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1.1. BROAT A R
ARARIE OIS T IR E SN ORRIZ, AT v A N3RS L
W CEHEM{LAEMFETCH D, TR THLANT 2V KT 77/ NiX
H < B ODIEERIEE L THIDN DML AT oA REICAET D, Zhbh
NT U RETT77vx U R, BCERM N7 2 AffEER L, CD BRM & AHEER
LR a L b5, 2T, 2704 RE¥ EO CI4IIZE ReXs
L CITHLC T 7 FUBRERALTVWD Z ERET LD,
T, Z0HmMOLAT aA RO LRI OWTIR~% (Figure 1.1),
[/\;k ]
I. C3(LICBEMmOMEE A LI RO T 7Y 2375 =0 LS,
Bl OT SR, OTANT = (T 7Y ay)
II. Cl7f.DZ 27 NN T T /Y RTHIUIAINT 7Y Rla-B > ThHiuT
777U RELTHEINS,
(]
M. 27 824 RO AB RNV AMEER THIUX U FHONAEEEZH L, AB BN
kT v AR THIVURFEEEE AT D,
IV. %F? IRk ST AT v A NERE EOBEMIZZE D e Fr % U ROfFE
ZEVBUKETH Y | afiillTRFFHEOLEIZ IV BAMESE LTOWE L
ﬁﬁ“é Bl . o7 =
V. LA T oA ROFIZIE, BER 207, 3Dt Faxi il itd Lz KARY
OWEN 2 D3 DR ST BHECHFET D, Bl : 2°-AFXF VRNV T AT |
VX hFT



Figure 1.1.

steroidal skeleton

I. at C3 position

R; = OH (-genin)
R = sugar moiety

. R, =lactone ring

@)

R2= O
\

: cardenolides

)

/ : bufadienolides

il
ol
S

Category and characteristic of cardiotonic steroids

lll. cis- or trans-fused steroid ring system

Ro
[~/ ot Re
H/B=7/ H [~/ ot
A 0 AT/B H
!
R1O /x R
U-shape 1 H flat-shape
cis-AB-ring trans-AB-ring
IV. structure of highly oxygenated steroids
ex. ouabagenin | o
V. double linked glycoside
ex. 2"-oxovoruscharin | (0]
O
. digitoxi
ex. digitoxin 0
\
II-I OH H OH ’
O 0.0
T SUL
“““ oT~o" " ~">~o’Tho
H : H H
OH
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1.2. INT U R

AT A RThODLDAINAT Y RE, BEBXY U XJETHD
Na*/K*-ATPase ® o === MIxf LENFIIFEST D Z L1 XK D Na'/K*-ATPase
DILEMER 279, TD7-H, Na'/K-ATPase D o L= h~DfEAZ I L7-HL
TR EN S < WG S, AT 7 U ROBIFEMEI TR AT T
52, Bl 213, 1-1PR00 7oA AN E W PUEEE S A LD (Figure 1.2),
L2 LHIRE O RIEA & LT, 12 1 EE OISR 2 7~ LTV 2 A [EIIRFIZ 3R
LDEMEEA LT 5 (1-2, MTD value: 5 mg/kg), Kiss © 1% 1-2 & [FIFEE O.LEME%E
BT 520- A% VRN AT Y (1-3, MTD value: 10 mg/kg)h 5 19D 7T /LT &
K% iE5c L 7= UNBS1450(1-4, MTD value: 120 mg/kg) & F-Epk L72Y, & DR S,
14 1 IEWHUEETE 2R L2285 13 L0 590Dtk 2 md s L Tn
Do ZDIOTLAT v A R HWIZAIFASE TIL, Dt OB & FUE TS
PEDR E 2RI AINTZFR0 AT 7 A N OMEFEN 2SS YEAE BIAFZE 3 K & &
NTWD, UEOBEBIZEY, NTE&EEGREZHEICANTZAILVT ) U RO
e — Y« ORI 72 b2 G L OfENLIE, BIF L b THE/QRFRE L F 2 5,
e fpBRiE N s mEICBIL SN T 2 ) FOREKTIE, BEDOAT
2 A RERIT LIRS « A0« SCARIEIRAIICIE R B RE A 2 B AT 2 4 AURIE 23
—WBTH D, LrL., ZOHERTIIBEEREOEAFENRESNTL
F9, TOLD, BECBEERMLINTEILVT 7V REGHEERILFRIIC
BT HZEE, MOTHETH D, £lo. VTS U7 EIXZ O E6E
EEALTWDZ b, ALFEBRIRIC MO ERIECHEREXZHIE T2 2
CIIHNEETH D72, BUEOHETEMHARBINIZEIX Kiss & OHE D X 5 ITKARY)
MOBFE SN B DIZROENT WD, £ DI ORI MEREE & & ISR
SNTZAT A REEEZHR IS 5 2 &1, PURGTEES.OFEMEORME
REERT D720 D | WA e & E AR BT I 2 FRE & 35,
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Figure 1.2. Structure of selected highly oxygenated steroids

19-hydroxysarmentogenin- ouabain (1-2)
3p-0-p-6-deoxyguloside (1-1) highly cardiotonic
antitumor activity & antitumor activity

2"-oxovoruscharin (1-3) UNBS1450 (1-4)
highly cardiotonic low cardiotonic
& antitumor activity & high antitumor activity
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13. Mo V—I2XLD 00T 7 U ROLE RS
13.1. Jung HIZE DT T /312 AB BB DAL

Jung 1%, 2003 T T 81 AB BREBDO G LA #E L72 (Scheme 1.1)%, &
BRTIE, VAT B Y > OREGERHEZ R U2 R B RO NIRRT 728
A ENCEFEIR 2 =R ROBIBRIC XK » T 1,3,5-syn- b U A — Ui 24925
1-9a % 9 T, HULETT% TERLTWVWD, ZZTldJung 5D T 7 /31 > AB
BRI OB R IIT D EEMZ B R IZ OV TITIR WAy, b 0 Icgs & 23 H
We AV R =2 T KD REDAERIVEIZOWTE R T 5, #H1TU 7 A
A > AB BRERDE KD T AV b = AT VDR EMEIZ OV TEBRE R L HEAL
FO 2 OOEENDERL TS, EOFERIL, v AT = EF L PR
TNHELTRELEZEIIEZOND 15,19-syn- b U A — L #iE 1-10b &
1,3,5-syn- I U A —/L§1E 1-10a O EMZ TR TE 2EHERML TH D,

Jung HiL, AF =7 15 £B-7 = AT /L 1-6 & D Robinson B{l
IZE > TABRDORFEKREET DT ) 17 AR LT, Dk, 7T TROE
RERAEWEZRTCT N oA — N 18 A LTz, 1-8 A4 /L N = AT /MEDFMIZ
9L 135syn- N U A— U iEEE BT D 1-9a DAL 5L, 1-9b Tid7e< |
1-9a NLESRICHELATZBHR & LT, #5613 1-9a OEENE)FRIICR S
HETHDHOIZEBZ R T, T THERIBEO T, ANV AT )LE LT
15,19 it R % FDOREL AT 1,3,5-syn- b U A — /UAEIEDFE T ITLE
THDH728.1-9b 735 1-9a ~DFEMALIC LV 19b & BIFRINRICTERT D 2
CIXREECTH ST, £, TG EHEMMER) A V2 1-9a & 1-9b DR E
THRAX—ZHELIZEZ A, 19212 19b LV ) 3.77 kcal/mol Z2E 72 TH
DT BRI,
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Scheme 1.1. Synthesis of AB-ring 1-9a of ouabain by Jung and Piizzi.

t-BuOK, EtOH CO,Et 7 steps
L EtOZCD reflux L:@
o Z
O—i9
OH OH HC(OEY)s 19 /(
HCI MeOH O 1 @)
HO HO
3
1-8 -9a 1-9b

not detected

Lowest energy conformation of orthoformates 1-9a
and 1-9b (MM2, Molecular Mechanics)

0]
o
@)

HO 1-9b
OH
HemH
‘poo A 3.77 kcal/mol
o) 1-9a ’

1.32.  Deslongchamps HIZ 825 U T /A DGR

2008 412 Deslongchamps 5LV 7 /34 (A2 DY D EERZ =R L7, 5
DA R, Michael 13 X OV /v R— VG & FHW TSRS 72 A7 |

A FERBRZEELE LTS, FPROPERIE LR AT oA NER
REGEIZHOW T %,

1988 4|2 Deslongchamps 5 %, Michael {136 X ONWZIRERINA) 72 7 L K—/L X
JRD XD AT v A REERIES B L7z (Scheme 1.2)% ZNEhaifl L7z A
BR 1-11 & D BR 1-12 125 LRI E o0 A 2B S8, ¥ > 7 L0 Michael 1541
28D MR LTz AB BRA A3 2 RIA Int-1-1 2887212, SCARSEIRAGT L R
—NVERISIC LY CERZME L., 1-13a 1572, TD1%, 1-13a Z RIS T InE
T 5 Z & THREESUS 2 1T S 1-14 21572,
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Scheme 1.2. Construction of steroidal skeleton —1—

(0]
O O Cs,CO3
CHClg, rt
+
OMe AN o
(0]
COzt'BU
1-11 112
p-TsOH
benzene
reflux
47%

(2 steps from 1-11)

Z DONASBRINE 7 Vv K=/ VRO TlE, Int-1-1 @ C8 iz, C14 fif, C17 LD 3 A
MBS LD T2, STEEDILEWNAERT HAREENRH 5, L, EBRITIX
1-13a LGS0 o722, S O AWM E 5 2 5 F TN OERIREDON,
SRR E OB L0 6 I OERIREE Int-1-1¢-h (A5 TH 5 Z L3RR S
TWb, 2L THED 2 FIEOEBIRIEON, FTEONIKMLFEE 5 2 5 A OE
BIRRE Int-1-1b TIE 7V R— U ROSITHEITE T, A7 0O Int-1-1a 28 H L7
TV K= VROGSEIT L7272 1-13a M5 67 E A LT 5 (Scheme 1.3),

Scheme 1.3. Rationale of the preferential formation of one diastereomer

o]
MeO O . 9

MeO (0] & = Mia
o) ~/ 1 Me _ :
o0~ 17 B -
O O
S) H
t-BuO 0 CO,t-Bu
Int-1-1a 1-13a (undesired)
O
MeO (0] 0 MeO O
o) 17
O Me “Q
L V5 @) @ OH
t-BuO o H (0]
COZt'BU
Int-1-1b 1-13b (desired)
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BOBENG, N M UoEEEZ AT DTV R— VRS TIENLARSEIRME - I
e HHMOBICHERN H > 127200, U T A U ORERTIET v F—/V G
ORGSR 2 e L2 117 Z VTV % (Scheme 14), T78bb, 2-v 7 m~
Xy AV OEESREGT T TROBBRKEZR TR LIS T 172 A
$% 1-15 & Hajos-Parrish 7 F o205 14 TREMNT TR LZF T 172 DER 1-16 %
Ny TV T TITTA N L THELIE ABRLLS EDER1-16 % 7 LA
O Michael fINBUGZ#EE T2 4 TROBWIGIZ X0 ERE L72% . 1-17 2> DAL
RBIRA 72 7 L R—= VRIS K O TR DN AR b Z 2 H 45 AT 0 A RER 1-18
EE LI, IRWTAT A REHK 1-18 225 EHA TR LZ 5 BET(1,3,5.7,17 {i)
DNREIR BRI EW L 77 7 ) FEAZET 22 TROEWR)ISZ#% T,
WL 48 I TU T AT = A-105 G LT, TDH%, G LTIy T T =
Y(1-1002°5 C1 AL, Cl1fiZ, Z L TCCIONE Ref o ihaf#E L, 120 ~L5
BT, 120 LREGR LTIZT & — 2R3 121 L 07 ) a vk b BifRi#E
AT, TN A DB A ER LT,
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Scheme 1.4. Convergent total synthesis of ouabagenin (1-10)
OTBDPS

O IO AcO.,, 58% (4 steps)
* -
PhMe,Si
“ PhMe,Si
X0 X
115 1-16 117
prepared 7 steps prepared in 14 steps

KN(TMS), (0.2 eq.)
THF, 63 °C, 10 min

1.9% (22 steps)

L

L

83%

acetone
2. ACZO 0.5 M NaZCO3
62% (2 steps) 70%

1. HCI, MeOH
2.0.5 M NaCOj

81% (2 steps)

10
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1.3.3. Baran HIZ XD 7T 31 U DEEK

Baran 51,2013 (27 7 37 = (1-10) DA % & #H e L7= (Scheme 1.5)'",
KRERDOFHBITIRER L, O RRDMEERIRNEZFF O AT 1A R 5 LRI
BOZRERAL < BRI K W U TR = 1-10)D T Bk L R R ERERLOE A & 1
L TWAHRTHD, £7o, A7 A NEREATLT NV AT 1-23)%
JREtE LTV 72, AT aA RESBEO TREREEZES ZEBEE R D,
ZHUTEY . BT 20 TRICTU T AT =0 A-100DE A ZER L TWb, F
THET_REXELE LT, TRV 270002060 7 A7 =0 1-10)% B 1%
T HTOIITEE 7 WETOSARRIREY e (b - Bz iT 5> LERH Y | KERK
HERE I3l BB &2 R WS EORER WL D L 7> T b, 2 2 Tlid Baran 5D Y
TG = A-10) DG FIZ I T DR 72 A AR IZ DUV TUTIR RS, FF
(2 BRI MEE L ORI & C17 ST OREEEIZE L Tk B,

TRV AT rrA23)00 8 TRROEW)S 2/ T, MY A —/L 1-24 5/
L7, CIfL, CI9iDOE Fuf a7 h=RE L TR#EL, 125 & L7-t4,
KB RV = FNVRUFEYF T LEHN C3 AL broiET & R4 T
C3fire Rr¥id CSALDe Fr¥ VAT AR BT AT L L L TR
HELTm, C3NLE CSALDE R oA o k-2 LiX, RUFBFRTO
spP TEIC X W F TR LULEABRDMNAONREEZ LD, 78 b= KO XAF L5
& H4,, DIKFE L DRI E L F/ME LTzl LR s D, MATHRUH#
JR AT OSTARPERIC LD . Au VBT AT VORZEEDM L Tcloo, &
FORH O TRICTARE VERT AT )V ONKSIRNEIE L 72 B 2o fe LR S
Nod, ZOXI7REHIZEY, RERITSKRICER - Fa s v iicxt
THRa B ATLE L TCOREDHRAMEEZ R L—FITHDLEE R D,

RIZ 1-27 1Z%F L Barton itk 1-28 % VN, C17 ALDOSLIRAL R 2 AESE L=, AKX
JETIE, 127 (2R LIRS T 128 ZEHSE 2 &, EER 0V alilmD 7T /
U RZFERME L TH 2 72dr=1:13), —J, 100 °C [Z/M# L 7-RREIZ T 1-28
Mz 10 SRS S5 EEAOREMO 7T 7 ) REeLAmmeE LTHEZ T
(dr=3:1), ZHUCTK O SREIRM 7T 2 ) REAICEY LT, B ICERAE
IZ X DMARE LTV R TR 20 12T 7 AT =2 1-10)DEF A ZER LT,

11
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Scheme 1.5. Total synthesis of ouabagenin from adrenosterone

PPTS, Me,CO

>

N
O LiBEtH

THF

63% (2 steps)

1. N 1-28

MezN NM62
CeHg, 100 °C, 10 min
(dr=3:1)

8 steps

2. HCI HO

63 % (2 steps) HO

OH
ouabagenin (1-10)

12
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14. WMHFRED Z N E TOE AT

14.1. HIRICXEDUT A L DAT A REKRESEDR%E

WHFZESR TIL 2010 SRR N T T8 VD AT u A R ERERIEE L LT
(Scheme 1.6)'?, 7 BET &4 —/L 1-30 % & EICEEFR BHREXIL L7z AB B8 1-29 |2
ER SR A DTFRITOT v Z— 1y TV TREITL, By TV v
TR 131 #5272, $5i< 131 DT P HNVEBRIEIZ LY C9-Cll DIRF-IRFAEE
I L.CIU, CUALDOY T AT VA~ —IRAEWME LT 132 #157-(dr=3:1,+
minors)'Y, W, T Y HNAEBKIZEIT D CO N DOSARBEIRMEIZ DWW TIEL, CL19 iz
IRFEHD B BRICKH L TTHF TN EL TWAHTZD, _EEAICHT 2TV
T NATIMOEFARPEDSBE L HE SN TND7DTH D RIS, RNT
13207 BFNVELEZREL, FEUEE ke o % Dess-Martin i3 12 K
Db L FY S 133 ~EAEH LT, ZAUC KN(TIMS), 1 FH S5 L&
SEEIRF) T L K= USRI L D C8-Cl4 DIRFB-IRFEFEENIER S, 7T
A DATuA NEEAT 5 1-34a ZEEIZE X T2,

Scheme 1.6. Construction of steroidal skeleton of ouabain (1-2)

Br :QAC
MeO OMe OAc
OH N :
Br AcO’

1-30 O/é\/\b n-BugSnH

PhNMe Br . Et3B, O,
QA G G 6] AcO >

OLO © 59% 37%
0 O (dr=23:1, minors)
1-29 acetal coupling 1-31 radical cyclization
oM OAc 1. K,CO3, MeOH
19 \LL“JG 2. Dess Martin ox.
0 h
o /B==/ 52% (2 steps)
OAc
_O O -

KN(TMS),, THF
-78°Ctort

L

aldol cyclization

1-34a: 39% 1-34b: 10%

13
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142, T R—=VEISIZ XD AT 1A REEOSLRHIEA K"

WIFFEE T — M2 VT 7 U ROERRIZHIT, 7T/ R— /ARSI L5 A
TaA REEOSREREZH O E Uiz, W, SEAREIRMERBLO A 1 = X X
IZOWTHEAIZITEHBETE TORODBNERERE LT 4 HOEE I L TT-
27V R=NROSIZ E DGO NTFARM Z L FIZRT, 77205, AB B
B S VT VR OERNEIET TV R—/LJSOERMEIL AB XN b7
AMEER, IO ) — N =T NNEEE AT D 141 OB I D Z LR ghoTz,
ZnLISD 1-35a, 137, T L TC1390BE LT ) ROFET AT A NE
a5 202, M2 THARDOERK LT 1-33 (1.4.1 8i)iE, 1-35a >0 7 )L K—/L K
S &Rl = DIARERMEZ R L2 Z &b AB BR EOEHILIN G52 57 0 R—v
FOGOSIAREIRMEIT NS W E PRI D,

Scheme 1.7. Empirical prediction of aldol reaction

:_OMe 0 cis-AB ring 0]

acetal

1-40 trans-AB ring 1-42

14
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143, AR LTEAT vA RHREEN S OE R

FEIT, ARELRRICBWT 19-8E e P Ay =0 3A5)0eE
FSAZ AN AFZE 21T > 72 (Scheme 1.8)'%, F72 b HRIE DO IFEIH, HiRO(LE
MH3TRICTHMLZABER 7 77 A 143 L DRV T 7 A 130 &
FAWT AT aA NEHEEELIT-oT, 378X =Ny 7 U ITRIGIZED
1-44a-d 25 LTct, 7 P WNVERCBURITAT 3 2 & T C9 MDD SLARIL DA% EE
L. CIIALE CIVNLIZRET 2 4 O VT AT LA~ —iREWY 1-45a-d Z157-, K
WCTEFNLEDRELEALZE R v Eokick NU & Fr 1-35a-d
ELTcth, W77~ 777 4=l BB ETOD, 4OV T AT VA~
— DG 1-35a ZHBEL 72, TN E TV R— A RISDOSEMEIA 42 LT, KT
R UTZ C8 AL, Cl4fL, CITHALORFHFLE —ZRITHEE L, FTLONMIKMLFE2 A
T 5 1-36 DA RITHE LTz,

AR LTZAT oA FRME 136 706 19-t Fafx o34 x v vy =r1-5)%
BT 5121, C3,C7,C11, C1T iDL E ORI L 77 /) U REARLE L 7
Do REMTIXZINODON, CT R FDREL C3 fi~DIIRERAY 2
Ke % OB ANIRY L, §ElZ LTIzl 5,

AT A RHA 1-36 D CT (L7 b DR ZENIEFRIRAICET L, T O#%4
Ul Fax s Eoxt o7 — Mbe 7 O ViR b 28T 1-46 2157,
T Y TaX= Ve 4y U bicft L, AFAr b L%k, NI 7
SV v i EERE & V72 Baeyer-Villiger FA{EIC K > TV 8T — F~ &L 1-47
ZAFTo, 147 (12K L, ARSI AR ER S BT 2AATF AT X — L
DOPLA S 7 —ALDSHEIT L, 1-48 2157, 1-48 Z A4 VBt L, —EES
VBRI Int-1-3 b L, W CT =T KAEKREMAZ D Z & T, AL
NIEERELZ, TOME, AU Faxs ke bR o+N TR L,
NITEZ =149 R T, BARICEMESRIET, 149 Z XA F LT |8 Z—/b~
EEHL 1-50 1537,

15
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Scheme 1.8. Synthetic study toward 19-hydroxysarmentogenin (1-1)

Br :QAC
MeO
X OMe OAc
OH BrAcO™ 5o o < n-BusSnH
PhNMe, : BEt,, O,
ro.
oe o dr=2:3:6:9 AcO dr=1:1:1:0.3
H o
acetal couplin H j jzati
1-a3 upling |-44a-d radical cyclization
(prepared in 3 steps)
1. K,CO4
OMe OAC " \ieoH
2. Dess Martin ox. KN(TMS),
NaHCO; -781t00°C
23% (4 steps) 79%
aldol cyclization
1. 03, PPh3
1. NaBH,, THF 2. HyO5eurea
2. NaH, CS,; Mel (CF3C0),0
3. AIBN, Ph;SnH NayHPO,4

66% (3 steps)

FeClsz*6H,0 O"\! O3, MeOH
CH,Cl,/acetone G’ ; SMe,

29% (3 steps) ‘ OH
AcO

H

p-TsOH+H,0
NH,OH HC(OMe)3, MeOH
66% quant.

19-hydroxysarmentogenin (1-51)

16
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15, A7/ U ROkt —HE G & Z o H /Y

BT 7 U RO 172 A G & LT IZR T (Scheme 1.9), 372 B [F— D
BRFECEIOANT 7 ) FEEZGHRT D0, R F. 88 TR LICEb ot
ZEfE T A PORM B RIEDOfENL A BRE LTz, 2 b Ea#EON, FTrLTED
BR1-30 LR CTRLETT /U K156 133@D 7 T 7 A N &R, B LE O R
72% AB BR 1-52 [IHEHI S FICHEDOE TV EZ 22 THRNOAINT U R4
EV T2 & e Lic, ZRNETITERIL, FEHOTFEL LTRELL19-E e
XFIHNAL M=V OREK (F2 8T AT =0 DRER (63 )T
DALATZ,
Scheme 1.9. Synthetic strategy of cardenolides

Br PAC
MeO — OMe OAc

z B R2 O
Br AcO” , OW , .0 '
1-30 acetal coupling Br ) radical cyclization
OH QOAC o]
o0l O
30%s
]

R 1-53

SO
O

R 1-55 R 1-57
steroidal skeleton cardenolides

PLED G R & JRT . MAFZEE CIEss MR TTo AB B & D BROOE
785 (1-52+1-30—1-53), TSI T TOHFNT 2 B VEBRILEIG(1-53—1-54), % L
TILASEIRA T L R — VUi (1-54—1-55)12 L 0 k&2 7B D 27 1 A4 R
FEREEEICBEICETI LTV D (14 8i), AFERIL. WT o LM &M T
THEEAETHY, L EREMLINEEEICH L TCHLEMAETHD, £D
o, HaxREREZATIREICRILINTZAT rA REEOEKIZEBNT
FHTHDLEVZ D,

07 T 7 ) ROERREISIC T 25 S8, A7 1A R

17
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K 1-55 226 RIW 1-57 ~DEIEE ML T H L Th b, Thhbb, KAT 1
A REBEFEEICE D AR SN 1-55 2%t L, CT L, Cl1 AL, C17 ALDZhER)
IRNEREREWSUS 2 ML CE T, REHIEOWHMZFZIETE 5, M. 21
WIZOWTIE19-E FaF s P A L M= OREREE 2 BV E U T RN TF=00
BERERE 3 E)IZ Tk 5,

M2 T ) U ROGKREEZHSLT D88 LT, ANTHERKRE A~
O FEREMENE T b b, A EmREHOVIUEL, ABEREO T A L T 2 A
BREROIBIUTIN 2T, AB BRENICI T DAk x e iEMin rlie & 70 b, 2z
0 BER 2L, 3ALCTREA Lz 27-A4F YR /L7 24 U X2 UNBS1450 O
AR B R— DA TIEIC I D &GN L 78D,

oMb YT AT =077 2 Rl Zza-Ea r~ BT IR, 77
7T/ U RETHDL TV AT 402 AQ-58) A TE 5 (Figure 1.3), £7-7
TNRF = DT T A —(ent-1-10) % BT IUE, 7 TN =2 (1-10) & FEH
WCHEB LI F - REBEEZARTED, £/, T A 12) &
Na*/K*-ATPase OGS IZ B W CERIEMERIEN N T T 7 U RTHD Y,
2D 12 & ent-1-2 ONLAR R  TAEENEEL L TWDH Z &b, ent-1-10 705
ent-1-2 ZERLT UL Y T 31 2 (1-2) & RO HUEETE A2 F5> 2 L AHIFFC&
Do
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Figure 1.3. Approach for SAR study

ex.)

e butenolide
deoxygenation
bryophyllin A (1-58)
(antitumor activity)
I e
O O
6]
‘ HO e |
Wrxor 7
HO
HO~" HO
HO
ouabagenin (1-10) ent-ouabagenin (ent-1-10)
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2.1, BREHERRE

ANT 7Y REORH M7 A RIEOMNLZ BfE L, 19-8 R ¥ HL 2 b
T QD) ERMOIEN & LTRE L, 19-8E Rafxo P rry v r=v
Q-1 DU 724 Bk 2 PL T IZ7R T (Scheme 2.1), 2-1 1%, 2-3a @ C17 i b
VERHEHMND L LETT ) REALE AT A REE EOERRELHIZL - T
BHTEDETPRLEL, AEROBEFHARTH D 2-3a DAT v A REHKIT
ABBE2-5 L DER2-6 DT EX— N T T Y U ZIZLDHERE, T U hVERbB X
OT )V R—=/VEOSIZ L D C BRI LT, PORBICHEE T 5HE A T, K
BHRD ABER T T 7 A 2 MEITIROE©-XY AT AT e KRG 9 TRICTHER
AE7R 2-5 AR E L72Y,
Scheme 2.1. Synthetic plan of 19-hydroxysarmentogenin (2-1)

\ 0O

nBugSn 22 0 \7
———> ———>

Stille coupling °® OH aldol reaction
TBSO H @)

19-hydroxysarmentogenin (2-1) 2-3a

0@ ’ %
aceta/ coup//ng TBSO

radical cyc//zat/on

2-5 2-6

| | 9 steps?)
|

(-)-perillaldehyde
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22. AT uaA NEREZEIZB T D BB A

