als>
BC NMR (100 MHz, CDCls) § 21.1, 23.1, 28.7, 33.4, 35.9, 40.2, 48.2, 55.2, 65.7,91.7, 103.2,
110.6, 127.6, 128.4, 129.0, 136.2, 144.8; <11-S-selen-HRMS> HRMS (ESI) calcd for
C19H2603SeNa 405.0939 [M+Na]", found 405.0944.

M,e,/,O\ H SOj;-pyridine M/e,f)\ H
EtsN
PhSe : CH,Cl,, DMSO PhSe :
HO™ 0" H
2-30 80% for 13'(R)-2-7

80% for 13'(S)-2-7
Aldehyde 13’(R)-2-7. [TA-12-045]

SO3-pyridine (4.64 g, 29.2 mmol) was added to a solution of 13°(R)-2-30 (1.86 g, 4.88 mmol)
and EtsN (4.7 mL, 34 mmol) in a mixture of CH2Cl2 (41 mL) and DMSO (8.1 mL) at 0 °C.
The reaction mixture was warmed to room temperature and stirred for 1.5 h.  After the mixture
was cooled to 0 °C, saturated aqueous NH4Cl (100 mL) was added. The resultant solution
was extracted with E2O (50 mL x3), and the combined organic layers were washed with brine
(50 mL), dried over NaxSOs, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (50 g, hexane/EtOAc 50/1 to 20/1) to afford 13’(R)-2-7
(1.48 g, 3.90 mmol) in 80% yield: colorless oil; <12-R-aldehyde(tal1193).p1d> [a]p®® -72 (C
0.85, CHCIl3); <12-R-aldehyde(tal1193).jws> IR (neat) v 3418, 2935, 1716, 1645, 1455, 1438,
1375, 1194, 1098, 1021 cm™!; <12-R-aldehyde-ta-11-193-recolumn-1.jdf, 12-R-aldehyde-ta-11-
193-recolumn-1.als> '"H NMR (400 MHz, CDCI3) 6 1.34 (3H, d, J = 6.9 Hz, H18), 1.59-1.69
(2H, m, H11 and H12a), 1.70 (3H, s, H17), 1.79 (1H, dd, J = 12.8, 12.8 Hz, H12b), 2.03 (1H,
m, H13), 2.45 (1H, d, J= 6.4 Hz, H14), 2.73 (1H, dd, J = 6.4, 5.0 Hz, H8), 3.49 (3H, s, OMe),
4.72 (1H, s, H16a), 4.85 (1H, s, H13"), 4.93 (1H, s, H16b), 7.28-7.36 (3H, m, aromatic), 7.61-
7.64 (2H, m, aromatic), 9.75 (1H, d, J = 5.0 Hz, H7); <12-R-aldehyde-ta-11-193-recolumn-C-
1.jdf, 12-R-aldehyde-ta-11-193-recolumn-C-1.als> *C NMR (100 MHz, CDCls) 19.0, 22.9,
23.1, 32.6, 35.0, 43.3, 54.8, 57.4, 86.3, 104.6, 112.1, 126.3, 129.0, 129.1, 137.1, 142.2, 199.5;
<12-R-aldehyde-tal1193> HRMS (ESI) calcd for C19H2403SeNa 403.0783 [M+Na]*, found
403.0791.

Aldehyde 13°(S)-2-7. [TA-12-013]

According to the above synthetic procudure, 13°(5)-2-30 (2.48 g, 6.54 mmol) was

synthesized from 13°(S)-2-7 (3.10 g, 8.13 mmol) in 80% yield: colorless oil; <I12-S-
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aldehyde(ta12013).p1d> [a]p* +57 (¢ 1.2 CHCl3); <12-S-aldehyde(tal2013).jws> IR (neat) v
3417, 2959, 1715, 1644, 1450, 1439, 1212, 1102, 1021 cm'; <12-S-aldehyde-tal12013-1 jdf,
12-S-aldehyde-ta12013-1.als> '"H NMR (400 MHz, CDCl3) § 1.11 (1H, dddd, J=13.5, 5.0, 2.8,
2.3 Hz, H12a), 1.26 (3H, d, J = 6.8 Hz, H18), 1.67 (3H, s, H17), 1.63-1.70 (1H, m, H11), 2.02-
2.04 (1H, m, H13), 2.07 (1H, ddd, J=13.5, 10.5, 3.2 Hz, H12b), 2.67 (1H, dd, J = 4.6, 4.1 Hz,
HS), 2.83 (1H, brs, H14), 3.47 (3H, s, OMe). 4.56 (1H, s, H16a), 4.88 (1H, s, H16b), 4.91 (1H,
d,J=2.3 Hz, H13"), 7.28-7.36 (3H, m, aromatic), 7.60-7.63 (2H, m, aromatic), 9.86 (1H, d, J
= 4.1 Hz, H7); <12-S-aldehyde-ta-12013-C-1.jdf, 12-S-aldehyde-ta-12013-C-1.als> *C NMR
(100 MHz, CDCls) & 20.4, 22.6, 28.5, 33.0, 33.9, 38.5, 55.1, 56.4, 86.5, 103.1, 111.0, 126.1,
129.0, 129.1, 137.3, 143.6, 201.8; <12-S-aldehyde-HRMS> HRMS (ESI) calcd for
C19H2403SeNa 403.0783 [M+Na]", found 403.0792.

Li M,?O\ H
MeO, H ' Ac,0, DMAP
OLi 2-8 PhSe pyridine
PhSe Et,0, 78 °C oH 40°C
72N
0~ " H
OH
2-7 2.7
Pd(PPhs), MeO.___H
AcOK @
18-crown-6

., PhSe

THF, 65 °C Aco/j/

AcO

56% for 13'(R)-2-31"
45% for 13'(S)-2-31"

Allylic acetate 13’ (R)-2-31’ [TA-12-047, 051, 053]

t-BuLi (1.6 M in pentane, 25 mL, 40 mmol) was added to a solution of 2-bromo-2-propen-
1-0l (1.6 mL, 19 mmol) in Et2O (40 mL) at -78 °C over 10 min.  After the mixture was stirred
at -78 °C for 3 h, a solution of aldehyde 13’(R)-2-7 (1.48 g, 3.90 mmol) in Et2O (40 mL) was
added. The reaction mixture was stirred at -78 °C for 20 min, and then saturated aqueous
NH4C1 (100 mL) was added. The resultant solution was extracted with EtOAc (100 mL x4),
and the combined organic layers were washed with H2O (100 mL) and brine (100 mL), dried
over NaxSOs4, filtered, and concentrated. = The residue was purified by flash column
chromatography on silica gel (50 g, hexane/EtOAc 10/1 to 2/1) to afford impure 13°(R)-2-77,
which was used in the next reaction without further purification.
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DMAP (81 mg, 0.66 mmol) was added to a solution of the above impure 13’(R)-2-7" in a
mixture of Ac2O (11 mL) and pyridine (22 mL) at room tempareture. The reaction mixture
was warmed to 40 °C and stirred for 4 h. After the reaction was cooled to 0 °C, saturated
aqueous NH4Cl (50 mL) was added. The resultant solution was extracted with Et2O (30 mL
x4) and the combined organic layers were washed with H2O (50 mL x2) and brine (50 mL),
dried over NaxSOs, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (25 g, hexane/EtOAc 30/1 to 3/1) to afford impure 13°(R)-2-31,
which was used in the next reaction without further purification.

A solution of the above impure 13’(R)-2-31 in THF (28 mL) was added to a mixture of
Pd(PPh3)4 (324 mg, 280 umol), AcOK (550 mg, 5.60 mmol) and 18-crown-6 (740 mg, 2.80
mmol) in THF (63 mL) at room temperature. The reaction mixture was warmed to 65 °C and
stirred for 2 h.  After the mixture was cooled to room temperature, H2O (100 mL) was added.
The resultant solution was extracted with EtOAc (50 mL x3), and the combined organic layers
were washed with brine (50 mL), dried over NaxSOu, filtered, and concentrated. The residue
was purified by flash column chromatography on silica gel (50 g, hexane/EtOAc 30/1 to 10/1)
to afford 13°(R)-2-31" (1.13 g, 2.17 mmol) in 56% yield over 3 steps: yellow oil; <I15-R-
diAc.pld> [a]p® -52 (¢ 0.78 CHCI3); <15-R-diAc.jws> IR (neat) v 2935, 2875, 1739, 1455,
1438, 1372,1235, 1025 cm’!; <15-R-diAc-1.jdf, 15-R-diAc-1.als> '"H NMR (400 MHz, CDCl3)
6 1.34 (3H, d, J = 6.6 Hz, H18), 1.54 (1H, m, H12a), 1.69 (3H, s, H17), 1.77 (1H, m, H13),
1.84-1.92 (2H, m, H11 and H12b), 2.02-2.05 (1H, m, H14), 2.03 (3H, s, OAc), 2.07 (3H, s,
OAc), 2.78 (1H, dd, J=10.1, 6.2 Hz, H8), 3.50 (3H, s, OMe), 4.27 (1H, d, J = 12.6 Hz, H5a),
4.42 (1H, d, J = 12.6 Hz, H5b), 4.51 (1H, d, J = 12.6 Hz, H20a), 4.55 (1H, d, J = 12.6 Hz,
H20b), 4.73 (1H, s, H16a), 4.81 (1H, s, H13"), 4.95 (1H, s, H16b), 5.99 (1H, d, J = 10.1 Hz,
H7), 7.21-7.31 (3H, m, aromatic), 7.55-7.57 (2H, m, aromatic); <TA-06-005-fr16-21-C-1.jdf,
TA-06-005-fr16-21-C-1.als> *C NMR (100 MHz, CDCl3) § 20.6, 20.9, 21.0, 23.3, 23.7, 33.3,
36.7,46.0,50.7, 54.8, 60.1, 66.6,90.3, 104.3, 111.4, 126.6, 128.05, 128.14, 128.5, 136.6, 138.3,
143.2, 170.6, 170.7; <15-R-diAc> HRMS (ESI) calcd for C26H3406SeNa 545.1413 [M+Na]",
found 545.1413.

Allylic acetate 13’(S)-2-31° [TA-12-015, 019, 021]

According to the above synthetic procedure, 13°(S)-2-31" (1.48 g, 2.84 mmol) was
synthesized from 13°(S)-2-7 (2.40 g, 6.33 mmol) in 45% yield over 3 steps: yellow oil; ; <15-
S-diAc-tal2021.p1d> [a]p®® +7.9 (¢ 0.47 CHCIl3); <15-S-diAc-tal2021.jws> IR (neat) v 3074,
2932, 2871, 1739, 1645, 1454, 1439, 1372, 1225, 1104, 1025 cm’!; <15-S-diAc-ta12021-1.jdf,
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15-S-diAc-tal12021-1.als> '"H NMR (400 MHz, CDCl3) § 1.04 (1H, dddd, J=13.7, 5.0, 2.8, 2.8
Hz, H12a), 1.25 (3H, d, J=6.8 Hz, H18), 1.65 (3H, s, H17), 1.85 (1H, m, H13), 1.87-1.96 (1H,
m, H11), 2.01 (3H, s, OAc), 2.07 (3H, s, OAc), 2.12 (1H, ddd, J = 13.7, 10.5, 2.8 Hz, H12b),
2.52 (1H, brs, H14), 2.83 (1H, dd, J = 10.1, 4.6 Hz, H8), 3.48 (3H, s, OMe). 4.19 (1H, d, J =
12.4 Hz, H5a), 4.39 (1H, d, J = 12.4 Hz, H5b), 4.45 (1H, d, J = 13.3 Hz, H20a), 4.52 (1H, d, J
=13.3 Hz, H20b), 4.68 (1H, s, H16a), 4.87 (1H, d, J = 2.7 Hz, H13"), 4.94 (1H, s, H16D), 6.15
(1H, d, J = 10.1 Hz, H7), 7.21-7.32 (3H, m, aromatic), 7.55-7.58 (2H, m, aromatic); <15-S-
diAc-tal2021-C-1.jdf, 15-S-diAc-tal2021-C-1.als> *C NMR (100 MHz, CDCl3) § 20.9, 21.0,
21.5,23.3,28.9,33.0,35.6,44.3, 45.6, 54.8, 60.3, 66.8, 90.2, 103.0, 110.5, 125.8, 128.2, 128.5,
136.7, 138.6, 144.5, 170.8, two *C peaks were not observed due to overlap with other peaks;
<15-S-diAc-tal2021> HRMS (ESI) calcd for CasH3406SeNa 545.1413 [M+Na]", found
545.1391.

71% for 13'(R)-2-32
80% for 13'(S)-2-32

Allylic alcohol 13’(R)-2-32 [TA-12-055]

K2COs3 (897 mg, 6.50 mmol) was added to a solution of 13°(R)-2-31" (1.13 g, 2.17 mmol) in
MeOH (22 mL) at room temperature. The reaction mixture was stirred at room temperature
for 5 h. After the reaction mixture was cooled to 0 °C, H2O (50 mL) was added. The
resultant solution was extracted with EtOAc (50 mL x4), and the combined organic layers were
washed with brine (50 mL), dried over Na>SOs, filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel (25 g, hexane/EtOAc 10/1 to 3/1) to
afford 13°(R)-2-32 (680 mg, 1.55 mmol) in 71% yield: colorless oil; <16-R-diol.p1d> [a.]p* -
80 (c 0.35 CHCIs); <16-R-diol.jws> IR (neat) v 3406, 2931, 2873, 1456 1438, 1375, 1193, 1118,
1095, 1026 cm™;'H NMR (400 MHz, CDCl3) § 1.36 (3H, d, J = 6.8 Hz, H18), 1.58 (1H, m,
H12a), 1.71 (3H, s, H17), 1.81 (1H, m, H13), 1.90 (1H, dd, J=12.8, 11.4 Hz, H12b), 1.99 (1H,
dqd, J=11.4, 6.8,3.2 Hz, HI1), 2.05 (1H, d, J = 6.4 Hz, H14), 2.82 (1H, dd, J = 10.5, 6.4 Hz,
H8), 3.53 (3H, s, OMe), 3.85 (1H, d, J = 12.4 Hz, H5a), 3.98 (1H, d, J = 12.4 Hz, H5D), 4.05
(1H, d, J = 13.3 Hz, H20a), 4.10 (1H, d, J = 13.3 Hz, H20b), 4.81 (1H, s, H16a), 4.83 (1H, s,
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H13’), 5.01 (1H, s, H16b), 5.58 (1H, d, J = 10.2 Hz, H7), 7.23-7.30 (3H, m, aromatic), 7.56-
7.59 (2H, m, aromatic); '*C NMR (100 MHz, CDCls) 8 20.6, 23.5, 23.6, 33.3, 37.2, 46.6, 50.9,
54.8, 59.7, 66.6, 91.4, 104.4, 111.1, 127.8, 128.5, 129.2, 131.7, 135.5, 136.0, 144.1; HRMS
(ESI) caled for C22H3004SeNa 461.1202 [M+Na]", found 461.1194.

Allylic alcohol 13°(S)-2-32. [TA-12-023]

According to the above synthetic procedure, 13°(S)-2-32 (974 mg, 2.23 mmol) was
synthesized from 13°(S)-2-31" (1.45 g, 2.78 mmol) in 80% yield: colorless oil; <16-S-
diol(tal1065).p1d> [a]p* -38 (¢ 1.2 CHCl3); <16-S-diol.jws> IR (neat) v 3410, 2929, 2870,
1644, 1577, 1451, 1438, 1376, 1211, 1105, 1026 cm™'; '"H NMR (400 MHz, CDCl3) § 1.08 (1H,
dddd, J=13.8, 4.6, 2.3, 1.8 Hz, H12a), 1.26 (3H, d, J = 6.8 Hz, H18), 1.66 (3H, s, H17), 1.86
(1H, m, H13), 1.97 (1H, dqd, J=10.5, 6.8, 4.6 Hz, H11), 2.15 (1H, ddd, J=13.8, 10.5, 3.2 Hz,
H12b), 2.55 (1H, m, H14), 2.87 (1H, dd, J=10.5, 5.0 Hz, H8), 3.50 (3H, s, OMe), 3.85 (1H, d,
J=12.4 Hz, H5a), 3.98 (1H, d, J = 12.4 Hz, H5b), 4.02 (1H, d, J = 13.7 Hz, H20a), 4.05 (1H,
d, J=13.7 Hz, H20b), 4.77 (1H, s, H16a), 4.90 (1H, d, J =2.3 Hz, H13"), 4.99 (1H, s, H16b),
5.76 (1H, d, J = 10.5 Hz, H7), 7.23-7.32 (3H, m, aromatic), 7.58-7.61 (2H, m, aromatic); °C
NMR (100 MHz, CDCl3) 6 21.5, 23.3, 29.0, 33.0, 36.2, 44.4, 46.5, 55.0, 59.8, 67.0,91.1, 103.1,
110.5, 127.9, 128.5, 129.0, 132.5, 134.8, 136.1, 145.0; HRMS (ESI) calcd for C22H3004SeNa
461.1202 [M+Na]", found 461.1188.

TIPSCI
imidazole
CH,Cl,

2-32 72% for 13'(R)-2-33
69% for 13'(S)-2-33

TIPS ether 13’(R)-2-33 [TA-12-061]

TIPSCI (330 uL, 1.54 mmol) was added to a solution of 13’(R)-2-32 (680 mg, 1.55 mmol)
and imidazole (318 mg, 4.67 mmol) in CH2Cl2 (16 mL) at 0 °C. The reaction mixture was
warmed to room temperature and stirred for 6 h, and then saturated aqueous NH4ClI (50 mL)
was added. The resultant solution was extracted with EtOAc (50 mL x3), and the combined
organic layers were washed with brine (100 mL), dried over Na>SOu, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (25 g, hexane/EtOAc
50/1 to 30/1) to afford 13’(R)-2-33 (663 mg, 1.12 mmol) in 72% yield: colorless oil; <17-R-
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TIPS-tal2017.p1d> [a]p® -34 (¢ 1.4, CHCl3); <17-R-TIPS-tal2017.jws> IR (neat) v 3435,
2943, 2890, 2866, 1645, 1463, 1375, 1194, 1119, 1096 cm™'; 'H NMR (400 MHz, CDCl3)
6 1.05-1.10 (21H, m, TIPS), 1.35 (3H, d, J = 6.9 Hz, H18), 1.56 (1H, ddd, J = 12.8, 3.2, 1.8,
1.8 Hz, H12a), 1.69 (3H, s, H17), 1.77 (1H, m, H13), 1.87 (1H, ddd, J = 12.8, 11.0, 1.8 Hz,
H12b), 1.94 (1H, dqd, J=11.0, 6.9, 3.2 Hz, H11), 2.03 (1H, d, J = 6.4 Hz, H14), 2.72 (1H, dd,
J=10.1, 6.4 Hz, H8), 3.50 (3H, s, OMe), 3.85 (1H, d, J = 12.4 Hz, H5a), 3.96 (1H, d, J = 12.4
Hz, H5b), 4.25 (1H, d, J=11.9 Hz, H20a), 4.33 (1H, d, J=11.9 Hz, H20b), 4.76 (1H, s, H16a),
4.80 (1H, s, H13’), 4.99 (1H, s, H16b), 5.73 (1H, d, J = 10.1 Hz, H7), 7.20-7.30 (3H, m,
aromatic), 7.56-7.59 (2H, m, aromatic); '*C NMR (100 MHz, CDCl3) § 11.9, 18.0, 20.7, 23.4,
23.6, 33.5, 36.8,45.5,51.2, 54.8, 59.9, 67.9, 91.3, 104.5, 111.3, 128.07, 128.13, 128.6, 131.4,
134.9, 136.6, 144.0; HRMS (ESI) caled for C3iHs004SeSiNa 617.2536 [M+Na]®, found
617.2516.

TIPS ether 13’(S)-2-33 [TA-12-025]

According to the above synthetic procedure, 13°(S)-2-33 (915 mg, 1.54 mmol) was
synthesized from 13°(5)-2-32 (974 mg, 2.23 mmol) in 69%: colorless oil; <17-S-TIPS.p1d>
[a]p?® +28 (¢ 0.46 CHCl3); <17-S-tips.jws> IR (neat) v 3501, 2941, 2865, 1645, 1577, 1462,
1375, 1211, 1107, 1028 cm™'; '"H NMR (400 MHz, CDCl3) & 1.04-1.17 (22H, m, H12a and
TIPS), 1.27 (3H, d, J = 6.9 Hz, H18), 1.65 (3H, s, H17), 1.82 (1H, m, H13), 1.92 (1H, dqd, J =
11.5,6.9,4.6 Hz, H11), 2.13 (1H, ddd, J = 13.7, 11.5, 3.6 Hz, H12b), 2.24 (1H, br, OH), 2.57
(1H, m, H14), 2.74 (1H, dd, J=10.1, 5.0 Hz, HR), 3.47 (3H, s, OMe), 3.81 (1H, d, J=12.8 Hz,
H5a), 3.91 (1H, d, J=12.8 Hz, H5b), 4.21 (1H, d, J=11.9 Hz, H20a), 4.31 (1H, d, J=11.9 Hz,
H20b), 4.70 (1H, s, H16a), 4.87 (1H, d, J=2.3 Hz, H13"),4.97 (1H, s, H16b), 591 (1H, d, J=
10.1 Hz, H7), 7.21-7.30 (3H, m, aromatic), 7.56-7.59 (2H, m, aromatic); '*C NMR (100 MHz,
CDCl3) 6 11.9, 18.0,21.8,23.3, 28.8,33.2,35.9,44.4,45.4,54.9, 60.1, 68.0,91.1, 103.0, 110.5,
128.1, 128.6, 131.7, 134.2, 136.6, 145.1, one '3C peak was not observed due to overlap with
other peaks; HRMS (ESI) caled for C31Hs004SeSiNa 617.2536 [M+Na]", found 617.2522.

(n-Bu3zSn),
Pd(PPh3),
toluene reflux
SnBu3
2-6' 2-6

Vinyl stannane 2-6. [TA-11-197]
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(n-BusSn)2 (40 mL, 79 mmol) was added to a mixture of 2-6” (8.30 g, 39.9 mmol) and
Pd(PPh3)s (2.30 g, 1.99 mmol) in toluene (200 mL) at room temperature. =~ The reaction
mixture was heated to reflux temperature and stirred for 1 day. After the mixture was cooled
to room tempareture, 10% aqueous KF (100 mL) and saturated aqueous NH4Cl1 (100 mL) were
succsesively added. The resultant solution was filtrated, and the filtrate was separated. The
resultant aqueous layer was extracted with hexane (100 mL x2), and the combined organic
layers were washed with saturated aqueous Na2S203 (100 mL), 10% aqueous KF (100 mL) and
brine (100 mL), dried over Na2SOu, filtered, and concentrated. The residue was purified twice
by flash column chromatography on silica gel (500 g, hexane to hexane/EtOAc 30/1) to afford
2-6 (11.4 g, 30.7 mmol) in 77% yield. The analytical data of 2-6 was identical to those

O ; “SnBus
o MeO,

reported previously.S!

MeQO )J\ MeQO
2-6

Cl,C~ “CCls
PPh, Pd(PPhs),

CH,CI K,CO», DMF

Ho/j/ 22 Cl/j/ 22 0%

TIPSO TIPSO mo
2-33 2-34

g 60% for 13'(R)-2-4
OCU 4% for 13/(S)-2-4

s
T

’
’
’
‘

Compound 13’(R)-2-4.[TA-12-065, 067]

(CCI3)2CO0 (0.34 mL, 1.9 mmol) was added to a mixture of 13°(R)-2-33 (663 mg, 1.12 mmol)
and PPh3 (588 mg, 2.24 mol) in CH2Cl2 (11 mL) at 0 °C.  The reaction mixture was warmed
to room temperature and stirred for 1 h.  After the reaction mixture was diluted with a mixture
of hexane/EtOAc (10:1), the resultant solution was filtrated through a pad of SiO2 (25 g,
hexane/EtOAc 10/1). The filtrate was concentrated to afford crude 13°(R)-2-34, which was
used in the next reaction without further purification,

A solution of the above crude 13°(R)-2-34 and 2-6 (1.66 g, 4.47 mmol) in DMF (11 mL) was
added to a mixture of Pd(PPh3)4 (129 mg, 112 umol), CuTC (641 mg, 3.36 mmol) and K2CO3
(155 mg, 1.12 mmol) in DMF (11 mL) at 0 °C. The reaction mixture was stirred at 0 °C for
2.5 h, and then 10% aqueous KF (50 mL) and saturated aqueous NH4Cl (50 mL) were
successively added. The resultant solution was diluted with EtOAc (50 mL), stirred for 1 h
and filtrated through short pad of Celite with EtOAc. The filtrate was extracted with EtOAc
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(50 mL x3), and the combined organic layers were dried over NaxSOu, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (25 g, hexane/EtOAc
50/1 to 20/1) to afford 13°(R)-2-4 (441 mg, 670 pumol) in 60% yield over 2 steps: colorless oil;
<19-R-enone-tal2033.pld> [a]p** -59 (¢ 0.90, CHCI3); <19-R-enone-tal2033.jws> IR (neat)
v 2942, 2865, 1704, 1461. 1439, 1237, 1193, 1119, 1096, 1028 cm™'; 'H NMR (400 MHz,
CDCl3) 6 1.04-1.08 (21H, m, TIPS), 1.19 (3H, d, J = 6.8 Hz, H18), 1.48 (1H, dddd, J = 13.0,
4.1, 2.8, 1.4 Hz, H12a), 1.64 (3H, s, H17), 1.72 (1H, m, H13), 1.82 (1H, ddd, J = 13.0, 11.4,
1.4 Hz, H12b), 1.95 (1H, dqd, J=11.4, 6.8, 4.1 Hz, H11), 2.07 (1H, d, J = 4.6 Hz, H14), 2.36
(2H, m, H2), 2.46 (2H, m, H1), 2.66 (1H, dd, J =17.0, 1.8 Hz, H5a), 2.78 (1H, dd, J = 10.1,
5.5 Hz, HS), 2.86 (1H, d,J=17.0 Hz, H5b), 3.46 (3H, s, OMe), 4.07 (1H, d, J= 12.8 Hz, H20a),
4.12 (1H, d, J = 12.8 Hz, H20b), 4.76 (1H, s, H16a), 4.82 (1H, s, H13"), 4.89 (1H, s, H16b),
590(1H,d,J=9.6 Hz, H7), 7.19-7.27 (4H, m, H10 and aromatic), 7.58-7.61 (2H, m, aromatic);
BC NMR (125 MHz, CDCl3) § 12.0, 18.1, 20.8, 23.6, 23.7, 23.8, 26.3, 33.6, 34.5, 37.7, 45.7,
51.4, 54.9, 67.0, 91.4, 104.4, 111.3, 127.7, 128.4, 129.1, 130.6, 133.3, 136.3, 143.7, 144.4,
158.3, 209.3; HRMS (ESI) calcd for C3sHs404SeSiNa 681.2849 [M+Na]", found 681.2874.
Compound 13°(S)-2-4. [TA-12-037, 039]

According ot the above synthetic procedure, 13°(S)-2-4 (430 mg, 654 umol) was synthesized
from 13°(S)-2-33 (722 mg, 1.22 mmol) in 54% yield over 2 steps: colorless oil; <19-S-
enoneOSe.pld>[a]p?? -19 (€ 0.63 CHCl3); <19-S-enoneOSe.jws> IR (neat) v 2941, 2865, 1704,
1644, 1462, 1375, 1238, 1211, 1108, 1063, 1027 cm’'; '"H NMR (400 MHz, CDCl3) § 0.97 (1H,
dddd,J=13.7,5.0,2.6,2.3 Hz, H12a), 1.05-1.08 (21H, m, TIPS), 1.15 (3H, d, J=6.9 Hz, H18),
1.59 (3H, s, H17), 1.80 (1H, m, H13), 1.91 (1H, dqd, J=10.5, 6.9, 5.0 Hz, H11), 2.08 (1H, ddd,
J=13.7,10.5, 3.2 Hz, H12b), 2.31-2.36 (2H, m, H2), 2.40-2.43 (2H, m, H1), 2.54 (1H, brs,
H14),2.62 (1H,d, J=17.0 Hz, H5a), 2.73 (1H, d, J = 17.0 Hz, H5b), 2.74 (1H, dd, J = 9.6, 4.1
Hz, HS), 3.49 (3H, s, OMe), 4.01 (1H, d, J = 12.8 Hz, H20a), 4.07 (1H, d, J = 12.8 Hz, H20b),
4.67 (1H, s, H16a), 4.847 (1H, s, H13"), 4.852 (1H, s, H16b), 6.07 (1H, d, J=9.6 Hz, H7), 7.17
(1H, m, H10), 7.20-7.29 (3H, m, aromatic), 7.56-7.59 (2H, m, aromatic); '*C NMR (100 MHz,
CDCl) ¢ 12.0, 18.1, 21.7, 23.3, 24.0, 26.3, 29.2, 33.1, 34.6, 36.3, 44.6, 45.6, 54.8, 67.3, 91 4,
103.1, 110.6, 127.8, 128.4, 128.9, 130.9, 132.5, 136.2, 144.6, 144.8, 158.2, 209.4; HRMS (ESI)
calcd for C36Hs404SeSiNa 681.2849 [M+Na]", found 681.2821.
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C (V-40)
Vi (TMS),SiH
toluene, reflux
OTIPS
o)
2-4 69% for 13'(R)-2-2

60% for 13'(S)-2-2

Compound 13’(R)-2-2. [TA-12-083]

A solution of 13’(R)-2-4 (420 mg, 638 pumol) and V-40 (39 mg, 0.16 mmol) in toluene (100
mL) was degassed by freeze-thaw procedure (x3). The reaction mixture was heated to reflux
temperature, and a degassed solution of V-40 (40 mg, 0.16 mmol) and (TMS)3SiH (1.0 mL, 3.2
mmol) in toluene (27 mL) by freeze-thaw procedure (x3) was added over 2 h. The reaction
mixture was stirred at 110 °C for 1 h. After being cooled to room temperature, the mixture
was concentrated. The residue was purified twice by flash column chromatography on silica
gel (25 g, hexane/EtOAc 100/1 to 30/1; 25 g, CH2Cl2) to afford 13°(R)-2-2 (220 mg, 438 umol)
in 69% yield: colorless oil; <20-R-radcyc-tal2083.pld> [a]p®® -62 (¢ 1.1 CHCIl3); <20-R-
radcyc-tal2083.jws> IR (neat) v 2945, 2867, 1739, 1645, 1463, 1383, 1244, 1124, 1088, 1035
cm’!; TH NMR (400 MHz, CDCls) 6 1.00-1.08 (21H, m, TIPS), 1.11 (3H, d, J = 6.8 Hz, H18),
1.41 (1H, ddd, J=11.0, 3.7, 1.4 Hz, H12a), 1.61, (1H, dd, J = 12.4, 10.6 Hz, H1a), 1.73, (3H,
s, H17), 1.75-1.91 (4H, m, H1b, H11, H12b and H13), 1.94, (1H, dd, J = 14.2, 2.7 Hz, H5a),
2.01 (1H,d,J=9.6 Hz, H14), 2.21-2.25 (2H, m, H2), 2.49-2.57 (2H, m, H4 and H8), 2.89 (1H,
ddd,J=12.4,12.4,7.8 Hz, H10), 3.01 (1H, dd, J=14.2, 6.0 Hz, H5b), 3.43 (3H, s, OMe), 3.92
(1H, d, J = 14.6 Hz, H20a), 3.96 (1H,d, J = 14.6 Hz, H20b), 4.73 (1H, d, J = 2.3 Hz, H13"),
491, (1H, s, H16a), 4.98, (1H, s, H16b), 5.60 (1H, m, H7); *C NMR (100 MHz, CDCls) § 12.0,
17.4,18.0,22.5,23.3,23.5,25.8,34.2,35.2,39.0,41.1,44.2,48.1,51.1,54.1,67.4, 78.3, 102.8,
110.0, 123.1, 135.8, 143.6, 222.1; HRMS (ESI) caled for C30Hs004SiNa 525.3371 [M+Na]",
found 525.3385.

Compound 13°(S)-2-2. [TA-11-091]

According to the above synthetic procedure, 13°(S)-2-2 (138 mg, 274 umol) was synthesized
from 13°(S)-2-4 (300 mg, 456 umol) in 60% yield. The structure was detremined by the NOE
experiment: colorless oil; <S-radicalcyc.pld> [a]p?' -26 (¢ 0.75 CHCI3); <S-radicalcyc.jws>
IR (neat) v 2943, 2866, 1739, 1644, 1462, 1382, 1248, 1217, 1114, 1096 cm™'; '"H NMR (400
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MHz, CDCl5) § 1.01-1.03 (24H, m, H18 and TIPS), 1.62-1.68 (1H, m, H1a), 1.72 3H, s, H17),
1.74-1.90 (4H, m, H1b, H11, H12a and H13), 1.96, (1H, dd, J = 14.6, 3.4 Hz, H5a), 2.12 (1H,
ddd, J = 14.0, 11.2, 2.8 Hz, H12b), 2.21-2.26 (2H, m, H2), 2.47 (1H, m, H8), 2.56 (1H, ddd, J
=11.5,5.7, 3.4 Hz, H4), 2.62 (1H, d, J = 8.9 Hz, H14), 2.87 (1H, J = 11.5, 11.5, 7.8 Hz, H10),
3.15 (1H, dd, J = 14.6, 5.7 Hz, H5b), 3.45 (3H, s, OMe), 3.95 (2H, s, H20), 4.81 (1H, d, J=1.8
Hz, H13), 4.85 (1H, s, H16a), 4.97, (1H, s, H16b), 5.54, (1H, m, H7); 3C NMR (100 MHz,
CDCLs) § 12.0, 18.0, 18.8, 23.1, 23.4, 25.8, 28.2, 34.7, 35.3, 39.0, 41.2, 43.1, 44.3, 48.2, 55.2,
67.4, 78.2, 101.3, 109.4, 123.3, 135.4, 144.6, 221.9; HRMS (ESI) caled for C30Hs004SiNa
525.3371 [M+Na]", found 525.3385.

i-PrNLi [CH2=NMe,]"I
THF, -78 °C; CHyCly;
TMSCI 5 SiO,
TMSO H hexane/EtOAc O H

63% for 13'(R)-2-35
65% for 13'(S)-2-35

Enone 13’(R)-2-35 [TA-12-085, 086]

n-BuLi (1.6 M in hexane, 0.90 mL, 1.4 mmol) was added to a solution of i-Pr2NH (0.23 mL,
1.6 mmol) in THF (2.8 mL) at -78 °C. The mixture was warmed to 0 °C, stirred for 30 min
and then cooled to -78 °C. A solution of 13°(R)-2-2 (144 mg, 286 umol) in THF (2.9 mL) was
added. The reaction mixture was stirred at -78 °C for 1 h, and then TMSCI (0.29 mL, 2.3
mmol) was added. The reaction mixture was warmed to 0 °C and stirred for 1.5 h, and then
pH 7 phosphate buffer (20 mL) was added. The resultant solution was extracted with EtOAc
(10 mL x3), and the combined organic layers were washed with brine (10 mL), dried over
NaxS0s, filtrated, and concentrated to afford crude 13°(R)-2-2°, which was used in the next
reaction without further purification.

N,N-Dimethylmethyleneiminium iodide (530 mg, 2.86 mmol) was added to a solution of the
above crude 13’(R)-2-2’ in CH2Cl2 (5.7 mL) at room temperature. The reaction mixture was
stirred at room temperature for 16 h, and then saturated aqueous NaHCO3 (10 mL) was added.
The resultant solution was extracted with EtOAc (10 mL x4), and the combined organic layers
were washed with brine (10 mL), dried over Na2SOs, filtrated, and concentrated. SiO2 (5 g)
and a 10 : 1 mixture of hexane/EtOAc (10 mL) was successively added to the residue. The

mixture was stirred for 5 h, filtrated with EtOAc, and concentrated. The residue was purified
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by flash column chromatography on silica gel (5 g, hexane/EtOAc 100/1 to 20/1) to afford
13°(R)-2-35 (92.4 mg, 180 umol) in 63% yield over 2 steps: colorless oil; <23-R-exo-
tal12086.p1d> [a]p** -41 (¢ 1.2 CHCl3); <23-R-exo-tal2086.jws> IR (neat) v 2949, 2866, 1718,
1638, 1463, 1383, 1253, 1144, 1132 cm™'; '"H NMR (400 MHz, CDCl3) § 0.90-1.01 (21H, m,
TIPS), 1.10 (1H, d, J = 6.9 Hz, H18), 1.42 (1H, ddd, J = 12.4, 3.7, 1.8 Hz, H12a), 1.74 (3H, s,
H17), 1.75-1.83 (2H, m, H11 and H12b), 1.86 (1H, m, H13), 1.99 (1H, ddd, J=14.4,2.7, 1.4
Hz, HS5a), 2.03 (1H, d, J=9.6 Hz, H14), 2.44 (1H. dddd, J=17.0, 11.4, 2.8, 2.8 Hz, H1a), 2.54
(1H, dd, J=9.6, 6.0 Hz, H8), 2.60 (1H, dddd, J =17.0, 9.2, 1.8, 1.8 Hz, H1b), 2.69 (1H, ddd,
J=11.0,5.5,2.7 Hz, H4), 2.87 (1H, ddd, J=11.4, 11.0, 9.2 Hz, H10), 3.14 (1H, dd, J = 14.4,
5.5 Hz, H5b), 3.44 (3H, s, OMe), 3.88 (1H, brd, J=15.6 Hz, H20a), 3.92 (1H, brd, J = 15.6 Hz,
H20b), 4.75 (1H, d, J= 1.8 Hz, H13"), 491 (1H, s, H16a), 4.98 (1H, m, H16b), 5.23 (1H, m,
H19a), 5.59 (1H, ddd, J = 6.0, 1.8, 1.8 Hz, H7), 5.93 (1H, m, H19b); *C NMR (100 MHz,
CDCl3) 6 12.0, 17.4, 18.0, 22.4, 23.3, 27.3, 30.9, 34.3, 35.5, 37.8, 43.8, 49.3, 51.0, 54.1, 67.4,
78.4, 102.7, 110.0, 117.1, 123.3, 135.7, 143.6, 145.2, 211.0, HRMS (ESI) calcd for
C31H5004SiNa 537.3371 [M+Na]", found 537.3366.
Enone 13°(S)-2-35. [TA-12-087, 088]

ccording to the above synthetic procedure, 13°(S)-2-35 (89.0 mg, 173 umol) was synthesized
from 13°(5)-2-2 (133 mg, 265 umol) in 65% yield over 2 steps: colorless oil; <S-exoenone-TA-
10-179.p1d> [a]p'” -45 (€ 0.77 CHCI3); <S-exoenone.jws> IR (neat) v 2942, 2865, 1720, 1640,
1454, 1382, 1139, 1100, 1036 cm';'H NMR (400 MHz, CDCl3) & 0.98-1.07 (25H, m, H12a,
H18 and TIPS), 1.71-1.1.77 (1H, m, H11), 1.72 (3H, s, H17), 1.83 (1H, m, H13), 2.00 (1H, dd,
J=14.4, 3.2 Hz, H5a), 2.12 (1H, ddd, J = 13.7, 11.0, 2.3 Hz, H12b), 2.45-2.52 (2H, m, Hla
and HS), 2.56-2.65 (2H, m, H1b and H14), 2.71 (1H, ddd, J = 11.0, 6.0, 3.2 Hz, H4), 2.86 (1H,
ddd,J=11.4,11.0,9.6 Hz, H10), 3.27 (1H, dd, J = 14.4, 6.0 Hz, H5b), 3.46 (3H, s, OMe), 3.88
(1H, d, J = 14.7 Hz, H20a), 3.93 (1H, d, J = 14.7 Hz, H20b), 4.81 (1H, d, J = 1.8 Hz, H13"),
4.85 (1H, s, H16a), 4.97 (1H, s, H16b), 5.23 (1H, m, H19a), 5.53 (1H, m, H7), 5.93 (1H, m,
H19); 3C NMR (100 MHz, CDCl3) § 12.0, 18.0, 18.8, 23.1, 27.3, 28.1, 30.8, 34.9, 35.5, 37.9,
43.1,44.0,49.4,55.2,67.5,78.2,101.3,109.4, 117.2, 123.5, 135.3, 144.6, 145.1, 210.9; HRMS
(ESI) calcd for C31Hs004SiNa 537.3371 [M+Na]", found 537.3369.
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RhC|3'nH20
EtOH
pH 7 buffer

110 °C

2-35 68% for 13'(R)-2-36
75% for 13(S)-2-36

Enone 13’(R)-2-36. [TA-12-093]

RhCI3-nH20 (Rh 38-40%, 13.1 mg, 50.9 umol) was added to a solution of 13’(R)-2-35 (87.4
mg, 170 umol) in a mixture of EtOH (14 mL) and pH 7 phosphate buffer (2.8 mL) at room
temperature. The reaction mixture was heated to 110 °C and stirred for 25 min. After the
reaction mixture was cooled to room temperature, RhCl3-nH20 (Rh 38-40%, 13.1 mg, 50.9
umol) was added. The reaction mixture was heated to 110 °C and stirred for 20 min.  After
being cooled to room temperature, the reaction mixture was filtrated through a short pad of
Celite with EtOAc. The filtrate was concentrated, and the resultant residue was purified by
flash column chromatography on silica gel (5 g, hexane/EtOAc 50/1 to 20/1) to afford 13’(R)-
2-36 (59.4 mg, 115 pumol) in 68% yield: colorless oil; <24-R-endo-ta12099.p1d> [a]p®® -73 (C
1.0 CHCIl3); <24-R-endo-tal2099.jws> IR (neat) v 2943, 2866, 1705, 1644, 1463, 1380, 1192,
1126, 1092, 1034 cm™;'"H NMR (400 MHz, CDCI3) 6 0.99-1.04 (21H, m, TIPS), 1.13 (3H, d,
J=6.6 Hz, H18), 1.44 (1H, m, H12a), 1.72, (3H, s, H17), 1.74 (3H, m, H19), 1.77-1.94 (3H,
m, H11, H12b and H13), 2.00 (1H, m, H14), 2.03 (1H, dd, J=14.6, 4.1 Hz, H5a), 2.18 (1H, m,
H8), 2.67 (1H, ddd, J = 6.4, 4.1, 4.1 Hz, H4), 3.15 (1H, br d, J = 14.6 Hz, H5b), 3.35 (1H, m,
H10), 3.45 (3H, s, OMe), 3.94 (2H, s, H20), 4.72 (1H, s, H13"), 4.84 (1H, s, H16a), 4.97 (1H,
s, H16b), 5.31 (1H, m, H7), 7.10 (1H, brs, H1); 1*C NMR (100 MHz, CDCl3) § 10.4, 12.0, 17.4,
17.97, 17.99, 23.0, 23.2, 26.0, 34.0, 34.7, 44.8, 45.5, 48.3, 51.9, 54.6, 67.8, 77.9, 102.6, 110.0,
123.0, 133.3, 143.6, 143.9, 156.3, 211.9; HRMS (ESI) calcd for C31Hs004SiNa 537.3371
[M+Na]", found 537.3367.