14 TR LI, UFRETIIT X =N 7V TR E SN T
T A IVEAL BRI ;5F)&F/@mzmmém%k7wk~wﬁm_;5i
REBIRM 2 AT 0 A REKOMEZEQ2-3a or 2-9) NHENL S LTV 5 (Scheme
22), EHIL, RFELRBRICBON T IR ABER 2T ML R 7 b 2-8a %
AR LY, & UCNRRINM 72 7 v R— VDG Z 1TV, 84% DINERIZT 29 D
BT LT, L. KA TIZT /L R— VS O SEAEIR PE 2 #1503 5
728 (C11Z & C1UALD SEARAY % v BELT I L 722 T AU e & 720, Z Dt R
TV HNVEALIZBIT AT AT VAR OSESRETH S 72D, BIE Cl1,
1N DSEARALEAC B4 5 4 Tl oD AR 2-8a-d D)5 2-8a 2 IRILRIC TH T
bo —H. BARIZCIIALE CIVALIC “HEEGEZEATHZETA4FEOT T AT
VA~ —RE Y E B @15/\%/\&1&%%&7’_‘”@ Z LT, #< TV =Vt
Iz & AR LTz 2-4 2> 5 SEARERIRIIZ 2-3a D3 4% DR THOND Z & & R
ﬁkbtoﬁﬁ@%ibkaﬁ&%i\TWFHWﬁW@WﬁuﬁL%%?%
DD, TVHINVKIETHERLIZ CIIALE CIVEO Y T AT LA~ —% 3 _XTT
NV R=VERIEDEE~LETH LW HTAT uA NEBEEN S 58
ENTWDEEZLD, TZTHEARDMES LTz 2-3a DEKEZHV 19-£ Fa ¥
YA M= RDDEREITH ZE L L,

Scheme 2.2. Problems to be solved in the construction of steroidal skeleton

| My work in the Master Thesis |

OH radical cyclization

KN(TMS), M
(dr=1:1:1:0.3) >

THF, 0°C

o g O 84%
H 0
H
0.7 : —  2-8a (desired) 29
|>< dlasteroselect|V|ty| 27% (from 2-7)
| Mr. Aoki's work | o)
OH J1' N(TMS),
radical cyclization 0 \ . THF, reflux
L 0]
TBSO H ) e 44%
TBSO H o TBSO
25

37% (from 2-5)
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23. AT A FEEEEONERLE
23.1. U b2 2-4 DREERIEDHENT

KU by 2-4 DREAKAEIT>72 (Scheme 2.3), B =/L=—F )L 2-6 & R
MEELCTT7 rET X —/b Int-2-1 ~E BB LT, NN-U AT LT =V AFHE
T, ABER2-5 #1FHSHEAH Z L TCIRET X — VR EZEITSE, 4 FEOUT
AT LA —{REWE LT 211 215727, RIZ (TMS),SiH & Et;B #1EH &8 T
2-11 @ Cl11 pLIiZ 7 I aERAESETRY, A LT VT, CO-F L7 1 iz
B L CRNLRIEIRIICATIN L 2-12 2 5- %72, 24U CO (L CTOIRFE-REFEETE
FRIZEBWT, B BT/ D n il & & b AR PuEHEAEN2 S 55 Int-2-2
DOEEZZEBE L, ZVIANBENLEBRILLIZTZDIEEER LT, ARG
TIE, RIBSME T, CILALIC T Va4 T 885 2 & TEITR O A% & 0]
THZ LW LIz, DK% 2-12 DAFNLNT B X — V2R T ) —L=
— TN BB LTI E A Lz, Z OB, —#5 TBS ENRESNTLAEY
DB S =72, FE TBSOTf Z W Tk R 5o TBS (R# 1TV, &
IWERIZT 2-13 #4572, M. AAKTIZABE 2-5(4.6g) & DB 2-6 (84 9 HER
B 2-13 2 53 g BT 5 Z LI TI L T, el T 2-13 D Ac FEDBRE &4
Cicbe Red v EOBRick ) N7 by 2-4 ~LEN -,
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Scheme 2.3. A large scale synthesis of triketone 2-4

Br2

:QAC 78 °C Br :QAC
Meo%/\‘\\\@ Meonﬁ\m‘b —] PhNMe, OMe OAc
- (0]
2-6 Int-2-1 I Br
C
OH
TBSO ) 0
TBSO o 0 2-11
2-5

MeO OAc

Et;B, TMS;SiH
toluene, -65 °C

2-12
SO3HPy
TBSOTHf, 2,6-lutidine
NO,, toluene N Ao
reflux CHaCl,, 0°C
65% (4 steps)
RO TBSO
2-13' (R =H or TBS)
(0]
Dess-Martin reagent o\
K>,CO3, MeOH NaHCOj3;, CH,Cl, '
86% (2 steps) ‘0 O
TBSO O
H
24
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232 SRR TV R VEISIZ K D AT 1 A REkEiEse

SEAREIRAY T L R — VOGS OBRIRMEFRBLO ER 2 MFET 5726, TV R—/b
FOGDRET 24T > 72, PN GAFFERIC TR SN T v R— Vs O %
7~ (Scheme 2.4)Y, NV b 2-4 1Zxt LR ZEHESE S &, 8O ~7 v b
Al S FARICE D 6 BEBMAEILEL, AT A REEPHEIEISH
Bo FTARRISTIE, 8MLICAELT = 77— MIxtL, WALH LT 17RO
NUMET D70, AT A REKERT 5 8 FEO RMEIRQ2-3a-h) % 52 5
AREED B D, £ DT HL DK F 2 H T 56 EW 2-3a ZERANITH DI
T E R AT 5 D B A TV R—/VRSIC & 0 BRI IR L, Sk
BRI AT v A MEREZHBE L RTUIR B2,

Scheme 2.4. Aldol reaction: potentially generating structures
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233 TV R—IVIE DR

BHARIT, ATV R — )V O STARBRRME RS B 80 B 50 5L & B0 ) 27 3B 23 B
HLTWD LR TWD, 720 bM R AU L D54 T Tk 2-3b 3 AR
WEien . BRI XA RIGEME T CTIXEAD 2-3a DEAERD TH D &b
il 7z, Lo, MR E U TR FBLOSM T Tk 2-3a 7215 2-3b O
FISENEIT L, R K EHOAERRY) 2-3a ~E IR S5 Z ERRETH -
7o € 2 CRE RIS &P 2 5D 2-3a & 2-3b [ O i G & oL S
2-3a (TR D SUS SR ORELNEEN D,

U EOMBESZRE 2, SMASBIRW T L K= VSO BR 217> 7= (Table
2.1), THF &} P2V TR O KN(TMS), 21k s L CTHWEGE, ARy
2-3a & 23b OVT AT LA—N 6:1 OESICTHLDNM LS EH TS
2-3a ZBEMIICH 272 (entry 1), RISIREZEIR~EEZHLLP, T AT L
F~—H 1:1 £FTIET L7 (entry 2), IRIZ KN(TMS), & 1 B &L EHW & Z
A, AT A NERESGD Z EITHERR D o7 (entry 3), ZDFERE entry 1 &
DB KV | B> KN(TMS), & VW5 Z & TR F 7V vl K& & J| ¢ &
D ENghoTo, W, 58%IC TR LIV EEREE R 2 DDA OIS & R E
THZEEFWEETHT, BWNWT, AV Z—NFHF 2R ) TN T FU
LMIERE LT Z A, entry LITHANENMET L2 (entry 4), ZAUE, 2-15 D
ARICEDbDTHDHEE %7, LINIMS), & 1 S8 EHW=LZ A, 215
2Nz 2-16 DA HEFR SAL7- (entry 5), KN(TMS), £ ¥ 55\ k% v 7=
&2 A, entry 1 [TH~2-3a & 2-3b DA FHIGRIZBWE R 277 L7, YEARGEIR
PEITAR N L7z (entries 6-7), VL EOFER) S, THF &t ~. & L T E D
KN(TMS), Z H\W\ 5 SRS AR T Vv R— VOGO Stk & L,
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Table 2.1. Screening of conditions for the Aldol reaction

Q 0
base 0"\
0" . THF (0.1M), 2 h ’
+
POs (Jalen
TBSO ) 0 TBSO H (0] TBSO

2-4 2-3a
entry base temp. ratio (2-3a : 2-3b) combined yield
1 KN(TMS), (0.3 eq.) reflux 6:1 91%
2 KN(TMS), (0.3 eq.) rt. 1:1 80%
3 KN(TMS), (1.2 eq.) reflux — 0%32
4 LiIN(TMS), (0.3 eq.) reflux 1:0 72%Pb
5 LiIN(TMS), (1.2 eq.) reflux 1:0 379%¢
6 Cs,CO5 (1.2 eq.) reflux 1:1 93%
7 DBU (1.2 eq.) reflux 1:3 53%4

a non-steroidal compounds (unknown) were generated in 58% yield in the reaction.
b 2-15 was confirmed in the crude mixture, but the yield didn't determined.

¢2-15 (11%) and 2-16 (26%) was isolated.

d2-4 was recovered in 46% vyield after 24 h.

2-15 (11%) 2-16 (26%)

234 TV R— LSO B R &5

233 HiOT N K=V STl BEORE & REIZ XL - T 2-3a & 2-3b D4
MR XS EL LT, Z 3T, KTV R— LGSO SRS PER B B 5
XL E BT )FHBLD 2 DOBERNPKEL OS> TNLTeHThHD EEZ HNDY,
97275 Table 2.1 @ entry 1 & entries 3-5 D UGS Tl 2-3a & 2-3b [H12 1
DMFEIET D DITHE L, entry 2 & entries 6-7 DRSS Tld 2-3a & 2-3b 2 Pl
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DMFLE L7220, 2-3a & 2-3b OARRILISEWNEUZ & 2 72,

2-3a & 2-3b MO Yl DA FEIZ OV THRAEFERR 21T > 72 (Scheme 2.5), 7T H
HE L7z 2-3b % entry 1 & [l —DISFIFITST LIz & 25, 2-3a ~DZEHL R S
Nize —J7, 2-3b Z entry 6 & Rl —DISFEMEITAT LT & 2 A, B LITEITE
THETH D 2-3b DFEEHENAEF L DHTH -7, LLEDOREF % HIZ Table 2.1
DAR(2-3a: 2-3b)IZDONTE X D & 2-3a & 2-3b I Pl 2 L S 5720
(ZIXBOSEUTIN 2 . KN(TMS), & RIFREE, & L <IZZENLL LDV IS BT
bhoHEEZD, £12 23b 5 2-3a ~OFRMENEIT LI LD, 2-3a 1T 8
FEOAT v A REHOP TR OBSIFHICEERERD TH D EHERZ LT,
Scheme 2.5. Mechanistic Study on the intramolecular aldol reaction:

isomerization of 2-3b to 2-3a

0"\
KN(TMS), (0.3 eq.) “’
THF (30 mM)
reflux, 2h ‘e OH
TBSO H (@)

66%
(2-3a:2-3b=12:1) 2-3a

\

/

no reaction
2-3b Cs,CO5 (1.2 eq.)
THF (30 mM)
reflux, 2h

HEATBDFEXE ORI T, HEE 1 YE2EAWT IV R— A KOG E1T -
2o LD LZORER, BREIRIGSET L, IR L EHOERY 2-3a ~ & IR
SHDLHZEITIRETCH -T2 EHE LTV A, Z AL, Table 2.1 @ entry 3 & entry
5 OFERICEEIT 5, 22T, ZOWRERISIZOWTBEELE LTz, £7 entries 4-5
TIE, 2-15 ORI HER S 7=, Z3UE LIN(TMS), 12 L5 8 (i fii 7' 1 k 1k
i< B Ruxo o EleB BB ENEITL, ALt E X, —FH, s L
T KN(TMS), & W2 358101 2-15 OERIIHR SN hoT-, 2Tt Fa
XD EIcB BBEDEERE T, VTF U LA AN A A& L TER LIzDITkt
L. BV LA F U THEAA ARE LTER L o e 212, B Rer¥ v
FEOBBE OB % R 22 AL L. entries 1-3 TIi& 2-15 DA IHI Sz S HEZR L
77
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56V VT Table 2.1 @ entry 5(Z3\\NT, AW 2-16 2315 H AL B HIZHOWTHE
2272 (Scheme 2.6), ZAE%H) 2-16 % 5-2 % G AifE#Es & LT, 2-3a (or 2-3b))> 5 %
FICRT L D12 ba 7 v R— VS E T3 10X, FRA Int-2-4 N5 55,
A U7 Int2-4 [ IR HBHEEOERW C8 DT v ho &5 &k 2 LT, L%
ERT ) 7 — b Int-2-5 ERC U728 R T LV F—/VRUSIZ R Y 2-16 8 4ERk L
Tl B 2z, £ 2-16 ONARREE L, APRIZ LV TBS EAFREL T 2-17 ~
EREMA LT, 2-17 O X B A EAEITIC K D RE L2, BRALERIZ L D 2-17
DO BN DOFIEZ SN TIX2-17 D C3ALE R u & v 3% FE TBS # L 7=,
B 2-16 NSO 2 L, BRIC X DS LZ 0 BYELITHEST LT/ &
fEam T 72, M2 Tentry 3127C 58%DIHE TH L= RKALEY H 'H NMR fif
Hriz X D Scheme 2.6 (ZT/r L7z 2-3a 205 Int-2-4 ~D L k1 7 /b R—/LHHN
HITLZ AR THD ETHRENLDY, Lo T, entries 3,5 TlX 12 ¥ED
LIN(TMS),. F72I1Z KN(TMS), Z M2 TW\W5 Z Ennd . Z OmmE G & Jf 9 2
TEOIZIFHW L RIEER OB EEZ M DML ERN DD LB 2T,

Scheme 2.6. Proposed mechanism for generating compound 2-16

o)
)
O\ . LIN(TMS), (1.2 eq.) O >
THF, ref2lux,. oh 9 retro-aldol reaction

aldol reaction

R

1M HCI/THF
3h,rt

TBSOTf
2,6-lutidine
CH,Cl,
2-16 (26%) —78 °C, 10 min 2-17
X-ray crystallographic structure
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235 NIRRT L R—VRISICE D AT B A R 2-3a DHEHK

234 EiTOBLEZKIZ, KN(TMS), Ofiifi &% 10mol% & L, THF &#iik . 2-4
Z 3 RS ST, EORER. IR 100%, PO T T AT LA~ —h%E 8.6:1
DOEEFETH ESESZ LT L7z (Scheme 2.7), £7-2-3a & 2-3b 1377 A
ra~v N7 4 —CXDPBERREECTH D20, ARSI LD 0BEEITUV,
2-3a % 66% D HHEIRIZ TRz, M, 2-3a” & 2-3b” D ARG I X BfG Ah G
AT 3 L OV NMR fi#HTIC & 0 & L7z (Figure 2.1), fENT OFE R, ki 2-3a D
NSRBI A BRI, B BRI & RFRASEUE A LT D Z E Mo
77
Scheme 2.7. Optimized reaction conditions on the intramolecular aldol reaction

KN(TMS), (0.1 eq.)
THF, reflux

0"\
0 0 (2-3a:2-3b=86:1)
100%
TBSO ) 0 ° TBSO

2-4

isolated yield: 66%
after recrystalization

JH26H3 =10.3 HZ, JH2bH3 =4.0Hz JH26H3 =23 HZ, JH2bH3 =2.3Hz
JH3H4a =10.3 HZ, JH3H4b =4.0Hz JH3H4a =23 HZ, JH3H4b =23Hz
JH5H66 =13.7 HZ, JH5H6b =29Hz JH5H66 =57 HZ, JH5H6b =3.5Hz
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Figure 2.1. Structure detamination of 2-3a and 2-3b

TBSO

2-3a v 23a
X-ray crystallographic structure
(CCDC 929234)

2-3b 2-3b
X-ray crystallographic structure
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24, NRBBINEGT LV R— VRS D EER

AR L7z 2-3a & 2-3bid, BAOHIH D 8TEDAT A REKON, EBI1FH
[CRERERM THDL EEZEZBND, T T, AISOEBIRMEE LY DOET)
VR EMEICOWTHEH L, SMARRIREY 2 T L B —) L BOG OBPEFE BL oD ZLK]
[ZOWTHEZ LT,

BANZ, 8 FDOW 6 DDILAM 2-3¢c-h WM L L THE LN - T2HHIC
DWTHEE LT (Scheme 2.8), BC E&2S b 7 AffiEe LT 5 2-3¢ & 2-3d I, 5
BERE 6 BERRO N7 VU AMERICE DBRBEANFET D EZ 265, —JF. BC
RN AMEER LT D 2-3e-h OfEIT, R'H LIIR & BT & ONRREE D
GETHEEZLND, ZHHOERIZLY , 2-3a & 2-3b [T LE~_ESHMICAR
HETHDEHEIND 23c-h [TIRFETTIIELNRN-ToEBLE LT,

Scheme 2.8. Explanation of stereoselective aldol reaction —1—

KN(TMS), (0.1 eq.) Q

. THF, reflux O “’
+
(2-3a:2-3b=86:1) ‘e OH
100% TBSO 0
H

2-3a

trans-BC ring o

0
LB W g =
(Y helCon o 0
TBSO o) B 0.
TBSO 0 S0 Me

H 2-3¢c 2.3d
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VT, 2-3a 28 2-3b LV HELMICAER LIZBIHZEZE LT, £7 2-3a &
2-3b ONLARBLEEIZ DWW TEEL L= (Figure 2.2), L&Y 2-3a & 2-3a° D TARELE
ZHARIC L & ALEY 2-3a O A BRDRF AL, B RS AE & DS RBLEEIX, AR
TRLIZE Red ke r b DS FRKREREICE DV ZELESN TS &
EZT, N TUEAEY 2-3b & 230 DNARELEE Z b7z b & LAY 2-3b D A
BRE B RO A R AE L DNREEIL, B CORLEE Faexvilr oo
DTNKEBREEICLVRENLSNTWD EE X T2, Lo TREZEREL, 0
FRKRERAICEY LG 2-3a & 2-3b DEETH D EEZT=, W, b

DNLARBELE L X M A G AT 6 & OV NMR fBHT 0 b XFr s hv 5,

Figure 2.2. Explanation of stereoselective aldol reaction —2—

o)
| o)
70
ﬂ /
TBSO o- -H

AB-ring: chair-boat

. AB-ring: chair—chair
2-3a (major) \X’; y 2-37qb (minon)

)
/ /

o- ) 7 2 N °-
/~/0O \
TBSO l \H TBSO ﬂ u OH

AB-ring: chair—chai
rlngz_c3;|r enar AB-ring: chair-boat
2-3b'
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WIS BT AE R 2-3a & 2-3b DAERKILIZ DWW TELE L2 (Figure 2.3), =
2T, kB 2-3a & 2-3b DKBREGEFR) DB HOWTHER L, £hEho
X HRAE A IEREAT DX D KFHRE R & AT D E AL O —TH 4 (C8-C7-07-H14)
ZRdiz, TOFEE, LAY 2-3a (C8-C7-O7-H14, ¢ = 0.70) TITHR TR L7=/kHE
JRF & VAR = VEESR OIEILAGE 15 & SRl BICAFET 2 Dlext L, b
%) 2-3b (C8-C7-07-H14, ¢ = -23.76) TIL = D4y - N/KERE A M E—Fil B2 6
ANTALEIAFAEL TV D, 2D, KV RE RS FNKERG & TR
b EW 2-3a N FEARM E L TR ONT-EB X T,

Figure 2.3. Explanation of stereoselective aldol reaction —3—

0 more favorable orbital interaction

Hydrogen Bond |

less favorable orbital interaction

AB-ring: chair-boat AB-ring: chair—chair
2-3a (major) 2-3b (minor)

2-3b
X-ray crystallographic structure X-ray crystallographic structure
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25. 19-8 Fa X H 2 = OFpEHE —Plan 1-

AR LIZAT oA REHK 2-3a 205 19-E RaXxi Ly M= 2008
R A BERLT A ITIE, CUALA~DNARERIREY 72 b R DB A C1T AL ~DAL
REIRW 7277 7 U REA, £ LT CTNBRFEFDOBRENLE L 72 % (Scheme
2.9), £Z TOverman H DV T 31 U DEMMIETE LN ALY %2 Rz, ARk
DEFEIZ 2-18 O C11 it b ZZEIL L, 19-B Rafx X Mo =1(2-1)
EEKTHZ &L L72(2-18—2-1) (Scheme 2.10), ZALZ XV, ApkOiEE 3
DONB 2 O~NERSTe, WIT23allxt L, ClTA~T 7T /U REEAT L5
X, CTrr bk C1T il b 2R3 2 MBEMENRAE LT D, £ 2 TR CT
7 N OBFERFEZRETHZ LT, ZOMEEZRRT S Z L & L2219
2-3a), 2-18 13 2-19 ® CI17 it b > & @ & LI AR RPGRINW e 77 /2 Y
REAZEIVELND DL LT2(2-18—2-19),

Scheme 2.9. Synthetic plan 1

stereoselective
reduction

)
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Scheme 2.10. Degradation studies from ouabain by Overman

Al(i-Bu)s
toluene, rt

83%
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26. AT A NEK EOFERBELR
26.1. CIHo b ofifEFEk

143 Hi TR LA FELMO, CT ALoiEeHIliEZ#R{t 21T > 7= (Scheme
2.11), ARBUSTIL, C1THL7 M AFET, CTALY b DFERIRF 2 &R IRAY
IZBRELRTNZR L2\, 22 TT Mok Re 77 URiih, KEILATFHE
TRV TLENMZ D Z L CEERR BT 2TV, 2 0 1 OAERREIZT 2-22a
& 2225157, TOEILH CTALYT b AR UALE SRS HETT L7 2 &0
%Ik 95 7 B NARIBEESE %, 143 8 TR Lz @ik 148 ~ L 3FiET 5
_k?&mbtoitcnu&%yﬁCTﬁﬁkyiD%ﬁmﬁﬁﬁm@mm
C13 LD 4 fE#LERFE D NLARHIF T @—%@%Lﬁﬁ%émkt@ﬁ&
EZT, WIT mbtzzmkzzm%ﬁ7Aamv%&774 SR
AlTe FaxiEezrznthxth o7 — b~ 88 LT, ZliJiﬁixf N7
DT v T—)L)N AB BRD concave [HINLE T H72D, MUSMEMETFLTCW5D,
ZTKROBEIMZE VBT 7 oAb RES D, 2-230% T1%DIHETHRIZ, —
J7.BELM DT v 23— Tk LAKZ NS 5 & B OBBENHR I, £ 2T,
2-22B 0 BB ARSI TRUL 2 T S8, 2-238% 68%DURTIET=, Fi\ T
FHELL 72 2-23a & 2238 2 RA L. TV MAMINLE R i bZ21TV, EIERIC
T 224 ~EEH LT,
Scheme 2.11. Regioselective deoxygenation at C7-ketone

0]

O™\ 17
ﬁo NaBH,, THF
90C
TBSO IS0 TBSO

00
TBSO H OH

2.3a 2-220. (48%) 2-228 (26%)
NaH, THF; NaH, THF;
Mel, —40 °C Mel, =50 °C
71% 68%
o 0
(OJ\ AIBN, Ph;SnH
’ benzene, reflux “’
0 OH 98% ‘ OH
TBSO 7 TBSO (0]
" A
SMe
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262. Cl1AL7 kAR D FH

143 Hi TR LTIEARTIECMMY, ClL fL~OBRFBRTOEANEIT- 7
(Scheme 2.12), FT 224 75 2 TRROLEHK IS ZFE T, TBS HA Ac 2%
BaL7-, AR L= RIA 225 ® 'H NMR 1%, 143 81D 148 L[Rl—Tho7=,
PLEDOFERD G, 2.6.1 il TR LIS R OIEICIE CT L7 N BRI HEST
L7eZ ERMERRLIZY, finT 2-25 24 Y VERbITf L, ZEES 2B {LBI A
SH CU AT FUEBE L, 0% Y Ry MITT »rE=T KB 2N
Z. CIPNEDORNVINVEEEZRELZEZA, AU Faxviklr bongy
FHNTRIS LI T X =226 2 527-, 2T, BHohi=~IT7 kX —L
BAFNT X — L ~EEB L, Cll (L7 b ONERIR 72 REE 1T - T2,
HNWTTEFNVEDOBREIZLD 227 £ L7ztk, AU Fax 5% HE TBS
REL, 2-19 2457,

Scheme 2.12. Oxidation of C11-olefin to generate ketone equivalent

1. 1M HCI, THF i 0
2. Ac,0, NEt; O\ O3, MeOH, —78 °C;
DMAP, CH,Cl, SMe,; NH,OH
95% (2 steps) ‘0 OH 84%
AcO H

2-25
(common intermediate)

1. HC(OMe);
p-TsOH, MeOH
2. K,CO3, MeOH

>

88% (2 steps) RO

TBSOTf
2.96 2-27:R=H 2,6-lutidine
_ - CH,Cl,, =78 °C
2-19: R =TBS 90%

263. CITNL~DT7 7T /U FEA
FEHIIARPELRRICB VT, 2-19 IZXI6T 5 E T UEA Y Model-1 % FV
7TV ROBANELXHRF Lz, £OFE, €=/ ) 7L — ME& Stille B v 7
Vo BT D RIGGM Rt T 5 2 & T, 2 TR 54%DIEIZ T Model-3
OS2 L Z#E L7 (Scheme 2.13),
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Scheme 2.13. Stille coupling between vinyl triflate Model-2 and 2-2

o}
0o o)
N\
0
'V'e?H O PhN(SO,CFs), 'V'e_:OH os MBusSn 22
: LIN(TMS), ! Pd(PPh3)4
—78 to —40 °C LiCl, CuCl
73% DMSO, 60 °C
74%
Model-1 Model-2 Model-3

% ZC Scheme 2.13 DGKMEEEIC L, £9 219 DE=/L Y 7L — |
b %47~ 7= (Table 2.2), T VI Thodfb L= SRR % 2-19 12 L7
LA, ISITFERETIREHEIR 215 5 FE R & 72 > 72 (entry 1), AT Cl4 4L
bR B o ) 7 b— Muo®, BBERISHSIETT LIy /7 2 2-29 DR
b S lo, £ 2 CUEER EA2 HPYE LT Comins i3 A W=/ ) 7 L
— MEZITo =N, BRIRIZTY ) 229 252 5DHTH 72 (entry 2),

Table 2.2. Chemoselective transformation for a coupling fragment

a. LIN(TMS),
THF, —20 °C
b. see table
TBSO
2-28 (desired) 2-29
entry reagent temperature yield
2-28: 37%2)

1 PhN(SO,CF - —40°

(50:LFs). 7810-40°C 2-29: 7.4%

Comins reagent o . 5Q0

2 _20 OC, 2 h _20 C 2'29. 28 /O

a) 2-19 was recovered in 36% yield.