Enone 13’(S)-2-36. [TA-11-099]

According to the above synthetic procedure, 13°(S)-2-36 (54.6 mg, 106 umol) was
synthesized from 13°(S)-2-35 (72.5 mg, 141 pmol) in 75% yield: colorless oil; <S-endoenone-
TA-10-184.p1d> [a]p"? -44 (c 0.52 CHCl3); <S-endoenone jws> IR (neat) v 2941, 2865, 1705,
1643, 1463, 1380, 1219, 1193, 1102, 1033 cm™'; 'TH NMR (400 MHz, CDCl3) § 0.99-1.04 (22H,
m, H12a and TIPS), 1.06 (3H, d, J = 6.9 Hz, H18), 1.70 (3H, s, H17), 1.75 (3H, s, H19), 1.86-
1.91 (2H, m, H11 and H13), 2.04-2.16 (3H, m, H5a, H8 and H12b), 2.53 (1H, d, J = 6.8 Hz,
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H14), 2.69 (1H, ddd, J = 6.4, 4.1, 4.1 Hz, H4), 3.24 (1H, d, J = 15.1 Hz, H5b), 3.34 (1H, m,
H10), 3.45 (3H, s, OMe), 3.93 (1H, d, J = 15.1 Hz, H20a), 3.97 (1H, d, J = 15.1 Hz, H20b),
4.78 (1H, s, H16a),4.79 (1H, d, J=2.3 Hz, H13"), 4.95 (1H, s, H16b), 5.24 (1H, brs, H7), 7.09
(1H, s, H1); 3C NMR (100 MHz, CDCl3) § 10.4, 12.0, 18.0, 18.4, 23.1, 25.9, 28.9, 33.9, 34.6,
43.9,45.0,45.6,48.4,55.5,67.9,78.1, 101.8, 109.4, 123.2, 132.6, 143.6, 145.1, 156.3, 211.9;
HRMS (ESI) calcd for C31Hs5004SiNa 537.3371 [M+Na]", found 537.3355.

HCI T, ~CHO TIPSCI
1,4-dioxane imidazole
H,0, 35 °C DMF, 10 °C

OH
2-40
NaClO, CO,H TMSOTf
2-methyl-2-butene 2,6-lutidine
NaH,PO,4 CH2C|2, -20 °C
t-BUOH/H,0
TMSCHN,
OTIPS OTIPS (o 3/(R)-2.36

2-42: ‘]H4H10 = 6.9 Hz 2-43: R=TMS, X =H -

[54% from 13'(R)-2-36, 38% from 13'(S)-2-36]

2-45: R=TMS, X = Me (crude) —=<—
Carboxylic acid 2-43 from 13’(R)-2-36. [TA-12-103, 104, 105, 107]

A solution of 13’(R)-2-36 (92.3 mg, 179 umol) in a mixture of 1,4-dioxane (13 mL) and 1 M
aqueous HCI (4.5 mL) was warmed to 35 °C and stirred for 4.5 h.  After the reaction mixture
was cooled to room temperature, saturated aqueous NaHCO3 (5 mL) and brine (10 mL) were
successively added. The resultant solution was extracted with EtOAc (10 mL x3), and the
combined organic layers were washed with brine (10 mL), dried over NaxSOs, filtrated, and
concentrated to afford crude 2-40, which was used in the next reaction without further
purification.

TIPSCI (0.11 mL, 0.51 mmol) was added to a solution of the above crude 2-40 and imidazole
(73 mg, 1.1 mmol) in DMF (3.6 mL) at 10 °C. The reaction mixture was stirred at 10 °C for
3 h, and then H20 (10 mL) was added. The resultant solution was extracted with EtOAc (10
mL x3), and the combined organic layers were washed with brine (10 mL) and dried over
Naz2SOq4, filtrated, and concentrated to afford crude 2-41, which was used in the next reaction

without further purification.
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A solution of NaClOz (405 mg, 4.48 mmol) and NaH2PO4 (1.1 g, 9.2 mmol) in H20 (4.5 mL)
was added to another solution of the above crude 2-41 in a mixture of t-BuOH (9.0 mL) and 2-
methyl-2-butene (2.5 mL) at room temperature. The reaction mixture was stirred at room
temperature for 3 h, and then brine (10 mL) was added. The resultant solution was extracted
with EtOAc (10 mL x3), and the combined organic layers were washed with brine (10 mL),
dried over NaxSOs, filtrated, and concentrated. The residue was purified by flash column
chromatography on silica gel (5 g, hexane/EtOAc 10/1 to 1) to afford impure 2-42, which was
used in the next reaction without further purification. 2-42: 'H NMR (400 MHz, CDCI3) &
0.90-1.04 (21H, m, TIPS), 1.14 (3H, d, J= 5.5 Hz, H18), 1.61 (3H, s, H17), 1.70 (1H, m, H12a),
1.77 3H, s, H19), 1.89, (2H, m, H11 and H12b), 2.02 (1H, brd, J = 11.4 Hz, HS8), 2.23 (1H, dd,
J=16.0, 4.1 Hz, H5a), 2.40 (1H, ddd, J =11.4, 11.4 Hz, H14), 2.50 (1H, m, H13), 2.68 (1H,
ddd, J=6.9, 4.1, 4.1 Hz, H4), 2.90 (1H, brd, J =16.0 Hz, H5b), 3.53 (1H, m, H10), 3.97 (1H,
d, J=14.6 Hz, H20a), 4.05 (1H, d, J=14.6 Hz, H20b), 4.78 (1H, s, H16a), 4.81 (1H, s, H16b),
5.28 (1H, brs, H7), 7.16 (1H, m, H1); HRMS (ESI) calcd for C30H4s05SiNa 539.3163 [M+Na]",
found 539.3138.

TMSOTT (0.25 mL, 1.4 mmol) was added to a solution of the above impure 2-42 and 2,6-
lutidine (0.32 mL, 2.8 mmol) in CH2Cl2 (2.8 mL) at -20 °C. The reaction mixture was stirred
at -20 °C for 1.5 h, and then 1% aqueous TFA and saturated aqueous NH4Cl (10 mL) were
successively added. The resultant solution was extracted with EtOAc (10 mL x3), and the
combined organic layers were washed with brine (10 mL), dried over Na>SOs, filtrated, and
concentrated. The residue was purified by flash column chromatography on silica gel (5 g,
hexane/EtOAc 20/1 to 1/1) to afford 2-43 (57.3 mg, 97.3 umol) in 54% yield over 4 steps.
From 13°(S)-2-36. [TA-11-101, 102, 105, 105]

According to the above synthetic procedure, 2-43 (23.5 mg, 40.0 umol) was also synthesized
from 13°(5)-2-36 (54.6 mg, 106 umol) in 38% yield over 4 steps. The strtucre was detremined
by the NOE experiment of 2-45, which was synthesized from 2-43 by methylation with
TMSCHN:. 2-43: colorless oil; <28-carboxylicacid-TMSether-TA-10-192.p1d> [a]p'® +78
(c 0.34 CHCI3); <carboxylicacid-TMSether(tal0192).jws> IR (neat) v 2944, 2865, 1706, 1461,
1251, 1146, 1073 cm™'; '"H NMR (400 MHz, CDCl3) 6 0.19 (9H, s, TMS), 0.88 (3H, d, J = 6.4
Hz, H18), 1.00-1.04 (21H, m, TIPS), 1.53 (3H, s, H17), 1.55-1.69 (2H, m, H11 and H12a), 1.75
(3H, m, H19), 1.91, (1H, ddd, J = 12.4, 12.4, 12.4 Hz, H12b), 2.01 (1H, dd, J = 17.4, 9.4 Hz,
H5a),2.29 (1H, dd, J=11.4, 6.9 Hz, H8), 2.47 (1H, ddd, J=12.4, 11.4, 3.9 Hz, H13), 2.55 (1H,
ddd, J=9.4,9.4,4.3 Hz, H4),2.70 (1H, dd, J=17.4, 9.4, H5b), 2.74 (1H, dd, J=11.4, 11.4 Hz,
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H14), 3.23 (1H, m, H10), 4.01 (1H, d, J = 14.2 Hz, H20a), 4.06 (1H, d, J = 14.2 Hz, H20b),
4.77 (1H, s, H16a), 4.81 (1H, s, H16b), 5.48 (1H, d, J = 6.9 Hz, H7), 7.38 (1H, m, H1); 13C
NMR (100 MHz, CDCls) 5 3.1, 10.6, 12.2, 18.3, 19.0, 28.8, 30.0, 34.2, 37.2, 45.3, 46.9, 47.8,
48.0,54.6,67.2,80.8, 115.6, 122.4, 137.2, 141.0, 144.0, 158.8, 179.5, 210.2; HRMS (ESI) calcd
for C33Hs605Si2Na 611.3558 [M+Na]", found 611.3581.

X,
AN N\OH G

EDCI-HCI
toluene;
O,, t-BuSH, hyv;
P(OEt);

.CO,H

OTIPS
2-43: R=TMS 2-54: R =TMS

TESOTf
2,6-lutidine
CH,Cl,

_ =

35% (2 steps)

JH13H14 =10.1 Hz

2-59: R =TMS

Compound 2-59. [TA-12-115, 117]

2-Mercaptpyridine N-oxide (G, 25.9 mg, 204 pmol) and EDCI-HCI (39.1 mg, 204 umol)
were successively added to a solution of 2-43 (20.0 mg, 34.0 umol) in toluene (saturated with
02, 3.4 mL) at room temperature. The reaction mixture was stirred at room temperature for 1
h, and then t-BuSH (0.10 mL, 0.89 mmol) was added. The resultant solution was irradiated
with high pressure Hg lump at for 1 h. Then P(OEt)3 (0.18 mL, 1.5 mmol) was added. The
reaction mixture was stirred at room temperature for 40 min, and then saturated aqueous NH4Cl
(10 mL) was added. The resultant solution was extracted with EtOAc (10 mL x3), and the
combined organic layers were washed with brine (10 mL), dried over Na>SOs, filtrated, and
concentrated. The residue was purified by flash column chromatography on silica gel (5 g,
hexane/EtOAc 20/1 to 3/1) to afford impure 2-54, which was usde in the next reaction without
further purification.

TESOT{ (21 pL. 93 pmol) was added to a solution of the above impure 2-54 and 2,6-lutidine
(21 pL, 180 umol) in CH2Cl2 (1.8 mL) at 0 °C. The reaction mixture was stirred at 0 °C for
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1 h, and then saturated aqueous NH4Cl (10 mL) was added. The resultant solution was
extracted with EtOAc (10 mL x3), and the combined organic layers were washed with brine (10
mL), dried over Na2SOs, filtrated, and concentrated. The residue was purified by flash column
chromatography on silica gel (2.5 g, hexane/EtOAc 50/1 to 10/1) to afford 2-59 (7.8 mg, 12
umol) in 35% yield over 2 steps. The structure was determined by the 'H-'H coupling
constant: colorless oil; <30-TESether.pld> [a]p?® +90 (¢ 0.18 CHCIs); <30-TESether.jws> IR
(neat) v 2953, 2868, 1706, 1460, 1375, 1251, 1126, 1082 cm™'; 'H NMR (400 MHz, CsDs¢) &
0.21 (9H, s, TMS), 0.69 (6H, q, J = 7.8 Hz, CH2CH3 of TES x3), 0.88 (3H, d, J = 6.4 Hz, H18),
0.99-1.10 (30H, m, CH2CH3 of TES x3 and TIPS), 1.31 (1H, m, H11), 1.63-1.67 (1H, m, H12a),
1.66 (3H, s, H17), 1.72 (3H, dd, J = 2.8, 1.4 Hz, H19), 1.89 (1H, ddd, J=11.4, 11.4, 11.0 Hz,
H12b), 2.07-2.17 (2H, m, H5a and HS), 2.30 (1H, ddd, J =9.6, 9.6, 5.0 Hz, H4), 2.60 (1H, dd,
J=11.9, 10.1 Hz, H14), 2.70 (1H, dd, J =18.3, 9.6, H5b), 3.22 (1H, m, H10), 3.54 (1H, ddd, J
=11.0, 10.1, 5.0 Hz, H13), 3.92 (1H, d, J = 13.8 Hz, H20a), 3.98 (1H, d, J = 13.8 Hz, H20b),
4.97 (1H, s, H16a), 5.00 (1H, s, H16b), 5.60 (1H, m, H7), 7.23 (1H, m, H1); *C NMR (100
MHz, CDCl3) 6 2.9,5.2,6.9,10.3,11.9,17.6, 18.0, 18.8, 28.5,36.2,41.7,45.1, 47 (the chemical
shift was deduced from the HMQC spectrum), 53 (from the HMQC spectrum), 54.2, 67.1, 80.4,
115 (from the HMQC spectrum), 123.1, 136.7, 140.1, 143 (from the HMBC spectrum), 158.7,
210.0, one *C peak was not observed; HRMS (ESI) caled for C3sH7004SisNa 697.4474
[M+Na]", found 697.4474.

WOTES  NaN(TMS),

THF
78 °C
OTIPS N
-9
2-59: R = TMS S 2-60: R = TMS
0, €

43% (62% brsm)
Alcohol 2-60. [TA-12-121]

NaN(TMS)2 (1.0 M in THF, 0.16 mL, 0.16 mmol) was added to a solution of 2-59 (10.7 mg,
15.9 umol) in THF (0.40 mL) at -78 °C. The mixture was stirred at -50 °C for 40 min, and
then cooled to -78 °C. A solution of Davis oxaziridine (C, 54.7 mg, 239 umol) in THF (0.40
mL) was added. The reaction mixture was stirred at -78 °C for 1 h, and then saturated aqueous
NH4Cl1 (10 mL) and Me2S (200 puL) were successively added. After being stirred for 1.5 h,

the resultant solution was extracted with EtOAc (10 mL x3). The combined organic layers
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were washed with brine (10 mL), dried over Na>SOs, filtrated, and concentrated. The residue
was purified by flash column chromatography on silica gel (2.5 g, hexane/EtOAc 50/1 to 20/1)
to afford 2-60 (4.7 mg, 6.8 umol) and recovered 2-59 (3.3 mg, 4.9 umol) in 43% and 31%
yields, respectively: colorless oil; <31-C4ox-tal2119.p1d> [a]p?® +48 (¢ 0.15 CHCIs); <31-
C4ox-tal2119.jws> IR (neat) v 2954, 2867, 1705, 1462, 1251, 1081, 1011 cm™'; '"H NMR (400
MHz, CsDs) 6 0.21 (9H, s, TMS), 0.66 (6H, q, J = 8.2 Hz, CH2CH3 of TES x3), 1.01-1.08 (33H,
m, H18, CH2CH3s of TES x3 and TIPS), 1.65 (3H, dd, J=3.2, 1.8 Hz, H19), 1.72 (1H, ddd, J =
12.4,5.0,3.6 Hz, H12a), 1.77 (3H, s, H17), 2.01 (1H, ddd, J = 12.4, 12.4, 11.0 Hz, H12b), 2.30
(1H, d, J=19.0 Hz, H5a), 2.44 (1H, m, H11), 2.47 (1H, d, J = 19.0 Hz, H5b), 2.72 (1H, dd, J
=12.4,9.6 Hz, H14), 3.21 (1H, dd, J = 12.4, 6.4 Hz, H8), 3.29 (1H, m, H10), 3.78 (1H, ddd, J
=11.0,9.6,5.0 Hz, H13), 3.93 (1H, d, J = 13.7 Hz, H20a), 4.00 (1H, J = 13.7 Hz, H20b), 5.02
(1H, s, H16a), 5.08 (1H, s, H16b), 5.79 (1H, d, J = 6.4 Hz, H7), 7.33 (1H, m, H1); 1*C NMR
(100 MHz, CDCl3) 6 2.8, 5.2,7.0,10.2,11.9, 17.6, 18.0, 18.2, 37.6, 37.9, 41.7, 44 (the chemical
shift was deduced from the HMQC correlation), 53 (from the HMQC correlation), 56.2, 68.0,
74.5,80.8, 115 (the HMQC correlation), 125.8, 133.2, 138.9, 145 (from the HMBC correlation),
159.4, 209.0, one *C peak was not observed; HRMS (ESI) calcd for C3sH700sSi3Na 713.4423
[M+Na]", found 713.4399.

,,,, ~OTES +OH  Dess-Martin

TFA periodinane
THF/H,0, 0 °C NaHCO;
CH,Cl,

80% (2 steps)

OTIPS
2-60: R=TMS 2-61: R=TMS 2-62: R=TMS

OTIPS

Ketone 2-62. [TA-12-123, 125]

TFA (9 pL, 0.1 mmol) was added to a solution of 2-60 (6.0 mg, 8.7 umol) in a mixture of
THF (0.75 mL) and H20 (0.15 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 1 h,
and then saturated aqueous NaHCOs3 (5 mL) and H20 (5 mL) were successively added. The
resultant solution was extracted with EtOAc (10 mL x3), and the combined organic layers were
washed with H20 (5 mL) and brine (5 mL), dried over NaxSOs, filtrated, and concentrated.
The residue was purified by flash column chromatography on silica gel (1.5 g, hexane/EtOAc
10/1 to 3/1) to afford crude 2-61, which was used in the next reaction without further
purification.

Dess-Martin periodinane was added portion-wise every 1 h (total 25 mg of the reagent was used,
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58 umol) to a mixture of the above crude 2-61 and NaHCO3 (20 mg, 240 pumol) in CH2Cl2 (0.26
mL) at room temperature. The reaction mixture was stirred for 1 h after the addition of the
last portion of Dess-Martin periodinane. Then saturated aqueous NaHCOs3 (5 mL), saturated
aqueous Na2S203 (1 mL) were successively added. The resultant solution was extracted with
Et20 (10 mL x3), and the combined organic layers were washed with brine (10 mL), dried over
Naz2SO0s4, filtrated, and concentrated. The residue was purified by PTLC (hexane/EtOAc 4/1)
to afford 2-62 (4.0 mg, 7.0 pmol) in 80% yield: colorless oil; <33-ketone-tal2125.p1d> [a]p?¢
+86 (€ 0.20 CHCl3); <33-ketone-tal2125.jws> IR (neat) v 3447, 2945, 2866, 1712, 1463, 1252,
1144, 1086, 1053 cm™'; '"H NMR (400 MHz, CDCls) 6 0.18 (9H, s, TMS), 0.92 (3H, d, J = 6.4
Hz, H18), 0.96-1.05 (21H, m, TIPS), 1.61 (3H, s, H17), 1.82 (3H, dd, J = 3.2. 1.4 Hz, H19),
2.18 (1H, dd, J=14.6, 5.0 Hz, H12a), 2.36-2.47 (3H, m, H5 and H12b), 2.66 (1H, dqd, J=11.9,
6.4,5.0 Hz, H11), 3.32 (2H, m, H10 and H14), 3.59 (1H, dd, J =13.3, 6.0 Hz, HS), 4.03 (1H, d,
J=13.3 Hz, H20a), 4.08 (1H, d, J = 13.3 Hz, H20b), 4.79 (1H, s, H16a), 5.00 (1H, m, H16b),
5.59 (1H, d, J = 6.0 Hz, H7), 7.45 (1H, m, H1); '*C NMR (100 MHz, CDCl3) § 2.7, 10.3, 11.9,
18.0, 18.2, 19.7, 38.0, 39.5, 44.6, 46.8, 55.9, 58.3, 67.4, 74.0, 81.0, 116.4, 124.1, 134.3, 139.8,
141.5, 158.2, 208.4, 210.0; HRMS (ESI) calcd for C32Hs405Si2Na 597.3402 [M+Na]", found
597.3397.