IRINRTILdH 578 2-28 ZFlflCT&E /=720, 228 2575 /7 Y ROEAL Cl4
it Re$ 3o TMS Ri# 21T -7 (Scheme 2.14), TG L 7= 2-28 & 22"
ZHRWE Stille 7y 7V 7O K BT T U REAZITY, 2-30 24572, Fil
T CD ER® concave M HKBIINZ L HBEITLEZIT O 729, convex HIZH H
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Cl4 it FaXx T EE2EEn» TMS R TRET L2 E L, 37205 2-30
Z TMSOTFIC CALEE S 5 2 L Tk FeX VO TMSR#EL v Xy 7 T UK
EITW231 L L, WEhorarn~ N7 o7 40— X DHERM O %
BTz, TR, REATHL I BT NVOREMEICLD X 7T VRO
TMS ENFRESI, ofif Eyfi TENZENT 1 b oAb &z 2-32 & 2-33 1355
Nl 72232 1M Y A NVICTHEFSE S Z L T233 ~E Bk 52 &

23537 7= (Figure 2.4),
Scheme 2.14. Introduction of butenolide at C17-position and TMS protection

O O
o) )\ko

N TMSOTf
n-BugSn  2-2 O Z,g-ll_:lzticc:ilizne
Pd(PPhj), B
DII\_/:gg,C g(;: lc TBSO N

H
2-31 2-32 2-33
38% (2 steps) 20% (2 steps)

Figure 2.4. Isomerization from 2-32 to 2-33 on SiO,
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264. Cl7-A VL7 4 U BXOCIL LY b v ONARIERIRPE T

Cl7-F V7 ¢ & Cll AL b v ONKRERAY2iE T A A T2 (Scheme 2.15),
BANCAKERINC L D C1T-A VL7 4 v OB ITEITo T2 FOFRER, 2:1DDT
AT VUA—IREWE LT 234 2157, RIS TIE, CD BRD convex mlZH
7 C14 i TMS = —F /L & ONARFEZEZ L 1 . concave {17 5 DK FETRINAME
FEWNCHEITT 2 E IR LT, L L, TAICK LiETOBIENRIEF K-
2o % ZTHTHEFHEMMEFR) & VT 2-33 OREEREEZFHE LT E 25,
C RITMROEEZ AL TWDZ ENRBEINT (Figure 2.5)7, 3725, C
BROMHRIELEZ L D52 E CDRIZCEROBT X T VA~ BT 5, 0
FER. C RO RO SAREEE A & B 5GE T~ O SEARELEE Tld, concave
TR D STARB) R D 23 B8 L. convex. concave 312 [RIFREE oD liffik 22 [ S T2 %
EH, BIEOTT AT UARRMEDR 201 TEIT LB X2, KBTI E -
THELNTE 2 DOV T AT LA~ —DONREEZREST D Z ENRETH - 7=
e, IREVMOEERLEE CLLALY N ORTEIT- T2, £ 2-34 ZERALEE
THZET, VINEDBRELATF LT VL —NANENIT B H— L ~DEH
BiTolz, D% 235K LTCRIA Y TFAT VI =T LEERASHRE D
5. SYBEREE S FEO(L AR STz,

AEI T ~7= Plan 1 D& TIEX, AKBWRIMNZE D Cl17-A L7 4 v DFETLDEE
RENMEL . 22077 7 U RIFEET, Cll (il b v & SEARSRIICETTT 5 2
LIIREETH D LSRRI, o T, Plan 1 OARGRRK 2 W& LT,
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Scheme 2.15. Stereoselective reduction of C17-olfin and C11-kentone

Pd/C
AcOEt, rt

ar=2:1

Al(i-Bu)g

3M HCI : MeOH toluene, rt

=1:3

19-hydroxysarmentogenin (2-1)

Figure 2.5. The most stable conformation of 2-33, calculated by MMFF
(Macro Model ver 10.4)

convex

2-33

MMFF, Macro Model ver 10.4
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2.7. 19-8 Fa X H 2 NF=OFpEHE —Plan 2—-

Plan 1 OFERAILIC, FH-7219-t Fa XA v M= 2-1)DEREHHE
% 3% L7z (Scheme 2.16), Plan 1 OA/K TIL CI7-A V7 4 > Di&EcE 77 /U
RFAE R TO Cl1 A7 b OBITTOBIRMENRE L 7272, i, 77 /7 U R
FAET ALFE SRR CLL L7 b 2B 5 2 SIXREETH D 2B X,
I CULNL B U BN RIBIRAICE LT H 2 & & Le, T72bb, 19-8E Fe¥
THINA Y M= QDL 2-36 (ZXFT D NARIERIN R T 2 U REAIZLY
AT DL & L2, IRIZ 2-36 13.2-37 D CLL AL b o % SEARERINAIZE T L.
AT DL L, 23715226 28K TED ETFHELE,

Scheme 2.16. Synthetic plan 2

stereoselective
reduction

| )
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28. VAREIREZE FoX i loEA
28.1. K 2-37 & 2-38 DAL

C7 PLr N DONARRIRW 2B T OO, a2 lEO &R EIT - 72
(Scheme 2.17), £7°2-26 D C17\i/r h &3 b=/~ EH L, 2-38 &
L7z, T 238 DI T X —/LARERIE, C19/Lt R % 23R
IZ TBS. MOM. THP, ¥ LTV A Y7 a0k vig# L, 2-37-TBS.
2-37-MOM, 2-37-THP, 2-37-SiH(i-Pr), % 1537=,

Scheme 2.17. Preparation of substrates

2-37-TBS 2-37-MOM
J
MOMCI
5 TBSOTf, NEt3 (FPr)oNEt
69% | CH,Cl, 0°C 20% | TBALTHF
reflux
N2H4'H20
NEts, EtOH
50 °C; I, THF
94%
AcO
( o CISIH(i-Pr),
26% 76% | NEts, CH,Cl
(+)-CSA 0°Ctort
CH,Cl,, rt
\

2-37-THP 2-37-SiH(i-Pr),
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282, NARRINAYIE

A~NITEH—L2-38 | :iﬁ“é SRR 728 e 2 MR L 72 (Table 2.3), 2-38
IZxXF LSEREBIREZ LD Y KRBT ZHWER  EERVB-TLa—L
2-39b #5257, b LIS ETTLRWDHRTH -7 (entries 1-3)*), = Z
TEVISN e B FETCACEALEED BV Zn(BH,), W=, 26556
F/2VB-T L2 —/L 2-39b, 2-40b & 5-2 5 DI T -7 (entries 4-6)*,

Table 2.3. Stereoselective reduction of hemi-acetal 2-38

2-40a (desired)

O ﬁ
Q0T
HO H AcO H

HO

AcO

2-39b (undesired) 2-40b (undesired)
entry reagents solvent temp., time Results
1 Al(i-Bu)s toluene rt, 15 min 2-39b: 65%
2 Sml; THF —10°Ctort,19h no reaction
PhCHO ’
3 Al(i-PrOH)3 i-PrOH reflux, 24 h no reaction
4 DIBAL-H CH,Cl, —78 °C, 30 min mainly 2-39b
5 NaBH,4 THF 0°Ctort, 18 h mainly 2-40b
6 Zn(BH,)» Et,O 0°C,2h mainly 2-40b
FEDEITIT TR BT b= —/L 2-39b DIEIEIRTE 21T > 72 (Scheme 2.18),

F9°2-39b D C3/LE CIONEZT BF AL L, 2-41 ~EEBHLLT-, Dk, 2-41
®D H, & H, & DREJIZ nOe HEIFER S L7272, 2-39b Db R 3 2 H BRI
ThHDHERE LT, 72 2-40b ONAR(LFEIL, CIOLE T EF AL L, 2-41 ~ &
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B 2L TIELT,

Scheme 2.18. Determination of generated alcohol from C11-ketone

nOe: 3.0%

HO 19 Ac,0,pyridine
0 OH >63%
HO™:

2-39b (undesired)

WICHIERRIZ LD ClL AT e R ¥ VRO RR R Z 77 (Scheme 2.19),
EEROB-T /L3 —)b 2-41 ZIERIE DRI LT23 A Dol i D~
ANVTATIV 242 ZhgH Z EIXTE o lc, Zhid, AL E Fafk 5l
FHICAAAET D C18 (L0 C19 (LBl & DNRREDHEIZ L D7D B R T,
UEDZ NS B-Tha— L Eo-X Y A VT AT )L~ LT 5 2 L TR
ThbdE&ERT,

Scheme 2.19. Inversion of B-alcohol by Mitsunobu reaction
NO»

4-nitrobenzoic acid
PPhg, DEAD
THF/PhMe = 1/1
reflux, 5 h

b

AcO

2-42 (desired)

not obtained
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283, NAIREINAIEIT

WRES AT LD Cl1 itk Ko DSR2 O RERIZINEE T - 72729,
N2 23T \ZRPT A SARIRIRIY B LA S BITHRET L7Z (Table 2.4), FH—ifk 7T
JLa—) L% TBS R CTHRH#E L 7= 2-37-TBS IZX L TT ¥ T /L% T LR o Hl &
ERESETEZA, FOSPEIT LR, REOBRENERIND, b LT
FRVB-T IV a—)L 2-43b 5 5D TH o7 (entries 1-3)7, % Z TEILAH
BN TE L MOMSCTHPIZ C R U ZR#E L7 F U OBEILEIT 7203,
LhDo-T/Va— L 2-43a 2155 Z LIXTE2h o 7= (entries 4-8), KIZH I
FOS TR < UV EDOKRFEZRICAHI & LIz FRS RS, 7 1k
MA A= TNE R RBILERATEDBHOERMZGH Z LITTE
o Te (entry 9), I TAA ABEHWIZE RU REILEZIT > 7 (entries
10-12), L22L., b A ABRIZ L D7 b DIEMHAL L U &2 U VB iR #E D B
L., 238244 25272, W, 2-44 13~ T & HX —)L 2-38 5L A ABRD
e FexERREEL, ALY =20ULDTFF T HEe KUK
EIOUNEIT L, ERLTZEE 2T,

Cll LA CTa-T /v a— L EB-T v a— DRSO EWZFA L,
2-43b-TBS, 2-43b-MOM, 2-43b-THP OHE&EREEIT o770, FTEEICEL L TW
LR E LT, Scheme 2.18 (Z/R L7z K 9 IZB-T /b2 —/ 1 2-39b 1%, MEKEERE -
BYUURMETIECINLE Ra Uo7 v F AT T L 72V (Scheme 2.18),
—F. o-T A= ARER LTS EIE, F— ORISR TIZTT B F A bhdE
79 % (Scheme 2.21), YL EDHAZEIZ, Ei & R —DOKISHEMA FIzB T
2-43b-TBS, 2-43b-MOM, 2-43b-THP O 7 & F /AL LT LginoT22 L b,
Clifiit Fr¥ TR ERVBELECTHD ERE LT,

282 f, 283 FiaFLHDHLE, NI T XN 2387 b 237 IR D
t RU RETTIE, LERVB-TAVa— LA X T2, ZOSNKRERMEITHE TR
L72@HIE O REFEIZL D, B FU KRBT R Ak Lafiflln o ik L7728
72 L HEZR L7 (Figure 2.6),
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Table 2.4. Stereoselective reduction of ketone 2-37

HO,

| HO

o)
X0 m‘ - 2-43a (desired) 2.44
conditions
2-37 0 "
HO

H
2-43b (undesired)

entry X reagents solvent, tepm results
1 TBS DIBAL-H CH,CI,, =78 °C mainly 2-43b-TBS
2 TBS ( RE ??E:IHCFBS THF, reflux messy
3 TBS ( ;Hl\zengS THF, reflux no reaction
4 MOM Al(i-Bu) CH,ClIy, rt mainly 2-43b-MOM
5 MOM DIBAL-H CH,Cl,, —78 °C mainly 2-43b-MOM
6 (R)-THP Al(i-Bu)s tolene, 0 °C mainly 2-43b-THP
7 (S)-THP Al(i-Bu)s tolene, 0 °C mainly 2-43b-THP
8 (R,S)-THP DIBAL-H CH,Cl,, —78 °C mainly 2-43b-THP
9 SiH(i-Pr), TBAF CH,Cl,, —20 °C messy
10 SiH(i-Pr), BF5Et,0 CH,Cl,, —100 °C mainly 2-38
11 SiH(i-Pr), SnCl, CH,Cl,, 78 °C mainly 2-38
12 SiH(i-Pr), ZnCl, CH,Cl,, reflux mainly 2-44
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Figure 2.6. Rationale of stereoselective reduction at C11-ketone

AcO

o X: H, metal, TBS, MOM, THP

2-37 or 2-38

284. —EEILAIE AW CLALYT b v O SLRERI 2238 T

7 RhAZKHT DT 2 FNe R RELHKNETH 772D, 7D
—HmFELEIT) e L L, AEOHREIT 57 (Scheme 2.20), £ 2-25 ©
Cl7 fir FoZBIk7T X — e LTIR#E LT, 20%. TV VBkicky =
BRI S Int-2-6 L L, VR y MITT VT2 T KIRIK & IREED
Vo LAZNERINZ D Z & T, mAINEETEFLEEZREL, 246 257,
2-46 |Zxf L C TBSOTf Z{EH &, 7 ¥ — W1 E T, BRNA e Fafd ko
TBS (21T o7, T7bbH, —18°CICTRILEEHZ L T247 4K L. 0°C
F ORISR A2 FIRT 5 2 L THE—fe Fex s RO #ELITV., 248 2O
L7,
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Scheme 2.20. Preparation of substrate 2-47 and 2-48

SOSH Py. o)

O™\ (@]
“’ O3, MeOH;
SMe,
CHZOH >
toluene, reflux N

54%

2 25
H
o NH,OH:
ﬁ K»COs
e 83%
AcO

Int26

TBSOTY
NEts, CHoCl,
~78°C

62%

0 TBSOTf
B NEts, CH,Cl,

TBSO 78100 °C

42%

TR L7 247 12X L, @RV FULEHW S O~ EFEILETo T
@mmmzn)%@%% SEEREE R T AT LAY —IREWE LT 2-49 %15
7o 7 b DO—E XD VRBIRMEA R ET ST, BE Rrx Ko7
t%wm%ﬁoks@%ﬁﬁzm&25u@%5@%a:f%%mtmbfa
L@@ié&%imiﬁw&7w:~w6%5kﬁﬁbﬁwﬁm@tFm%y
ErFAERME LTEZTREREL, BFEOTvaxy REUF U AL DHEUL
Kiofﬁﬁkéﬂkhﬂﬂ@$%W%&mbtt@t&%zto
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Scheme 2.21. Stereoselective reduction of hemi-acetal by lithium

o™
Li/NH/THF HO

—78°C, 30 min HO “’ Ac,0, Pyridine
41% ‘0 OH  2.50:251=7:5
TBSO

H
2-49

2-50 2-51 Int-2-7

Bkt Fof iz TBS R L7- 248 [2xF LT, et REkIZAER Y 77 A
W —EAEICEIT 72 (Scheme 2.22), = DiE R FTEDa-T /b2 —)L 2-52
EH—DERME LTHE, X, FhrO—ETFELICEsTELLY F
AT AX Y RPNARIEED D 7 N Y T OVICEL A L7 R
Int-2-8 Z % L727-072 & & 2 7=, F£7- 2-52 DRI ZRIE CO MK FEFF & Cl1
MKFRF & D H-'H Ay 7V TEBBIRE LTz, fel T 2-52 Z AP
HZ ETRIRT X — L EREL, 2-53 2157,

Scheme 2.22. Stereoselective reduction of ketone by lithium

- irtork] -
D

0 O  LiNHg/THF
TBSO “’ 789G
SO

TBSO

H

p-TsOH
THF/H,0

78%

2-52
(JH9H11 =114 HZ)
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209. TR b

2.8.4 HiIlZ THESL L 7= B BRI Tl CLL AL~ OSARRINA 20 b e oo
ADT=D, 224 )85 2-48 iR L, 2-53 ~ L LTV 5 (Scheme 2.23), i1
BAWBIGIZ T TRZZE L TWDH ERFREIEL, C3fLE CI9fot FrFkx Ak
LN C17 A2 b AT L TENE R D IREH(Ac, aceta) & VTV S 72
Thb, T, 254 DCITHT hrEv UL ) —)Lo—F )Lt LTR#EL
ToIRRET, CI1 L7 b2 &2 AARIBIRISE TSR UE, Ak Lg% 3 TROM
Mcxs, ULOBEHEICLD, 224 5 2-54 2 L, 2-53 ~E AT 55T
BALORE 2179 2 & & LT,

Scheme 2.23. Synthetic process from 2-24 to 2-53

o™y
O o]
18% (5 steps) TBSO “’ 66% (2 steps)
TBSO

H

2-48
(common intermediate)

29.1. U=z /) —)LxT—T ) 2-54 DEK

T ) m—T L 224 3BV UV ) — )L —T )L 254 AR LT, £
=T =T ) 224 A Y UL D RIS Z L T, 2-55 ~E AL
(Scheme 2.24), #t\ T C17 it b OR#E L FH—fkt Fo X EORH#EE MR
L7z (Table 2.5), ¥, AEUSTIZCITALT oD Y vx ) — )L —TF LAEA
kb Re¥x o TBS Ri#E LD LEL L TH#EITTH, ETHELLT
LIN(TMS), Z W5 E L E RN U LT ' X —)1 2-56 DAHIE LT (entry 1),
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NEt, ZiRIM L7= & Z A, RRREOLFRIZT 2-54 £ 2-56 OAERIDHER ST

(entry 2), % Z T TBSOTf & NEt, #-60 °C [ CEHSEH & T, Cl7 i v
BIRWIZV UL ) — V2T LB TE D2 L R L7 (entry 3),

%@f(ﬁ\ LIN(TMS), # N2 5 Z & TN T X —/L OB AR LY, 2-54 % B4f

IR TR,

Scheme 2.24. Synthesis of hemi-acetal 2-55

0 03, MeOH, -78 °C
: SMe, -78 °C to rt
; NH,OH

b

75%

0]

: 7
“’ conditions TBSO
ULEETRS S0
TBSO
H

H
2-55 2-54
entry reagent time, temp. results
TBSOTf (6) _9qo0 _ER- 570,
LIN(TMS), (7) 1h,-78°Ctort 2-56: 53%
. TBSOTf (10
2 a NEta (20)( ) a. 15 mln -78 °C 2-54: 45%
b. LIN(TMS), (3) b.1.5h, Z78°Ctort 2-56: 36%
a. TBSOTT (10) 30 min, 60 °C
3 NEt; (20) g Th 278 °C to rt 2-54: 83%

b. LIN(TMS), (3)

292, o-TI/La—)L 253 DERK

VUNE ) =)V T—T )L 2-54 N5 2-53 ~DEWL AT 572 (Scheme 2.25), &
Lz U vx ) —vx—7 )b 2-54 % 56fE & [AIERIC Birch BIn DRI LT
&2 A SIRERIN 2 —BFETPEIT L, EADo-T 3 — v EHE DAL
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i LThHzZ, WIZ250DTBS =—T L(FEF, TBS VU )L™t ) —)LT—F
ND I AT BRI ERE L, 2-53 2 BAFRIERTHR LT,

AT R, 3 TROETEIIZKRE Lz, ZORE, 2-24 05 2-53 ~DOE
PUZIE 12% (7T TR Th ol & TAZRNES5% (4 TR)~LUGET D 2 LTk

L7,
Scheme 2.25. Stereoselective reduction at C11-ketone
1. Li, NH3
OTBS THF, 78 °C

2. TBAF, THF

@)
TBSO “‘ _78°C
‘e OH 89% (2 steps)
TBSO H

2-54
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2.10. 19-t Fa X P RA o M F= DR

Cll NE~DNAREIR) 72t R U o8 AR Liz72d, KIZ C17 i~
DINERW 27T 7 ) FOBANEPREICLY 19-8E FarF xR
= QRDDEKREIT T FI2AR LT 2-1 ONAAHEN B L Rl—TH D =
L EFe DT EE A CHER LT,

2.10.1. Cl17-A VL7 ¢ > ONARER ) 7238 T

Cl7-F V7 4 U DNARIBIRAYIRE LA AT > 72 (Scheme 2.26), 77 k> 2-53 % =3
b e =L 257 ~E A LT, 2-57 & 2-2 HHEAVERTFAE T, Stille 1y Y v
TDOFEMINTZETCITALZT T /Y REBA LT, il T 2-58 (1245 LAKSE
WNE1T-7- & Z A, CD BR®D convex HMND DFEITOMENL L CTHITL, BE
72N 17-epi-2-59 % FAERM E L TH 272, 2-589 & 17-epi-2-59 13 7 L7 v~ |
T 74— XD BN REETH T2, IREMOEEMWE LT Z A,
77 7 U RBa-BLE D 17-epi-2-1 Z EAKD & L TR, 2D ORERNBIKE
WINZ KX 2B ITOBIRMEZ KIS 57290, convex HIZHDHE RuxEarm
W TMS B TRiET 52 & & LTz,
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Scheme 2.26. Stereoselective hydrogenation of C17-olefin

0
0
\
NH,NH,*H,O n-BugSn 2-2
EtsN, EtOH, 50 °C Pd(PPhj),, LiCl
1, THF TBSO ‘ CuCl, DMSO, 60 °C

91% 89%

Pd/C, H,
AcOEt

2-59 (minor) 17-epi-2-59 (major)

3M HCI, MeOH

78% (2 steps)
2-1:17-epi-2-1 = 16:1

HO

19-hydroxysarmentogenin (2-1) 17-epi-2-1

2.102. C17-A V7 4 > OSBRI 723% T

2-58 775 19-BE Re® LA =2 )& &R LT (Scheme 2.27), CD
ER D concave IO DBILEHEITIH L7280, Cl4fiik Ra ¥ 3o TMS fRi#
ZiTolz, £7. 2-58 ICTMSOTf Z{ESEL5 2L T2 oDk Mk U Eofk
Lo X v T T U ATV, Int-2-9 1572, T 2.6.3 Bl TR B AL A
RaRlo, HAERMEBIEY ) D7 MVCHEEL, v axv 772 Lo TMS £0
Brds & BMAL 2R 2 & T, BIRBICT T /U R EH LT, ZDk, B
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L7z 2-60 2 /KFIMO SIS LIz & 2 A RICITALERICE & Cl4 AL TMS
T—T VO HRNLEITL, BERDOT T U REELWICH X 2dr = 6 :
10, BRI 2-61 ZFETRERT 5 Z L TIRTOT U AMEZREL, 19-£ N
XIPINAL M= QRDDEBREER LT,

Scheme 2.27. Total synthesis of 19-hydroxysarmentogenin (2-1)

O TmsOT
2,6-lutidine
CH,Cl,
-78°Ctort SiO,, neat
81%

2-60

Pd/C, H,
AcOEt

HO

2-61 (73%) 17-epi-2-61 (13%)

19-hydroxysarmentogenin (2-1)
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2.103. 19-t R XA M= Q-1)DFEERE

KEMTHD 19-8 Rux oAy M7rFr= VAR 2-62)DFFEART |
NT—HZITBEIZHSE SN TWnWAY, L, 77 arThb 19-8 Rax o
WAV NF=2 QU)PDANT MLTF—Z OFMRIMEITR I THRY, £
CTUTFD2o00FEZAN, AR LIZ19-E Rafx LAy F A= 2-1)D
SARMEIE DER 21T o T2,
O FEIED X B EfATIC X 5 C17 LU D STARAL DR
@ 2-1 & 2-62 D NMR fi#HTI2 L % CL17 NEDSEABLZEDTERR

O FEIED X Bk ST X 5 C17 LU D ST DR

19-E Faxy LA vF=vQDIETENT 7 ADBEZH L TWDHTZ0D,
AR LT 2-1 O X MG mEET 21T 9 2 L IXTERD 272, 2 2T 21 N Hiff
e PED B WFEARAN WL . ZOFEERD X MiEAEEET 2175 2L & L
7o M. FHEORMHIC T LD H D C1T MOSNLIRLFE, @D F
BIZEWRETHZ & L L, OTIX C1T MU DT R T OSSR F OMeR AT
7,

19-B R P LA v M7= QD) HikiE Lz 2-63 %2 VY, X Bk ik
AT 24T > 7= (Scheme 2.28), 7205 2-1 1Tk L, 4-T vV A 1rrnml
REEREEDE 19 (0 Rax RO BBMIEBRIIC R A LS,
2-63 5270, 2-63 IXmWAEERTEEZ A L CWelo s, FfEAEIZ L kbbb
S, X B AEEAT 21T o T, T ORER. 2-63 ONAREE X C17 ALDNLR
EFHED 19-BE Rax P Ay M= Q-DDONMKEFEE —FHLTWD 2
& xR LTz,
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Scheme 2.28. Structure determination by X-ray crystallographic structure

o
}ko p-BrBzCl
\ DMAP

CH,Cl,

65%

HO

19-hydroxysarmentogenin (2-1)

17

X-ray crystallographic structure
(CCDC 929233)

@ 2-1 & 2-62 D NMR fi#HTIZ L % CL7 MDD SEABLZEDTERR

OO FHETIE, 2-1 DR A LD TRIZE T D C1T St b F D = e ibd
AWMEMEGRTER, 2T, REWTH D 19-8 R xrr A=l
PER(2-62)D "C NMR O X Iy 7 N SR LTZ 2-1, £7213 17-epi-2-1 & D
PC-NMR O I Ny 7 b DFEZR T D Z & T C1T VDML FZ IR ET D
Z &L L7z (Table 2.6), K& 2-62 O C3INLICHEBHNFEA L TWD Z &b,
SEARBCE DAL & BRI BN D 7N e B 2 HiuD CIOMLN D C23 AL E TD *C
NMR D7 2 BV 7 MO EIT>T=, 7 I V7 MOEEHE, £ L Th
NT 7V RORBEBSERENCE 5727 T 7 2B Uiz, ZORER, 17-epi-2-1
D PCNMR O I 7 FOEIL, R THD 2-62 DENERE Bieo
TWie, —J7, 2.1 D °C NMR O/ 2 Hvy 7 FOfElE, 2-62 D L IFIER
CEZ R L7, L EDORERN S 2.1 1IZEADO BEMOTT 7 U 2L TEY,
17-epi-2-1 1 ZLFE 2\ alfilm D77 7 U R&EH LTW5D Efbamfti7,
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Table 2.6. Comparison of C NMR data of 19-hydroxysarmentogenin-33-O-p-6-
deoxyguloside (2-62), 19-hydroxysarmentogenin (2-1), and 17-epi-2-1

19-hydroxysarmentogenin- 19-hydroxysarmentogenin (2-1) 17-epi-2-1
3p-0O-p-6-deoxyguloside (2-62)

5C NMR (CD,OD) 8

Carbon Number | (A)2-62 | (B)2-1 |(C)17-epi-2-1 |A(A-B)|A (A-C)
10 41.1 41.6 41.6 -0.5 -0.5
11 69.0 69.1 69.1 -0.1 -0.1
12 50.6 50.5 42.7 0.1 7.9
13 51.1 51.1 50.6 0.0 0.5
14 85.8 85.9 86.6 -0.1 -0.8
15 33.5 33.5 31.8 0.0 1.7
16 27.9 27.9 25.4 0.0 2.5
17 51.8 51.9 50.0 -0.1 1.8
18 17.6 17.6 19.8 0.0 2.2
19 66.7 67.0 66.9 -0.3 -0.2
20 1771 1771 174.5 0.0 2.6
21 75.3 75.3 75.6 0.0 -0.3
22 118.0 118.0 117.0 0.0 1.0
23 177.7 177.7 176.7 0.0 1.0

Difference of *C NMR chemical shift

10.0
8.0
6.0
4.0
2.0

BA(A-B)
2 A(A - C)

Ad/ppm

0.0 — R - H HH —m HHH HH o ——
-2.0

-4.0
10 1 12 13 14 15 16 17 18 19 20 21 22 23

Carbon Number
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2.11. ZBECHREER

1) a) Tiefenbacher, K.; Mulzer, J. Angew. Chem., Int. Ed. 2008, 47,6199. b) Kasuya, S.
Ph.D. Thesis, The University of Tokyo, 2010. c¢) Aoki, N. Master Thesis, The
University of Tokyo, 2012.