HCI
MeOH/H,0
70 °C

83%

2-62: R=TMS crotophorbolone (2-1)
Crotophorbolone (2-1). [TA-12-127]

5-10 % aqueous HCI in MeOH (0.70 mL) was added to a solution of 2-62 (4.0 mg, 7.0 pumol)
in a mixture of MeOH (2 mL) and H20 (0.80 mL) at room temperature. The reaction mixture
was warmed to 70 °C and stirred for 4 h. After the reaction mixture was cooled to room
temperature, brine (10 mL) was added. The resultant solution was extracted with EtOAc (10
mL x3), and the combined organic layers were washed with brine (10 mL), a dried over Na2SOa,
filtrated, and concentrated. = The residue was purified by PTLC (EtOAc) to afford
crotophorbolone (2-1) (2.0 mg, 5.8 umol) in 83% yield: <34-crotophorbolone-tal2127.p1d>
[a]p?® +130 (¢ 0.08 MeOH), lit.5%* [a]p?® +186 (c 0.41 MeOH); <34-crotophorbolone.jws> IR
(neat) v 3414, 2923, 1696, 1652, 1627, 1377, 1335, 1266, 1228, 1143, 1100, 1069, 1038 cm™';
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'"H NMR (400 MHz, CDCl3) § 1.02 (3H, d, J = 6.9 Hz, H18), 1.64 (3H, s, H17), 1.83 (3H, m,
H19), 2.31 (1H, dd, J = 15.1, 5.5 Hz, H12a), 2.49 (1H, m, HI2b), 2.49 (1H, d, J = 18.9 Hz,
H5a), 2.54 (1H, d, J = 18.9 Hz, H5b), 2.68 (1H, m, H11), 3.11 (1H, m, H10), 3.40 (1H, brd, J
=13.3 Hz, H14), 3.70 (1H, m, H8), 3.98 (1H, d, J=12.6 Hz, H20a), 4.04 (1H, d, J = 12.6 Hz,
H20b), 4.83 (1H, brs, H16a), 5.04 (1H, m, H16b), 5.50 (1H, d, J = 5.5 Hz, H7), 7.54 (1H, m,
H1); 3C NMR (100 MHz, CDCl3) § 10.2, 17.8, 19.9, 37.7, 38.4, 44.2, 46.3, 57.9, 58.4, 67.8,
73.4, 77 (the chemical shift was deduced from the HMBC spectrum), 116.5, 125.2, 134.8, 141.2,
141.5, 157.9, 208.2, 209.3; HRMS (ESI) calcd for C20H2605Na 369.1672 [M+Na]", found
369.1670.

O
A = N=" ©
| quinidine 7
0] + Me
HO N O -PrOH HO Me
0] OMe O” N
85% !
OMe
317 3-48 3-49

Diels-Alder adduct 3-49. [TA-15-007]

Quinidine (3.31 g, 9.67 mmol) was added to a solution of pyrone 3-17 (1.22 g, 9.67 mmol),
acryloylamide 3-48 (3.10 g, 26.9 mmol) and 4-methoxyphenol (1 particle) in i-PrOH (4.8 mL)
at room temperature. The reaction mixture was stirred for 6 h at room temperature and this
solution was directly purified by flash column chromatography on silica gel (100 g,
hexane/Et20 3/1 to Et20) to afford impure 3-49 (2.41 g, contaminated with acryloylamide 3-
48, 3-49 : 3-48 = 1 : 0.44) in 85% yield: colorless oil; <TA-14-115-fr13-20-1.jdf, TA-14-115-
fr13-20-1.als> 'H NMR (400 MHz, CDCl3) § 1.86 (1H, ddd, J = 12.8, 3.2, 1.4 Hz, H14a), 1.98
(3H, d, J = 1.8 Hz, H18), 2.62 (1H, ddd, J = 12.8, 10.5, 4.1 Hz, H14b), 3.19 (3H, s, NMe of),
3.25 (1H, m, H8), 3.69-3.74 (4H, m, 9-OH and OMe), 5.21 (1H, ddd, J=5.5,4.1, 1.4 Hz, H13),
6.14 (1H, dq, J=5.5, 1.8 Hz, H12).
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ONa
o H,, Pd/C N
7 CH,Cl, y allyl alcohol, -20 °C
HO
o lTj,Me
OMe
3-49 3-50

,,,,, OH Dess-Martin (e}
periodinane

(@) CH,CI, (@)
PN PN

Me  56% (3 steps) AllylO

Ketone 3-52. [TA-15-009, 011, 013]

A suspension of compound 3-49 (calcd. 8.25 mmol) and Pd/C (10 wt% loading, 1.2 g) in
CH2Cl2 (80 mL) was exposed under H> atmosphere. The reaction mixture was stirred at room
temperature for 1.5 h, and filtered through a pad of SiO2 (100 g) with hexane/EtOAc 3 to 1/3.
The filtrate was concentrated to afford crude 3-50 (1.69 g) as a diastereomeric mixture at C11
position.

Na (800 mg, 34.7 mmol) was dissolved in allyl alcohol (50 mL) at 0 °C. The resultant
solution was added to a solution of the above crude 3-50 (1.69 g) in allyl alcohol (20mL) at -
40 °C. The reaction mixture was stirred at -20 °C for 4 h and then pH 7 buffer (100 mL) was
added. The resultant mixture was extracted with EtOAc (30 mL x3). The combined organic
layers were washed with H20 (100 mL x2) and brine (100 mL), dried over Na2SOs, filtrate, and
concentrated to afford crude 3-51 which was used in the next reaction without further
purification.

Dess-Martin periodinane (8.81 g, 20.8 mmol) was added to a solution of the above crude 3-
51 in CH2Cl2 (70 mL) at room temperature. The reaction mixture was stirred for 2 h at room
temperature.  After the solution was cooled to 0 °C, saturated aqueous NaHCOs3 (100 mL) was
added. The resultant mixture was extracted with Et2O (50 mL x3), and the combined organic
layers were washed with saturated aqueous NaHCO3 (50 mL) and brine (50 mL), dried over
Naz2SO0u4, filtrate, and concentrated. The residue was purified by flash column chromatography
on silica gel (25 g, hexane/EtOAc 5/1 to 1/1) to afford 3-52 (1.38 g, 4.61 mmol) in 56% yield
over 3 steps: colorless oil; <TA-14-127-4-ketone.jws> IR (neat) v 3423, 2969, 2939, 1751,
1719, 1635 cm™!; <TA-14-127-H-1.jdf, TA-14-127-H-1.als> '"H NMR (400 MHz, CDCl3) § 0.99
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(3H, d, J=6.4 Hz, H18), 2.24-2.03 (2H, m, H11, H12a), 2.50 (1H, dd, J = 14.6, 4.6 Hz, H14a),
2.64 (1H, dd, J = 15.6, 14.6 Hz, H12b), 2.79 (1H, dd, J = 14.6, 14.2 Hz, H14Db), 3.15 (3H, s,
NMe), 3.61 (1H, dd, J = 14.2, 4.6 Hz, H8), 3.70 (3H, s, OMe), 4.67 (2H, d, J = 6.0 Hz, Allyl),
5.26 (1H, d, J =10.5 Hz, Allyl), 5.35 (1H, d, J = 17.0 Hz, Allyl), 5.91 (1H, ddt, J = 17.0, 10.5,
6.0 Hz, Allyl); <TA-14-127-C-1.jdf, TA-14-127-C-1.als> *C NMR (100 MHz, CDCl3) & 15.5,
31.8, 38.6, 39.1, 44.2, 44.6, 61.7, 66.2, 77 (the chemical shift was deduced from HMBC
spectrum), 119.3, 131.5, 173.4, 174.2, 207.7 ; <TA-14-127-4-ketone-HRMS> HRMS (ESI)
caled for C14H21NOgNa 322.1267 [M+Na]", found 322.1256.

,,,,, 0 TIPSOTf OTIPS
2,6-lutidine
(@) CH,CI, (@)
AllylO Oy\ITl,Me 73% AllylO Oy\l}l’ Me
OMe OMe
3-52 3-53

TIPS acetal 3-53. [TA-15-015]

TIPSOT(f (3.7 mL, 14 mmol) was added to a solution of ketone 3-52 (1.38 g, 4.61 mmol) and
2,6-lutidine (3.2 mL, 28 mmol) in CH2Cl2 (46 mL) at room temperature. The reaction mixture
was stirred for 4.5 h at room temperature. After the solution was cooled to 0 °C, saturated
aqueous NH4Cl (50 mL) was added. The resultant mixture was extracted with EtOAc (50 mL
x2), and the combined organic layers were washed with brine (100 mL), dried over Na2SOa,
filtrate, and concentrated. The residue was purified by flash column chromatography on silica
gel (50 g, hexane/EtOAc 20/1 to 1/1) to afford 3-53 (1.54 g, 3.38 mmol) in 73% yield: colorless
oil; <TA15-015-5-TIPSacetal jws> IR (neat) v 2944, 2867, 1768, 1731, 1671, 1463 cm™!; <TA-
15-015-5-TIPSacetal-1.jdf, TA-15-015-5-TIPSacetal-1.als> 'H NMR (400 MHz, CsDs) & 1.06
(3H, d, J=6.8 Hz, H18), 1.20-1.40 (22H, m, H12, TIPS), 1.93-2.02 (2H, m, H12a, H14a), 2.09,
(1H, m, H11), 2.18 (1H, dd, J = 11.0, 10.0 Hz, H14b), 2.78 (3H, s, NMe), 3.10 (3H, s, OMe),
3.46 (1H, brs, H8), 4.61 (1H, dd, J=16.9, 6.0 Hz, Allyl), 4.67 (1H, dd, J = 16.9, 6.0 Hz, Allyl),
498 (1H, d, J =9.2 Hz, Allyl), 5.24 (1H, d, J = 17.4 Hz, Allyl), 5.79 (1H, dddd, J =17.4,9.2,
6.0, 6.0 Hz, Allyl); < TA-15-015-5-TIPSacetal-C-1.jdf, TA-15-015-5-TIPSacetal-C-1.als> 13C
NMR (100 MHz, CsDs) 0 13.2, 18.4, 18.7, 32 (the chemical shift was deduced from HMQC
spectrum), 42.1, 42.3, 44.7, 48.9, 60.5, 65.0, 84.7, 106.6, 117.3, 132.8, 169.9, 173 (from
HMBC); <TA-15-015-TIPSacetal-HRMS> HRMS (ESI) calcd for C23H41NOsSiNa 478.2601
[M+Na]", found 478.2600.
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0,Se-acetal 3-57. [TA-15-017, 019]

Formic acid (2.5 mL, 68 mmol) was added to a solution of allylester 3-53 (1.54 g, 3.38 mmol),
Pd(PPhs3)4 (390 mg, 338 umol), and triethylamine (9.4 mL, 68 mmol) in THF (34 mL) at room
temperature. The reaction mixture was stirred for 1.5 h at room temperature. After the
solution was cooled to 0 °C, H20 (30 mL) was added. The resultant mixture was extracted with
EtOAc (20 mL x4), and the combined organic layers were washed with brine (30 mL x2), dried
over NaxSOg, filtrate. Triethylamine (500 uL) was added to the filtrate and the mixture was
concentrated to afford crude 3-54 which was used in the next reaction without further
purification.

EDCI-HCI (1.94 g, 10.1 mmol) and 2-mercaptopyridine N-oxide sodium salt (F, 1.51 g, 10.1
mmol) was added to a solution of the above crude 3-54, DMAP (41.5 mg 338 umol) and (PhSe)2
(3.20 g, 10.1 mmol) in CH2Cl2 (68 mL) at room temperature under Ar atmosphere. The
reaction mixture was stirred for 1.5 h at room temperature in the darkness. The resultant
solution was irradiated with a medium pressure Hg lump for 1.5 h and then H20 (50 mL) was
added. The resultant mixture was extracted with EtOAc (30 mL x2), and the combined organic
layers were washed with brine (50 mL), dried over NaxSOs, filtrate, and concentrated. The
residue was purified by flash column chromatography on silica gel (50 g, hexane/EtOAc 50/1
to 10/1) to afford 57 (794 mg, 1.45 mmol) in 43% yield over 2 steps: colorless oil; <TA-15-
019-7-O-Se-acetal.jws> IR (neat) v 3058, 2944, 2892, 2866, 1677, 1578, 1463, 1335, 996 cm’
I <TA-15-019-7-O-Se-acetal-1.jdf, TA-15-019-7-O-Se-acetal-1.als> 'H NMR (400 MHz,
CsDg) 6 1.15-1.24 (24H, m, H18, TIPS), 1.39, (1H, ddd, J=11.4, 4.1, 4.1 Hz, H12a), 1.82 (1H,
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dd, J=11.4, 8.7 Hz, H14a), 1.98-2.10 (2H, m, H11, H12b), 2.91 (1H, ddd, J = 10.5, 6.4, 3.6
Hz, H14b), 2.99 (3H, s, NMe), 3.04 (3H, s, OMe), 3.23 (1H, dd, J=8.2, 6.4 Hz, H8), 7.03 (3H,
m, aromatic), 7.88 (2H, aromatic); <TA-15-019-7-O-Se-acetal-C-1.jdf, TA-15-019-7-O-Se-
acetal-C-1.als> *C NMR (100 MHz, CsDs) 6 13.2, 18.4,22.2,32.9,40.1,45.8,47.2,51.1, 60.5,
88.7, 108.3, 137.9, 138.0, three '*C peaks (aromatic) were not observed; <TA-15-019-7-O-Se-
acetal-I-HRMS> HRMS (ESI) calcd for CasHs1NO4SeSiNa 550.1868 [M+Na]", found
550.1865.

OTIPS
' DIBAL-H OTIPS
THF, -78 °C
PhSe .

S Me 72% PhSe™
oy P
OMe
3-57 3-12

Aldehyde 3-12. [TA-15-021]

DIBAL-H (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to a solution of amide 3-57 (322
mg, 611 umol) in THF (12 mL) at -78 °C.  After the reaction mixture was stirred for 1.5 h at
-78 °C, saturated aqueous NH4Cl (20mL), saturated aqueous Rochelle salt (20 mL), and EtOAc
(10 mL) was added successively. The resultant mixture was stirred for 1 h, and extracted with
EtOAc (20 mL x2). The combined organic layers were washed with brine (50 mL), dried over
Na2SO0u4, filtrate, and concentrated. The residue was purified by flash column chromatography
on silica gel (15 g, hexane/EtOAc 50/1 to 10/1) to afford 3-12 (206 g, 440 umol) as a 1:0.15
diastereomeric mixture at C8 position and the recovered 3-57 (36.9 mg, 70.1 umol) in 72% and
11% yields, respectively: colorless oil; <TA-15-178-8-aldehyde.jws> IR (neat)
v 2944, 2866, 1722, 1462, 1462, 1339, 1244, 1193, 1044, 988cm™!;  <TA-15-173-ptlc1-1.jdf,
TA-15-173-ptlc1-1.als> "H NMR (400 MHz, CsDe) 5 1.04 (3H, d, J = 6.8 Hz, H18), 1.09-1.16
(21H, m, TIPS), 1.28 (1H, ddd, J = 11.5, 4.1, 4.1 Hz, H12a), 1.62 (1H, dd, J = 12.4, 8.7 Hz,
Hl14a), 1.71 (1H, m, H11), 1.79 (1H, dd, J=11.5, 8.7 Hz, H12b), 1.95 (1H, ddd, J = 12.4, 4.6,
4.6 Hz, H14b), 2.51 (1H, ddd, J = 8.7, 4.6, 4.6 Hz, H8), 6.98 (3H, m, aromatic), 7.62 (2H,
aromatic), 9.56 (1H, d, J = 4.6 Hz, H7); <TA-16-035-fr3-13-C-1.jdf, TA-16-035-fr3-13-C-
1.als> 3C NMR (100 MHz, C¢Ds) § 13.1,18.2,21.3,38.4,44.3,46.1, 60.7, 87.0, 108.7, 127.0,
128.4, 129.1, 136.1, 197.4; <TA-15-178-8-aldehyde-HRMS> HRMS (ESI) calcd for
C23H3603SeSiNa 491.1500 [M+Na]", found 491.1488.
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OAc
3-12 3-58 3-59
Allylic acetate 3-59. [TA-15-023, 025]

t-BuLi (1.6 M in pentane, 3.3 mL, 5.5 mmol) was added to a solution of 2-bromo-2-propen-
1-0l (180 puL, 2.2 mmol) in Et20 (6.0 mL) at -78 °C dropwise over 10 min. After the mixture
was stirred at -78 °C for 2.5 h, a solution of aldehyde 3-12 (206 mg, 440 umol) in Et20 (2.8mL)
was added. The reaction mixture was stirred at -78 °C for 20 min, and then Ac20 (2.1 mL, 22
mmol) and pyridine (3.6 mL, 44 mmol) was added. The resultant white suspension was stirred
for 2.5 h at room temperature. ~ After the reaction was cooled to 0 °C, saturated aqueous NH4Cl
(30 mL) was added. The resultant solution was extracted with Et2O (20 mL x3) and the
combined organic layers were washed with H20 (30 mL) and brine (30 mL), dried over Na2SOx,
filtered, and concentrated. The residue was purified by flash column chromatography on silica
gel (10 g, hexane/EtOAc 50/1 to 10/1) to afford crude 3-58 (166 mg), which was used in the
next reaction without further purification.

A solution of the above crude 3-58 (166 mg) in THF (5.4 mL) was added to a mixture of
Pd(PPh3)4 (31.4 mg, 27.2 umol), AcOK (133 mg, 1.36 mmol) and 18-crown-6 (180 mg, 680
umol) at room temperature. The reaction mixture was warmed to 65 °C and stirred for 2 h.
After the mixture was cooled to room temperature, H2O (20 mL) and brine (10 mL) was added.
The resultant solution was extracted with EtOAc (10 mL x3), and the combined organic layers
were washed with H20 (10 mL) and brine (10 mL), dried over NaxSOs, filtered, and
concentrated. The residue was purified by flash column chromatography on silica gel (15 g,
hexane/EtOAc 50/1 to 10/1) to afford 3-59 (130 mg, 213 pmol) in 48% yield over 2 steps:
colorless oil; <TA-15-025-10-diacetate.jws> IR (neat) v 2944, 2866, 1741, 1336, 1228 cm’!;
<TA-15-025-10-diacetate-1.jdf, TA-15-025-10-diacetate-1.als> 'H NMR (400 MHz, CsD¢) &
1.10 (3H, d, J= 6.4 Hz, H18), 1.13-1.23 (21H, m, TIPS), 1.36, (1H, m, H12a), 1.57 (1H, ddd,
J=11.9,4.6,4.6 Hz, H14a), 1.67 (3H, s, Ac), 1.68 (3H, s, Ac), 1.89-1.97 (2H, m, H11, H12b),
2.05 (1H, dd, J=11.9, 8.7 Hz, H14b), 3.04 (1H, ddd, J=11.0, 8.7, 4.6 Hz, H8), 4.38 (1H, d, J
= 12.4 Hz, H5a), 4.52 (1H, d, J = 12.8 Hz, H20a), 4.56 (1H, d, J = 12.8 Hz, H20b), 4.58 (1H,
d, J = 12.4 Hz, H5b), 5.85, (1H, d, J = 11.0 Hz, H7), 6.99 (3H, m, aromatic), 7.62 (2H,
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aromatic); < TA-15-025-10-diacetate-C-1.jdf, TA-15-025-10-diacetate-C-1.als> '3C NMR (100
MHz, CeDs) 6 13.2, 18.3,20.4, 20.5, 22.4, 44.7,45.4,46.2, 49.0, 59.5, 66.3,91.3, 108.4, 127.3,
128.8, 129.2, 135.5, 137.7, 150.2, 169.7, 170.0; <TA-15-025-10-diacetate-HRMS> HRMS
(ESI) caled for C30H4606SeSiNa 633.2127 [M+Na]", found 633.2125.

OTIPS OTIPS
NaOMe
PhSe MeOH _ Phse
AcO/\f 91% HO/\f

OAc OH
3-59 3-62

Diol 3-62. [TA-15-029]

A mixture of NaOMe (4.4 M in MeOH, 240 pL, 1.1 mmol) in MeOH (4.3 mL) was added
to diacetate 3-59 (130 mg, 213 pmol) at room temperature. The reaction mixture was stirred
for 1 h at room temperature. After the mixture was cooled to 0 °C, H20 (20 mL) was added
to the reaction solution. The resultant mixture was extracted with EtOAc (20 mL x3), and the
combined organic layers were washed with brine (10 mL), dried over Na2SOs, filtered, and
concentrated. The residue was purified by flash column chromatography on silica gel (5 g,
hexane/EtOAc 10/1 to 1/1) to afford 3-62 (102 mg, 194 pmol) in 91% yield: colorless oil; <TA-
15-029-11-diol.jws> IR (neat) v 3357, 2945, 2891, 2866, 1462, 1336, 993 cm™!; <TA-15-029-
11-diol-1.jdf, TA-15-029-11-diol-1.als> 'H NMR (400 MHz, C¢Ds) & 1.10 (3H, d, J = 6.9 Hz,
H18), 1.16-1.21 (21H, m, TIPS), 1.35, (1H, m, H12a), 1.58 (1H, ddd, J = 11.9, 5.0, 4.6 Hz,
H14a), 1.73 (1H, brs, OH), 1.88-1.95 (2H, m, H11, H12b), 1.97 (1H, dd, J=11.9, 8.7 Hz, H14b),
2.88 (1H, ddd, J=10.5, 8.7, 5.0 Hz, HS), 3.83 (1H, d, J = 13.3 Hz, H5a), 3.89 (1H, d, J=13.3
Hz, H5b), 4.01 (2H, brs, H20), 5.46 (1H, d, J=10.5 Hz, H7), 6.96 (3H, m, aromatic), 7.64 (2H,
aromatic); <TA-15-029-11-diol-C-1.jdf, TA-15-029-11-diol-C-1.als> *C NMR (100 MHz,
CeDs) 6 13.2, 18.3, 22.2, 45.1, 45.6, 46.1, 49.1, 59.6, 66.9, 92.2, 108.3, 127.5, 128.8, 130.0,
132.4, 135.2, 136.8; <TA-15-029-11-diol-HRMS> HRMS (ESI) calcd for C2sH4204SeSiNa
549.1915 [M+Na]", found 549.1906.
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TIPSCI
imidazole
DMF, -10 °C

3-62 (recovery)
33%

TIPS ether 3-63. [TA-15-099]

TIPSCI (44 pL, 210 pumol) was added to a solution of 3-62 (90.1 mg, 171 umol) and
imidazole (35.0 mg, 514 umol) in DMF (3.4 mL) at -10 °C. The reaction mixture was stirred
for 2 h, and then saturated aqueous NH4Cl (10 mL) was added. The resultant solution was
extracted with EtOAc (10 mL x3), and the combined organic layers were washed with brine (10
mL), dried over Na2SOu, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (5 g, hexane/EtOAc 50/1 to 1/1) to afford 3-63 (54.4 mg, 79.8
umol) and recovered 3-62 (29.5 mg, 56.4 pmol) in 47% and 33% yield, respectively: colorless
oil; <TA-16-063-TIPSalcohol.jws> IR (neat) v 3443, 2944, 2892, 2866, 1578, 1463, 1336 cm’
I, <TA-16-063-fr17-23-H-1.jdf, TA-16-063-fr17-23-H-1.als> '"H NMR (400 MHz, CsDs) &
1.04-1.21 (45H, m, H18 and TIPS x2), 1.35, (1H, m, H12a), 1.63 (1H, ddd, J = 12.4, 5.0, 4.1
Hz, H14a), 1.90-1.97 (2H, m, H11, H12b), 2.02 (1H, dd, J=12.4, 8.8 Hz, H14b), 2.09 (1H, brs,
OH), 2.95 (1H, ddd, J=11.0, 8.8, 5.0 Hz, HS), 4.07 (1H, d, J = 12.4 Hz, H20a), 4.10 (1H, d, J
=11.9 Hz, H5a), 4.18 (1H, d, J = 11.9 Hz, H5b), 4.31 (1H, d, J = 12.4 Hz, H20b), 5.74 (1H, d,
J =11.0 Hz, H7), 7.00 (3H, m, aromatic), 7.64 (2H, aromatic); <TA-16-063-fr17-23-C-1jdf,
TA-16-063-fr17-23-C-1.als> 3C NMR (100 MHz, CsDs) 6 12.2, 13.2, 18.2, 18.4, 22.5, 45.0,
45.7,46.2,48.6,59.6, 68.4,92.1,108.4, 127.5, 128.8, 129.7, 132.4, 135.2, 135.9; <TA-16-063-
TIPSalcohol-HRMS> HRMS (ESI) caled for C3sHe204SeSioNa 705.3250 [M+Na]*, found

705.3268.

CICO,Et
pyridine, 0 °C

88%

Ethylcarbonate 3-66B. [TA-15-121]
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Ethyl chloroformate (27 pL, 280 pmol) was added to a solution of 3-63 (39.0 mg, 57.2 umol)
in pyridine (1.1 mL) at 0 °C. The reaction mixture was stirred for 1.5 h, and then saturated
aqueous NH4Cl (10 mL) was added. The resultant solution was extracted with Et2O (10 mL
x3), and the combined organic layers were washed with brine (10 mL), dried over Na2SOs,
filtered, and concentrated. The residue was purified by flash column chromatography on silica
gel (5 g, hexane/EtOAc 100/1 to 50/1) to afford 3-66B (38.1 mg, 50.5 umol) in 88% yield:
colorless oil; <TA-16-065-ethylcarbonate.jws> IR (neat) v 2944, 2892, 2866, 1746, 1578,
1464, 1376, 1336, 1251, 994 cm™!; <TA-15-107-fr3-9-1.jdf, TA-15-107-fr3-9-1.als> 'H NMR
(400 MHz, CsDs) 6 0.95 (3H, t, J=7.3 Hz, -CH2CHs of Et), 1.08-1.24 (45H, m, H18, TIPS x2),
1.36 (1H, ddd, J =11.0, 4.1, 4.1 Hz, H12a), 1.65 (1H, ddd, J=11.9, 5.0, 4.1 Hz, H14a), 1.94
(1H, dd, J = 11.0, 8.7 Hz, H12b), 1.99 (1H, m, H11), 2.12 (1H, dd, J = 11.9, 8.7 Hz, H14b),
3.14 (1H, ddd, J=11.0, 8.7, 5.0 Hz, HS8), 3.96 (2H, q, J = 7.3 Hz, -CH2CH3s of Et), 4.16 (1H, d,
J=12.8 Hz, H20a), 4.34 (1H, d, J=12.8 Hz, H20b), 4.60 (1H, d, J = 12.4 Hz, H5a), 4.72 (1H,
d,J=12.4 Hz, H5b), 6.07 (1H,d, J=11.0 Hz, H7), 7.03 (3H, m, aromatic), 7.70 (2H, aromatic);
<TA-16-065-C-1.jdf, TA-16-065-C-1.als> '*C NMR (100 MHz, CsDs) & 12.3, 13.2, 14.3, 18.3,
18.4, 22.6, 45.0, 46.2, 48.6, 62.8, 63.7, 65.8, 91.7, 108.4, 127.5, 128.8, 129.4, 131.4, 134.6,
135.6, 155.8;.

’

‘,, OTIPS Q\SHBU3 ‘,, OTIPS
PhSe

PhSe” 2
P 2
£0,C o/\( Pd(PPhs), (30 mol%.) w
LiCl, CuCl OTIPS
OTIPS DMSO/1,4-dioxane o
3-66B 64% 3-70

Enone 3-70. [TA-15-123]

A solution of 3-66B (38.1 mg, 50.5 umol) and 3-69 (93.8 mg, 253 pumol) in 1,4-dioxane (1.0
mL) was added to a mixture of Pd(PPhs)4 (17.5 mg, 15.2 umol), LiCl (12.8 mg, 303 pmol) and
CuCl (25.0 mg, 253 pumol) in DMSO (1.0 mL) at room temperature. The reaction mixture
was stirred for 18 h, and then 10% aqueous KF (5 mL) and saturated aqueous NH4Cl (5 mL)
were successively added. The resultant solution was diluted with hexane/EtOAc (3/1, 10 mL),
stirred for 1 h, and extracted with hexane/EtOAc (3/1, 10 mL x3). The combined organic
layers were wash with saturated aqueous NH4ClI (10 mL) and brine (10 mL), dried over Na2SOs4,

filtered, and concentrated. The residue was purified by flash column chromatography on silica
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gel (5 g, hexane/EtOAc 50/1 to 10/1) to afford 3-70 (24.1 mg, 32.3 umol) in 64% yield:
colorless oil; <TA-16-051-Stilleadduct.jws> IR (neat) v 2943, 2892, 2865, 1704, 1462, 1335,
993 ¢cm’'; <TA-16-051-ptlc-H-1.jdf, TA-16-051-ptlc-H-1.als> 'H NMR (400 MHz, C¢Ds) &
1.03-1.38 (45H, m, H18, TIPS x2), 1.36 (1H, ddd, J=11.9, 4.6, 4.6 Hz, H12a), 1.69 (1H, ddd,
J=11.9,5.5,5.5 Hz, H14a), 1.91 (2H, brs, Hla,b), 1.98 (1H, m, H12b), 2.02 (2H, brs, H2a,b),
2.11 (1H, m, H11), 2.17 (1H, dd, J=11.9, 8.7 Hz, H14b), 2.96 (1H, d, J=16.0 Hz, H5a), 3.04
(1H, d, J = 16.0 Hz, H5b), 3.10 (1H, m, HS8), 4.07 (1H, d, J =12.8 Hz, H20a), 4.17 (1H, d, J
=12.8 Hz, H20b), 5.97 (1H, d, J=11.0 Hz, H7), 6.97 (1H, s, H10), 7.03 (3H, m, aromatic), 7.75
(2H, m, aromatic); <TA-16-051-ptlc-C-1.jdf, TA-16-051-ptlc-C-1.als> '*C NMR (100 MHz,
CeDs) 6 12.3,13.2, 18.3, 18.4, 22.5, 23.3, 26.3, 34.3, 45.6 45.9, 46.2, 48.9, 67.3, 92.2, 108.2,
127.5, 128.7, 130.0, 130.6, 133.8, 135.6, 144.6, 156.9, 207.3; <TA-16-051-Stille-HRMS>
HRMS (ESI) calcd for C40He604SeSi2Na 769.3563 [M+Na]", found 769.3553.

e
N:N

CN

,,,,, OTIPS O/

(V-40)
PhSe n-BusSnH
/ toluene

110 °C
(0]

42%

Compound 3-13. [TA-15-129]

A solution of 3-70 (5.0 mg, 6.7 umol) and V-40 (0.8 mg, 3.4 mmol) in toluene (0.77 mL) was
degassed by freeze-thaw procedure (x3). The reaction mixture was heated to reflux
temperature, and a degassed solution of V-40 (0.8 mg, 3.4 mmol) and n-Bu3SnH (9.0 uL, 34
pumol) in toluene (0.77 mL) by freeze-thaw procedure (x3) was added over 1 h.  After being
cooled to room temperature, the mixture was concentrated. The residue was purified by flash
column chromatography on silica gel (1 g, hexane/EtOAc 50/1 to 10/1) to afford 3-13 (1.7 mg,
2.8 umol) in 42% yield.
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i-ProNLi
THF, -78 °C;

TMSCI

[CH2=NM62]+|-
CH20|2;

SiO,
hexane/EtOAc
64% (2 steps)

Enone 3-72. [TA-15-151, 152]

n-BuLi (1.6 M in hexane, 92 uL, 148 umol) was added to a solution of i-ProNH (24 uL, 178
umol) in THF (300 pL) at -78 °C.  The mixture was warmed to 0 °C, stirred for 30 min and
then cooled to -78 °C. A solution of 3-13 (3.5 mg, 5.9 umol) in THF (300 pL) was added.
The reaction mixture was stirred at -78 °C for 1 h, and then TMSCI (23 uL, 178 umol) was
added. The reaction mixture was warmed to 0 °C and stirred for 1 h, and then pH 7 phosphate
buffer (5 mL) was added. The resultant solution was extracted with EtOAc (5 mL x3), and
the combined organic layers were washed with brine (5 mL), dried over Na2SOs, filtrated, and
concentrated to afford crude 3-13’, which was used in the next reaction without further
purification.

N,N-Dimethylmethyleneiminium iodide (33 mg, 178 umol) was added to a solution of the
above crude 3-13’ in CH2Cl2 (600 pL) at room temperature. The reaction mixture was stirred
at room temperature for 12 h, and then saturated aqueous NaHCOs3 (5 mL) was added. The
resultant solution was extracted with EtOAc (5 mL x4), and the combined organic layers were
washed with brine (10 mL), dried over Na2SOu4, filtrated, and concentrated. Si02(0.5 g) and a
10 : 1 mixture of hexane/EtOAc (2 mL) was successively added to the residue. The mixture
was stirred for 3 h, filtrated with EtOAc, and concentrated. The residue was purified by PTLC
(hexane/EtOAc 10/1) to afford 3-72 (2.3 mg, 3.8 umol) in 64% yield: colorless oil; <TA-15-
152-PTLC-1.jdf, TA-15-152-PTLC-1.als> 'H NMR (400 MHz, CsD¢) § 0.79 (3H, d, J = 6.9
Hz, H18), 1.02-1.30 (43H, m, H12a, TIPS x2), 1.57-1.67 (2H, m, H11, H14a), 2.02 (1H, dd, J
=11.9,8.7 Hz, H12b), 2.10 (1H, dd, J=11.0, 9.2 Hz, H14b), 2.19-2.33 (4H, m, Hla, H1b, H5a,
HS), 2.54-2.66 (2H, m, H4, H10), 3.40 (1H, d, J = 13.3 Hz, H5b), 4.04 (1H, d, J =14.7 Hz,
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H20a) , 4.09 (1H, d, J =14.7 Hz, H20b), 4.90 (1H, m, H19a), 5.81 (1H, m, H7), 6.06 (1H, m,
HI19b).

RhCI3-nH20
EtOH/pH 7 buffer
110 °C

76%

3-72

Enone 3-73. [TA-15-153]

RhCI3-nH20 (Rh 38-40%, 0.5 mg, 2 umol) was added to a solution of 3-72 (2.3 mg, 3.8
umol) in a mixture of EtOH (300 pL) and pH 7 phosphate buffer (60 pnL) at room temperature.
The reaction mixture was heated to 110 °C and stirred for 13 min.  After being cooled to room
temperature, the reaction mixture was filtrated through a short pad of Celite with EtOAc. The
filtrate was concentrated, and the residue was purified by PTLC (hexane/EtOAc 1/1) to afford
3-73 (1.7 mg, 2.9 umol) in 76% yield: colorless oil; <TA-15-133-PTLC-1.jdf, TA-15-133-
PTLC-1.als> '"H NMR (400 MHz, CeDs)  0.59 (3H, d, J = 6.4 Hz, H18), 1.00-1.13 (21H, m,
TIPS), 1.48 (1H, dqd, J = 13.7, 6.4, 4.1 Hz, H11), 1.63 (3H, s, H19), 1.97-2.01, (2H, m, H4,
H8), 2.23-2.30 (4H, m, H12a, H12b, H14a, H14b), 2.36 (1H, dd, J = 16.0, 4.6 Hz, H5a), 2.76-
2.81 (2H, m, H5b, H10), 4.09 (1H, d, J =14.2 Hz, H20a) , 4.17 (1H, d, J =14.2 Hz, H20b), 5.05
(1H, s, H7), 6.18 (1H, s, H1); <TA-15-133-ptlc-cHRMS> HRMS (ESI) calcd for C26H4204SiNa
469.2750 [M+Na]", found 469.2740.
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Energy diagram of the radical cyclization

The energy diagram of the radical cyclization was created by comparison of the Gibbs free
energies of the optimized geometries of the lowest energy conformers of radical intermediates
(A, B and B’) and transition states (TS-1 and TS-2) at UM06-2X/6-31G(d) level of theory. The
relative Gibbs energies (AG, 298 K, 1 atm), which are computed for the gas phase, is given in
kcal/mol. The nature of the stationary points as transition structures was confirmed by the
vibration analyses and the intrinsic reaction coordinate (IRC) method at the same level with the
optimization. For the global analyses of the conformational isomers of A, TS-1 and TS-2, the
structures that were created by the conformational search using molecular mechanics
simulations and the following geometry optimization using the semiempirical method were
subjected to the DFT calculations. The molecular mechanics simulations were carried out by
MacroModel ver. 10.4 53 and the semiempirical and DFT methods were by Gaussian 09
program.5* A part of the computational research was conducted using the HITACHI SR16000
System (yayoi) in the Information Technology Center, The University of Tokyo.
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Optimization of the structure of intermediate A

The conformational search of the C9-anion species of intermediate A was first conducted by
molecular mechanics simulation instead of radical A because radical species were not supported
by MacroModel. The calculation was performed using a 10000-step of Monte Carlo-based
torsional sampling (MCMM) and PRCG energy minimization with OPLS 2005 force field (gas
phase) to afford 26 conformational isomers within 6.0 kcal/mol. All of the structures were
transferred into Gaussian program and changed into the corresponding C9-radical species. Then
the geometry optimizations and frequency calculations of the 26 structures were performed at
UPMB6 semiempirical method (298 K, 1 atm, gas phase) to afford 24 conformational isomers,
each of which has no imaginary frequencies. The geometry optimizations and frequency
calculations of the 24 structures were performed at UM06-2X/6-31G(d) level of theory (298 K,
1 atm, gas phase) to afford 24 conformational isomers, each of which has no imaginary
frequencies, as the optimized structures of A. Among them, the lowest energy structure was

defined as A.

Energy, structure and Cartesian coordinate of A.

Gibbs free energy (298 K) = -628103.184507 kcal/mol

-0.921596 0.368711 0.637370
-2.269371 1.096209 0.955241
-3.278871 0.262424 0.123370
-3.522498 -1.104871 0.783640
-2.181450 -1.849696 0.480567
-1.469543 -0.733175 -0.265168
0.043883 1.238477 -0.113316
-2.368488 -3.094151 -0.379283
-2.467551 -0.106126 -1.023957
3.963664 -0.849155 -0.184252
1.369560 1.302575 0.035920
2.173728 0.519179 1.054218
2.770319 -0.693626 0.403287

oNoNoNoNoNoNoNONONONONONE!
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2.212464 2.116666 -0.919175
3.182021 2.912647 -0.268474
1.996402 -1.956221 0.271557
2.842155 -2.947286 -0.524556
4.167531 -2.215448 -0.793741
0.893747 -2.165359 0.731013
-0.459209 -0.070649 1.522034
-2.242931 2.133237 0.608462
-4.461829 0.856505 -0.246718
-3.746250 -1.018387 1.849829
-4.369699 -1.582077 0.281780
-1.632820 -2.104847 1.390457
-0.409433 1.828792 -0.912708
-2.830008 -2.822167 -1.334102
-1.400296 -3.563383 -0.576126
-3.015125 -3.823000 0.120290
4.727426 -0.075941 -0.229225
2.972140 1.160018 1.442357
1.546555 0.200271 1.890995
2.787366 1.447018 -1.570427
1.564646 2.739913 -1.555194
2.601773 3.931444 0.510307
2.961742 -3.869515 0.050249
2.306377 -3.206779 -1.442449
5.022953 -2.721576 -0.332303
4.393955 -2.136049 -1.862679
-4.335111 2.055665 -0.989971
3.418805 4.513460 0.940587
1.972780 4.590737 -0.105969
1.980818 3.523122 1.320149
-4.094506 2.908290 -0.343638
-3.569978 1.954394 -1.765788
-5.305410 2.230814 -1.456786
-2.518318 1.096634 2.019201

I IO IO I QOIDZIIZIIZIZIOCIDN DD ZZOEZDOOOOOON

Optimization of the structures of TS-1 and TS-2

The conformational search of the C9-anion species of A was first conducted by molecular
mechanics simulation instead of radical A because radical species were not supported by
MacroModel. The C9-10 distance was constrained as 2.0 A (force constant: 119.5 kcal/mol A?),
and the calculation was performed using a 10000-step of Monte Carlo-based torsional sampling
(MCMM) and PRCG energy minimization with OPLS 2005 force field (gas phase) to afford
27 conformational isomers within 6.0 kcal/mol. All of the structures were transferred into
Gaussian program and changed into the corresponding C9-radical species. Then, the geometry

optimizations and frequency calculations of the 27 structures were performed at UPM6
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semiempirical method (298 K, 1 atm, gas phase) to afford 18 conformational isomers, each of
which has a single imaginary frequency. The geometry optimizations and frequency
calculations of the 18 structures were performed at UM06-2X/6-31G(d) level of theory (298 K,
1 atm, gas phase) to afford 13 conformational isomers, each of which has a single imaginary
frequency, as the optimized structures of TS-1 and 5 conformational isomers, each of which
has a single imaginary frequency, as the optimized structures of TS-2. Among them, each of
the lowest energy structures was defined as TS-1 or TS-2. The intrinsic reaction coordinate
(IRC) method at the same level of theory confirmed the built structure of TS-1 and TS-2 as the

transition states.