2) Mukai, K. Master Thesis, The University of Tokyo, 2011.

APV T b 28anbIITHED 29a 2 525, —77, 2-8b L2 DT T AT
LA~ —IREY) 2-8c-d 72 B 1T E 220 BC BR7S & AffEER L7z 2-9b <° 2-9¢ & 5 2
5D ENREZ o TN D,

Scheme 2.29. C-ring formation from each triketone 2-8a-d

KN(TMS),
THF, 0 °C
84%
KN(TMS),
THF, rt
-
49%
KN(TMS),
THF, rt
-
>12%
H @)
2-8c-d (undesired) 2-9¢ (undesired)
ar=3:1

4) Aoki, N. Master Thesis, The University of Tokyo, 2012.

5) (a) Ueno, Y.; Chino, K.; Watanabe, M.; Moriya, O.; Okawara, M. J. Am. Chem. Soc.
1982, 104, 5564; (b) Stork, G.; Mook, R. Jr.; Biller, S. A.; Rychnovsky, S. D. J. Am.
Chem. Soc. 1983, 105, 3741; for a review, see: (c) Salom-Roig, X. J.; Denes, F.; Renaud,
P. Synthesis 2004, 1903.
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6) (a) Nozaki, K.; Oshima, K.; Utimoto, K. J. Am. Chem. Soc. 1987, 109, 2547, for a
review, see: (b) Ollivier, C.; Renaud, P. Chem. Rev. 2001, 101, 3415.

JCiE 2-64 DFEIEZ 7~ (Figure 2.7),
Figure 2.7. Structure of noncyclized products

OMe QAC

2-64
8) A7 uA NEH ETOEXRREFFDELIL, 2-3a,c,e,g TH D (Figure
28), LOLBMOLART IV R—IVKIGTIX, REFD2OD7 MU BFET 5,
Z T INORISEDOENE LT 5720 R TR LIS N DR#EE Clb,
HFCRLET brORFEEZ CIT & LT—RIICER LT,

Figure 2.8. Definition of numbering

0O 0
SO% UL
90« S0«
TBSO H O TBSO H @)

2.4 2-3a,c,e,9 2-3b,d, f, h

9) BANIIISKM 22 S, 25730 &l RSB OBV DWW TELE L
TV 5 (Scheme 2.30), 9725, SUGEERIAY 10 43 [ CIEod &G il 0 A i

Scheme 2.30. Construction of steroidal skeletons by stereoselective aldol reaction

o)

0N\ KN (TMS), (1 eq.) o\
THE, reflux ’
+
] TRl
TBSO ) 0  TBSO

TBSO
24 2-3a 2-3b
10 min, 2-3a: 2-3b = 1 :2 (52%, total yield)
2 h,2-3a:2-3b = 1 11 (48%, total yield)
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2-3b AMESE L 2 B CIXEN ) S 3Bl O A R 2-3a MBS L CAERKT 5, [Aoki,
N. Master Thesis, The University of Tokyo, 2012.]

10) Table 2.1 TOEREAMY & LT, M@ RRELEY) 2-3-unknown 53 % D
EIETHERT D, NMR EHTIZ LY, 2-3-unknown (I AT 0 A REEZHRE LT
WD Z LT oleh ZEONEGELIRET D Z LITRETH -7,
FoERE R I8V T, 2-3-unknown DA R EIZEERNAE L2720,

2-3-unknown DZEPEIZ DOV THAA L7 (Scheme 2.31), H#IIZ TBS HDFRE%
Hf9 & LT, 2-3-unknown (2% L TBAF Z{EA &®7=& 2 A, BifR#E T T
T RO VICELOERY TH D 2-3a M5 DALz, % Z T 2-3-unknown % fRAL
B, TBS XDREZE{T-7-, £ L7Z 2-65-unknown (X, TBSOTf %
C 2-3-unknown ~ & 5 H13 5 Z L AFRETH b, Ak L 7= 2-65-unknown (X, 2-3a
? TBS A FREL 2-65a" ~E ZW LT ALEW L 1T RRDAT uA NMEKEA L
Tz, UL EOFERN S, 2-3-unknown O AT 1A RERIZEESML T ClIL
ETHDLN, WEMFETTIE23a ~E B LT D2 ENmhoTz,

Scheme 2.31. Attempted structure determination of unknown product 2-3-unknown

2-65a
X-ray crystallographic structure

(0]
H HCI/THF o o
2-3-unknown \ o \ 0o \
TBSOTf ’ ’
2,6-lutidine #
CH,Cl, OH OH
-78°C H H
(@) H (0] @) 4 (0]
2-65-unknown 2-65a
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WIS, TR F CTOLREMESWTHAE LTz, TORER, 50°CDEAY /) —
VBT TIE 2-65-unknown | 2-65a ~E A GITRMELT D T ENGnoTe
(Scheme 2.32),

Scheme 2.32. Stability of synthesized 2-65-unknown

CD,;0D
50°C, 7 h

-
~

isomerization

— 2.65-unknown : 2-65a =3 : 1 HO

after
2-65-unknown 7h | 5 265-unknown :2-65a=2:3

11) X BriE sa S AT B, BREFSEA S D 7V — 12 10 B S oG dh A R
VUVEIZ X VA58 72, [Inokuma, Y.; Yoshioka, S.; Ariyoshi, J.; Arai, T.; Hitora, Y.;
Takada, K.; Matsunaga, S.; Rissanen, K.; Fujita, M. Nature 2013, 495, 461.]

12) 2 FEEE O RFEA P (unknown) D C18 fL A F/LED 'H-'H B v 7V v 7 DR

#— % doublet TH %, Z AL, Scheme 2.33 [Z/R L7z 2-3a 705 Int-2-5 ~& L
TV R VOGS LTE GBI b RRRD A » 7Y o 7 RS — AL 5728,
2 O RELE Y (unknown)H L b 7L R— UK iZ K- THER L7 EW
Thod ML,

Scheme 2.33. Hypothesis for structure determination of unknown

/ singlet / doublet
18y O 18, O

0"\ 0"\
“’ retro-aldol reaction ~
> —— > unknown
90 QUL
B B C)
SO H (0] SO H 0]

2-3a (or 2-3b) Int-2-5

13) CI{ir b 3h 2% 2-3a DSARBLUEE~DFEIZ- DWW TR L7Z (Figure 2.9),
CTLDOMEEFAIZ L - TE O 2-24 D AB BT, LI O SRS 2 A
LTW5b, ZAuIxtL, 2-3a IIREZELRR T« AHROSIREJEAH LTz,
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PLEDOFERNS KFBHEAICL VA UEZENNT RV F — DG AB BR DO FF A
TR T DR EEN T RN —DHEL D RENWZ EER LTS,

Figure 2.9. Explanation of stable conformation of 2-3a and 2-24

deoxygenation
0 0]
| O] | o
=R ‘ ~9
TBSO o- wogen bond 1BSO f
AB-ring: chair-boat AB-ring: chair—chair

14) Overman, L. E.; Rucker, P. V. Heterocycles 2000, 52, 1297.

15) Prashad, M.; Har, D.; Hu, B.; Kim, H.-Y.; Repic, O.; Blacklock, T. J. Org. Lett.,
2003, 5, 125.

16) 2-25 725 D 2 TREROEMSECH Y VEE « A TFNT 7 X —/RIZ DN T
143 HioE LR OANE LF—Th 5,

17) Hollingworth, G. J.; Perkins, G.; Sweeney, J. B. J. Chem. Soc. Perkin Trans. 1 1996,
1913.

18) a) Liu, Z.; Meinwald, J. J. Org. Chem. 1996, 61, 6693. b) Han, X.; Stoltz, B. M .;
Corey, E. J. J. Am. Chem. Soc. 1999, 121, 7600. c¢) Czako, B.; Kurti, L.; Mammoto, A.;
Ingber, D.E.; Corey, E. J. J. Am. Chem. Soc. 2009, 131,9014; for a review on the Stille
coupling, see: d) Farina, V.; Krishnamurthy, V.; Scott, W.J. Org. React. 1997, 50, 1.
19) 714 & LT MMFF, = 3/L¥—fg/Mbik e LT PRCG, BUEEFEALEE LT
MCMM, BLERA B Z 1000 Bl & L, B2 TORZEREZ KD T,

a) MacroModel version 10.4; Schrodinger LLC.

b) Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R.; Lipton, M.; Caufield,
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C.; Chang, G.; Hendrickson, T.; Still, W. C. J. Comput. Chem. 1990, 11, 440.

20) Barton, D. H. R.; O’Brien, R. E.; Sternhell, S. J. Chem. Soc. 1962, 470.

21) a) Evans, D. A.; Hoveyda, A. H. J. Am. Chem. Soc. 1990, 112, 6447.b) Kartika, R ;
Gruffi, T. R.; Taylor, R. E. Org. Lett. 2008, 10, 5047. c) Guinchard, X.; Roulland, E.
Org. Lett. 2009, 11,4700.

22) Nakata, T.; Tani, Y.; Hatozaki, M.; Oishi, T. Chem. Pharm. Bull. 1984, 32, 1411.
23) Corey, E.J.; Helal, C.J. Angew. Chem. Int. Ed. 1998, 37, 1986.

24) Anwar, S.; Davis, A. P. Tetrahedron 1988, 44, 3761.

25) BT NAVEEIZTE LN EZ ZEIZ, LIN(TMS), DWINZ1T > 72 (Table
2.7)s 2-46 N5 2-48 AT DEE. 2-66 DAERARIE E 7257 (entry 1), ZH
I, TBSOTf DA AFEMEICL > T Rax T ROBBEREETH L L5 2,
LIN(TMS), Z i L7z & Z A, A~ T8 X — /L OBBENES L, 2-66 D/ERL % H)
HlT& 72 (entry 2), LA EO#EF % FLIZ, Table 2.7 TiX LIN(TMS), Iz T\ 5,

Table 2.7. Effect of LIN(TMS), for protecting the primary alcohol by TBS group.

™

see Table TBSO 0 “’ °

CHoCl, ‘e OH
TBSO H

TBSO
2-46 2-48
entry reagents temp., time results (ratio)
1 TBSOTY, NEt ~78100°C, 17 h (248 20 1)
a. TBSOTTf, NEtg a. —78 to —40 °C, 5 min . 4.
2 b. LIN(TMS), b.—7810-40°C,13h  (248:266=4:1)

26) 2-33 ONAKREE L, CERAAOBES & 572D CD BRIZ% LT, concave
R DOSTARSCRE N HI R U, KBTI ORI ME L FHB L7 (Figure 2.5), —
J5 . 2-60 ONIAREEIL. H-"H B v 7V o ZEEOMED D C BT +AIZ T AL
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JE%E & B LFE 2 T= (Figure 2.10), ZD7=8 2-33 OELEIZ T CD B D convex
ENZ & 2 TMS FEOHERH ANV concave HEHHI OB E) F AN L
TelZRTc, ZHUTED, 6:1 OBRPVEIZTELOBELMD 7T 2 U Ra B
\ZH 2T L HEZR LT,

Figure 2.10. Rational of stereoselective hydrogenation on Pd/C —2—

JH9H11 =6.9 Hz
JH11H12a = 3.4 Hz
JH11H120 = 9.2 HZ

2-60

27) Ankli, A.; Heilmann, J.; Heinrich, M.; Sticher, O. Phytochemistry 2000, 54, 531.
28) Kopp, B.; Kubelka, W. Planta Med. 1982, 45, 195.

29) ~F¥H /YT aa AL DIRETIERD GG EIT o T,
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3.1. DTN = DA R

ANT 7V REOFE—IERIEEZWNLT D720, 19-8 ey b7
=D EFR—DERFEEZNN, V7T =@ D0EGKE B L
(Scheme 3.1), T 72 b, 3-1ITEMRLIZAT A REKIZH L, CTALO DR
{b(3-5a—3-4), Cl1 (i~DOIVARERRAY2 e R xR0 EAB4—3-3), €L T
C17 NE~DNAREIR 277 2 U ROBAB3I23-DICE->THEMRTHZ L
7o REROEEFMAETHD 3-58a DAT 1A REHKIL, AB 5 3-7 & D 5 3-8
DT 'E—=NTy TV T B, 7YV ANVRIEB LT L R— VG
L% CBRESE AT, RIS T 2522 Tz, AB BR 3-7 1%, BEEOF
EVE R OIEREME TR O 3-9 005 18 TRICCHEET L Z L& LT,
Scheme 3.1. Synthetic plan of ouabagenin (3-1)

O
o]
\
n-BuzSn 3-2
Stille coupling introduction of

hydroxy group

—>

deoxygenation

—>

aldol reaction

OAc

OH 0
> O, e * MGO¢\)@>
acetal coupling L (@)
&

AcO

radical cyclization 3.8
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32. AT A FEEEEONRLE
32.1. AT A NEEBEIZET DMEA

B E, 141 Bl TRRIZH RN YRR D AT 1 A N ERAEZ O FIEILH
B X > THID THENL Z 7= (Scheme 3.2), T 72 b, 3T 06T X =L v
TNV T TRV ERT  ELDON Kb FE 2 /T 57 AT L ~—3-6a
EEEMICA LIz, IRWTT IV R—=ARISIZE YD, B U & by 3-6a 7> 60K
BINPIZAT O A REMK 352 AT D EICEPI LT, 22 CHRARDAT R
1A RERBEOFZHIE L, 2 DOEENE 25 H L7- (Path A, Path B),
Path A TliX, FVINAINIC L > THLND 4O YT AT LA~ —DW, 1 f&
LTV R=ABRONMZHWD Z M TE R WREZ kT 572, Cl1, CLUALRH
I HAEAAEAT DL TAFD YT AT LA~ —IREW%E 3-10 ~ L U &
Wik, TV R— Ve ET) HIETH D, b9~ PathB TiX, Cll1 firk
CIVNDYT AT UABERMZFICH ESE5 2T, MU 7 Ry 3-6a DILER
mExBRETZ&E L, £$72 233 BiTHRIET NV R— RGO H R % 12, 3-5a
F721T 311 ONEO R EE BB L,

Scheme 3.2. Problems have to be solved in the construction of steroidal skeleton

| Dr. Kasuya's work |

acetal coupling; OMe O O I|\_|/Ie 0
OH  radical cyclization R :
(dr=3:1, + minors) . Y
> aldol reaction
o]
L o ” O 39% 0
0.l 0 O
oLo ° OLO
3-7 |>< diasteroselectivity| 3-6a 3-5a (major)
15% (from 3-7)
OMe O OMe

improvement of

diastereoselectivity
------------------- >
| Path A
OH

0]
(0]
OLO
3-7
. enol ether formation
____________________ -
Path B
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322. AT A NEBHEEIZET HIGERSGE —Path A-

AKAT A FEEHBEIZBW T HMAILABER 37 L DEE38DRAT X —
NIy TN TSI E Y | 3-12a-d B LT, € D%, CONITEI L TIifkEe
W72 T P NBALRE TS, CLL B X CIVALIZBET YT 27 L
F~—iBEMW 3-13a-d 2 157-1%. 4O T AT LA~ —DHNE 3-13a D%
fe< 70 K=V RSIZHW TN S,

Scheme 3.3. Preliminary study by Dr. Kasuya

OAc
- OMe OAc OMe OAc
AcO : :
OH 3-8 o n-BugSnH o
Br2, PhNMe2 Et3B, 02 1

o) > Br . > 9

59% OAc 37% OAc
0] @) A . 0]
o.\.0 o (dr=3:1 + minors) o
3-7 acetal coupling 3-12a-d radical cyclization 3-13a-d

Z 2 TT IV R—= VRIS HIH T & 7220 3-13b-d & VY, C1I-CL1 i~ ZF#E
ADEANER AT (PathA), £, 3-= b XU B 2R UVEEE Y VU a A
Wie bk T A RUNTETE T 3-14 2R E S 272 (reagent A), WRIZ X VIR T)78
il LCRY 7 maFfBaEA S E 25, 3-14 & 59%DIRINEEIZ TR D #b
R L7po7z (reagent B), RINRIC T34 25 27-EKE LT, MU 7 oo
DRRIZE > THN N AT VERBRESNTZDEEE 2T, LoT, 7T
DYT AT LA~ —IREWMEBICRIZT 3-14 ~EWUREE 5 2 L ITREETH D
& B A, Path A DA 2 Wi LT,

Scheme 3.4. Path A: introduction of C11, C11’-olefin

OMe OAc SO3H-Py. ' OAc

171 :
11 A:
AN D,

3-13b-d 3-14 3-11
(minor diastereomers) (A: trace)
(B: 5.9%)
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323. TUHNBRIKICET ARG E —Path B-

3-13a OYLHEW LD T ¥ B NVERIZET 2 KSR EOBE 21T -7 (Path
B), 1B DITo 72T Y ANVEBALDMEIE & 72 o TN O—2 & LT, IRk 3-15
DERNFETOEND, 22 TT7 UV HNAVBRIBICEBIT 5 KGO L 21T,
EIGIR 3-15 DA Z M A, 3-13a DILFELEL HH5 L7z (Table 3.1), 5 H&D b
JLFLRT L EKRELRY TF LR REFHNEE . BILOLBET LT
3-15 OERDBHER SN (entry 1), T I T, MR ORITLAIOEREZMZ D
BT U OR T EZHOCVKFE N TTFAAXEH IS HZ L & LT
(entries 2-3), £T. NI ZFARTAFET, YV PRCVTEZHNT 3 Y&
DKFL NV TFNARXENMZ D Z LT, 3-15 DA E I A, 47%D NMR I
I CEBDONIR A FEE G D 3-13a 2157 (entry 2), T D, & ISR
wIEb AT o TR R, 50 °C O BISEHRIZ/MERIEDOKFEL Y 7 F )L 2 X%
2% & T, 3-13a 2 BAFRINRICCTHEZ D582 AH L7 (entry 3)?, #i\ T
KFEFY TFAAXL Y KBMREROE NN Y XA N AFAY LT T %
A& 2 A, ISITEIT LR o7z (entry 4), £727 P VERMAIE LT
AIBN Z W, @RS T, ]S EITo72 8 2 A, HEERIE ORI M 245k
e 72 (entry 5), LA EDFERNG | entry 3 DRILFKFEZART ¥ A1 VEIED
RS E Lz,
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Table 3.1. Optimization of the reaction conditions of radical cyclization

OMe OAc

conditions
Br ¢ -
A

0.l O
3-12a-d
(47:20:1:1)
entry reagent toluene (X mM)  time, temp. results
BE; (5eq.), O
a)b) 3 2 _ . A
1 n-BuzSnH (5 eq.) 10 mM rt 3-13a: 28%
BE; (5 eq.), O
) 3 2 " . 5d)
2 n-BusSnH (3 eq.) 10 mM rt 3-13a: 47%
BEt; (4 eq.), O, o _ g
39 Bu,SnH (1.5 eq.) 20 mM 50 °C 3-13a: 46%9)
BEt; (5 eq.), Oz o :
4 (TMS),SiH (2 eq.) 20 mM -78°Ctort  no reaction
AIBN (0.5 eq.)
5 n-BugSnH (1.5 q.) 10 mM reflux messy
a) Dr. Kasuya's result.

~ ~— —

b
c
d

~

non-cyclized product 3-15 was observed.
n-BuzSnH in O, bubbled toluene was dropwise added.
Yield was determined by 'H-NMR using p-xylene as an internal.

324, NREIRWTEZ =Ty TV 7 E TV HVER{E —Path B-

TRE=ND TV TGRS TV NV > TH NG YT AT
LA~ =313’ DFEiRVEm L2 B L, etz irolc, K7 X —N T v 7Y
JRISTIEX, Cl11 L, CIUVALE D 4 FEO T A7 VA~ —REWMNAEL 5,
LrL, TNV T AT VA —IREME N T 20~ 777 4 =1L 0%
BT Z IR TH L, 2O, TNENOT v 7Y 7K 3-122a°, 3-12b°,
3-12¢°, 3-12° 3 T A NVERALIRE ED K D 7R TH 2 5O BIWHE T E vy,
LEDZ 026 3-132°-A ZIREWOIRREIT T T P VR Z AT S 3-132°-d
DAEREDZEAIZOWTHRA L7 (Table 3.2)°, ¥, 7 ¥ I VER{LD 13 Table
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3.1 D entry 2 DFMFZEZ AW, ETHMBDOISEMAETIX, BHDT VI VERIBIK
3-13a 2 EARME LTH 272 (entry 1)Y, 67203 UMEOmM EEZHKE LT,
IVEEBVERETHLIVA Y Ta AT =0 v EAWER, 3-12a-d DVT AT
VAR & A EBBITA Cedno 7o (entry 2), RIZ D BRE D = —F /LA
EELDERWLO~EE{LEET (entry 3), TDRER., By TV TR
3-122°-d’ DEIRVEICEIEN RO NT=, £ Z TINER< 7 VB NEBRILOSMEICfT
L& Z A, entryl [ZHAR 313 DLENE T T HFER & o7, DL LD
O, entry l DFMNERT X =N B v 7V > T RISORESI L Lz,

Table 3.2. Path B: stereoselective acetal-coupling and radical cyclization

OAc
R
Ou b> Br,, base RO . __QAC BEL. O
CHaCly O}\{ n-Bus’Snfﬂ
, -78 °Cto rt Br tolus
3-8 1 - oluene
OH o
QLO
20
O . '
OLO 3-12a-d
3-7
3-12a-d' 3-13a-d'
entry R base (diastereomer ratio) (diastereomer ratio, % of 3-13a')
1 Me PhNMe, 47:20:1:1 56:34:1.3:1,50%
2 Me PhN/-Pr, 45:21:1:1 n/a
3 Cy PhNMe, 23:23:1:1 55:48:13:1,44%

Table 3.1, 32 IZ T b L7 G2 mMA L, Uo7 b 3-6a DEEEIT- T
(Scheme 3.5), 7, ﬁ%@mA%3sﬂs181&%?1%@Lk%3»@AB
B3TLEAVETHALDERISZHWIRBET X —VEKICE Dy 7Y T
LTS ﬁ/7)/ﬁ%3uad%/7XTVﬁ@ Mme L TR, HillT
M) ZFIVRT AFEF, PV IR TEHONTKE Y TF IR X%
25D ET, TN T U HNVERILRIG EET S, ALK 3-13a-d 215372, Hil
TT v FEEZHREL, AU FuodF v REE2T 2A~—F Ul Lk L
oo EDE, 36a-d DTVT AT VAY—IREWE T LT ua~ NI T T 4 —IT

77



FIE UTNAT=DREK

SEEL ., H—AmE LT, BADONRbFEHFTH M) 7 b 3-6a &
Bz,

Scheme 3.5. Synthesis of triketone 3-6a under optimized reaction conditions

Br2

OAc 78 °C Br :QAC
MeO., . b> b —1 PhNMe, OMe OAc
-78°Ctort
3-8 (5¢eq.) Int-3-1 > Br ¢
(cis: trans_1 1) 98% OA AcO
O
OH Olﬂ
18 steps 3-12a-d
O —— |
- 5 Oa
0]
OLO
39 3-7
OMe OAC
BEts, O,
n-BuzSnH \O 1. K,CO3, MeOH
toluene, 50 °C 2. Dess-Martin ox.
ar=56:3.4:1: 1
O
Table 3.1 010
—entry 3— 3 13a-d 3-6a (desired)

44% (3 steps)

325. THAR=NAISZE DT ANF=DATa A REMKHEEE —Path B-

KTV R—=/VEOS OB DWW T, BEIZ 232 Bi TR~ 72D T, Z 2 TIE 19-
ERREFIH LA NT=0 (2 E)EDT IV F—VRUGEDIEVIT DN TR~
% (Scheme 3.6), 19-tB R VL2 M= OEHHEIE 2-4 2507 v
R—/VROGTIE, AB BRVFERZREE A & 5 Z &L CKREREG ER L, 2151
(ZRERAERR 2-3a & 52T EBE LT, —H. U T A= OAKT A 3-6a
MEDT IV R— VRS TIEFE TR LI A BREOA /L 2T U ORI &
D AB BRONLRBLEFEE S, FERE LT 2-3a OFERKBRAERTE 72
WEEBZHND, S HIZ2-4 DREIEIZKT L, 3-6a 1T C1IUNLIZT & X — /LG %
AL, 1O CLLIDREIL sp IRETH D, DI, 2-4 DTV R—ILJERE
AT 3-6a DTV R— /UG TG OEBIRAE, 3 L OVAERRY DL EMICE
WINEL D EBEXBND, LEDZ EZFBFEL, K7V F—ARINZEIT 5K
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IS D EEL 2T o T,
W, K7V K= VISMZEBWCTERT D EEND D 8 FEHO AT A N
¥ (3-5a-h) >\ Tl Scheme 3.6 O FERIZIXR L7T=,

Scheme 3.6. Aldol reaction: potentially generating structures

|Aldol reaction: Construction of 19-hydroxysarmentogenin skeleton |

Hydrogen Bond

cis-AB-ring: chair-boat
2-4 Int-2-3 2-3a (major)

Aldol reaction: Construction of ouabagenin skeleton|

OMe O

- — cis-AB-ring: chair-chair
3-6a Int-3-2 3-5a (desired)

trans-BC ring OMe
0]
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T R = VRS DOFPRME L IR DR E2 BfE L, Mitx B 27 >7- (Table
3.3), BEICHIEDISLAERIRP 727 L R—/VROSIC LV | 3-5a DMEFEMIZE LN D
LA LT (entry 0), 233 BiOKISSEMEEZSZBIT, KN(TMS), D XY & % fill i & &
L. 7V =G EIT> T2 (entry 1), ZDfER. entry 0 & [RIFREE O T
Holziy, BIFRINERIZT 3-5a 2 5272, FW CRISREIC X 23R £
D72, THF &t FIZB W TR KN(TMS), Z/E S 872 2 A,
Apk#) 3-5a & 3-5b DV T AT LA~ —H 5:1 OEIBICTELDNIMMEFE AR
T 5 3-5a BRI G- 2 T2 (entry 2), RIZHW D% KN(TMS), 7* 5 Cs,CO,
NEEF L EZ A, A 3-5a & 3-5b OAFHIERIZEBWEER 2R L7223,
BIRMEIT entry 2 IZHE~KF L7z (entry 3), VA EDOFEFRNG | entry 2 23R GD
RIS CTH D L Lz,

Table 3.3. Screening of conditions for the aldol reaction

OMe O OMe
< N H

conditions
> +
THF
6]
OLO
3-5a (desired)
ratio 3-5a (desired) 3-6a
entry base (eq.) temp (3-5a:3-5b)  i5olated yield recovery