Energy, structure and Cartesian coordinate of TS-1.

TS-1
Gibbs free energy (298 K) = -628093.955732 kcal/mol

-0.831297 -0.829936 -1.105608
-2.270249 -1.421537 -0.999289
-2.978141 -0.377363 -0.109295
-3.182408 0.932731 -0.886701
-1.739515 1.534789 -0.899794
-1.016115 0.394104 -0.185699
0.245456 -1.827957 -0.743827
-1.682919 2.869848 -0.168484
-1.907002 -0.021881 0.810442
0.985419 0.712445 0.952454
1.559745 -1.598218 -0.826588
2.129080 -0.239477 -1.154969
1.828030 0.796530 -0.113425
2.560067 -2.715234 -0.637679
3.634989 -2.380369 0.208065
2.371707 2.161043 -0.210253
1.859281 2.962249 0.990008
0.986463 1.976713 1.785441
3.106406 2.574017 -1.084900
-0.630410 -0.468384 -2.122390
-2.244825 -2.392606 -0.496307
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-4.123596 -0.747571 0.548545
-3.596669 0.761416 -1.883002
-3.871975 1.567053 -0.321993
-1.355642 1.654252 -1.917720
-0.089008 -2.827574 -0.464630
-2.018244 2.744648 0.866174
-0.668371 3.278483 -0.166910
-2.341886 3.597834 -0.652264
0.594770 -0.217408 1.354714
3.215251 -0.298930 -1.287117
1.728400 0.125059 -2.114684
2.048544 -3.623230 -0.278522
3.022187 -2.947019 -1.605222
3.252373 -2.250641 1.555471
2.713492 3.334269 1.563167
1.311341 3.840283 0.634765
1.413544 1.759602 2.771220
-0.029156 2.341948 1.960591
-4.011937 -1.893068 1.376596
4.160682 -2.054619 2.128064
2.550007 -1.419719 1.702627
2.784853 -3.175288 1.926203
-4.876553 -1.875340 2.040946
-4.036023 -2.817803 0.788372
-3.093804 -1.857488 1.970796
-2.767113 -1.545135 -1.964267

esiieniiasiiasiiasiiasiian il @ Rasiasiaolias N @ Jasiias i an il siasiasiias e silasfiasiias il ao il @)

Energy, structure and Cartesian coordinate of TS-2.

TS-2
Gibbs free energy (298 K) = -628093.012586 kcal/mol

-0.245719 -1.385731 -0.605967
-1.289760 -2.154190 0.275237
-2.457995 -1.151994 0.352175
-3.177881 -1.077368 -0.999527
-2.152777 -0.282055 -1.868117
-1.049347 -0.085552 -0.814882

1.110017 -1.393617 0.072131
-2.779712 0.995959 -2.417552

oNoNoNoNONONeNe!
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-1.743752 0.114612 0.385719
0.011486 1.995644 -0.996949
2.159932 -0.576831 -0.040836
2.197455 0.682491 -0.887300
1.165946 1.632830 -0.382096
3.419515 -0.839121 0.752313
4.571723 -0.870672 -0.065062
1.159567 2.113714 1.009861

-0.158664 2.846712 1.244752

-0.838554 2.903316 -0.132354
2.040538 1.940309 1.829999

-0.129995 -1.882787 -1.578006

-0.876353 -2.328184 1.272231

-3.351656 -1.265762 1.386668

-3.417207 -2.066628 -1.396606

-4.107447 -0.515714 -0.867256

-1.775693 -0.886728 -2.699332
1.252023 -2.263476 0.716373

-3.127822 1.633685 -1.599599

-2.083395 1.569528 -3.036254

-3.647950 0.747368 -3.036331

-0.157403 1.891824 -2.064605
3.202296 1.113520 -0.821870
2.005866 0.449601 -1.941848
3.573235 -0.013482 1.454102
3.325375 -1.780592 1.317143
4.566671 -1.945613 -0.970703

-0.747492 2.252375 1.950816
0.019929 3.825234 1.697147

-1.875322 2.564206 -0.088048

-0.839028 3.916522 -0.551229

-2.787282 -1.271030 2.688115
5.525580 -1.931196 -1.492396
4.455402 -2.907738 -0.447684
3.754503 -1.860493 -1.706566

-2.378750 -2.255706 2.943121

-2.003328 -0.512826 2.779051

-3.601171 -1.037473 3.375515

-1.598059 -3.114125 -0.146273
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Optimization of the structures of B
Geometry optimization and frequency calculations were performed at UM06-2X/6-31G(d)
level of theory (298 K, 1 atm, gas phase) for the terminal structure of the IRC calculation of

TS-1 to afford B having no imaginary frequencies.
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Energy, structure and Cartesian coordinate of B.

B

Gibbs free energy (298 K) = -628128.826407 kcal/mol

(@JesiasRRcsiilas il csiias lasiiiasiasiiasilcsiias ol o Moo NoNoNoNoNoNoNo oo NONONONO MO NONQ!

-0.732284
-2.118686
-2.882975
-2.940924
-1.539036
-0.871730
0.438254
-1.664509
-1.929840
0.398785
1.709360
2.058297
1.560621
2.863589
3.905519
2.183669
1.440043
0.396550
3.155340
-0.636022
-2.055066
-4.119454
-3.157890
-3.735983
-1.006063
0.223717
-2.190361
-0.692068
-2.249080
0.575139
3.140113
1.616358
2.497382
3.324639
3.514321
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-1.071871
-1.696341
-0.480330
0.622294
1.285857
0.291546
-1.961380
2.732196
0.031358
0.646016
-1.590402
-0.180698
0.841259
-2.536504
-1.978420
2.129304
2.882415
1.890833
2.541575
-0.799514
-2.470494
-0.680467
0.211529
1.324858
1.269736
-2.967967
2.788714
3.222581
3.297054
-0.252921
-0.051186
0.022725
-3.469244
-2.788773
-1.665722

-0.912278
-0.667786
-0.123085
-1.195257
-1.085548
-0.091677
-0.582245
-0.622743

0.824498

0.681386
-0.766436
-1.199040
-0.230842
-0.546918

0.220148
-0.040893

1.062329

1.616896
-0.664796
-1.971403

0.103627

0.442840
-2.184963
-0.931069
-2.042774
-0.221831

0.334997
-0.528957
-1.356439

1.289935
-1.315188
-2.191090
-0.087671
-1.509343

1.534383
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2.157722 3.214885 1.817893
0.994724 3.789367 0.639569
0.688063 1.566513 2.619021
-0.598657 2.324265 1.711113
-4.162977 -1.642889 1.481561
4.417578 -1.386537 2.079293
2.807625 -0.823101 1.563030
3.044174 -2.529214 2.028225
-5.126454 -1.514879 1.976311
-4.100453 -2.663690 1.085793
-3.356824 -1.478440 2.203361
-2.577051 -2.122139 -1.563790

asiijasiianiiasiianiianiias B @ o niijasiianiias

Optimization of the structures of B’
Geometry optimization and frequency calculations were performed at UM06-2X/6-31G(d)
level of theory (298 K, 1 atm, gas phase) for the terminal structure of the IRC calculation of

TS-2 to afford B’ having no imaginary frequencies.

Energy, structure and Cartesian coordinate of B’.

- 1t
{
o
("
N

Gibbs free energy (298 K) = -628126.881757 kcal/mol

-0.275465 -1.117698 -0.939789
-1.325732 -2.139012 -0.420823
-2.354377 -1.232260 0.305066
-3.321484 -0.686242 -0.733524
-2.357623 0.149926 -1.602336
-1.075539 0.209626 -0.668958
1.033776 -1.327805 -0.199878
-2.991426 1.463643 -2.052859
-1.592446 -0.056566 0.632108
-0.357546 1.572922 -0.712209
2.115733 -0.547293 -0.194492
2.143896 0.798928 -0.894512
1.058079 1.571905 -0.249668
3.341474 -0.872491 0.621134
4.523254 -0.820733 -0.148031
1.199532 2.184632 1.048272

oNcHoNONONONONONONO OO OO NGO
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-0.174864
-1.030533
2.241729
-0.095962
-0.873858
-3.003199
-3.848993
-4.051405
-2.084828
1.101151
-3.339171
-2.313289
-3.864896
-0.381189
3.118389
1.972214
3.460748
3.230688
4.573578
-0.558822
-0.114635
-2.065949
-1.013966
-2.159227
5.544072
4.479399
3.777233
-1.728252
-1.355958
-2.789030
-1.811903
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2.674476
2.633341
2.244544
-1.234302
-2.859034
-1.736857
-1.470486
-0.048659
-0.409071
-2.259850
2.061388
2.078320
1.240559
1.887180
1.270559
0.687417
-0.110072
-1.860234
-1.825426
1.968108
3.660129
2.381186
3.605555
-2.154490
-1.743845
-2.825889
-1.708721
-3.143916
-1.430972
-2.214323
-2.704232

1.488210
0.212478
1.693932
-2.016791
0.264163
1.405947
-1.281133
-0.224304
-2.505835
0.361615
-1.206897
-2.652410
-2.674623
-1.765281
-0.737344
-1.972265
1.398706
1.097030
-1.130963
2.233398
1.955799
0.437967
-0.290050
2.466472
-1.623574
-0.682412
-1.879424
2.271934
2.635583
3.354929
-1.220154
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0

0

0

0

OHz

183¢c

606
128.00 ppm



3-alcohol

C:\Do ts and Settings\PC-USER\My Documents\D: d Icohol\3-alcohol.als
w0 VANV IN O ®ON oS = WD NT D ) DFILE  3-alcohol.als
g g EREIBEEEEROGERREILERE SARESEEREER B COMNT 3alohel
N [Epnpaiaie R prgepepe e e R P R PRPAAPRPA BB B pir pa R DATIM  12-11-2014 15:14:15
MENUF
OBNUC 1H
OFR 495.13 MHz
OBFRQ 495.13 MHz
OBSET 4.38 KHz
OBFIN 9.64 Hz
Pw1 5.00 usec
DEADT 0.00 usec
PREDL 0.00000 msec
IwT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM 1.7642 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 48
BF 0.01 Hz
T 0.00
T2 0.00
T3 90.00
T4 100.0(
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IR 495.13 MHz
IRSET 438 KHz
IRFIN 9.64 Hz
IRRPW 92 usec
IRATN 79
DFILE  3-alcoholals
o SF
- : LKSET 748.40 KHz
5 = LKFIN 90.6 Hz
5 « LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 236¢
SLVNT C6D6
EXREF 7.16 ppm
s g
8 S g5 - 3 g & 8
| f j | J f
|
SUL_.M Mt .
L ,
PPM
T s R pn I R s R
95 9.0 85 80 75 70 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
single pulse decoupled gated NOE
C:\Do its and Settings\PC-USER\My Documents\D: o Icoholyk-02-117-f12-29-c-1.als
g g5 Z#8 3§ 4 EEE B8 8 g3 GONIT Sl puke diciod g
S S8 8 <én a b d28 g8 5 el DATIM  06-06-2009 19:19:47
I 53 9 OSYY o =1 o ww Be < - - MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PwW1 3.25 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wTt 1.0000 sec
POINT 26214
SPO 26214
TIMES 22
DUMMY 4
FREQU 24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM 1.0486 sec
PD 5.0000 sec
SCANS 22
ADBIT 16
RGAIN 58
BF 0,50 Hz
T1 0.00
T2 0.00
T3 90.00
T4 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  yk-02-117-f12-29-c-Lals
SF
LKSET 13.20 KHz
LKFIN 69.6 Hz
LKLEV 1]
LGAIN ]
LKPHS 0
LKSIG [
CSPED 0Hz
FILDC
FILDF
CTEMP 199¢
SLVNT C6D6

EXREF  128.00ppm

PPM
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TA-11-015-tipsenone

C:\Documents and Settings\PC-USER\My Documents\D: bolone data\d-TIPS-enone\TA-11-015-tipsenone-3.als
g 2 R R S e L T 5IE8E
g 2 BEERRERRREgEE I aNENSScBBBEAISNIREERRE 85882
~ © B R B B PN ENINEN RIS RRNRNRA AP B s o g g S3333

B e

20

38
311

— 48

098
— 100
S 104
— 102
— 100

o L

PPM
HHH\‘\HHHH‘H\HHH‘HHH\H‘HHHH\‘H\HHH‘\H\HH\‘\HHHH‘HHH\H‘HHHH\‘HH\HH‘\HHHH‘\HHHH‘\\HH\H‘HHH\H‘H\HHH‘HHH\H‘HHHH\‘HHHH\‘HHHH\‘\
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

Jl /

—

TA-11-015-tipsenone-C

C:\Documents and Settings\PC-USER\My Documents\D: bolone datad-TIPS-enone\TA-11-015-tipsenone-C-2.als
5 83 e 8 ~ ~ b o ) o @ o N
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s d9d g v} ) e ~ S W R
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DFILE
COMNT
DATIM

LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

wt
POINT
sPO
TIMES
DUMMY
FREQU
FLT
DELAY
ACQTM
PD
SCANS

TA-11-015-tipsenone-3.al
TA-11-015-tipsenone
30-01-2014 14:04:11

H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.4 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

single_pulse.ex2

H
395.88 MHz
6.28 KHz

79
TA-11-015-tipsenone-3.at

1320 KHz
75.7Hz

21.0¢
cocL3
7.26 ppm

TA-11-015-tipsenone-C-2
TA-11-015-tipsenone-C
30-01-2014 14:29:01

26214
483
4
24999.62 Hz
125000 Hz
20.50 usec
1.0486 sec
2.0000 sec
483

100.00
single_pulse_dec

H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
TA-11-015-tipsenone-C-2

1320 KHz
75.7Hz

0

0

0

0

OHz

213¢c
cocL3
77.00 ppm



TA-11-027-fr7-13

DFILE  TA-11-027-fr7-13-Lals
COMNT TA-11-027-r7-13
DATIM  30-01-2014 20:44:01

C:\Documents and Settings\PC-USER\My Documents\D: data\5-Tips-birch\TA-11-027-fr7-13-1.als
8
g
g
53 2
|
NP I
PPM|
R ALAN LR LARAN LR ARA R RN AN LLRAL ALY RN AL AR RRA RN LR A LA AAN RN AR AR LR AR AR AR AR ARAR AL AR AR AR LA AR
95 90 85 80 75 70 6.5 6.0 55 50 45 40 35 30 25 20 15 10 05 00
TA-11-027-tips-birch
C:\Documents and Settings\PC-USER\My Documents\D: data\5-Tips-birch\TA-11-027-tips-birch-C-1.als
E k3 5 8 No® voxre oo o won oo
s 5 g g 285 22253 ¥¥ 3 EEEER
g 2 3 g RER 25888 3¢ o SoSINs
2-24'
|
|
| |
[N
|
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MENUF
OBNUC 1H
OFR 395.88 MHz
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
sPO 13107
TIMES 8
DUMMY 1
FREQU 5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  22073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 30
BF 0.01Hz
T 0.00
T2 0.00
T3 10000
T4
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-L1-027-fr7-13-Lals
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV [
LGAIN 0
LKPHS 0
LKSIG 4
CSPED 0Hz
FILDC
FILDF
CTEMP 21.0¢
SLVNT CDCL3
EXREF 7.26 ppm
DFILE  TA-11-027-tips-birch-C-1
COMNT TA-11-027-tips-birch
DATIM  30-01-2014 20:47:03
MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 3.03usec
DEADT 0.00 usec
PREDL  0.00000 msec
1.0000 sec
POINT 26214
sPO 26214
TIMES 36
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 2.0000 sec
SCANS 36
ADBIT 16
RGAIN 60
BF 100Hz
T 0.00
T2 0.00
T3 10000
T4 00.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-11-027-tips-birch-C-1
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 4
LKSIG 4
CSPED 0Hz
FILDC
FILDF
CTEMP 212¢
SLVNT CDCL3
EXREF 77.00 ppm



TA-11-026-overred

‘C:\Documents and Settings\PC-USER\My Documents\D datal5"tips-overrd\TA-11-026-overred-Lals
3 DFILE  TA-11-026-overred-Lals
e COMNT TA-11-026-overred
= DATIM  01-02-2014 09:33:27

OBNUC 1H
OFR 395.88 MHz
OBFRQ 395.88 MHz
OBSET 6.28KHz
OBFIN 087 Hz
PW1 644 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU  5938.15 Hz
FLT 30000 Hz
DELAY  1668usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN %
BF 001 Hz
T 000
i 0.00
3 90.00
T4 100.
EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395,88 MHz
IRSET 6.28KHZ
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-11-026-overred-Lals
E SF
d LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 212¢
SLVNT  CDCL3
EXREF 7.26 ppm
885 38 4
irJ I s
|
|
|
| 1!
il [ ’
J .
PPM
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TA-11-026-overred-C
‘C:\Documents and Settings\PC-USER\My Documents\D datal5"tips-overrd\TA-11-026-overred-C-2als
= rno® o . - o o DFILE  TA-1-026-overred-C-2a
2 288X 3 28 2 5 28 2 COMNT TA-11-026-0verred-C
= ofe2e 5 =2 o 2 ol & DATIM  01-02-2014 09:41:35
g EASESE S 58 s & SE o MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 098 Hz
PW1 303 usec
DEADT 0.00 usec
PREDL  0.00000 msec
1.0000 sec
POINT 26214
SPO 26214
TIMES 111
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM  1.0486 sec
PD 2.0000 sec
SCANS 11
ADBIT 16
RGAIN 50
BF 100 Hz
T 000
i 0.00
| 3 90.00
il T4 100.
2_24" EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395,88 MHz
IRSET 6.28KHZ
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-1-026-overred-C-2a
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 213c¢
SLVNT  CDCL3
EXREF 77.00 ppm
PPM
HH\‘\HHHH‘HHHH\‘\\HHH\‘HHH\H‘\HHHH‘\HHHH‘\H\HH\‘HHH\H‘HHH\H‘HHH\H‘\HHHH‘H\HHH‘HHHH\‘HHHH\‘HHHH\‘\HHHH‘H\HHH‘HHHH\‘HHHH\‘HHHH\‘\HHHH‘\HHH\\‘HHH\H‘HHHH\‘\HH
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6-TIPS-vinylether

C:\Documents and Settings\PC-USER\My Documents\D: bolone data\6-TIPS-vinylether\6-TIPS-vinylether-1.als
DFILE  6-TIPS-vinylether-lals
COMNT 6-TIPSwinylether
DATIM  03-02-2014 22:15:21
MENUF
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 6.28KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
o POINT 13107
= SPO 13107
§ TIMES 8
DUMMY 1
FREQU 59385 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  2.2073sec
D 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 2
BF 001Hz
T 000
T2 000
T3 90.00
T 100
EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
| IRATN 79
| DFILE  6-TIPSwinylether-1als
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
a LKLEV 0
@ LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 213¢c
SLVNT = CDCL3
EXREF 7.26 ppm
g
| ]
|
l |
e
PPM
HH\H‘H\HHH‘\HHHH‘H\HHH‘\HHHH‘HHHH\‘\HHH\\‘\HHHH‘HHHH\‘\HHHH‘HH\HH‘HHH\H‘H\HHH‘\HHHH‘HHH\H‘\HHH\\‘HHH\H‘HHHH\‘\HHHH‘HH\HH‘\
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6-TIPS-vinylether-C

C:\Documents and Settings\PC-USER\My Documents\D: bolone data\6-TIPS-vinylether\6-TIPS-vinylether-C-1.als
2 5 5 2 e~ om o oo o o @ N meom DFILE  6-TIPS-inylether-C-Lals
= El I s9888 SE &g gy 3 8 8288388 COMNT 6-TIPSwinylether-C
3 3 5 = Bangg 5E 89 R T 22embysg DATIM  04-02-2014 08:53:12
g 3 E g BRERR 28 58 g9 8 § =858usYY MENUF
OBNUC 13C
OFR 99,55 MHz
OBFRQ 9955 MHz
OBSET 513KHz
OBFIN 098 Hz
PW1 303 usec
DEADT 0.00 usec
PREDL 000000 msec
wr 1.0000 sec
POINT 26214
SPO 26214
TIMES 4500
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 5.0000 sec
SCANS 4500
ADBIT 16
RGAIN 50
BF 100 Hz
T 000
T2 000
T3 90.00
T4 100,
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395,88 MHz
IRSET 628KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  6-TIPSwinylether-C-Lals
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 21.0¢
SLVNT  CDCL3
EXREF 77.00 ppm

. . ! | Y B 1

PPM
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TA-11-031-fr5-8

C:\Documents and Settings\PC-USER\My Documents\D:

/
TIPSO

2-26
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TA-11-031-fr5-8-C

C:\Documents and Settings\PC-USER\My Documents\D:

data\7-TIPS-bicyclo\TA-11-031-fr5-8-C-Lals

TIPSO/
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DFILE  TA-11-031-fr5-8-Lals
COMNT TA-11-031-fr5-8
DATIM  04-02-2014 14:22:20

MENUF
OBNUC 1H

OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec:
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 20

BF 001 Hz
T 000

i) 0,00

] 90.00

T4 100.
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-11-031-fr5-8-Lals
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 212¢
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  TA-11-031-fr5-8-C-Lals
COMNT TA-11-031-fr5-8-C
DATIM  04-02-2014 14:30:26

MENUF
OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PW1L 3.03 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 26214
SPO 26214
TIMES 150
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM  1.0486sec
PD 2.0000 sec
SCANS 150
ADBIT 16
RGAIN 50

BF 1.00 Hz
Tl 0.00

T2 0.00

T3 90.00

T4 100.