02 KN(TMS), (1.0 eq.) rt 4:1 39% 0%
1 KN(TMS), (0.3 eq.) rt 4:1 62% 23%
2 KN(TMS), (0.3 eq.) reflux 5:1 65% 0%
3 Cs,CO3 (3.0 eq.) reflux 2:1 60% 9.1%

a) Dr. Kasuya's result
326. TV R—VI DO ERE R DEEL —Path B-

AT v R—) VB OIRPUEFE B 35 1T 2wk B i S fid & B0 5300 & oo BE
IZOWTCHRHE T 5720, 3-5a & 3-5b O EF OISOV THFEEREIT- 72
(Scheme 3.7), HAEEREHL L 7~ 3-5b % Table 3.3 @ entry 2 & [7l— D SUSSAFITfT L
L2 A, 3-5a HF LA EAERET, 3-5b DL B Fu %A ElcB B
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L72316 252 50DHTholz, ZORBOMIRE LT, 2 DOEGNEZD

o,

@© 3-5a & 3-5b [BIOFHHIIFET 223, 3-5b 2% 3-5a LV B ) FRIICZET
HDHTZD, 3Ba XIFEAEER Lozt EBEZBND, UL, 3-5a &
3-5b WO VHii 2 ES D &, Table 3.3 (2T 3-5a BN LA E L THLND
FUCFJENELT 5,

@ 35b DL ka7 b R—/VRUGSBET L7228, 3-5a & 3-5b [ D 1l
FEE LR WERIRTE 5, £ 2 T23b MBI L b 7L R— LRG0
1TT25DIZxF L. 3-8b HiX L b7 v R— VST L7Zg W B IZ D
WCEZL L7 (Scheme 3.8), 2-3b & 3-5b ONAREEZ LD L HE OB
JEITIEFIZHEBIL TV D, MAT35b TlEL b7 b R— LR LED b,
3-16 Z 52 DG MER L TEITLTWDLEEZLND, Jiuib b7
IV R—= VISR ET T DR OIEM L= R L X —DZEITIEWVWRAE L TN D &
TR L, T78bb, 2-3b 25 Int-2-3 ~& L h e 7L R—/LK&
DT DA 1R, T DOEBINEE 2-TS @ B BRI OBEZ A L T\ D &
EZzbNnD, —J. 3-5b 25 Int-3-2 ~ L L a7V R— LS HITT 5
BRI AN P AT AAEEIC L > TAB BROEJENE T I N TNDH =9,
EBIRIETOD 3-TS D BERIT A FRIOBEEZ A LTS EEZ DD, M,
T st TR REE O O DS RELE KD % 18 kI/mol REEE T
HHIEBETHE, LR TV R— UG EEIT S5 72O ERNE
AL R F—DfEIL, 2-TS 1V b 3-TS DR KRENWETFHEIND, Lo
C. Scheme 3.7 TiX3-5b 75 3-TS #EHTH L ha 7L R—/LSD#E
HE b, 3-16 CMORIERD & 5 2 D SOSFRBE MBS Uiz L HEZR LT,

U EDESENS, RO TIIFENEL D120, RO NZ Y TH D

EEZTZ, ZHICEY . RT VR — UG ORIEITHER I LD DT

bo LR LT,
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Scheme 3.7. Mechanistic study on the intramolecular aldol reaction:

isomerization of 3-5b to 3-5a

KN(TMS), (30 mol%)
THEF, reflux

L

3-5a (desired)

Scheme 3.8. Comprison of retro-aldol reaction between 2-3b and 3-5b

Aldol reaction in the total synthesis of 19-hydroxysarmentogenin: retro-aldol reaction from 2-3b‘

B-ring: boat AB-ring: chair—chair
2-TS 2-3b (minor)

’Aldol reaction in the total synthesis of ouabagenin: retro-aldol reaction from 3-5b ‘

Int-3-2 B-ring: half-chair AB-ring: chair—chair
3-TS 3-5b (minor)
KN(TMS),
3-16
or

other compounds

WIZ, RT IV R— )Vt O SRR % 38 B i AL DL CTE L L7, Table
33 @ entry 2 TIL KN(TMS), Z @i FIZTHWESA, ZbEWY T AT LA
BRSO, —F, entry 3 TIXY T AT LA RIPEIZIRVAS, entry 2 &
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[FIFEE DULRIZ T 3-5a MG HNT-, ZOFRHIL, entry 2 DG TlE 3-5b 3
A CTHRELZZ & T, AT OBRMENRR ELET-DTH D EE 2T,
Z D72, entry 2 TOJFCEHENL OF #E L 3-5b OEBEFE A ZT/ICAND & 3-5a &
3-5b ODAERMIIT 2 1 RBETHDL ETPREND, LEOZ LE2BETLHE Kb
REZ =R~ & T 728%E Tl 3&&35b@$ﬁ%ﬁ4 1 THHZ LD
entry 2 & entry 3 (ZHEASTIARERRMEIZFEE M) B L, BEGRKELO T, KIS

1T L7z EHEZZ L 72 (entry 1),

327. TV R—IVERIGDRRFHER DB %L —Path B-

P F B DR B SRR R BLO BRI OWTE L LT, ATV F—
VS TIE, BCEBRMN b7 v AR LA ornfgaonsd, 2T, £1°8
ALIZ BT B SEAREBIRPEIC DWW THELZE LT (Scheme 3.9), i7" v koAbl k- T4
U7/ 77— bk Int-3-2 (ZxF L RO KREIT/RIERIC BTG R TRIDES B
v ERUST IR BC BRD V AMEER LT 3-5e-h 3G 545, LovL, BZ
VR E DNARRFEIZ LV RIS OEBIRAEITIERFITAR] L 72 5720, BCERB T A
MEER L7cAb B oniehol B2 T-, TOD, b9 —HOF R TR
FREIZ Int-3-2 O " FEREAICK L L7 F S L, BC B b7 2 A
B L7 3-5a-d & 5272 & &z 7,

Scheme 3.9. Plausible mechanism of stereoselective aldol reaction —1—
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RNT, BCERM b7 v AffEER & 72 % 4 FEOLEH OBIREIZ DN THELE LT
(Scheme 3.10), F/2IERERY 952507 M ATREF TR LTINS, &
NOEBIREZ EBIEICATWS & £ AR 3-5a 75:—@2%6 Int-3-2a %
PR L72a . FHCRE RV EIT R WEEZDND, — AIZERY) 3-5b
%5K5m&mbfﬁmﬁ&@m%ﬁ%kD%L@ﬁ}y@ﬁﬁﬁ%k@iw
REPFET D EZZBND, £ LTHEY 250 Int-3-2¢-d TiX, CI18 L A F /L
& CIUNLDKRBIRFR 9 ML DKFIFA & DNARKIEDAFAET D120, (LB
3-5¢ & 3-5d 1IfE LN oTt LB T,

U E DB SART v R —)V UG O EEw SR K D SRS, © 7 >
EHEICERT 26D THD EBRT,

Scheme 3.10. Plausible mechanism of sterecoselective aldol reaction —2—

Me.

0] OMe
O-:-H O—:-H
o O
o > o) @tl@
‘LO ~Me %O IN
@]
0 3 o
Int-3-2a 3-5a: major
(desired)
Me\o &O C:)Me 0]
.H 3
o) “Me >
ﬁo
0 o0
Int-3-2b 3-5b: minor
Me\O OMe
0] = HﬁMew O~2-H Me

o . 0
o) Oo
£ F b
Int-3-2¢c 3-5¢
Me\O OMe
O—i-H O~—~H
O OH
)25 | > O
%O © | w&o FO ©
0© o /
0 H Mé © Me
Int-3-2d 3-5d
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33. CTNifg#R+okkE

A LImAT A REMIE 3-5a 2»5 C7 (MEBREIR FOBRELZBFLIZ
(Scheme 3.11), 2.6.1 HiTOXY T — hZHW=T7 DU NVHIREERELOSRIEIC
fiivy, CTAL7 by ZLERIRIZE T L, 3-17 #1572 (Path A), Z DK ¥
T ~NEEBRL, TUINEIBE FeX I AbOEMIAH T Z & TEAD 3-4
&7, L LBITO EARM TH D 3-170. D SOCHEDBRGH AR T2, T
T — MEDOW R L FERMICRIEN H > T-, T Z THOFEZ VT 2 h LBk
b Re i AbOME 21T > 72, hifbRFE LD b RISHEDE W 3-19°, 3-217%
WV, a-T IV a— VOB R AT, £ 3-19 & SOSEDOIKR 3-17alfE
REwib oA, FREDINRICZT 3200~  LH|AGETH-T-, L, fi<
TV NVHINIEFE TIXEARD 34 ZIENEGZ DDOHTHoT, £Z T, b9
—J5D 321 % 31TaplHEH S T- & 25, 31D IS ITEIT L7272,
FIiRE LT 14 itk RexvEofmeE 7= /7 —vORBBENETT L 7ZBRIBIE
32285525 DHTholz, T TTVHNETEITRRDMEEF L E KRG L
77

1 — > 3K & Raney nickel W2 TF A B LR =V EEDIE T Wolff-
Kishner #&7ciC L 2 i@t 2 Bt L7z (Path B), L2aL., m—Y Ul Hn
AL Cl4fioe Fax eIt L, 32394 52 5DH Th -7, Wolff-
Kishner iEC”ClX, & N7 Y VRO T C17 fiis b EEEMICRIS L,
LERNI24 T HZ50HRTHST,

b NV RECIC L DNEEHEL A 7= (Path C), 3-17ap % A L ALDRMEIC
ML ZAZBTVa—LDRERIGL, 3258% 527, fit< & RV FiEjx
ITEAT Lo T2,
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Scheme 3.11. Attempt of deoxygenation of C7-ketone

CS,, Mel
—40 °C

x reproducibility

AIBN
n-BusSnH

X=TBSorTs

Lawesson's
reagent

or

Wolff—Kishner
reduction

Path B

OMe

3-170f 3-25p 3-4 (desired)
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HORFHERNS, ME—BHOERME 5 2727 U NMIBERICE R
SN Efﬁd%ﬁoto_hif HBonlcmilzEedn &, 3-17BITXIL
TIXCl4fite Rexi o 6 BRIEMREAZMA, 7D 3-17allxf L TIXZIRR
WA ) RISHAME T Liza- 7 /b 2 — /L & S S RMICIE R T 2R E
L7 nide e, 22T, BEEREORNT A7 I NS & EHREEICLY
SRR EEZZITIC WEBRX ONDA YT AT VBT == v EHN, T
TIVEI IR FEAL DR 24T > 72 (Scheme 3.12)'0, S 2t % Fl 2 i L 7= 4 5
Oy BEREE7R 3-17aB % 0 °C DRGSR T, £TBR-T /L a—ADF 4 —_ A A b
fbESERICETS TR, V746278~ 7T 7 0—128L0 32608 & 3-17a%

%Ltoﬁ_ﬁz%ﬁT [N U 72 REG D 3-170DF A H —3 A A MEZa4T

3-260 %372, ZZ COIRERIENEZELRHEHLE LT, MR FTOFF I —
N%%Fk@%ki&%3ﬂ$@@%@%méﬂtt@f%é - N 150
THEDIC, ZZTIEH0 ZHMLTWAEY, 2Dk, &AL LT 32608 & 3-260.
ZIRALVAIBN & FU R RYXAF LU T T oW TETHIREE L DS
fRZA9 2 & T, EHOMiEEFRIUIK 3-4 & RAF72000RIZ TR,

Scheme 3.12. Radical mediated deoxygenation of thiocarbamate 3-260.3

OMe

NaH, H,O, THF;
PhN=C=S, 0 °C

AIBN
OLO S)\ (TMS)sSiH
benzene

3-260.3
(+ recovery of 3-17a) ﬂ)

NHPh

NaH, H,O, THF;
PhN=C=S, rt 3-4 (desired)
—_—
39% (from 3-5a)
OLO
SéL\NHPh
recovered 3-17a 3-26a.

3-17 OFF T —3A A MEBSILE - FEME L < EIT LEERZ ISR H TO
R DOREMIZIER L, B2 L7 (Scheme 3.13), £ 9 U2 TOY &M%
1%, KFET Y A B 3-170. HO OIEICEAT 5, IRICKR ST KSR
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HETFIZTIToCWVWA T2, Z ZTIEDMSO H1¢H H,0 ® pKa Z7~ L7227, 472
PHBEIEROKFT NI TLAFEAET, HO 2T 52 & TRPICHAEL
ETEMER KB A F s, T a—L 31Tar b O T 1 h o RS 5 L&
R Tco Bz & LT, 2.6.1 i TIHKEREA F 2 DSEUSHEDIRNT L 22— )L 2-220.
WZHER L, Bi7"e AL EIT L), BEIO XY 27— MED B4 7RI
(CTHEAT L7 &2 L7z, L LOAKRS Tl Int-3-3 OAREAMEME Sz — 7,
NEARBEEIC L0 REEL ST 3-18a~D KL A A DN &R T v =
—/(a), £ F A= O)DOBEENICEIT L2720, YT — MEDIER -
HEMEMENEHEER LTz, RICA VY TF AT U7 ==V EHWTESEITo0
TEZ %, Int-3-3 5 Int-3-5 ~ & U EIT UL, SOSRH TIEE (Int-3-5)
ELTHIETDEBZAOND, ZHICEY, FAINVR=VE EOKREFHENR
KT L. KE(EHA A2 OIS S v, IR - BEEL < 32605 5272 L
Ez 1,

FFEROBEEIZE Y | 3ATBITKTT HTF AT — A A MEIZE W TS Cl4 fiL
b Ru v RomiE e KB b A A L OBBIEE NI S, IR KL
3268 % -2 7= L HEEL LT,
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Scheme 3.13. Rationale of successful introduction of thiocarbamate

H,O: pKa = 31.4 (DMSO) o
eq.: (NaH > 3-170. > H,0)| | HO

OMe

O—=H
0]
fOO /7 14
0 OYS
H

x reproducibility
x yield

89

NHPh
3-26a

; quench

OMe
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34. T ONE = DA
34.1. CIIfi~DOt Fax EOEAL CIT~DT7 7T /U KiEA

AR LT 3-4 v D 3-34 & 3-35 DA AT 572 (Scheme 3.14), 19-E Rr ¥
TILA L NP = DB THENL L 7= FIEICE ), CLL AL~D SR SR
e Rax DB AL CITA~DTT ) U ROBAEIT-T-,

F P CLANLA~DOINEEIR 2 e e XU oBEAEIT- 72, 34 ZRLHET 5
ZLETA MR VEABBESYE, TR — L E T ) — L —FT L~ 3-27
BiGle, =/ —Nz—T DL UL L AHAEE RV INEDOREEITo
7ot . TBSOTf IZ L 58—kt Ko U RN 7 TBS (RiEA 1T -7, L L,
291 EiOF&MEE#EHA L7-& Z A (Table 2.5,entry 3), BERNW U LT X —)L
TER AT L, ZOfEHR, RINRICT 328 2157, % Z Il &8 E 05
AafToll A T = MU ARERTIIT U LT &2 — VR I &
. BIF7RNERIZT328 #5252 L2 /A LT, 20k, &RV FU L%
We—BETETV., BHONMRMEFEER T o7 /b3 —)1 3-29 & mILERIC
THE,

WIZ C1T SL~DSLEEIRI 7277 7 V) RIEAZ{T 57, 3-29 O TBS R % frE
L. EU77r brzavfbe =330 ~ELEH LT, TD%, Stille 1 v 7V >~
JWCEBTT Y REAZITW, 331 2457, BENDOTT /U REEKT D
728, convex MlZdHH b Fr I FEaEE TMS I THRH#E L, KFERIMDSK
IR Uiz, ZOREF. B 3-33 DA HER SN0, FAERME LT
BELMIOT T 7V REFT 5 3-34 L 3-35 MBI H 272,
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Scheme 3.14. Stereoselective introduction of a-alcohol and butenolide

SO3H-Py. 1. Oz, MeOH
—78 °C; SMey;
NO, NH,OH
2. TBSOTH{, NEts
toluene, reflux MeCN, 0 °C

L

81% 68% (2 steps)
1. TBAF, THF
-78°C
Li/NH5/THF 2. NoH,Ho0, NEt3
~78°C EtOH; I, NEty
96% 88% (2 steps)
0)
0]
N\ TMSOTf
2,6-lutidine;
n-BuzSn 3-2 (3 eq.) Sio,

L

Pd(PPhs),
LiCl, CuCl
DMSO, 60 °C

52% (2 steps)

Pd/C, H,, AcOEt

L

3-33
(<15%)

3-35 + 17-epi-3-35
(74%, dr=5 : 1)

single diastereomer
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342. BIlZE Rk 3-33 D ARl kiA D 5%

RIER) 3-33 DAEMBEREIC DWW T, B F BB RN HBEE L7 (Scheme
3.15), 3-33 73 3-35 725D Pd O « A K D B Lo TAERRT 2 &1
ET UL, PAdIISLIRRI SR DK E 72 C20 fLDIRFIZATIN L, Int-3-6 & 5- 2 721F
R 6T, AITH D, FNERRZERIZINZ T, Pd ® C20 (7D fRFE R+~
D INTE IS AR TH D Z L DS Spencer H DIENHHELZR I NS, Zh
HOBEHIZE Y| 3-35 225 Pd OFHINE Y AT 2 AL Int-3-7 THDH LH
ZHNDTO, KGR PIZT 3-35 /v 5 3-33 ~O " HEHFES O RMALITET L2y
EB T, UUEOEZENG, HMEGRIEIZ LY 333 NAER LI EZ 2T,

Scheme 3.15. Isomerization of olefin under thermodynamic conditions

Pd/C, Hy
AcOEt
_______________ >
€ - e e e m -
B-elimination
3-35 or 17-epi-3-35
Pd/C, H,
AcOEt
0]
22)L 0
'z
Pd B-elimination
TBSO._ “r,, I\ = Tttt >
OTMS
OLO
Int-3-6
343. TR ST K 2 EIAE R 3-33 O LR D& 52

W SR AL OSSR 3-33 2525 2 DDAk E % 2 7=,

@  REIAERY 3-33 (X, PA/C 1T &> TEMALENTAKEG T O 14 (I XD
AR U= &% %2 7= (Scheme 3.16), Z#UlE. s-trans DT OFEED s-cis
DEJEZ & 2 Int-3-8 ~& 22 L L7, 1 4-KFIRMAET L, 3-33 D3R
LizEEZT,
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Scheme 3.16. Rationale of reaction mechanism of direct 1,4-hydrogenation

(0]
)0
\ bond
rotation

3-32 Int-3-8 3-33

s-trans S-Cis single diastereomer

© TV UMEENR S LIER s-trans AT 5 3-32 12 PAd BN Z & TL3-33
DAER LT EE 272, TMS 02T Pd(II) & /KFEJH 123 concave 7>
O CHEMBAICAINL, Int-3-9a & #8712 % . SRS AF] 22 B VAR = bafinls
PAAD N8 L. & DOH%IETAIC PAO)VSBLEEL 722 & TRIZER TH 5
3-33 # 5.2 7= £ %2 7= (Scheme 3.17),

Scheme 3.17. Rationale of reaction mechanism with Pd(0)

Int-3-11a

3-32

s-frans reductive
elimination

3-33

single diastereomer
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Z T, RBIERM 333 DL E L THELRL TS Z Enb, AL
“HMEADE, ZERETWVTIOEIZQOD EDL b O KISHIEIT TARL L7208
HegiTx 5, LovL, BB O T ZEEASORMANZRETE TR
D, EB DO COKBISIDELT L2 OHIWHE TE Tuiany,

344. VUNEEL TN N AT NVEDOBREIZ L DT TN = DERKL

3 o0t FurXx iz A N h=XA7 e LTR#ELE 3-37 2V, v b=
AT IVIEOBREZ MG L7z (Scheme 3.18), F T BEAI D HIEDIZfv ., KARY T
bDTTINA (336 DIKGFEEITSE, VT AT =318 Lo, D%,
3-1 ZA N b AT LD IR T L EARM & LT 337 # 527219, kicA
NV RERATNVEOBREERT Uiz, ZORR, BESMT., EBRGME A X )
— VOIRATERTIZ T 15 R 5 2 & T, C17 o= (b e vk
DOBEZED Z 72 <, PRENET T2 LA R L, MR EDRE,
EENTWERMHX LT AT = @D)~EIUR L2 &b, Rl X 1
I N T AT VOREERMERTH D L HEZE LT,
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Scheme 3.18. Search for the suitable conditions of deprotection of ouabagenin (3-1)

prepared by ouabain (3-36)

(e
1.12 M HCI
acetone (+)-CSA
2.3 M HCI HC(OMe)s
EtOH MeOH
62% (2 steps) (3-37 9?(/: 6:1)

3M HCl aqg.
O MeOH, rt, 15h

3-37 + X
X = 3-38 or 3-39 o 0
s LS
0
HO - @
3-38 HO 3-39
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SeomFER A Iz, 3-34 & 3-35 ONiR#ELTT 72 (Scheme 3.19), 3-34 &
3-35 ZHIFEAGM) TULET 5 Z L Ty U LAV b AT VEEREL, UT
W= (31 DA% R L 7= (InertSIL ODS-3, 20mm x 250mm, 15 mL/min,
H,0/MeOH = 80/20 to 75/25, ty = 23.9 min(17-epi-3-1), t; = 33.5 min(3-1), Figure
3.)7, FIAR LU T NS =23-1)D 'THNMR, “C NMR (X, 7 7 /31 2(3-36)
MO LT T AT =@ )DOENG E—K LTS Z LR LT,
Scheme 3.19. Total synthesis of ouabagenin (3-1)

3M HCI aq.
MeOH, rt

74%

3-34 3-35 + 17-epi-3-35 ouabagenin (3-1)
(dr=5:1)

Figure 3.1. HPLC chart of ouabagenin (3-1) and 17-¢pi-3-1

| Condition:
{ ODS-3, 20mm x 250mm, 15 mL/min
| H,O/MeOH(80:20 to 75:25)

UV: 210 nm

100000

Intensity [uV]

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
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1) Mukai, K. Master Thesis, The University of Tokyo, 2011.

2) 7 VHNEALZE 0°C DS TT O & RILD A HEST LTz 3-15 DR
ML,

3)19-B R Ay M= QR-1DDERKIZE W T, DERED cis, trans D%
IR IT e 2 — Ty TV TRV EC Dy 7Y o TIROARIIZE
T 5 272N 2 &35 r > TS, [Mukai, K. Master Thesis, The University of Tokyo,
2011.]

4) TUHNVBIZ L > TEKT DT AT LA~ —RAEW DL 1-45a-d &
3-13a-d Tix, KE<BR- TS, UL AB BROLERENF e 572 DIC

ERIZB LA Ul & & 2 72 (Scheme 3.20), T bbb, 143Dk RrF o AF
WHRITA Y 7T X= VEOFEICEI Y BRI LT MU 7 U2 LT
W5, — 5370t Frd I AFAMEIBRICH LT ¥ 7 /MR L TWD,

1%

Scheme 3.20. Rationale of different selectivity of radical cyclization

| In the synthesis of 19-hydroxysarmentogenin (1-51) | OMe OAc
11! F
{1
OH acetal coupling o ”H\O
& N
06 radical cyclization ‘e OAc
I © H 0

1-43 -45a-
onc|  513%%Y,
MeO yZ
In the synthesis of ouabagenin (3-1)
OH OH AcO OMe OAc

@]
b
@]
O_VO
Q =

= @)
A
OLO O acetal coupling o 0 OAc
&
radical cyclization OL 0 o

3-7 3-7 3-13a-d
(5.6:3.4:1.3:1)

5) L ka7 v R=VROSDOEITIZE Y | 3-5¢-h 725 3-5a ~E B L TWDHA]
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REMEIZ DWW TR BEBR R 7220,

6) Dolan, S. C.; MacMillan, J. J. Chem. Soc., Chem. Commun. 1985, 1588.

7) (a) Robins, M. J.; Wilson, J. S. J. Am. Chem. Soc. 1981, 103,932. (b) Pettus, T. R.
R.; Inoue, M.; Chen, X.-T.; Danishefsky, S.J. J. Am. Chem. Soc. 2000, 122, 6160. (c)
Urabe, D.; Nagatomo, M.; Hagiwara, K.; Masuda, K.; Inoue, M. Chem. Sci. 2013, 4,
1615.

8) Scheibye, S.; Shabana, R.; Lawesson, S.-O. Tetrahedron 1982, 38, 993.

9) (a) Kabalka, G. W.; Baker,J. D.,Jr. J. Org. Chem. 1975, 40, 1834. (b) Furrow, M.
E.; Myers, A. G.J. Am. Chem. Soc. 2004, 126, 5436.

10) Oba, M.; Nishiyama, K. Tetrahedron 1994, 50, 10193.

11) Prashad, M.; Har, D.; Hu, B.; Kim, H.-Y .; Repic, O.; Blacklock, T. J. Org. Lett.,
2003, 5, 125.

12) Olmstead, W. N.; Margolin, Z.; Bordwell, F. G. J. Org. Chem. 1980, 45, 3295.

13) Spencer 1%, ¥ A DAFAFN " HFE AT D Pd DA TaRF#E % L TEiR
ANCHEITT 5 L <XTu % (Scheme 3.21), [Yu,J.Q.; Spencer,J. B.J. Org. Chem.
1997, 62, 8618.]

Scheme 3.21. Regioselective addition of Pd/C

Mode (Pd> — H>) |

Pd/C, D, Me

5+ EtOD D Me
Me/§\ ] T H D
COOH isomerization COOH COOH
cis trans trans
0 : 100
H  H H _H Me, .H
Me=~=~COOH Me=7 [~COOH rotation D=7 [~COOH
AN e D e H
‘W. / / / /
Palladium Palladium Palladium

14)3-35 L [REEDOBRHIZ L VD | 3-34 F7213 17-epi-3-35 70 5 3-33 ~D FEME LT
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ITLZ2WEBE 2T,
15) (a) Mannich, C.; Siewert, G. Ber. 1942,75,737. (b) Florey, K.; Ehrenstein, M. J.
Org.Chem. 1954, 19, 1174.

16) U7 T = @305 337 PIERICHE O, ZalE, 3-38 & 3-39 D
ENRLZETHDHOEEZZ N5, 3-38 PWARLEMRERE LT, AR
D13 TTHFR T NMEEERNREZ BILD, 3-39 13 A BREIA L O LKL A
EDVENH DD, 33T ITHARTRLZETHD EHEE LT,

17) 17-epi-3-1 @ C17 ML DO SR FIE, 17-epi-2-1 & 2-1,3-1,17-¢pi-3-1 & D 'H
NMR O gz L 0 e Lz,

Figure 3.2. Comparison of IH NMR data of 19-hydroxysarmentogenin (2-1),
17-epi-2-1, ouabagenin (3-1), and 17-epi-3-1 in CD,OD.

17-epi-3-1
H17 =6 2.92 H17 =6 3.14
Jhieari7 = 8.7 Hz Juteat1z = 10.1 Hz
Ju1eatt7 = 5.5 Hz Jheatin7 = 9.2 Hz

17-epi-2-1
H17 =6 2.90 H17 =6 3.13
Jteant7 = 9-2 Hz Jn1ean17 = 9.7 Hz
Juteant7 = 5.2 Hz Jutean7 = 9.7 Hz
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A — DA DO T, HvF / U RETHD 19-8E RKaF P r s =
DEER FE2E)VeUTRNTF=ORE (553 )2 ER LI, KEMK T, 6
OOEGE LI ARF R LOMBELE L BEICERE LS ABER,. DERBLOT
T2V RERNZANT 7V ROBGRMERIEZfESL Lo, A RIBsS L7z ik
X, NLERKR EOkA 2T 7 ) KOG RIS TR 2 — RO @ F
ETHD, T, TOFEMICOWTHRRD,

41. AT vA NEBEEORKEL -19-8 Fax oAy hr=r34-1) -
19-8E KXo P ity M= DATaA MERERORELEZ1T -7, 4.
BUUEETIZHF IR ABER 45 L AVIKTHL DER 43 0D 7 LHRE, IR 50%
IZTA49 5 LT,

TROICEY) 4-4 705 9 TRIC TR L7 ABER4-5 &, [AERIC 42055 T

ICHMLE-DER 43I ZHV, AT u A NEBEHBELE, FF784—1
TV TG E Y AB B 4-5 £ D BR 4-3 5 L, Hi< 7 U VB LG
IZE Y CONLDNMRILFEEE LT, D%k, CLI-CIVA V7 4 U EEATH D
ETAFEDOTT AT LA~ —REY 4-6a-d & H.— DAY 4-7 ~ L PR St
D% 2 TROEBBNIGERT, N7 b 48265 LT, IRWT, &Lz
NU T b a8 BB B DS T i E D KN(TMS), Z#{EH &% Z & T,
YPLHDATaA NEHERT D 4-9 Z @I @SRRI AR L2 (dr=8.6:
s

ARAT oA NEBEGEEORIL, BEEESFE T TCOT XY=V v 7Y
YIRS E R T TO T VAN RIRIGE WS-, mEICEREEE
Mtﬁg XL CHEAAEETH IR EE XD, WA T, APEEEZAETDH D

Bl A 7V R—/VEOGIZ X 0 BEREICIEPME 95 2 & T, —ZIC 3 Dot
LKT§¢M%% LTWAENET LD,
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Scheme 4.1. Optimization of convergent steroidal skeleton of 4-9

0 5 steps :QAC
> MeO -

/\b - W\)@> 1. Br,, PhNMe,
(0] AcO 2. (TMS);SiH
4-2 meso-4-3 (2 eq.) BEts, O

H
CHO 9 steps °
TBSO H (@)
4-4 4-5
SO3H'Py
1.
NO,
1. K,CO3, MeOH
2. TBSOTf 2. Dess-Martin ox.

> >

65%

86% (2 steps)
(4 steps from 4-5)

KN(TMS), O\
0"\ a THF, reflux “9
‘e 0 90% ﬁ OH
TBSO o TBSO ) o)
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42.  19-B Ry P A M= @)D

AR LIZATaA RPREE49 775 19-t Raxo ity M7= 4-1)D4
AREIT>7-  (Scheme 4.2), 4-9 O C7 L7 b v HNEIRIRIIIZE T LTz, D
%, EU7me Fex v e o7 — b~ B L%, 7V bimREL
ZHEITSE, 411 AR LT, VT 4A-11 24 VEgfkicAt L, =/ — 1o —
TNEBCRAR S %, HmREESET, 412 OF NV INVEEZREL 413 L L
2o D%, C1TAL/7 b % TBS = /) —/)L=—TF )L ~LEH L, LIN(TMS), &
FHESELZETAIT Y —VORERZEL, 4-14 21572, i\ T, 4-14 O
Cll 27 b DONAREIRWETIZE D R XU BoEAZRH Lz, £OkE
R, v U F&ITAIZHWD &NREE O R0 alfi s HEIuA T L, 11S-OH
DT NaA—)V& 5 ZT-OIZk L, Birch E#I0 TITE) PO AR Th HTE
® 11R-OH OT Va—v&x 5 x7-, ZDtk, TBS EDkE, BLOAELRES b
YOI E = ASOERIZE > T, 416 24572, 4-16 £ 4-17 &£ @ Stille 77 v
TV 7R, AR KON T U A E T HEIT L, 418 25X 7, 4-18
Z TMSOTf CHLELL 419 L L7=#%. v a%o 7T VERD TMS O & FRE L,
4-20 & L72,4-20 DOKRFBRIMINARBIZ = Cl4 L TMS = — 7 /L D35 [\ )
HHEITL, BELED T T /U REBEMICE 2 72dr =6 : 1), ERICTXTOY
UNEEZHREL, RIEK 33T 19-E Faxy P i M=o @d-D)0es
%% 2R LT,

104



0

0\ 1. NaH, CS,, Mel
NaBH, ﬁ’ 2. AIBN, PhySnH

50% (3 steps)

O3; SMe, NH,OH
eI o
75%
TBSOTf, NEt5;
LIN(TMS), Li/NH,
_—
83% 95%
o)
)
1. TBAF \
2. NH2NH2, |2 n'BUSSn 4-17

86% (2 steps) Pd(PPhg)4, CuCl

89%
TMSOTf _
2,6-lutidine SiO,, neat
81%

1. Pd/C, H,
2. 3M HCI

59% (2 steps)

HO

19-hydroxysarmentogenin (4-1)
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43. AT oA REEEEOREL - V7N =2 (4-21) -

U T NF = DRI IR AT v A NEREROR#E{LEIT -T2, . BUE
EFTICHF TN/ ABER 423 L A VIR THDL DER 437005 5 T, 29%DIFEIZ
T 427 DEREZER L TV D,

THROILEY 4-22 726 18 THRIZ THE L7z AB 52 4-23 & D 52 4-3 & VWY
FHNCAT oA NESEHBELE, E3T784— LBy T7 V72X 0 AB B8
4-23 L D BR 4-3 Zuifh L7cth, 7 VA VIISIZ K D C AT L DOIEE 2% T,
4-25a-d % CL1\. & CIUVN.DO YT AT LA ~—BEME L TE. L% T &F
NEOREL AU FrX UKol XY, 4-26a % 3 TR, 4%DINEET
AR LTz, 1, REOG TIXRZADOSAR LT 26T 5 4-25a DESLICHE D LZ T
D, 4-26a & RAFRIGRIZTH TV S, RIS, FU T b2 4-26a % d G AL
SMEF. fIEE O KN(TMS), Z1ER &85 2 L T BAhoRAT A NEKEAT
% 4-27 AR LTo(dr=5: 1),

Scheme 4.3. Optimization of convergent steroidal skeleton of 4-27

OAc
MeO m/\@
AcO™ Bry
meso-4-3 (5 eq.) PhNMe;, _
(cis:trans=1:1)
0,
OH 98%
18 steps
O
Oa
O
OLO
4-22 4-23
OMe OAc  BEt; O, OMe QAc
o~ g n-BusSnH o 1. K,CO3, MeOH
toluene, 50 °C 2. Dess-Martin ox.
Br S
Oa e AcO dr=56:34:1:1 o) OAc 44% (3 steps)
o
KN(TMS),
THF, reflux

L

65%
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44. TN = (421 DA R

19-E FaF v P Ay MNrFr=r@-1)E U737 =0 @20)DOEMZER T, A
BRIBD Cl L L CS MLDOBLEDHTHD, £ZTI19-E krF L2y b7
= DREIT THENL LICAREIE 2 L, 4-27 D U T N7 = (4-21) DA
AR E{T>7-  (Scheme 4.4), AN CT MFEHEIR A RET L7720, MEEER
BN CINEr hoaiEe L, 428 & Lz, U772 428 Dt R ¥ 5T 4-10 D
t N X RORISHENME T, EZ2TEF YT — MEDRDVIZA
T VBT 2=V E W T AT — R A A MEEATV, 429 ~EEHR LT,
ZD%, T YHNVHIBIEESEL BT S, 430 & BARICE TR, RIZ Cll
M~DE R B AT, 430 DAFILT B2 — Lot
T )= VE—TNNEEMRLTA3 A LTz, E0%, Y VRl X b=
J =T —T )VDOBRE, TBSOTT % AW b2 7 ho b e Rk oo
RIEICLY 432 & L7, 4-32 % Birch BILOSMFIZAMHTZ ETCU A7 hod
SRR 7008 T 2 AT S, i< 2 TRROEBHRISIZ LY 4-33 2157-, K%
[ZCIIL~DNARRIRE 7277 7 ) ROBEANERBREICL D T 7 = (4-21)
EOR LT,4-33 % Stille 1 v 7V T OEMITATZETTT /U REEAL,
D% Cl4 itk Ru x50 TMS (Ri#EIC XD | convex M Z ik L7z, 4-35
DALE « SLRIRIRAD 72K FZEINIE, CD BRD concave I HHEIT L, BELE D
7T U REEEMICE 272 (dr=6: 1) BT XTOL Y VL AL o)L
TNEEREL, RTEEMNICTTU T AT = @205 E#ERK LT,
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Scheme 4.4. Total synthesis of ouabagenin (4-21)

NaH, H,0
NaBH, PhN=C=S
(x:p=5:2)
SO3H-pyridine
AIBN
NO

(TMS)3SiH 2
39% from 4-27 81%
1. O3; SMe, 1. Li/NH5
; NH,OH 2. TBAF

3. NH,NH,, I,

>

2. TBSOT, NEt,

68% (2 steps) 85% (3 steps)

n-BusSn 4-17 HO, TMSOTH; SiO,
>  TBSO._ “
Pd(PPh3)4, CuCl

L

57% (2 steps)

2. 3M HCI

ouabagenin (4-21)
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45. KRR

ARG Z #4595, UAFZERIC THTZICBR LIz AT v A RERELELEZH
WI19-BE KX Ay M= b o7 "= oeq e iEmk Lz, KAEK
TlX, ABEREDBROT®X —Lh v 7Y TGS 19 TRED S G % 18
LTAT A NEHE 6 [HOERE LI AFFHOLEAMIEEL, 19-8E Rr XL R
YN = OREREER LI, EARFEL U7 AT = OREMITHIE
MAARETH Y ABBRE DBEOT v H—L T v 7V v RIED S RO AR TFIE
2RV, DT 18 TRICTEDOREGK A ER LTc, L EORERNG | 4B HiE
L LT AT v A RERAESEE & Bz CBR LI BRE A S 2 Vv, i
DOHINT 7 U REFEROAERTFIEEZHAND Z & TRBICEAMEEKTE D,
ZDTDARATaA RERIEZ, AT /U RESCMO N TG R
AR DB WTIETH D L S 25,

109



<E

e
a
NE

i
3

110



BSE EBRIF

111



"
i
W
e

General: All reactions sensitive to air or moisture were carried out under argon
atmosphere in dry solvents under anhydrous conditions, unless otherwise noted. THF,
CH,Cl,, DMF and Et,0 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. Flash chromatography was performed using 40-50 um
Silica-gel 60N (Kanto Chemical Co., Inc.) or 32-53 um Silica-gel BW-300 (Fuji Silysia
Chemical Ltd.). 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 on JASCO FT/IR-4100 spectrometer. 'H and “"C NMR spectra were
recorded on JEOL JNM-ECX-500, JNM-ECA-500, or JNM-ECS-400 spectrometer.
Chemical shifts were reported in ppm on the 8 scale relative to CHCI, (6 = 7.26 for 'H
NMR), CDCl, (8 = 77.0 for "C NMR), C,D;H (6 = 7.16 for '"H NMR), C,D (& = 128.0
for C NMR), CD,HOD (8§ = 3.31 for 'H NMR) and CD,0D (8 = 49.0 for °C NMR),
DMSO-d; (8 = 2.5 for '"H NMR) and DMSO-d, (8 = 39.52 for *C 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
natural product.  High resolution mass spectra were measured on BRUKER
DALTONICS microTOF II or JEOL JMS-T100LP instrument.
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Procedures
Total synthesis of 19-hydroxysarmentogenin (2-1)

Brs
OAc CH2Clo
S -78 °C

MeO%/\“\\b

AcO' Br AcO™ PhNMe,

78°Cto rt %
2.6 Int-1-1 — Br .
AcO
OH

N TBSO H (0]

2-11
B

SO H (0]

2-5

Br OAc
MeO ﬁ/5\ OMe  OAc

MeO OAc

EtsB, TMS,SiH - ;
toluene, -65 °C 0 NO,, toluene
2

e OAc 100 °C
T8
SO I~"0

-12 2-13' (R =H or TBS)

TBSOTH, lutidine
CH,Cl, 0 °C

65% (4 steps)

TBSO

Compound 2-13. A solution of 2-6 (8.39 g, 31.0 mmol) in CH,Cl, (50 mL) was
added to a solution of Br, (1.5 mL, 30 mmol) in CH,Cl, (50 mL) at -78°C. The
reaction mixture was stirred at -78°C for 30 min, and then a solution of AB-ring 2-5
(4.59 g, 14.8 mmol) and N,N-dimethyl aniline (7.5 mL, 59 mmol) in CH,Cl, (50 mL)
was added. The reaction mixture was warmed to room temperature, stirred for 24 h,
and quenched with saturate aqueous NaHCO; (150 mL). The resultant mixture was
extracted with CH,Cl, (200 mL x3), and the combined organic layers were washed with
brine (200 mL), dried over Na,SO,, and concentrated. The residue was purified by
flash column chromatography (silica gel 300 g hexane/Et,O 1:0 to 2:1) to afford 2-11
(948 g, 14.4 mmol) as diastereomixture, which was used for the next reaction without
further purification.

Et;B (1.0 M in hexane, 30 mL, 30 mmol) was added to a solution of the above 2-11

113



"
i
W
e

(948 g, 14.4 mmol) and (TMS),SiH (9.1 mL, 30 mmol) in toluene (490 mL) at -65°C.
The reaction mixture was stirred at -65°C for 30 min, and then O, was bubbled into the
stirred reaction mixture for 2 min via a syringe. After additional (TMS),SiH (9.1 mL,
30 mmol) and Et;B (1.0 M in hexane, 14 mL, 14 mmol) were added, the reaction
mixture was stirred -65 °C for 30 min under O, atmosphere. The reaction mixture was
directly subjected to flash column chromatography (silica gel 50 g, hexane/EtOAc 1:0
to 0:1) to afford 2-12 as diastereomixture, which was used for the next reaction without
further purification.

Pyridineum-3-nitrobenzenesulfonate (2.51 g, 8.87 mmol) was added to a solution of the
above crude 2-12 in toluene (490 mL) at room temperature. The reaction mixture was
stirred at reflux temperature for 6 h, cooled to room temperature, and quenched with
saturated aqueous NaHCO; (300 mL). After toluene was removed in vacuo, H,O (200
mL) was added to the residue. The resultant mixture was extracted with a 2:1 mixture
of CHCl; and EtOH (300 mL x3), and the combined organic layers were washed with
brine (200 mL), dried over Na,SO,, and concentrated to afford crude 2-13’, mixture of
alcohol and TMS ether, which was used for the next reaction without further
purification.

TBSOTT (6.8 mL, 30 mmol) was added to a mixture of the above crude mixture of
2-13’ which was dried by azeotropic removal of residual water with toluene, and
2,6-lutidine (6.9 mL, 59 mmol) in CH,CI, (150 mL) at -78°C. The reaction mixture
was stirred at -78 °C for 1 h, and quenched with saturated aqueous NaHCO, (300 mL).
The resultant mixture was extracted with CH,Cl, (300 mL x3), and the combined
organic layers were dried over Na,SO,, and concentrated. The residual 2,6-lutidine
was azeotropically removed with toluene. The resultant residue was purified by flash
column chromatography (silica gel 250 g, hexane/EtOAc 1:0 to 5:1) to afford 2-13 (5.29
g, 9.64 mmol) in 65% yield over 4 steps: white solid; m.p. 150°C; [a],” = -2.2 (¢ 1.7,
CHCL,); IR (film) 2929, 1725, 1656, 1376, 1232, 1071 cm’; 'H NMR (400 MHz,
CDCly) 8 0.007 (3H, s, CH;of TBS), 0.014 (3H, CH;of TBS), 0.82 (3H, s, H18), 0.86
(9H, -Buof TBS), 1.22-1.33 (2H, m, Hla and 2a), 1.42-1.55 (3H, m, H1b, 2b, and 4a),
1.69 (1H, d, J = 14.6, H12a), 1.70-1.86 (4H, m, H4b, 5, 15a and 16a), 1.97 (1H, m,
H8a), 1.95-2.23 (4H, m. H6a, 9, 15b and 16b), 2.07 (3H, s, Ac), 2.16 (3H, s, Ac), 2.46
(1H,d,J=14.6 Hz, H12b), 2.53 (1H, dd, J = 14.1,5.5 Hz H8b), 2.60 (1H, dd, J = 13.2,
2.8 Hz, H6b), 3.62 (1H, d, J = 10.5 Hz, H19a) 3.99 (1H, m, H3),4.21 (1H,d, J=10.5
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Hz,H19b),4.76 (1H,d,J =4.6 Hz, H14 or H17),4.88 (1H,d,J =4.6 Hz, H14 or H17),
6.05 (1H, s, CH=C); "C NMR (100 MHz, CDCl,) § -4.9, 18.0, 21.2, 21.5, 22.5, 25.5,
25.8,28.7,29.29,29.34 31.0, 33.6, 34.3, 34.6, 36.3, 43.8,45.0, 48 4, 66.1, 69.6, 80.8,
83.2,1114,140.2,170.7, 170.8, 209.9; HRMS (ESI) calcd for C;,H,;O,SiNa [M+Na]"
571.3062, found 571.3079.

Dess-Martin reagent
NaHCO3, CH20|2

86% (2 steps) 0 o]
TBSO H (0]

2-4
Triketone 2-4. A solution of 2-13 (1.21 g, 2.20 mmol) and K,CO, (913 mg, 6.61
mmol) in MeOH (44 mL) was stirred at room temperature for 14 h, and quenched with

saturated aqueous NH,Cl (50 mL). After MeOH was removed in vacuo, the resultant
mixture was extracted with a 2:1 mixture of CHCI, and EtOH (100 mL x3). The
combined organic layers were washed with brine (100 mL), dried over Na,SO,, and
concentrated. The residue was roughly purified by flash column chromatography
(silica gel 25 g, EtOAc only) to afford crude diol 2-14.

Dess-Martin periodinane (5.16 g, 12.2 mmol) and NaHCO; (2.04 g, 24.3 mmol) was
successively added to a solution of the above crude 2-14 in CH,Cl, (100 mL) at room
temperature. The reaction mixture was stirred at room temperature for 4 h, and was
quenched with a mixture of saturated aqueous Na,S,0; (50 mL) and saturated aqueous
NaHCO, (50 mL). The resultant solution was extracted with CH,Cl, (100 mL x3), and
the combined organic layers were washed with brine (100 mL), dried over Na,SO,, and
concentrated. The residue was purified by flash column chromatography (silica gel 50
g, hexane/EtOAc 1:0 to 2:1) to afford triketone 2-4 (874 mg, 1.90 mmol) in 86% yield
over 2 steps: colorless crystal: m.p. 121-122 °C; [a],"® = 27 (¢ 1.9, CHCL); IR (film)
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2929, 2856, 1721, 1252, 1153, 1068 cm™; '"H NMR (400 MHz, C,D,) § -0.02 (3H, s,
CH,of TBS), 0.01 (3H, s, CH,of TBS), 0.81 (3H, s, H18), 0.95 (9H, +-Buof TBS), 1.21
(1H, tt, J = 13.8, 3.2 Hz, H2a), 1.31 (1H, dt, J = 13.8, 4.1 Hz, H2b), 1.37-1.43 (1H, m,
H4a), 1.51-1.63 (1H, m, H4b), 1.73-1.85 (2H, m, H6a and 8a), 1.90-2.07 (10H, m, H1ab,
5, 6b, 12ab, 15ab and 16ab), 2.32 (1H, dd, J = 11.0, 5.5 Hz, H8b), 2.56 (1H, ddd, J =
15,1,5.5, 1.4 Hz, H9), 3.23 (1H, dd, J = 11.0, 1.4 Hz, H19a), 3.63 (1H, m, H3), 3.72
(1H, d,J = 11.0, HI9b), 6.14 (1H, s, CH=C); *C NMR (100 MHz, C,D,)  -4.8, 18.2,
20.0, 26.0, 26.1, 29.1, 33.7, 342, 34.3, 35.1, 354, 36.6, 36.7, 43.4, 43.6, 57.4, 66.6,
69.7, 111.0, 142.2,207.2, 215.4, 215.6; HRMS (ESI) calcd for C,H,,0SiNa [M+Na]*
4832537, found 483.2544.

N(TMS), (0.1 eq.)
(O THF, reflux 0N
100% 0
(2-3a:2-3b =8.6:1)
TBSO TBSO H

2-3a 2-3b

Compound 2-3ab. KN(TMS), solution (0.73 M in toluene) was prepared from KH
and HN(TMS), according to the literature.® The concentration of the KN(TMS),
solution was determined by the Ireland’s titration method.*"

Triketone 2-4 (1.29 g, 2.80 mmol) was dissolved in THF (28 mL), and the solution was
warmed to reflux temperature. Then the freshly prepared KN(TMS), solution (0.73 M
in toluene, 0.38 mL, 0.28 mmol) was added to the solution at the same temperature.
The reaction mixture was stirred for 3 h, cooled to room temperature, and then
quenched with saturated aqueous NH,C1 (30 mL). The resulting mixture was extracted
with EtOAc (50 mL x3), and the combined organic layers were dried over Na,SO, and
concentrated. The residue was purified by flash column chromatography (silica gel 25
g, hexane/EtOAc 1:0 to 3:1) to afford 2-3ab (129 g 2.80 mmol, a 8.6:1
diastereomixture of 2-3a and 2-3b). Pure 2-3a (851 mg, 1.85 mmol) was obtained by
recrystallization from hexane in 66% yield. 2-3a: white crystal: m.p. 135-137°C;
[a],” =-7.7 (¢ 1.5, CHCL,); IR (film) 3491, 2927, 2854, 1736, 1697, 1469, 1260 cm™;
'H NMR (500 MHz, C,Dy) 0.07 (3H, s, CH; of TBS), 0.08 (3H, s, CH, of TBS),
0.85-1.00 (2H, m), 0.99 (9H, #-Bu of TBS), 1.24 (3H, s, H18) 1.18-1.30 (3H, m),
1.31-1.40 (1H, m), 1.39 (1H, d, J = 13.8 Hz, H12a), 1.49-1.52 (1H, m), 1.51 (1H, d, J =
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13.8 Hz, H12b), 1.68 (1H,ddd, J = 13.8,9.8,9.8 Hz, H15a), 1.73 (1H,dd, J=17.2,2.9
Hz,Hé6a), 1.84 (1H, ddd, J = 13.8,4.0 Hz), 1.90 (1H, dd, J=17.2, 13.7 Hz, H6b), 1.97
(1H,dd,J=13.8,9.8 Hz, H15b), 2.08 (1H, d, J = 13.8 Hz, HS), 2.14 (1H, ddd, J = 18.9,
9.8,1.2 Hz, H16a), 2.47 (1H, ddd, J = 18.9,9.8, 9.8 Hz, H16b), 2.84 (1H,d, J =115
Hz,H19a),3.43 (1H, tt,/=10.3,4.0 Hz, H3),3.72 (1H,d,J = 11.5,H19b), 3.94 (1H, s,
OH), 6.05 (1H, s, OCH=CH); "C NMR (125 MHz, C;D,) 6 -4.5,-4.4,12.7, 18.3, 26.1,
28.1, 28.2,31.2, 325,329, 340, 35.5, 37.1,40.3, 43.1, 52.2, 543, 67.5, 68.0, 80.2,
108.7, 140.1, 214.4, 217.0: HRMS (ESI) calcd for C,sH,,0sSiNa [M+Na]* 483.2537,
found 483.2542. For a characterization of 2-3b, a small amount of the
diastereomixture was purified by preparative-TLC (hexane/EtOAc 4:1 developed three
times). 2-3b: white crystal: m.p. 138-139°C; [a],” = -44 (c 0.84, CHCL,); IR (film)
3507, 2927, 2855, 1742, 1700, 1676, 1471, 1387, 1258, 1065 cm™; '"H NMR (500 MHz,
CDCly) 6 0.01 (3H, s, CH;of TBS), 0.02 (3H, s, CH,of TBS), 0.87 (9H, s, t-Buof TBS),
1.03 (3H, s, H18), 1.35 (1H, ddd, J = 13.2, 13.2, 2.3 Hz, H4a), 1.46-1.54 (3H, m, H2ab
and 4b), 1.66-1.74 (2H, m, Hlab), 1.92 (1H, d, J = 14.3 Hz, H12a), 1.95 (1H, dd, J =
12.6, 3.5 Hz, H6a), 2.03-2.22 (3H, H16ab and 15a), 2.32 (1H, dddd, J = 13.2,5.7, 5.7,
3.5 Hz, HS),2.40 (1H,d, J=12.0 Hz, HS8), 2.47 (1H, d, J = 14.3 Hz, H12b), 2.51 (1H,
ddd,J=17.8,8.6,1.8 Hz, HI5b),2.56 (1H,d,J=12.0 Hz, H9),2.69 (1H, dd, J = 12.6,
5.7 Hz,H6b),3.58 (1H,d,J =109 Hz,H19a),3.98 (1H, tt, / = 2.3 Hz, H3),4.06 (1H, s,
OH), 4.12 (1H, d, J = 10.9 Hz, H19b), 6.13 (1H, s, OCH=C); "C NMR (125 MHz,
CDCly) §-4.94, -490, 18.0, 19.2, 248, 25.8, 28.2, 30.7, 33.4, 33.7, 34.7, 36.0, 36.3,
375,454,56.1,57.9,659,70.8, 78.3, 112.3, 135.6, 213.7, 217.0; HRMS (ESI) calcd
for C,4H,,0O5SiNa [M+Na]* 483.2537, found 483.2550.