EXMOD single_pulse_dec
EXPCM

IRNUC  1H
IFR 395,88 MHz

IRSET 628 KHz

IRFIN 087 Hz

IRRPW 115 usec

IRATN 79

DFILE  TA-1-031-fr5-8-C-Lals
SF

LKSET 13.20 KHz

LKFIN 75.7 Hz

LKLEV 0

LGAIN 0

LKPHS 0

LKSIG 0

CSPED 0Hz

FILDC

FILDF

CTEMP 215¢

SLVNT  CDCL3

EXREF 77.00 ppm



8 -carboxylicacid-H

ts and Settings\PC-USER\My Documents\D: data\ I id-H-Lals
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8-carboxylicacid-C

C:\Documents and Settings\PC-USER\My Documents\D: -carboxylicacid-C-1.als
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DFILE  8-carboxylicacid-H-Lals
COMNT  8-carboxylicacid-H
DATIM  13-02-2014 22:38:27

MENUF
OBNUC 1H

OFR 395.88 MHz
OBFRQ  395.88 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PWL 6.4 usec
DEADT 0.00 usec
PREDL  0.00000 msec
Wt 1.0000 sec
POINT 13107

sPO 13107
TIMES 8
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  2.2073sec
PD 5.0000 sec
SCANS 8
ADBIT 16
RGAIN 36

BF 012 Hz
T 000

T2 0.00

T3 100.00

T4

EXMOD single_pulse.ex2

IRNUC 1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  8-carboxylicacid-H-Lals

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 214c
SLVNT ~ CDCL3
EXREF 7.26 ppm

DFILE  8-carboxylicacid-C-1.als
COMNT  8-carboxylicacid-C
DATIM  14-02-2014 02:50:56

MENUF
OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 3.03 usec
DEADT 0.00 usec
PREDL  0.00000 msec
I 1.0000 sec
POINT 26214
SPO 26214
TIMES 2500
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM  1.0486sec
PD 5.0000 sec
SCANS 2500
ADBIT 16
RGAIN 50

BF 1,00 Hz
TL 000

T2 000

T3 100.00

T4 100.0

EXMOD single_pulse_dec

IRNUC H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec

79
DFILE  8-carboxylicacid-C-1.als

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 209¢
SLVNT CDCL3
EXREF 77.00 ppm



11-R-selen
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DFILE  11-R-selen-lals
COMNT 11-R-selen
DATIM  20-02-2014 17:03:30

MENUF

OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PWIL 6.4 usec
DEADT 0.00 usec
PREDL 000000 msec
WT 1.0000 sec
POINT 13107

SPO 13107
TIMES 16
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 16
ADBIT 16
RGAIN 40

BF 001 Hz

T1 0.00

T2 0.00

T3 100.00

T4 100.

EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  11-R-selen-lals
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED OHz
FILDC

FILDF

CTEMP 21.0¢
SLVNT CDCL3
EXREF 7.26 ppm
DFILE  11-R-selen-C-Lals

COMNT 11-R-selen-C
DATIM  20-02-2014 17:24:36

MENUF

OBNUC 13C

OFR 99,55 MHz
OBFRQ 99,55 MHz
OBSET 513 KHz
OBFIN 098 Hz
PWL 3.03 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 26214
SPO 26214
TIMES 254
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 20,50 usec
ACQTM 10486 sec
PD 20000 sec
SCANS 254
ADBIT 16
RGAIN 60

BF 1,00 Hz
T 000

T2 000

T3 10000

T4 100,

EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  11-R-selen-C-lals
SF

LKSET 13.20 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 213c
SLVNT  CDCL3
EXREF 77.00 ppm



11-selen-shita
C:\Documents and Settings\PC-USER\My D
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MENUF
OBNUC 1H
OFR 395.88 MHz
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 5938.15 Hz
© FLT 30000 Hz
: DELAY 16.68 usec
ACQTM 2.2073 sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 40
BF 0.01Hz
T 0.00
T 0.00
T3 100.00
] T4 100.
1 3 (S)—2'30 g g EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN n
DFILE  1l-selen-shita-1als
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
~ CTEMP 209¢
o o N @ 5 SLVNT CDCL3
%5 3 g8 8 5 25 3 - EXREF 7.26 ppm
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C:\Documents and Settings\PC-USER\My Documents\D: datall 1-selen\S\1 1-selen-shita-C-1.als
2 2 888 2 Q = ~ow® o o © o waN N wo DFILE  11-selen-shita-C-Lals
& § 888 B ) 2 888 2 8 3 2 B8 8 R¥ COMNT TA-11-051-5-C
3 s z=n E @ 5 eoe 5 o S S 22 5 2z DATIM  19-02-2014 13:50:31
3 8 &8y g 8 H REe g 2 2 2 83 8 Q1 MENU!
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PW1 3.03 usec
DEADT 0.00 usec
PREDL 0.00000 msec
1.0000 sec
POINT 26214
SPO 26214
TIMES 51
DUMMY 4
FREQU 24999.62 Hz
FLT 125000 Hz
DELAY 20.50 usec
P h S ACQTM 1.0486 sec
e PD 2.0000 sec
SCANS 51
ADBIT 16
e RGAIN 50
HO BF 1.00 Hz
T 0.00
T 0.00
T3 100.00
13'(S)-2-30 Sxvon sl
Y Al EXMOD single_pulse_dec
EXPCM
IRNUC  1H
1IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN o
DFILE  11-selen-shita-C-Lals
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 213c
SLVNT CDCL3
EXREF 77.00 ppm
PPM|
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

EXMOD
EXPCM
IRNUC
IFR

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

SLVNT
EXREF

12-R-aldehyde-ta-11-193-
12-R-aldehyde-ta-11-199-
27-06-2014 16:31:08

1H

395.88 MHz

395.88 MHz
6.28 KHz
0.87 Hz
6.4 usec
0.00 usec

0.00000 msec
1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073sec
2.0000 sec
8

single_pulse.ex2

H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
12-R-aldehyde-ta-11-193-

1320 KHz
75.7Hz
0

0
0

0
OHz

29¢
cocL3
7.26 ppm

12-R-aldehyde-ta-11-193-
12-R-aldehyde-ta-11-193-
27-06-2014 16:34:23

13
99.55 MHz
99.55 MHz
513 KHz
0.98 Hz
3.03 usec
0.00 usec
0.00000 msec
1.0000 sec
26214
26214
52

4
24999.62 Hz
125000 Hz
20.50 usec
1.0486 sec
2.0000 sec
52

100.00
single_pulse_dec

H
395.88 MHz

79
12-R-aldehyde-ta-11-193-

1320 KHz
75.7Hz
0
0
0
0
OHz

241¢
cocLs
77.00 ppm



12-S-aldehyde-ta12013
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DFILE  12-S-aldehyde-ta12013-1,
COMNT  12-S-aldehyde-ta12013
DATIM  04-07-2014 15:36:04

MENUF
OBNUC 1H

OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wr 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  22073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 38

BF 001Hz
T 000

i 0.00

T3 90.00

T4 100,
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  12-S-aldehyde-tal2013-1.
SF

LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 243c
SLVNT ~ CDCL3
EXREF 7.26 ppm
DFILE  12-S-aldehyde-ta12013-C

COMNT  12-S-aldehyde-ta12013-C
DATIM  04-07-2014 15:48:53

MENUF
OBNUC 13C

OFR 99,55 MHz
OBFRQ 99,55 MHz
OBSET 5.13 KHz
OBFIN 098 Hz
PW1L 303 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 26214

SPO 26214
TIMES 85
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 2.0000 sec
SCANS 85
ADBIT 16
RGAIN 50

BF 100 Hz

TL 000

T2 0.00

T3 90.00

T4 100.
EXMOD single_pulse_dec
EXPC

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  12-S-aldehyde-ta12013-C
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV [
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 247¢c
SLVNT CDCL3
EXREF 77.00 ppm
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15-R-diAc
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DFILE  15-R-diAc-Lals
COMNT 15-R-diAc
DATIM  20-10-2014 09:32:40

MENUF
OBNUC 1H

OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0,00 usec
PREDL 0.00000 msec
wr 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  22073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 44

BF 001Hz

T 000

i 0.00

T3 90.00

T4 00.00
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 147 usec
IRATN 79
DFILE  15-R-diAc-Lals
SF

LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 28c
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  TA-06-005-fr16-21-C-Lal
COMNT  TA-06-005-fr16-21-C
DATIM  27-02-2012 19:51:01

MENUF
OBNUC 13C
OFR 99,55 MHz
OBFRQ 99,55 MHz
OBSET 5.13 KHz
OBFIN 098 Hz
PW1L 2.92 usec
DEADT 0,00 usec
PREDL  0.00000 msec
1.0000 sec
POINT 52428
SPO 52428
TIMES 77
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 2.0000 sec
SCANS 77
ADBIT 16
RGAIN 60
BF 100 Hz
TL 000
T2 0.00
T3 90.00
T4 10000
EXMOD single_pulse_dec
EXPC
IRNUC  1H
IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-06-005-fr16-21-C-l.al
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV [
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 21c
SLVNT CDCL3
EXREF 77.00 ppm



iAc-ta12021

its and Settings\PC-USER\My Documents\D: data\15-diAc\15-S-diAc\15-S-diAc-tal2021-1als

DFILE  15-S-diAc-tal2021-1.als

IYERRI2RI29NR833N8SS =9
BBl eN8S338R83898328 88 COMNT 15-S-diAc-tal2021
SRCIITIIRIRANRRRIRRT ey DATIM  09-07-2014 15:03:46

MENUF
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0,00 usec:
PREDL 0.00000 msec
wt 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 38
BF 010 Hz
T 000
i 0,00
] 90.00
T4 100.
EXMOD single_pulse.ex2
EXPCM
A O IRNUC  1H

C IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz

1 3'(8)'2'31 ! :si’m 115 usec

79
DFILE  15-S-diAc-tal2021-1.als

SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
\ LKSIG 0
S CSPED OHz
3 ] | FILDC
B FILDF
CTEMP 200¢
o ol o SLVNT ~ CcDCL3
Bl & 3 EXREF 7.26 ppm
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15-S-diAc-ta12021-C

C:\Documents and Settings\PC-USER\My Documents\D datal15-iAc\15-S-dIAAIS-S-diAc 1a12021-C-Lals
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g 3 88 88y s 8 s cEe 8¢ 8 3 g3 88§ & 888 MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098Hz
PW1 3.08 usec
DEADT 000 usec
PREDL  0.00000 msec
1.0000 sec
POINT 26214
SPO 26214
TIVES 8
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 1048650
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 50
BF 100 Hz
m 000
i 000
8] 90,00
T4 100.00
A CO EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
1 3'(8)_2-31 v IRSET 6.28 KHz
IRFIN 087Hz
IRRPW 115 usec
IRATN 79
DFILE  15-S-diAc-tal2021-C-lal
SF
LKSET  1320KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 242c
SLVNT CDCL3
| EXREF  77.00ppm
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16-R-diol
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DFILE  16-R-diol-Lals
COMNT  16-R-diol
DATIM  22-05-2014 17:58:52
MENUF

OBNUC 1H

OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wr 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 59385 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  22073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 44

BF 001Hz
T 000

i 0.00

T3 90.00

T4 00.00
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  16-R-diok-Lals
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 22¢
SLVNT = CDCL3
EXREF 7.26 ppm

DFILE  TA-05-121-fr11-18-C-Lal
COMNT TA-05-121-fr5-10-C
DATIM  24-01-2012 22:06:04

MENUF
OBNUC 13C

OFR 99,55 MHz
OBFRQ 99,55 MHz
OBSET 5.13 KHz
OBFIN 098 Hz
PW1L 2.92 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wt 1.0000 sec
POINT 26214

SPO 26214
TIMES 209
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM 10486 sec
PD 2.0000 sec
SCANS 209
ADBIT 16
RGAIN 60

BF 100 Hz

T 000

T2 0.00

T3 90.00

T4 10000
EXMOD single_pulse_dec
EXPC

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-05-121-fr11-18-C-lal
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV [
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 27c
SLVNT CDCL3
EXREF 77.00 ppm
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DFILE
COMNT
DATIM

MENUF
OBNUC

LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

wt
POINT
sPO
TIMES
DUMMY
FREQU
FLT
DELAY
ACQTM
PD
SCANS

16-S-diol-Lals
16-S-diol

03-04-2014 18:50:21

H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.4 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

100.00
single_pulse.ex2

H
395.88 MHz
6.28 KHz

79
16-S-diol-Lals

1320 KHz
75.7Hz

2L4c
cocL3
7.26 ppm

16-S-diol-C-Lals
16-S-diol-C

03-04-2014 18:55:21

1.0000 sec
26214
26214
87
4
2499962 Hz
125000 Hz
20.50 usec
1.0486 sec
2.0000 sec

single_pulse_dec

H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
16-S-diol-C-Lals

1320 KHz
75.7Hz

0

0

0

0

OHz

213¢c
cocLs
77.00 ppm



17-R-TIPS-ta12017

C:\Documents and Settings\PC-USER\My Documents\D: bolone data17- -R-tips\17-

D

-TIPS-ta12017-Lals

13'(R)-2-33

1.00

PPM
HHH\‘\HHHH‘H\HHH‘HHH\H‘HHHH\‘H\HHH‘\H\HH\‘\HHHH‘HHH\H‘HHHH\‘HH\HH‘\HHHH‘\HHHH‘\\HH\H‘HHH\H‘H\HHH‘HHH\H‘HHHH\‘HHHH\‘HHHH\‘\
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

17-R-TIPS-ta12017-C

C:\Documents and Settings\PC-USER\My Documents\D: bolone data\17-tip: 1ips\17-R-TIPS-ta12017-C-1.als
o g @ =
2 88 2 5 o 8ge o s o5 = @ w0 2s 9«
g ga% & B & 48 & 8§ §8 & E8 22 3§
§ 83% 4 3 E fpe & 8 23 % 88 g2 4

[

T 233694

__— 235897

TIPSO
13'(R)-2-33

PPM
H\H‘\\HHH\‘HH\HH‘\HHHH‘H\HHH‘HHHH\‘HHH\H‘H\HHH‘\HHHH‘\H\HH\‘\H\HH\‘HHHH\‘HHH\H‘H\HHH‘\HHHH‘HHH\H‘HHHH\‘HHH\H‘\HHHH‘\HHHH‘HHHH\‘HHHH\‘\HHHH‘H\HHH‘HHHH\‘HH\
2200 200 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 60.0 500 400 300 200 100 00 100 200

DFILE  17-R-TIPS-tal2017-Lals
COMNT 17-R-TIPS-ta12017
DATIM  09-07-2014 14:33:07

MENUF
OBNUC 1H

OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wt 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 59385 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  22073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 30

BF 001Hz
T 000

i 0.00

T3 90.00

T4 100
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  17-R-TIPS-a12017-1als
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 24.2¢
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  17-R-TIPS-al2017-C-l.a
COMNT 17-R-TIPS-ta12017-C
DATIM  09-07-2014 14:43:10

MENUF

OBNUC 13C

OFR 9955 MHz
OBFRQ 9955 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 3.03 usec
DEADT 0,00 usec
PREDL  0.00000 msec
Wt 1.0000 sec
POINT 26214
sPO 26214
TIMES 58
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz

DELAY 20.50 usec
ACQTM  1.0486sec

PD 2.0000 sec
SCANS 58
ADBIT 16
RGAIN 50

BF 100 Hz
T 000

T2 000

T3 90.00

T4 100.00
EXMOD  single_pulse_dec
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATI 79
DFILE  17-R-TIPS-tal2017-C-l.a
SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 244c
SLVNT CDCL3
EXREF 77.00 ppm



17-S-TIPS

C:\Documents and Settings\PC-USER\My Documents\D: bolone datal7- -S-TIPS\L7-S-TIPS-Ljdf

= TOTRNW D MO D DFILE  17-S-TIPS-1jdf
] 588825828 coMNT 17sTIRS
~ SS33323333 DATIM 03-04-201419:02:08
MENUF
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wr 1.0000 sec
POINT 16384
SPO 16384
TIMES 8
DUMMY 1
FREQU 742280 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  22073sec
PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 38
BF 010Hz
T 0,00
i 0,00
T3 90.00
T4 100.00
TIPSO EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395,88 MHz
13'(S)-2-33 e e
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN 79
DFILE  17-S-TIPS-1jdf
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
o LKPHS 0
9 3 8 LKSIG 0
@ < CSPED OHz
FILDC
FILDF
CTEMP 213c
SLVNT  CDCL3
EXREF 7.26 ppm
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C:\Documents and Settings\PC-USER\My Documents\D: bolone data1 7-tips -STIPSU7-S-TIPS-C-Lals
8 N8BS 3 g 9 Ngo o e o S Oy 8 sgue ® DFILE  17-S-TIPS-C-Lals
S Basisg 3 8 g 58t 2 ¥ & EE =28 g SR8z 8 M Alon?
2 EEErT s 8 a3 < - Pl a3 oS 2 2522 2 DATIM  03-04-2014 19:24:01
3 83588 s 8 5 R 8 g 3 e 88 & JJ98 d MENUF
OBNUC 13C
OFR 99,55 MHz
OBFRQ 99,55 MHz
Meo OBSET 5.13 KHz
- OBFIN 098 Hz
‘1 , PW1 3.03 usec
’ DEADT 0,00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 26214
SPO 26214
Phse TIMES 415
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
HO ACQTM 10486 sec
PD 2.0000 sec
SCANS 415
ADBIT 16
RGAIN 50
TIPSO BF 100 Hz
T 000
T2 0,00
T3 90.00
' T4 100.00
-2 = EXMOD  single_pulse_dec
13'(S)-2-33 B
IRNUC  1H
IFR 395,88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  17-S-TIPS-C-l.als
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 215¢
SLVNT CDCL3
EXREF 77.00 ppm
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19-R-enone-ta12033
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

EXMOD
EXPCM
IRNUC
IFR

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

SLVNT
EXREF

19-R-enone-ta12033-2.als
19-R-enone-ta12033
16-07-2014 10:01:31

1H

395.88 MHz

395.88 MHz
6.28 KHz
0.87 Hz
6.4 usec
0.00 usec

0.00000 msec
1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073sec
2.0000 sec
8

single_pulse.ex2

H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
19-R-enone-ta12033-2.als

1320 KHz
75.7Hz
0

0
0

19-R-enone-ta12033-C-1i
19-R-enone-ta12033-C
16-07-2014 10:09:29

13
99.55 MHz
99.55 MHz
513 KHz
0.98 Hz
3.03 usec
0.00 usec
0.00000 msec
1.0000 sec
26214
26214
150

1
24999.62 Hz
125000 Hz
20.50 usec
1.0486 sec
2.0000 sec
1

100.00
single_pulse_dec

H
395.88 MHz

79
19-R-enone-ta12033-C-1i

1320 KHz
75.7Hz
0
0
0
0
OHz

242¢
coeLs
77.00 ppm



19-S-enone-OSe
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

EXREF

19-S-enone-OSe-Lals
19-S-enone-OSe
05-04-2014 13:42:02

1H

395.88 MHz

395.88 MHz
6.28 KHz
0.87Hz
6.44 usec
0.00 usec

0.00000 msec.