2-3a 2-220,(48%) 2-223(26%)

Compound 2-220.f. NaBH, (362 mg, 9.58 mmol) was added to a solution of 2-3a

(551 mg, 1.20 mmol) in THF (40 mL) at room temperature. The reaction mixture was
stirred at room temperature for 7 h, cooled to 0 °C, and then poured into a mixture of
IM HCI (100 mL) and CH,Cl, (100 mL). The resulting mixture was extracted with
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CH,CI, (100 mL x3), and the combined organic layers were washed with saturated
aqueous NaHCO, (100 mL), dried over Na,SO,, and concentrated. The residue was
dissolved in MeOH (100 mL), and KOH (200 mg) was added to the solution for
hydrolysis of the corresponding borate complex. The solution was concentrated to
remove trimethyl borate azeotropically. The residue was again dissolved in MeOH
(100 mL), and the solution was concentrated (the procedure was repeated four times).
The residue was dissolved in a mixture of CH,Cl, (100 mL) and H,O (20 mL), and the
solution was neutralized with AcOH (1 mL). Then NaHCO, was added to the
resultant mixture to quench excess AcOH. After brine (20 mL) was added to the
mixture, the organic layer was separated. Then aqueous layer was extracted with
CH,Cl, (100 mL x2), and the combined organic layers were dried over Na,SO,, and
concentrated. The residue was purified by flash column chromatography (silica gel 50
g, hexane/EtOAc 1:0 to 1:1) to afford 2-22a (266 mg, 0.575 mmol) and 2-22f (141 mg,
0.306 mmol) in 48% and 26% yields, respectively. 2-22c: white crystal: m.p.
210-212 °C; [a]p™* = -60 (¢ 0.84, CHCI,); IR (film) 3485, 2927, 2856, 1728, 1668, 1462,
1254, 1062 cm™; '"H NMR (500 MHz, CD;0D) & 0.06 (6H, s, CH;of TBS), 0.91 (9H, s,
t-Buof TBS), 0.95 (3H, s, H18), 1.44-1.72 (6H, m), 1.51 (1H, d, J = 13.7 Hz, H12a),
1.71 (1H,dd,J=12.6,3.5 Hz, H8), 1.75-1.82 (2H, m), 2.07 (1H, d, J = 13.7 Hz, H12b),
224 (1H,d,J=12.6 Hz, H9), 2.31-2.55 (5H, m), 3.38 (1H, d, J = 10.3 Hz, H19a), 3.95
(1H,d,J =10.3 Hz, H19b), 4.03 (1H, m, H3), 4.30 (1H, ddd, J = 3.5, 3.5, 3.5 Hz, H7),
6.10 (1H, s, OCH=C); "C NMR (125 MHz, CD,0D) 6 4.6, 13.5,19.0,26.4,27.3,30.0,
304, 31.1, 34.1, 34.5, 35.3, 36.6, 37.6, 39.3, 50.3, 57.7, 66.1, 684, 72.6, 83.1, 112.9,
138.6,224.4; HRMS (ESI) calcd for C,;H,,0sSiNa [M+Na]* 485.2694, found 485.2704.
2-22f: white solid: m.p. 166-168 °C; [a],** = -54 (¢ 0.90, CHCI,); IR (film) 3414, 2930,
2889, 2856, 1734, 1672, 1463, 1254, 1066 cm™; '"H NMR (400 MHz, CDCl;) 8 0.03
(6H, s, CH;of TBS), 0.88 (9H, s, t-Buof TBS), 1.04 (3H, s, H18), 1.46-1.60 (4H, m),
1.61-1.82 (5H, m), 1.64 (1H, d, J = 13.7 Hz, H12a), 1.79 (1H, dd, J = 11.9, 10.1 Hz,
H8), 1.89 (1H, d, J = 13.7 Hz, H12b), 1.96 (1H, dddd, J = 10.1, 5.1, 5.1, 5.1 Hz, HS),
206 (1H,ddd,J=13.3,9.2,1.8 Hz, H15a),2.28 (1H, ddd, J = 13.3,9.6,9.6 Hz, H15b),
246 (1H,ddd,J=19.7,9.6, 1.8 Hz, H16a),2.56 (1H, ddd, J = 19.7,9.6,9.2 Hz, H16b),
3.62 (1H, d, J = 10.5 Hz, H19a), 391 (1H, d, J = 10.5 Hz, H19b), 3.92-3.98 (1H, m,
H3), 4.15 (1H, ddd, J = 10.1, 8.7, 5.0 Hz, H7), 6.14 (1H, s, OCH=C); "C NMR (125
MHz, CD,0OD) 8 -4.7, -4.6, 139, 19.0, 264, 27.1, 29.2, 30.2, 32.4, 343, 34.8, 374,
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37.8, 380, 38.2,51.3,56.5, 68.3, 68.7,71.9, 84.1, 1114, 138.7, 223.9; HRMS (ESI)
calcd for C,sH,,0:SiNa [M+Na]" 485.2694, found 485.2693.

NaH, THF;
CSZ; Hgo;
Mel, —40 °C

71%

2-22¢ 2-23q SMe

Xanthate 2-23a.. NaH (50-72% purity, 550 mg, >12 mmol) was added to a solution
of 2-22a. (267 mg, 0.575 mmol) in THF (58 mL) at room temperature. The reaction
mixture was stirred at room temperature for 3 h, and CS, (690 uL, 12 mmol) was added.
After 10 min, H,O (100 uL, 5.6 mmol) was added to the mixture. The reaction
mixture was stirred at room temperature for 3 h, and cooled to -78 °C. Then Mel (1.4
mL, 23 mmol) was introduced to the reaction mixture. The reaction mixture was
stirred at -40 °C for 1 h, and quenched with saturated aqueous NH,Cl (20 mL) at -78 °C.
After the resultant mixture was warmed to room temperature, H,O (20 mL) was added
to the mixture. The resultant solution was extracted with EtOAc (50 mL x3). The
combined organic layers were washed with brine (50 mL), dried over Na,SO,, and
concentrated. The residue was purified by flash column chromatography (silica gel 25
g, hexane/acetone 1:0 to 12:1) to afford xanthate 2-23a (225 mg, 0.407 mmol) in 71%
yield: white solid: m.p. 129-130 °C; [a],*® = 3.3 (¢ 0.70, CHCL,); IR (film) 3487, 2928,
2886, 2856, 1734, 1669, 1210, 1060 cm™; 'H NMR (500 MHz, C,D;) 8 0.00 (3H, s, CH,
of TBS), 0.02 (3H, s, CH;of TBS), 0.96 (9H, s, +-Buof TBS), 1.05 (3H, s, H18), 1.23
(1H, s, OH), 1.34 (1H, ddd, J = 16.0, 5.7, 34 Hz), 1.46 (1H, d, J = 13.8 Hz, H12a),
1.47-1.57 (4H, m), 1.66 (1H, d, J = 13.8 Hz, H12b), 1.76-1.96 (5H, m), 2.08-2.34 (4H,
m), 2.10 (1H,d, J =12.6 Hz, H9), 2.17 (3H, s, SCH;), 3.34 (1H, d, J = 109 Hz, H19a),
3.65(1H,d,J =109 Hz, H19b), 4.00 (1H, m, H3), 5.97 (1H, s, OCH=C), 6.10 (1H, dd,
J=35,23 Hz, H7); "C NMR (125 MHz, C,D,) 8 -4.72, -4.68, 13.0, 18.3, 19.1, 26.1,
26.2,29.06,29.13,29.6, 31.2,33.2,33.5,33.9, 36.5,38.0,49.1, 56.1, 66.9, 71.6, 78 0,
81.0, 110.6, 138.2, 215.2, 217.4; HRMS (ESI) caled for C,;H,,0,S,SiNa [M+Na]"
575.2292, found 575.2297.
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0\ NaH, THF; O X
“’ CS,; Mel, —40 °C ’
8 g OH
90 == 90
TBs0” T TBSOT M 0

OH
N
2-22 2-23p
Xanthate 2-23. NaH (50-72% purity, 290 mg, >6.1 mmol) was added to a solution

of 2-22f (141 mg, 0.305 mmol) in THF (31 mL) at room temperature. The reaction

SMe

mixture was stirred at room temperature for 3 h, and CS, (370 uL, 6.1 mmol) was added.
The resultant solution was stirred at room temperature for 3 h, and cooled to -78 °C.
Then Mel (760 uL, 12 mmol) was introduced to the reaction mixture. The reaction
mixture was stirred at -50 °C for 30 min, and quenched with saturated aqueous NH,Cl
(20 mL) at -78 °C.  After the resultant mixture was warmed to room temperature, H,O
(20 mL) was added to the mixture. The resultant solution was extracted with EtOAc
(50 mL x3). The combined organic layers were washed with brine (50 mL), dried over
Na,SO,, and concentrated. The residue was purified by flash column chromatography
(silica gel 15 g, hexane/acetone 1:0 to 12:1 and then hexane/EtOAc 2:1) to afford
xanthate 2-23f (116 mg, 0.210 mmol) in 68% yield and recovered 2-22f (28 mg, 51
umol) in 20% yield. 2-23B: white solid: m.p. 178-180 °C; [a],” = -68 (¢ 0.22,
CHCI,); IR (film) 3593, 3512, 2930, 2857, 1738, 1674, 1463, 1217, 1100 cm™; 'H NMR
(400 MHz, C,D¢) 6 0.04 (3H, s, CH,of TBS), 0.06 (3H, s, CH;of TBS), 0.98 (9H, s,
t-Buof TBS), 1.11 (1H, d, J = 12.8 Hz, H9), 1.15 (3H, s, H18), 1.36-1.61 (9H, m),
1.68-1.89 (4H, m), 1.94 (1H, dd, J = 12.8, 9.6 Hz, H8), 1.99 (1H, s, OH), 2.11 (3H, s,
SCH;),2.11 (1H,ddd,J=19.7,9.2, 1.8 Hz, H16a),2.38 (1H, ddd, J = 19.7, 9.6, 9.6 Hz,
H16b), 3.18 (1H, d, J = 11.0 Hz, H19a), 3.59-3.67 (2H, m, H3 and 19b), 6.01 (1H, s,
OCH=C), 6.13 (1H, ddd, J = 10.1, 5.4, 5.4 Hz, H7); "C NMR (100 MHz, C,D) & -4.5,
-44,134,18.3,19.1,26.1,27.3,29.0,30.7,31.3,32.9,33.2,34.3,36.1,37.2,39.5,46 .9,
55.2, 675, 68.7, 81.5, 81.8, 108.5, 139.6, 215.8, 217.5; HRMS (ESI) calcd for
C,3H,,0,S,SiNa [M+Na]* 575.2292, found 575.2288.
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O\ AIBN, PhySnH
benzene, reflux
‘e o 98%
H

)\ TBSO

S SMe
2-230. 2-23p 2-24

Compound 2-24. A solution of a 1:2 mixture of 2-23a and 2-23f (341 mg, 0.616
mmol), AIBN (10 mg, 61 umol), and Ph,;SnH (571 mg, 1.63 mmol) in benzene (12 mL)
was degassed by the freeze-thaw procedure (x3). The solution was stirred at reflux
temperature for 1 h, cooled to room temperature, and then directly passed through a
column (10% (w/w) KF contained silica gel 25 g, hexane/EtOAc 1:0 to 2:1) to afford
compound 2-24 (269 mg, 0.602 mmol) in 98% yield: white solid: m.p. 137-139 °C;
[a]y = -67 (¢ 1.0, CHCl,); IR (film) 3492, 2930, 2883, 2856, 1733, 1671, 1462, 1255,
1062 cm™; "H NMR (500 MHz, CD,0D) & 0.07 (6H, s, CH;of TBS), 0.92 (9H, s, t-Bu
of TBS), 0.97 (3H, s, H18), 1.35-1.93 (14H, m), 1.56 (1H, d, J = 13.2 Hz, H12a), 2.01
(1H, d, J = 13.2 Hz, H12b), 2.33-2.50 (3H, m), 3.38 (1H, d, J = 10.3 Hz, H19a),
4.07-4.12 (1H, m, H3), 4.09 (1H, d, J = 10.3 Hz, H19b), 6.06 (1H, s, OCH=C); “C
NMR (125 MHz, CD,0D) 6 -4.6, 14.1, 190, 20.1, 26 4, 27.1, 27.6, 28.5, 29.8, 31.8,
34.6, 34.8, 36.7, 37.5 (x2), 47.6, 569, 68.4, 72.8, 83.1, 112.4, 137.8, 224.3; HRMS
(ESI) calcd for C,sH,,0,SiNa [M+Na]* 469.2745, found 469.2733.

o 0Os, MeOH,-78°C
; SMe, —78 °C to rt

Cp) T
SO
B
SO H

2-24 2-55
Acetal 2-55. Ozone was bubbled into a solution of compound 2-24 (269 mg, 0.602
mmol) in MeOH (12 mL) at -78 °C for 30 sec. Excess ozone was removed by

bubbling of O, for 2 min, and then Me,S (3 mL) was added to the solution. The

resultant solution was warmed to room temperature, and stirred for 1 h. Then aqueous
NH, (28%, 3 mL) was added, and the reaction mixture was stirred at room temperature
for 5 h. The solution was concentrated, and the residue was purified by flash column
chromatography (silica gel 20 g, hexane/EtOAc 1:0 to 1:1) to afford acetal 2-55 (202
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mg 0.448 mmol) in 75% yield: white solid: m.p. 206-208°C; [a],> = -9.5 (¢ 1.2,
CHCL,); IR (film) 3457, 3378, 2927, 2856, 1715, 1275, 1254, 1094 cm™; '"H NMR (500
MHz, CD,0D) § 0.06 (6H, s, CH;of TBS), 0.89 (9H, s, t-Buof TBS), 1.03 (3H, s, H18),
1.10-1.21 (1H, m), 1.34-1.54 (3H, m), 1.48 (1H, d, J = 12.6 Hz, H9), 1.61-1.76 (4H, m),
1.64 (1H, d, J = 149 Hz, H12a), 1.74 (1H, d, J = 14.9 Hz, H12b), 1.83 (1H, ddd, J =
13.8,9.8,2.3 Hz, H15a), 1.89-2.01 (3H, m), 2.12 (1H, ddd, J = 13.8,9.8, 9.7 Hz, H15b),
2.28-2.34 (1H, m), 2.33 (1H, ddd, J = 19.5,9.8,9.8 Hz, H16a),2.43 (1H, ddd, J = 19.5,
9.7,2.3 Hz,H16b),3.70 (1H,dddd, J=11.5,11.5,4.0,4.0 Hz, H3),3.76 (1H,d, /= 8.6
Hz, H19a), 4.02 (1H, d, J = 8.6 Hz, H19b); °C NMR (125 MHz, CD,0D) § -4.5, -4 4,
14.8, 19.0, 21.5, 25.1, 26 .4, 26.6, 33.9, 34.1, 34.7, 35.9, 384, 40.7, 41.5, 458, 549,
57.0, 68.8, 79.2, 82.3, 1044, 222.9; HRMS (ESI) calcd for C,;H,,0;SiNa [M+Na]*
473.2694, found 473.2683.

TBSOTY, NEts, —60 °C OTBS
LiN(TMS),, CH,Cl, o

—78°C to rt TBSO “‘
NGO
TBSO

H H
2-55 2-54

OH | P

TBS-enol ether 2-54. TBSOTT (1.0 mL, 4.4 mmol) was added to a solution of acetal
2-55 (202 mg, 0.448 mmol) and Et;N (1.3 mL, 9.3 mmol) in CH,Cl, (30 mL) at -78 °C.
The reaction mixture was stirred at —60 °C for 30 min, and cooled to —78 °C. After
LiN(TMS), solution (1M in THF, 1.3 mL, 1.3 mmol) was added to the reaction mixture,
the cooled bath was removed, and then the solution was warmed to room temperature.
The reaction mixture was stirred at room temperature for 1 h, and quenched with
saturated aqueous NH,CI (30 mL). The resultant solution was extracted with CH,Cl,
(40 mL x3), and the combined organic layers were washed with brine (50 mL), dried
over Na,SO,, and concentrated. @ The residue was purified by short column
chromatography (silica gel 10 g, hexane/EtOAc 1:0) to afford TBS-enol ether 2-54 with
impurity. The obtained 2-54 was further purified by flash column chromatography
(silica gel 40 g, hexane/EtOAc 1:0 to 20:1) to afford TBS-enol ether 2-54 (253 mg,
0.373 mmol) in 83% yield: white solid: m.p. 177-179 °C; [a],* = -59 (c 1.1, CHCL,);
IR (film) 3482, 2928, 2856, 1693, 1656, 1471, 1253, 1088, 1060 cm™;'H NMR (500
MHz, C,Dy) 6 0.03 (3H, s, CH;of TBS), 0.04 (3H, s, CH;of TBS), 0.05 (3H, s, CH;of
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TBS), 0.06 (3H, s, CH;of TBS), 0.16 (3H, s, CH,of TBS), 0.24 (3H, s, CH,of TBS),
0.94 (9H, s, -Buof TBS), 1.00 (18H, s, t-Buof TBS), 1.16-1.37 (3H, m), 1.18 (3H, s,
H18), 1.56-1.67 (2H, m), 1.70-1.90 (4H, m), 2.07 (1H, dd, J = 16.6, 2.3 Hz, H15a),
2.10-2.16 (1H, m, H5),2.27 (1H,d,J = 12.6 Hz, H9), 2.38 (1H, ddd, J = 12.6, 12.6, 3.5
Hz, H8),2.40-2.46 (1H, m),2.52 (1H,d,J = 12.6 Hz, H12a),2.71 (1H,dd, J = 16.6, 1.8
Hz,H15b),2.79 (1H,d, J = 12.6 Hz, H12b), 3.43 (1H, d, J = 10.3 Hz, H19a), 3.89 (1H,
m, H3), 4.15 (1H, d, J = 10.3 Hz, 19b), 443 (1H, dd, J = 2.3, 1.8 Hz, H16); °C NMR
(125 MHz, C,D) 8 -5.4,-4.9,-4.7,-4.6,-4.4,18.35,18.43, 18.6,20.2, 204, 25.6,25.9,
26.1,26.2,27.1,29.2,315,352, 384,424,440, 46.2, 495, 53.7, 67.5, 69.3, 80.0,
964, 156.4, 210.4; HRMS (ESI) calcd for C;;H,,0,Si;Na [M+Na]® 701.4423, found
701.4429.

OTBS
Li, NH,

THF, -78 °C

95%

2-54 2-S1
Diol 2-S1. A Schlenk tube equipped with a dry-ice condenser was charged with liquid
NH; (ca. 6 mL), and then Li metal (34 mg, 4.9 mmol) was added under Ar atmosphere.
The blue solution was stirred at -78 °C for 30 min, and then a solution of 2-54 (52 mg,
77 umol) in THF (1.2 mL) was added. The reaction mixture was stirred at -78 °C for
30 min, quenched with saturated aqueous NH,Cl (6 mL). The resultant mixture was
extracted with EtOAc (6 mL x3), and the combined layers were washed with brine (6
mL), dried over Na,SO, and concentrated. The residue was purified by flash column
chromatography (silica gel 20 g, hexane/EtOAc 1:0 to 20:1) to afford diol 2-S1 (50 mg,
73 umol) in 95% yield: white solid: m.p. 174-176 °C; [a],> = -22 (¢ 1.3, CHCL); IR
(film) 3466, 2930, 2888, 2858, 1637, 1468, 1255, 1074, 1053 cm™; 'H NMR (500 MHz,
C:D¢) 8 0.05 (3H, s, CH,of TBS), 0.07 (3H, s, CH,of TBS), 0.09 (3H, s, CH;of TBS),
0.10 (3H, s, CH;0f TBS), 0.13 (3H, s, CH;0f TBS), 0.16 (3H, s, CH;0f TBS), 0.96 (9H,
s, t-Buof TBS), 0.97 (9H, s, +-Buof TBS), 1.02 (9H, s, -Bu of TBS), 1.19-1.38 (3H, m),
1.24 (3H, s, H18),1.42 (1H, s, OH), 1.58-1.72 (2H, m), 1.62 (1H, dd, J = 13.7, 11.5 Hz,
H12a), 1.73-1.88 (4H, m), 1.94 (1H, ddd, J = 14.3, 14.3, 3.5 Hz), 1.97-2.04 (1H, m),
209 (1H,dd,J=15.5,2.9 Hz, H15a),2.10-2.17 (1H, m), 2.14 (1H, dd, J = 13.7,4.0 Hz,
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H12b), 2.52-2.59 (1H, m), 2.64 (1H,d,J=4.0 Hz, OH), 2.66 (1H,dd, J =155, 1.2 Hz,
H15b), 3.51 (1H, d, J = 10.3 Hz, H19a), 3.89-3.97 (1H, m, H11), 4.00 (1H, brs, H3),
412 (1H, d, J = 10.3 Hz, H19b), 4.40 (1H, dd, J = 2.9, 1.2 Hz, H16); °C NMR (125
MHz, C,Dy) 8 -5.5 (x2), =50, 4.6 (x2), 4.5, 164, 18.3, 1845, 18.54, 20.1, 258,
26.15,26.19,27.1,27.5,294, 34.0, 35.6,37.1,40.7,40.8,42.4, 46 .9, 50.9, 67.6, 69.2,
69.7, 82.2, 94.1, 161.5; HRMS (ESI) calcd for C;;H,,0,Si;Na [M+Na]* 703.4580,
found 703.4579.

TBAF, THF
-78°C

94%

2-S1
Ketone 2-53. TBAF (0.18 mL, 0.18 mmol) was added to a solution of diol 2-S1 (118
mg, 0.174 mmol) in THF (9 mL) at -78 °C. The reaction mixture was stirred at -78 °C

for 5 min, and quenched with saturated aqueous NH,CI (8 mL). The resultant solution
was extracted with EtOAc (8 mL x3), and the combined organic layers were washed
with brine (8 mL), dried over Na,SO,, and concentrated. The residue was purified by
flash column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 1:1) to afford
ketone 2-53 (92 mg, 0.16 mmol) in 94% yield: white solid: m.p. 207-209 °C; [a],” =
-7.4 (¢ 1.2, CHCL,); IR (film) 3487, 2930, 2858, 1731, 1470, 1254, 1072 cm™; '"H NMR
(500 MHz, CDCl;) 8 0.02 (3H, s, CH;of TBS), 0.03 (3H, s, CH;of TBS), 0.095 (3H, s,
CH,of TBS), 0.102 (3H, s, CH;of TBS), 0.88 (9H, s, +-Buof TBS), 0.91 (9H, s, t-Bu of
TBS), 1.11 (3H, s, H18), 1.18-1.39 (3H, m), 1.32 (1H, s, OH), 1.41 (1H, dd, J = 13.8,
12.0 Hz, H12a), 1.47-1.53 (1H, m), 1.53 (1H, dd, J = 13.8, 3.4 Hz, H12b), 1.56-1.89
(9H, m), 2.10-2.20 (1H, m), 2.27 (1H, ddd, J = 13.8, 10.3, 9.2 Hz, H15a), 2.40 (1H, dd,
J=20.0,9.2 Hz, Hl6a), 2.46 (1H, ddd, J = 20.0, 10.3, 2.3 Hz, H16b), 3.04 (1H, d, J =
4.0 Hz, OH), 333 (1H, d, J = 10.3 Hz, H19a), 391 (1H, m, H11), 4.03 (1H, m, H3),
4.12 (1H, d, J = 10.3 Hz, H19b); °C NMR (125 MHz, CDCl,) § -5.7,-5.6, 4.9, -4 8,
143, 18.1, 18.3, 18.9, 25.8, 25.9, 26.6, 274, 27.5, 28.8, 32.9, 34.1, 35.3, 40.3, 40 4,
412,419, 53.8, 66.6, 69.5, 699, 82.2, 220.0;, HRMS (ESI) calcd for C;;H;,05S1,Na
[M+Na]* 589.3715, found 589.3717.
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NHQNH2'H20
Et,N, EtOH, 50°C
; o, THF

L

91%

2-53 2-57

Vinyl iodide 2-57. NH,NH,-H,O (42 uL, 0.86 mmol) and Et;N (120 uL, 0.86 mmol)
were successively added to a solution of ketone 2-53 (24 mg, 42 wmol) in EtOH (4.3
mL). The reaction mixture was stirred at 50 °C for 6 h, cooled to room temperature,
and concentrated. Then a solution of I, (22 mg, 87 umol) in THF (1 mL) was added to
a solution of the residue and Et;N (120 uL, 0.86 mmol) in THF (5.0 mL) at room
temperature. The mixture was stirred at room temperature for 30 min, and quenched
with a mixture of saturated aqueous Na,S,0; (2.5 mL) and saturated aqueous NaHCO,
(2.5 mL). The resultant mixture was extracted with EtOAc (5 mL x3), and the
combined organic layers were washed with brine (5 mL), dried over Na,SO, and
concentrated. The residue was purified by flash column chromatography (silica gel 10
g, hexane/EtOAc 1:0 to 30:1 and then CH,Cl,) to afford vinyl iodide 2-57 (26 mg, 38
umol) in 90% yield: oil; [a],” = -12 (¢ 1.2, CHCL,); IR (film) 3451, 2930, 2857, 1464,
1254, 1054 cm™; '"H NMR (500 MHz, CDCl,) 8 0.01 (3H, s, CH,of TBS), 0.02 (3H, s,
CH,of TBS), 0.099 (3H, s, CH;of TBS), 0.105 (3H, s, CH;of TBS), 0.88 (9H, s, t-Bu of
TBS),0.92 (9H, s, +-Buof TBS), 1.12 (3H, s, H18), 1.14-1.28 (3H, m), 1.18 (1H, dd, J =
13.2, 12.0 Hz, H12a), 1.46-1.86 (9H, m), 1.90 (1H, dd, J = 13.2, 2.9 Hz, HI12b),
2.16-2.22 (1H, m), 2.26 (1H,dd, J =17.2,3.5 Hz,H15a), 2.65 (1H,dd, J = 17.2,2.3 Hz,
H15b),3.28 (1H,d,J =10.3 Hz, H19a),3.29 (1H, d,J=4.0 Hz, OH),3.77 (1H, dddd, J
=12.0,9.2,40,29 Hz,H11),4.03 (1H, m. H3),4.19 (1H, d, J = 10.3 Hz, H19b), 6.12
(1H,dd, J =3.5,2.3 Hz, H16); "C NMR (125 MHz, CDCl;) 6 -5.7,-5.6,-4.9,-4.8,18.1,
18.3, 19.6, 20.2, 25.8, 25.9, 26.6, 27.3, 28.8, 34.3, 35.2,40.2, 40.8, 41.9, 43.1, 460,
55.2, 66.6, 689, 70.1, 82.0, 110.2, 133.7;, HRMS (ESI) caled for C,H,,10,Si,Na
[M+Na]* 699.2732, found 699.2726.
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n-BugSn  2-2
Pd(PPha),, LiCl
CuCl, DMSO, 60 °C

89%

2-57 2-58

Butenolide 2-58. A Schlenk tube was charged with Pd(PPh,), (7.9 mg, 6.8 umol),
LiCl (dried by a heat gun for 5 min in vacuo, 28 mg, 0.66 mmol), and CuCl (47 mg,
0.47 mmol) in glove box filled with Ar. The solution of vinyl iodide 2-57 (23 mg, 34
umol) in DMSO (1.7 mL), and butenolide 2-2 (38 mg, 0.10 mmol) in DMSO (1.7 mL)
were added to the tube, and the mixture was degassed by the freeze-thaw procedure (x3).
The reaction mixture was stirred at 60 °C for 1 h, cooled to room temperature, and
quenched with phosphate buffer (pH 7, 5 mL). The resultant mixture was extracted
with EtOAc (5 mL x3), and the combined organic layers were washed with brine (5
mL), dried over Na,SO,. The solution was filtered through a column (10% (w/w) KF
contained silica gel, 10 g) with EtOAc. The filtrate was concentrated, and the residue
was further purified by flash column chromatography (silica gel 10 g, hexane/EtOAc
1:0 to 2:1) to afford butenolide 2-58 (19 mg 30 umol) in 89% yield: white solid: m.p.
232-234 °C; [a],” = 35 (¢ 0.99, CHCl,); IR (film) 3470, 2932, 2859, 1746, 1623, 1466,
1254, 1152, 1049 cm™; '"H NMR (500 MHz, CDCl,) § 0.017 (3H, s, CH; of TBS), 0.023
(3H, s, CH,of TBS), 0.11 (3H, s, CH;of TBS), 0.12 (3H, s, CH;of TBS), 0.88 (9H, s,
t-Buof TBS), 0.93 (9H, s, +-Buof TBS), 1.17-1.37 (2H, m), 1.21 (1H, br dd, J = 13.2,
13.2 Hz, H12a), 1.25 (1H, s, OH), 1.34 (3H, s, H18), 1.46-1.88 (11H, m), 2.12 (1H, dd,
J=13.8,34Hz,Hl2eq),2.18-2.23 (1H, m), 2.40 (1H, dd, J=18.9, 3.5 Hz, H15a), 2.80
(1H,dd,J =189, 1.2 Hz, H15b),3.28 (1H, d, J = 10.3 Hz, H19a), 3.45 (1H,d, J=4.0
Hz, OH), 3.82 (1H, m, H11), 4.04 (1H, m, H3), 4.23 (1H, d, J = 10.3 Hz, H19b), 4 .91
(1H,d, J = 16.1 Hz, H21a), 5.01 (1H, d, J = 16.1 Hz, H21b), 598 (1H, s, H22), 6.11
(1H,dd, J = 3.5, 1.2 Hz, H16); "C NMR (125 MHz, CDCl;) 6 -5.74,-5.61,-4.88, -4.84,
18.0, 18.1, 18.3, 20.3, 25.8, 25.9, 26.6, 27.3, 28.8, 34.3, 35.2, 40.1, 40.3, 40.9, 41 .8,
470, 52.6,66.5, 68.8,70.3,71.6,85.2,112.7,131.9, 1434, 158.0, 174.2; HRMS (ESI)
calcd for CysHy O(Si,Na [M+Na]* 655.3821, found 655.3823.
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3M HCI, MeOH

_——
78% (2 steps)
2-1:17-epir2-1=1:16

19-hydroxysarmentogenin (2-1) 17-epi-2-1

17-epi-19-hydroxysarmentogenin (17-epi-2-1). A suspension of compound
butenolide 2-58 (17 mg, 27 umol) and Pd/C (5 wt%, 17 mg, 7.8 wmol) in EtOAc (2.6
mL) was exposed under H, atmosphere. The reaction mixture was stirred at room
temperature for 5 min, and filtered through a pad of Celite with EtOAc. The filtrate
was concentrated, and the residue was filtered through a pad of silica gel (0.5 g) to
afford crude a 1:13 inseparable mixture of 2-59 and its diastereomer 17-epi-2-59 at the
C17 position: HRMS (ESI) caled for C;Hg,0O.Si,Na [M+Na]® 657.3977, found
657.3976.