1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

100.00
single_pulse.ex2

1H
395.88 MHz

79
19-S-enone-OSe-Lals

1320 KHz
75.7Hz
0

0
0

0
0Hz

213¢
cpcL3
7.26 ppm

19-R-enone-tal2033-C-1.
19-R-enone-ta12033-C
16-07-2014 10:09:29

13C
99.55 MHz
99.55 MHz
513KHz
0.98 Hz
3.03 usec
0.00 usec
0.00000 msec
1.0000 sec
26214
26214
150

4
24999.62 Hz
125000 Hz
20.50 usec
1.0486 sec
2.0000 sec
150
16
50
1.00 Hz
0.00
0.00
90.00
single_pulse_dec

1H
395.88 MHz

79
19-R-enone-tal2033-C-1.

1320 KHz
75.7Hz
0

0
0

0
0Hz
242¢

cpeLs
77.00 ppm
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL
Wt
POINT
SPO
TIMES
DUMMY
FREQU
FLT
DELAY
ACQTM
PD

LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

20-R-radicalcyc.als
20-R-radicalcyc
13-03-2012 11:05:36

1H
395.88 MHz
395.88 MHz
6.28 KHz
0.87 Hz
6.62 usec
0.00 usec
0.00000 msec.
1.0000 sec
13107
13107
32

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073sec
2.0000 sec
2

16
50
0.10Hz
0.00
0.00
100.00

single_pulse.ex2

1H

k)
20-R-radicalcyc.als

1320 KHz
757 Hz

0

0

0

0

0Hz

231c
cocL3
7.26 ppm

20-R-cyc-C- TA 12-083-2-
TA-12-083
03-09-2014 05.45.03

13C
99.55 MHz
99.55 MHz
513 KHz
098 Hz
3.03 usec
0.00 usec
0.00000 msec
1.0000 sec
26214
26214
6000
4
24999.62 Hz
125000 Hz
20,50 usec
1.0486 sec
2.0000 sec
6000

2D singe_poke_dec

H
395.88 MHz

7
20-R-cyc-C-TA-12-083-2-

1320 KHz
75.7 Hz

0

0

0

0

OHz

247c
cpeL3
77.00 ppm



20-S-radcyc
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MENUF
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 628KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 5.0000 sec
SCANS 8
ADBIT 16
RGAIN 34
BF 010Hz
T 000
] 0,00
] 90.00
T 100.
EXMOD  single_pulse.ex2
EXPCM
' IRNUC  1H
1 3 (S)-2-2 IFR 395.88 MHz
IRSET 6.28KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  20-S-radcyc-Lals
o SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 29¢
SLVNT  CDCL3
EXREF 7.26 ppm
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5 8 2 g g 8 2EEE 3 & GH35EEY 8REREE § COMNT TAS-radicalcyc.C
o 3 B @ 2 = Sepe o 2 S9dfads gssonp @ DATIM  13-12-201314:11:26
] 3 ] § E g N S B $IYIEES ERQE[ = MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 098 Hz
PW1 303 usec
DEADT 0.00 usec
M eo PREDL  0.00000 msec
4 wr 1.0000 sec
H POINT 26214
SPO 26214
TIMES 147
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM 10486 sec
D 2.0000 sec
SCANS 147
ADBIT 16
RGAIN 34
BF 300 Hz
O T 000
i 000
] 100.00
OTIPS o il
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
1 3'(8)_2 -2 IRSET 6.28KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-S-radicalcyc-C-Lals
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 219¢
SLVNT  CDCL3
EXREF 77.00 ppm
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DFILE  23-R-ex0-TA-12-086-2-1¢
COMNT  23-R-ex0-a12086
DATIM  05-09-2014 19:06:00
MENUF
OBNUC 1H
OFR

395,88 MHZ
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 087 Hz
PW1 6.44 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wt 1.0000 sec.
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 8

ADBIT 16
RGAIN 38

BF 001 Hz

T 000

T2 0,00

3 90.00

T4 100.00
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN

DFILE  23-R-exo-TA-12-086-2-1¢
SF

LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 25¢
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  23-R-ex0-TA-12-086-2-C-
COMNT TA-12-086-2-C
DATIM  05-09-2014 19:29:19

MENUF
OBNUC 13C
OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513KHz
OBFIN 0.98Hz
PWL 3.03 usec
DEADT 0.00 usec
PREDL  0.00000 msec
1.0000 sec
POINT 26214
SPO 26214
TIMES 271
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz

DELAY 2050 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 21
ADBIT 16
RGAIN 60

BF 100 Hz

T 0,00

2 0.00

] 90.00

T4

EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  23-R-ex0-TA-12-086-2-C-
SF

LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 27c
SLVNT  CDCL3
EXREF 77.00 ppm
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DFILE  23-exoenone-tal1094-2.al
COMNT  23-exoenone-ta11094
DATIM  07-04-2014 15:26:58
MENUF

OBNUC 1H

OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PWL 6.44 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wT 1.0000 sec
POINT 13107

PO 13107
TIMES 16
DUMMY 1
FREQU 5938.15 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  2.2073sec
PD 2,0000 sec
SCANS 16
ADBIT 16
RGAIN 32

BF 001 Hz

T 000

i 000

T3 10000

T4 1000
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHz
IRSET 628 KHz
IRFIN 0.87 Hz
IRRPW 115 usec
IRATN

DFILE  23-exoenone-tal1094-2.al
SF

LKSET 13.20 KHz
LKFIN 75.7 Hz
LKLEV 0

LGAIN 0
LKPHS 0

LKSIG 0

CSPED 0Hz
FILDC

FILDF

CTEMP 214c
SLVNT  CDCL3
EXREF 7.26 ppm
DFILE  23-exoenone-ta11094-C-1

COMNT  23-exoenone-ta11094-C
DATIM  07-04-2014 15:34:32

MENUF
OBNUC 13C

OFR 99.55 MHz
OBFRQ 9955 MHz
OBSET 513 KHz
OBFIN 098 Hz
PW1 3.03 usec
DEADT 0.00 usec
PREDL 000000 msec
wr 1,000 sec
POINT 26214

PO 26214
TIMES 144
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM  1.0486sec
PD 2.0000 sec
SCANS 144
ADBIT 16
RGAIN 50

BF 100 Hz
T 000

i3 000

] 100.00

T4

EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  23-exoenone-ta11094-C-1
SF

LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 2l4c
SLVNT CDCL3
EXREF  77.00ppm



24-R-endo-ta12099
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DFILE  24-R-endo-tal2099-Lals
COMNT  24-R-endo-ta12099
DATIM  17-09-2014 21:57:43

MENUF

OBNUC 1H

OFR 395.88 MHz
OBFRQ 39583 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz

DELAY 16.68 usec
ACQTM 22073 sec

PD 2.0000 sec
SCANS 8
ADBIT 16
RGAIN 42

BF 001 Hz

T 0.00

T 0.00

T3 90.00

T4 100,
EXMOD  single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395,88 MHZ
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  24-R-endo-ta12099-1als
SF

LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0

LGAIN 0
LKPHS 0

LKSIG

CSPED 0Hz
FILDC

FILDF

CTEMP 248¢
SLVNT  CDCL3
EXREF 7.26 ppm

DFILE  24-R-endo-tal2099-C-1al
COMNT 24-R-endo-ta12099-C
DATIM  18-09-2014 08:06:41

MENUF

OBNUC 13C

OFR 99.55 MHz
OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 0.98Hz
PW1 3.03 usec
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 26214
SPO 26214
TIMES 7000
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz

DELAY 20.50 usec
ACQTM  1.0486 sec

PD 2.0000 sec
SCANS 7000
ADBIT 16

RGAIN 60

BF 0,01 Hz

T 000

T2 0.00

T3 90.00

T4 100
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79

DFILE  24-R-endo-ta12099-C-1a
SF

LKSET 1320 KHz
LKFIN 757 Hz
LKLEV 0

LGAIN 0

LKPHS 0

LKSIG 0

CSPED 0Hz
FILDC

FILDF

CTEMP 236¢

SLVNT  CDCL3
EXREF 77.00 ppm
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DFILE

24-S-endoenone-ta11099-

COMNT  24-S-endoenone-ta11099
DATIM  08-04-2014 14:47:50

MENUF
OBNUC

EXREF

DFILE

395.88 MHz
395.88 MHz
6.28 KHz

087 Hz

6.44 usec

0.00 usec
0.00000 msec
1.0000 sec

13107

13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

single_pulse.ex2

1H

395.88 MHz
6.28 KHz
0.87Hz
115 usec

79
24-S-endoenone-ta11099-

1320 KHz
75.7Hz
0

0
0

TA-10-184-S-endoenone-(

COMNT TA-10-182-fr21-27-C

DATIM
MENUF
0OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

17-12-2013 17:03:54

13C

99.55 MHz
99.55 MHz
513 KHz
098 Hz
3.03 usec
0.00 usec
0.00000 msec:
1.0000 sec
52428
52428
370
4
2499962 Hz
125000 Hz
20,50 usec
1.0486 sec
2.0000 sec

single_pulse_dec

H
395.88 MHz

79
TA-10-184-S-endoenone-C

1320 KHz
757 Hz

216¢

cDbeL3

77.00 ppm



27-carboxylicacid
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

IWT
POINT

EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC

EXREF

27-carboxylicacid-ta1110!
27-carboxylicacid
11-04-2014 09:42:43

1H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.44 usec
0.00 usec

0.00000 msec:

1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
2.0000 sec
8

16
36
0.12Hz
000
000
100.00

100.00
single_pulse.ex2

1H
395.88 MHz
6.28 KHz
087 Hz
147 usec

79
27-carboxylicacid-ta1110!

1320 KHz
75.7Hz
0

0
0

27-carboxylicacid-C-1.als
27-carboxylicacid-C
11-04-2014 10:25:49

13C
9955 MHz
99.55 MHz
513 KHz
0.98 Hz
3.03 usec
0.00 usec
0.00000 msec.
1.0000 sec
26214
26214
512

4
24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
2.0000 sec
512

100.00
single_pulse_dec

1H
395.88 MHz
6.28 KHz
0.87 Hz
115 usec

K
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13.20 KHz
757Hz
0

0
0

0
0Hz
209¢

cpeLs
77.00 ppm



TA-10-191-ptlc
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL

IWT
POINT

EXREF

DFILE
COMNT
DATIM

MENUF
OBNUC

EXREF

TA-carboxylicacid-TMS-:
TA-10-191-ptlc
21-12-2013 08:45:30

1H

395.88 MHz

395.88 MHz
6.28 KHz
0.87 Hz
6.44 usec
0.00 usec

0.00000 msec

1.0000 sec
26214
26214

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073 sec
5.0000 sec
8

16

46
001 Hz
000
000
100.00

100.00
single_pulse.ex2

1H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
TA-carboxylicacid-TMS-:

1320 KHz
75.7Hz
0

0
0

TA-carboxylicacid-TMS-(
TA-10-191-ptlc-C
21-12-2013 13:50:55

13C

9955 MHz
99.55 MHz
513 KHz
0.98 Hz
3.03 usec
0.00 usec

0.00000 msec
1.0000 sec
26214
26214
6000

4
24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
2.0000 sec
6000
16
60
100Hz
000
0.00
100.00

single_pulse_dec

1H
395.88 MHz
6.28 KHz
0.87 Hz
115 usec

79
TA-carboxylicacid-TMS-(

13.20 KHz
757 Hz
0

0
0

0
0Hz
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cpeLs
77.00 ppm



TA-12-113-benzene-50C-H
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DFILE  TA-12-113-benzene-50C-1
COMNT TA-12-113-benzene-50C-I
DATIM  25-09-2014 23:00:40

MENUF
OBNUC 1H

OFR 395.88 MHz
OBFRQ 39588 MHz
OBSET 628 KHz
OBFIN 087 Hz
PWL 6.44 usec
DEADT 0.00 usec
PREDL 0,000 msec
wr 10000 sec
POINT 13107

SPO 13107
TIMES 16
DUMMY 1
FREQU 503815 Hz
FLT 30000 Hz
DELAY 1668 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 16
ADBIT 16
RGAIN 46

BF 0,05 Hz
T 000

i) 0.00

] 90.00

T4 00.00
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 628 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-12-113-benzene-50C-1
SF

LKSET 1320 KHz
LKFIN 606 Hz
LKLEV 0
LGAIN 0
LKPHS 0

LKSIG 0
CSPED 0Hz
FILDC

FILDF

CTEMP 500¢
SLVNT ~ C6D6

EXREF 7.16 ppm
DFILE  30-TESether-C-lals
COMNT 30-TESether-C
DATIM  19-04-2014 08:49:45
MENUF

OBNUC 13C

OFR 9955 MHz
OBFRQ  99.55MHz
OBSET 513 KHz
OBFIN 0.98 Hz
PW1 3.03 usec
DEADT 0.00 usec
PREDL 000000 msec
wr 1.0000 sec
POINT 26214

SPO 26214
TIMES 8500
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 20.50 usec
ACQTM  1.0486 sec
PD 2.0000 sec
SCANS 8500
ADBIT 16
RGAIN 50

BF 100 Hz

T 0.00

i 0.00

] 100.00

T4 100.00
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  30-TESether-C-lals
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 218¢
SLVNT  CDCL3
EXREF  77.00 ppm



TA-12-119-fr14-21-H
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MENUF
OBNUC 1H
OFR 395,88 MHz
OBFRQ 39588 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PW1 6.44 usec
DEADT 0.00 usec
PREDL  0.00000 msec
wr 1.0000 sec
POINT 13107
sPO 13107
TIMES 8
DUMMY 1
FREQU 5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000sec
SCANS 8
ADBIT 16
RGAIN 46
BF 001 Hz
T 000
T2 0,00
T3 90.00
OTI P S T4 100.00
EXMOD  single_pulse.ex2
EXPCM
IRNUC  1H
2_60 R — TMS IFR 395.88 MHz
. - IRSET 628 KHz
IRFIN 087 Hz
g IRRPW 147 usec
E IRATN 79
DFILE  TA-12-119-fr14-21-H-1al
o SF
3 LKSET 1320 KHz
LKFIN 75.7 Hz
LKLEV 0
LGAIN 0
w LKPHS 0
a2 2 LKSIG 0
© CSPED 0Hz
FILDC
FILDF
CTEMP 242¢
SLVNT  CDCL3
EXREF 7.26 ppm
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OBNUC 13C
OFR 9955 MHz
OBFRQ 9955 MHz
OBSET 513 KHz
OBFIN 098 Hz
PWL 3,03 usec
DEADT 0,00 usec
PREDL  0.00000 msec
wrt 1.0000 sec
POINT 26214
SPO 26214
TIMES 10000
DUMMY 4
FREQU 2499962 Hz
FLT 125000 Hz
DELAY 2050 usec
ACQTM  1.0486 sec
PD 2.0000 sec
SCANS 10000
ADBIT 16
RGAIN 58
BF 100 Hz
T 000
T2 0,00
e} 90.00
T4 100.00
EXMOD single_pulse_dec
EXPCM
| IRNUC  1H
| IFR 395,88 MHz
| IRSET 628 KHz

IRFIN 087 Hz
IRRPW 115 usec
IRATN 79
DFILE  TA-12-119-r14-21-C-1al
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
CTEMP 22¢
SLVNT CDCL3
EXREF 77.00 ppm
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

IWT
POINT

EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN
IRRPW
IRATN
DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
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OBFIN
PWL
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PREDL

EXMOD
EXPCM
IRNUC
IFR
IRSET
IRFIN
IRRPW
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DFILE
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LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
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FILDC
FILDF
CTEMP
SLVNT
EXREF

33-ketone-ta12125-H-1al
33-ketone-ta12125-H
01-10-2014 23:08:40

1H

395.88 MHz

395.88 MHz
6.28 KHz
087 Hz
6.4 usec
0.00 usec

0.00000 msec
1.0000 sec
13107
13107

8

1
5938.15 Hz
30000 Hz
16.68 usec
2.2073sec
2.0000 sec

single_pulse.ex2

1H
395.88 MHz
6.28 KHz
087 Hz
115 usec

79
33-ketone-ta12125-H-1al

1320 KHz
75.7 Hz

244c¢
cocL3
7.26 ppm

33-ketone-ta12125-C-Lal
33-ketone-ta12125-C
02-10-2014 08:39:46

13
99.55 MHz
99.55 MHz
513 KHz
098 Hz
3.03 usec

24999.62 Hz
125000 Hz

single_pulse_dec

1H
395.88 MHz
6.28 KHz
0.87 Hz
115 usec

79
33-ketone-ta12125-C-Lal

1320 KHz
75.7 Hz
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___— 583911
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DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PW1
DEADT
PREDL

EXMOD
EXPCM
IRNUC
IFR

LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

DFILE
COMNT
DATIM
MENUF
OBNUC
OFR
OBFRQ
OBSET
OBFIN
PWL
DEADT
PREDL.

wT
POINT
SPO
TIMES
DUMMY
FREQU
FLT
DELAY
ACQTM
PD
SCANS
ADBIT
RGAIN

LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
CTEMP
SLVNT
EXREF

for_paper.als
34-crotophorbolone-ta-12
08-10-2014 22:36:21

1H

49513 MHz

49513 MHz
438 KHz
964 Hz
5.00 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

256

1
7429.31 Hz
38000 Hz
13.16 usec
1.7642 sec
5.0000 sec

single_pulse.ex2

1H
49513 MHz

7
for_paper.als

748.40 KHz
982 Hz

0
0
0
0Hz

23c
cocL3
7.26 ppm

crotophorbolone3-C.1
crotophorbolone3-C
14-10-2014 06:55:53

13C
124,51 MHz
124,51 MHz

1.0000 sec
65536
65536
35000

4
39062.50 Hz
157000 Hz
20.80 usec
0.8389 sec
2.0000 sec
35000
16

single_pulse_dec

1H
49513 MHz
438 KHz
964 Hz
92 usec

79
crotophorbolone3-C.1

748.40 KHz
982 Hz

0
0
0
0Hz
243c

cocLs
77.00 ppm



TA-14-091-undesired
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DFILE  TA-14-091-undesired-1.al
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MENUF
OBNUC 1H
OFR 395.88 MHz
OBFRQ 395.88 MHz
M eo OBSET 6.28 KHz
OBFIN 0.87 Hz
H PW1 6.56 usec
DEADT 0.00 usec
PREDL 0.00000 msec
wTt 1.0000 sec
POINT 13107
SPO 13107
TIMES 32
DUMMY 1
FREQU 5938.15 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073sec
PD 2.0000 sec
SCANS 32
ADBIT 16
RGAIN 50
OTl PS BF 0.01Hz
TL 0.00
T2 0.00
1 il T3 90.00
13 '(R)'2'37 T4 100.00
EXMOD single_pulse.ex2
EXPCI
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 147 usec
IRATN 3
DFILE  TA-14-091-undesired-1.l
SF
LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED O0Hz
FILDC
FILDF
CTEMP 21.2¢
SLVNT CDCL3
EXREF 7.26 ppm
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E 2325 =2 b COMNT  TAL4L1S#LI30
iy ZZZEZ o, - DATIM 20150741 14:06:27
MENUF
OBNUC
0 o
OBFRQ
O OBSET
OBFIN
W1
/ DEADT
PREDL 00000 muec
wWT 10009 zec
POINT 12107

HO 5FO 1317

RGAIN e

BF 001 Hz

T “s

prd (X}

T3 9000

T4 100090
EXMOD  simgle_peke.ex?

RNUC 1=
FR 39538 MH:

Hr
aar

276
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FILDF
CTEMP nsc
SLVNT DL
EXREF 7.26 ppm
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Erdats'd-beoneTA-1-127-H-1ak

DFILE TAN4L127-H-Lalx
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FREQU 593815 Hz
LT E

DELAY 1658 mec
ACQTM
D
SCANS
ADEIT

3
=
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myTC
TR
RsET
RAN
REPW 115 mzec
IRATN 3
DFILE TAL4127H Ll
& sF
- =2 LESET
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LELEV

= LGATY

= LEFHS
LESIG
CSPED
FILDC
FILDF
CTEMP M5c
SLVNT  CDCLI
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TA-15-019-7-0-Se-acetal
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DFLLE TALS015-7.0 Seac
COMNT ~ TA1501870Seac
DATIM  2015-1238 01:38:01
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COMNT  TA15173-pdel
DATDM 20160115 14:46:22

FREQU 553315 Hz
FLT 30000 Hz
DELAY 1668 mec
ACQTM 22073 zec
D 20000 zec

CTEMP Whe
SLVNT C5D5

EXREF 716 ppm
DFILE TA 16035 £ 13.C-

COMNT  TA-16035-f313.C
DATIM  2016-02-18 16:35:08
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