A solution of the above crude mixture in MeOH (2.1 mL) and aqueous HCI (3.0 M, 0.5
mL) was stirred at room temperature for 1 h, and saturated aqueous NaHCO; (4 mL)
was added. After NaCl (1.6 g) was added to the resultant mixture, the mixture was
extracted with a 2:1 mixture of CHCI, and EtOH (3 mL x5), and the combined organic
layers were washed with brine (5 mL), dried over Na,SO, and concentrated. The
residue was purified by flash column chromatography (silica gel 5 g, CH,C1,/MeOH 1:0
to 10:1) to afford a 1:16 inseparable mixture of 19-hydroxysarmentogenin (2-1) and
17-epi-19-hydroxysarmentogenin (17-epi-2-1) (8.4 mg, 21 umol) in 78% yield over 2
steps. Characterization data of 17-epi-19-hydroxysarmentogenin (17-epi-2-1) was
collected by using the mixture: amorphous; 'H NMR (500 MHz, CD,OD) 6 1.08 (3H, s,
H18), 1.19-1.40 (5H, m), 1.51-1.58 (1H, m), 1.66 (1H, ddd, J = 14.3, 9.7, 4.3 Hz),
1.72-1.86 (6H, m), 1.88-1.97 (2H, m), 2.01-2.11 (2H, m), 2.18-2.30 (2H, m), 3.13 (1H,
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dd,/=9.7,9.7Hz,H17),3.74-3.81 (1H, m, H11), 3.77 (2H, s, H19), 4.03 (1H, brs, H3),
485 (1H,dd,J =184, 1.7 Hz, H21a),4.97 (1H, dd, J = 18.4,2.3 Hz, H21b), 597 (1H,
dd, J = 2.3, 1.7 Hz, H22); "C NMR (125 MHz, CD,0D) § 19.8,21.9, 25 .4,27.3, 27.6,
29.2,31.8,32.4,35.0,41.3,41.6,42.7,43.1, 50.0, 50.6, 66.9, 67.6, 69.1, 75.6, 86.6,
117.0, 1745, 176.7, HRMS (ESI) calcd for C,;H,,ONa [M+Na]* 429.2248, found
429.2253.

TMSOTf
2,6-lutidine

CH,ClI,
—-78°Ctort;

SiO,, neat

81%

Compound 2-60. TMSOTT (34 uL, 0.19 mmol) was added to a solution of butenolide
2-58 (20 mg, 32 umol) and 2,6-lutidine (43 uL, 0.37 mmol) in CH,Cl, (6.2 mL) at -78
°C. The reaction mixture was stirred at room temperature for 30 min, and quenched
with saturated aqueous NaHCO, (6 mL). The resultant mixture was extracted with
EtOAc (6 mL x3), and the combined organic layers were washed with brine (6 mL),
dried over Na,SO, and concentrated to give the crude siloxyfuran Int-2-9. The
residual 2,6-lutidine was azeotropically removed with toluene.

Silica gel (15 g, Merck 40-63 um Silica-gel 60) was added to a solution of the above
crude siloxyfuran Int-2-9 in EtOAc (30 mL). Then the solvent was removed in
vacuo. The silica gel stood at room temperature for 7 h, and passed through a cotton
pad with EtOAc. The filtrate was concentrated, and the residue was purified by flash
column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 15:1) to afford 2-60 (20
mg, 26 umol) in 81% yield: oil; [a],"’ = 28 (¢ 0.99, MeOH); IR (film) 2950, 2859, 1784,
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1753, 1253, 1084 cm™; '"H NMR (500 MHz, CDCL,) 8 0.00 (9H, s, CH,of TMS), 0.01
(6H, s, CH,of TBS), 0.03 (9H, s, CH,of TMS), 0.06 (3H, s, CH,of TBS), 0.07 (3H, s,
CH,of TBS), 0.88 (9H, s, -Buof TBS), 0.91 (9H, s, +-Buof TBS), 1.10-1.26 (3H, m),
1.18 (3H, s, HIS), 1.34-141 (2H, m), 1.57 (1H, dddd, J = 13.7, 13.7, 3.5, 2.9 Hz),
1.70-1.88 (8H, m), 2.12-2.17 (1H, m, H5), 2.43 (1H, dd, J = 18.9, 3.5 Hz, H15a), 2.85
(1H, dd, J = 189, 1.2 Hz, H15b), 3.53 (1H, d, J = 9.8 Hz, H19a), 3.74 (1H,d, J = 9.8
Hz, H19b), 3.89 (1H, m, H11), 4.00 (1H, m, H3),4.90 (1H, dd, J = 16.1, 1.7 Hz, H21a),
501 (1H,dd,J = 16.1, 1.8 Hz, H21b), 5.94 (1H, dd, J = 1.8, 1.7 Hz, H22), 6.06 (1H, dd,
J=3.5,12 Hz, H16); °C NMR (125 MHz, CDCL,) 8 -5.51, -5.49, -4.89, -4.87,0.8, 2.6,
18.1, 18.2, 19.7, 21.6, 25.3, 25.86, 25.93, 26.7, 29.3, 31.0, 35.0, 39.6, 40.2, 40.3, 428,
462, 52.8, 67.12, 67.15, 67.6, 71.6, 88.7, 111.8, 133.3, 143.3, 1584, 174.5; HRMS
(ESI) caled for C,,H,,0,Si,Na [M+Na]* 799.4611, found 799.4613.

2-60 2-61 (73%) 17-epi-2-61 (13%)

Compound 2-61 and 17-epi-2-61. A suspension of compound 2-60 (33 mg, 42 umol)
and Pd/C (5 wt%, 33 mg, 15 umol) in EtOAc (4.2 mL) was exposed under H,
atmosphere. The reaction mixture was stirred at room temperature for 10 min, and
filtered through a pad of Celite with EtOAc. The filtrate was and concentrated, and the
residue was purified by flash column chromatography (silica gel 7.5 g, hexane/EtOAc
1:0 to 15:1) to afford 2-61 (24 mg, 31 umol) and 17-epi-2-61 (4.2 mg, 5.4 umol) in 74%
and 13% yields, respectively. 2-61: oil; [a],*® = 11 (¢ 1.0, MeOH); IR (film) 2952,
2858, 1781, 1753, 1467, 1253, 1067, 836, 773 cm; 'H NMR (500 MHz, C,Dy)
0 0.10-0.15 (30H, m, CH;of TBS x 2 and CH;of TMS x 2),0.68 (3H, s, H18), 1.02 (9H,
s, t-Buof TBS), 1.04 (9H, s, t+-Buof TBS), 1.15-1.38 (4H, m), 1.49 (1H, dd, J = 143,
40 Hz), 1.51-1.61 (3H, m), 1.66 (1H, br d, J = 13.7 Hz), 1.72-1.92 (7TH, m), 2.10 (1H,
ddd, J =13.7,35,29 Hz), 2.17 (1H, ddd, J = 13.7, 13.7, 3.4 Hz), 2.36-2.44 (2H, m),
3.79 (1H,d,J = 9.8 Hz, H19a), 3.86 (1H, d, J = 9.8 Hz, H19b), 4.06-4.12 (2H, m, H3
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and 11), 4.20-4.30 (2H, m, H21ab), 5.74 (1H, brs, H22); °C NMR (125 MHz, C,D,)
§-54,-52,-4.60,-456,1.1,3.0,18.4,18.7,20.1,23.7,262,26.3 (x2),27.1,27.2,30.1,
31.1,33.9,35.5,40.3,41.4,43.6,49.85,49.94,50.0, 67.7, 67.8, 68.6,73.2,90.8, 117.7,
171.4,173.1; HRMS (ESI) calcd for C,H,;0,Si,Na [M+Na]* 801.4768, found 801.4761.
17-epi-2-61: 'H NMR (500 MHz, C,D) 8 0.07 (9H, s, CH,of TMS), 0.11 (3H, s, CH, of
TBS), 0.129 (9H, s, CH, of TMS), 0.132 (3H, s, CH, of TBS), 0.137 (3H, s, CH, of
TBS), 0.144 (3H, s, CH,of TBS), 0.84 (3H, s, H18), 1.03 (9H, s, +-Buof TBS), 1.05 (9H,
s, +-Buof TBS), 1.19-1.36 (5H, m), 1.40-1.47 (1H, m), 1.51-1.61 (2H, m), 1.68-1.76
(1H, m), 1.78-2.07 (7H, m), 2.18 (1H, ddd, J = 13.2, 12.6, 2.9 Hz), 2.23 (1H, ddd, J =
13.2,4.0,4.0 Hz), 2.50-2.60 (2H, m), 3.69 (1H, d, J = 9.7 Hz, H19), 3.91 (1H, ddd, J =
109,109, 4.6 Hz, H11),4.00 (1H, d, J = 17.7 Hz, H21a), 408 (1H, d, J = 9.7 Hz, H19),
4.15 (1H, brs, H3), 421 (1H, d, J = 17.7 Hz, H21b), 5.63 (1H, brs, H22); °C NMR (125
MHz, C,D,) 8 -5.30, -5.25, -4.6, -4.5, 1.0, 2.7, 18.5, 18.6, 20.1, 22.4, 24.6, 26 2, 26 3,
26.9, 27.1, 30.1, 30.9, 31.4, 35.7, 40.8, 41.0, 42.4, 42.6, 489, 50.0, 67.3, 67.9, 69.1,
73.1, 90.6, 1174, 169.3, 172.6; HRMS (ESI) caled for C,H,0.Si,Na [M+Na]*
801.4768, found 801.4758.

aq. HCI/MeOH
82%

2-61 2-1
19-hydroxysarmentogenin (2-1). A solution of 2-61 (21 mg, 27 umol) in MeOH (6.0
mL) and aqueous HCI (3.0 M, 0.5 mL) was stirred at room temperature for 1 h, and
saturated aqueous NaHCO, (4 mL) was added. The resultant mixture was extracted
with a 2:1 mixture of CHCI, and EtOH (4 mL x5), and the combined organic layers
were dried over Na,SO, and concentrated. The residue was purified by flash column
chromatography (silica gel 5 g, CH,Cl/MeOH 1.0 to 10:1) to afford
19-hydroxysarmentogenin (2-1) (8.9 mg 22 umol) in 81% yield: amorphous; [a],” = 17
(c 0.45, MeOH); IR (film) 3395, 2930, 1735, 1621, 1449, 1268, 1030 cm™'; 'H NMR
(500 MHz, CD,0D) 8§ 0.92 (3H, s, H18), 1.20-1.39 (3H, m, H4a, 6a and 7a), 1.50-1.58
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(1H, m, H2a), 1.53 (1H, dd, J = 132, 10.5 Hz, H12a), 1.67 (1H, dd, J = 13.2, 40 Hz,
H12b), 1.69-1.96 (9H, m, Hla, 2b, 4b, 6b, 7b, 8, 9, 15a and 16a), 2.07 (1H, m, H5),
2.15-2.26 (3H, m, H1b, 15b and 16b), 2.90 (1H, dd, J = 9.2, 5.2 Hz, H17), 3.74 (1H, d,
J =120 Hz, H19a), 3.77 (1H, d, J = 12.0 Hz, H19b), 3.85 (1H, ddd, J = 10.9, 3.5 Hz,
H11),4.03 (1H, m, H3), 491 (1H, dd, J = 18.3, 1.2 Hz, H21a), 5.02 (1H, dd, J = 18.3,
1.8 Hz, H21b), 5.91 (1H, br s, H22); *C NMR (125 MHz, CD,0OD) § 17.6, 22.3, 27.1,
27.7,279,29.1,32.3,33.5,35.0,41.6 (x2),42.8,50.5,51.1,51.8,66.9, 67.6,69.1, 753,
85.9,118.0, 177.1, 177.7; HRMS (ESI) calcd for C,,H,,0,Na [M+Na]" 429.2248, found
429.2254.

p-BrBzCl, Et3N
CH,Cl,

65%

p-Bromo benzoate 2-63. To a solution of 19-hydroxysarmentogenin (2-1) (2.1 mg,
5.2 umol) and DMAP (2.5 mg, 20 umol) in CH,Cl, (2.6 mL) was added p-BrBzCl (3.7
mg, 17 umol) at room temperature. After the reaction mixture was stirred for 2 h,
additional DMAP (2.5 mg, 20 umol) and p-BrBzCl (3.7 mg, 17 umol) were added to
the mixture. The reaction solution was stirred for 1 h, and then quenched with H,O (2
mL). The resultant mixture was extracted with CH,Cl, (2 mL x3), and the combined
organic layers were washed with brine (2 mL), dried over Na,SO,, and concentrated.
The residue was purified by flash column chromatography (silica gel 1.5 g,
Hexane/EtOAc 1:0 to EtOAc only) to afford p-bromo benzoate 2-63 (2.0 mg 3.4 umol)
in 65% yield. p-Bromo benzoate 2-63 was recrystallized from hexane/CH,Cl, for the
X-ray crystallographic analysis. 'H NMR (500 MHz, CDCl;) & 0.90 (3H, s, H13),
1.15-2.00 (15H, m), 2.18-2.25 (3H, m), 2.40-2.45 (1H, m, HS), 2.84 (1H, dd, J = 9.2,
5.7,H17),3.93 (1H, ddd, J = 10.3, 10.3,4.6 Hz, H11),4.17 (1H, brs, H3), 4.51 (2H, s,
H19),4.79 (1H,dd, J = 18.3, 1.8 Hz, H21a),4.95 (1H, dd, J = 18.3, 1.8 Hz, H21b), 5.89
(1H,dd,J=1.8, 1.7 Hz, H22), 7.60 (2H, d, J = 9.2 Hz, aromatic), 792 (2H,d,J=9.2
Hz, aromatic); HRMS (ESI) calcd for C;,H,;BrOsNa [M+MeOH+Na]" 643.1877, found
643.1863.
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Total synthesis of ouabagenin (3-1)

OAC OAc
Br,, -78 °C Br :
Meom Meoﬁ/g\\\\ |
- PhNMe,
Br AcO CH,Cl,
3-8 5 eq — Int-3-1 - -78 °Ctort N
(cis: trans =1:1)
OH
e
0]
oLo
3-7
OMe OAc BEts, O, Me OAC
: n-BuzSnH
toluene, 50 °C K>CO3, MeOH

3-13a-c

Dess-Martin ox.
NaHCOg3, CH,Cl,

>

27% (4 steps)

3-6a

Triketone 3-6a. To a solution of Br, (0.12 mL, 2.3 mmol) in CH,Cl, (1.5 mL) was
dropwisely added enol ether 3-8 (700 mg, 2.6 mmol) in CH,Cl, (12 mL) at —78 °C over
20 min. After the mixed solution became colorless, the solution of enone 3-7 (270 mg,
1.2 mmol) and N,N-dimethylaniline (0.85 mL, 4.6 mmol) in CH,Cl, (12 mL) was
dropwisely added to the mixture at —78 °C over 30 min. After being stirred for 14 h at
room temperature, the reaction mixture was quenched by saturated aqueous NaHCO;
solution (12 mL). Then the resultant mixture was extracted with CH,Cl, (15 mL x 4).
The combined organic layers were washed with brine (15 mL), dried over Na,SO,, and
concentrated. The residue was purified by flash column chromatography (silica gel

SiO, 50 g, hexane/EtOAc 1:0-1:2) to give crude a-bromoacetal 3-12a-d (660 mg) as

132



"
i
W
e

four diastereomers.

To a solution of crude a-bromoacetal 3-12a-d (660 mg) and n-Bu,SnH (30 uL, 0.11
mmol) in toluene (71 mL) was degassed by freeze-thaw cycles (x 3), and the flask was
charged with argon gas. Then after a solution of 1.0 mol/L BEt; in hexane (2.2 mL,
2.2 mmol) was added into the reaction mixture, n-Bu;SnH (0.42 mL, 1.6 mmol) in O,
bubbled toluene (4 mL) was slowly added by syringe pump over 1 h at 50 °C. Then
the reaction mixture was directly subjected to the flash column chromatography (10
wt% KF contained silica gel 50 g, hexane/EtOAc 10:1 to 0:1). The roughly purified
residue was purified with the flash column chromatography (10 wt% KF contained
silica gel 50 g, hexane/EtOAc 10:1 to 0:1) to give radical cyclized product 3-13a-d (450
mg) as three isomers.

To a solution of radical cyclized product 3-13a-d (450 mg) in MeOH (18 mL) was
added K,CO; (610 mg, 4.4 mmol) at room temperature. After being stirred for 2 h, the
reaction mixture was quenched by saturated NH,Cl (20 mL). The resultant mixture
was extracted with a 2:1 mixture of CHCI; and EtOH (20 mL x 3), and the combined
organic layers were concentrated. The residue was purified with short pad column
(silica gel 5 g, EtOAc). The roughly purified residue was then purified with the flash
column chromatography (silica gel, hexane/acetone 1:0 to 1:1) to give a diasteromer
diol 3-S1 (200 mg), which contains unknown impurity.

Diol 3-S1 (200 mg) was divided into two portions (150 mg and 50 mg). To a solution
of diol 3-S1 (150 mg, <0.36 mmol) and NaHCO, (360 mg, 4.3 mmol) in CH,Cl, (36
mL) was added Dess-Martin periodinane (920 mg, 2.2 mmol) at room temperature.
After being stirred for 2 h, the reaction mixture was quenched by the mixture of
saturated aqueous Na,S,0; (20 mL) and saturated aqueous Na,CO; (20 mL). The
resultant mixture was extracted with CH,Cl, (40 mL x 3), and the combined organic
layers were washed with brine (20 mL), dried over Na,SO,, and concentrated to give
residue A. In the same way that diol 3-S1 (49 mg, <0.12 mmol) followed the above
procedure to give the residue B. After both the residue A and B were mixed, the
combined residue was purified by the flash column chromatography (silica gel 20 g,
hexane/ EtOAc 1:0 to 1:2) to give triketone 3-6a (130 mg, 0.31 mmol) in 27% yield
over 4 steps: white crystal: m.p. 196-200°C; [ a |,** = -26 (c 1.4, CHCL,); IR (film) 2966,
2933, 1721, 1449, 1293, 1146, 1078, 993, 732 cm™; '"H NMR (400 MHz, CDCl;) 1.09
(3H, s, H18), 1.36 (1H, dd, J = 14.6, 2.8 Hz, H12), 1.64-1.76 (2H, m, H4, H11), 1.85
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(1H,dd,J=14.2,1.8 Hz,H2), 1.98 (1H,td,J=8.7,3.7 Hz, H9),2.03 (1H, dd, J = 14.2,
119 Hz,H12),2.18 (1H, ddd, J = 13.7,3.6, 2.3 Hz, H4), 2.26 (1H, d, J = 15.1 Hz, H6),
2.51 (1H,d,J = 8.7 Hz, H8),2.53-2.82 (5H, m, H2, 4H of H15 and H16),2.71 (1H, d, J
= 15.1 Hz, H6), 3.15 (3H, s, OCH,;), 4.10 (1H, d, J = 12.8 Hz, H19),4.176 (1H, d, J =
8.7 Hz, -CHOCH,), 4.180 (1H, d, J = 12.8 Hz, H19), 4.24-4.29 (1H, m, H3), 4.40-4 .45
(1H, m, H1), 5.61 (1H, s, orthoester); "C NMR (100 MHz, CDCl,) & 25.1, 28.4, 33.0,
33.6,34.3,34.7,354, 370, 39.0, 415, 49.1, 53.5,55.6, 624, 659, 70.1, 73.3, 101.5,
105.6, 205.2, 213.7, 216.2: HRMS (ESI) calcd for C,,H,,O;Na* [M+Na]* 443.1676,
found 443.1683.

KN(TMS),
THF

ar=5:1

3-6a 3-5a 3-5b
65% 8.4%
Steroid 3-5a. KN(TMS), solution (0.67 M in toluene) was prepared from KH and

HN(TMS), according to the literature.® The concentration of the KN(TMS), solution
was determined by the Ireland’s titration method.*"

Triketone 3-6a (83 mg, 0.20 mmol) was dissolved in THF (4 mL), and the solution was
warmed to reflux temperature. Then the freshly prepared KN(TMS), solution (0.67 M
in toluene, 89 uL, 0.059 mmol) was added to the solution at the same temperature.
After the reaction mixture was stirred for 1 h, the mixture was cooled to room
temperature, and then quenched by saturated aqueous NH,CI (4 mL). The resultant
mixture was extracted with a 2:1 mixture of CHCI, and EtOH (4 mL X% 5), and the
combined organic layers were washed with brine (2 mL), dried over Na,SO, and
concentrated. The residue, included a 5:1 diastereomixture of 3-5a and 3-5b, was
purified by flash column chromatography (silica gel 15 g, hexane/THF 1:0 to 1:1) to
afford steroid 3-5a (54 mg, 0.13 mmol) in 65% yield and steroid 3-5b (7.0 mg, 17
umol) in 8.4% yield respectively. 3-5a: white crystal: m.p. 271-273°C; [ a ], = -0.48
(c 1.1, CHCL,); IR (film) 3525, 2949, 1736, 1704, 1446, 1379, 1152, 993,976, 735 cm™;
'H NMR (400 MHz, CDC,) 1.14 (3H, s, H18), 1.16 (1H, dd, J = 15.6, 5.9 Hz, H12ax),
1.66 (1H, d, J = 13.7 Hz, H4ax), 1.72-1.79 (1H, m, H2ax), 1.79 (1H, d, J = 15.6 Hz,
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Hl2eq), 1.81-1.87 (1H, m, H11), 2.05-2.16 (2H, m, H9 and 1H of H15 or H16), 2.20
(IH,ddd,J=128,3.7,2.7 Hz, H4,,), 2.28 (1H, ddd, J = 14.2,9.6, 1.4 Hz, H15 or H16),
234 (1H,d, J = 13.7 Hz, H6), 242 (1H, ddd, J = 19.2,9.6, 1.4 Hz, H15 or H16), 2.55
(1H,ddd,J=19.2,10.1,9.6 Hz, H15 or H16),2.70 (1H,dddd, J=13.7,3.6,2.8,2.7 Hz,
H2eq), 2.80 (1H, d,J=13.7 Hz, H6),3.19 (1H, d, J = 12.4 Hz, H8), 3.52 (3H, s, OCH,),
3.54 (1H,s,0H),4.13 (1H,d,J =124 Hz,H19),4.27-431 (1H, m, H3),4.73-4.77 (1H,
m, H1),4.81 (1H,dd,J =124, 1.8 Hz, H19),4.83 (1H,d, J=9.1 Hz, OCHOCH,), 5.69
(1H, s, orthoformate); “C NMR (100 MHz, CDCl,) 6 16.7, 27.56, 27.61, 31.1, 32.8,
35.2,35.3,39.7,40.7,50.8,51.0, 519, 56.8,63.2,65.8, 68.7,73.5,79.7, 101.9, 105.8,
207.8, 218.4: HRMS (ESI) calcd for C,,H,;O¢Na" [M+Na]" 443.1676, found 443.1681.
3-5b: amorphous; [ « ],> = -24 (c 0.83, CHCL,); IR (film) 3511, 2965, 2932, 1737, 1702,
1149, 1074, 1056, 994, 971 cm™; '"H NMR (400 MHz, CDCl,) 1.00 (3H, s, H18), 1.31
(1H,dd,J=15.1,64 Hz,H12),1.62-1.79 (3H, m, H1, H4, H11),2.08-2.37 (5H, m, H4,
H9, 3H of H15 and H16), 2.31 (1H, d, J =124 Hz, H6),2.34 (1H, dd, J = 15.1, 1.8 Hz,
H12), 2.54-2.68 (2H, m, H1, 1H of H15 or H16), 2.79 (1H, d, J = 12.4 Hz, HS), 2.86
(1H,d, J = 124 Hz, H6), 3.51 (3H, s, OCH,), 3.73 (1H, s, -OH), 4.02 (1H,d, J = 12.8
Hz,H19),4.18 (1H,d, J = 8.7 Hz, -CHCOCH,), 4.24-4.28 (1H, m, H3), 4.69 (1H, dd, J
= 12.8, 1.4 Hz, H19), 4.69-4.73 (1H, m, H1), 5.66 (1H, s, orthoester); *C NMR (100
MHz, CDCl;) 6 20.3,27.6,28.2,30.9,34.4,34.5,34.7,36.7,41.1,51.3,51.5,52.7,56 8,
62.8, 66.1, 69.1, 74.3, 77.1, 101.0, 105.9, 208.6, 218.2: HRMS (ESI) calcd for
C,,H,;OsNa* [M+Na]" 443.1676, found 443.1679.
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NaH, PhN=C=S
H,0, THF
NaBH,, THF 1st; 0 °C, 2nd:
a:fp=5:2

AIBN, (TMS);SiH
benzene

39% from 3-5a

Compound 3-4. To a solution of steroid 3-5a in THF (20 mL) was added NaBH, (12
mg, 0.13 mmol) at room temperature. After being stirred for 1 hour, the reaction
mixture was poured into a solution of 1M HCI (15 mL) and CH,Cl, (15 mL). The
resultant mixture was extracted with CH,Cl, (15 mL x 4). The combined organic
layers were washed with brine (15 mL x 1), dried over Na,SO,, and concentrated. The
residue was purified by flash column chromatography (silica gel 25 g, hexane/acetone
1:0 to 1:2) to afford 3-17af (55 mg).

To a solution of alcohol 3-17af (55 mg, 0.13 mmol) in THF (13 mL) was added NaH
(63 mg, 2.6 mmol) and PhN=C=S (630 uL, 5.3 mmol) at 0 °C. After being stirred for
2 h, H,O (1 uL, 0.056 mmol) was added, and then the reaction mixture was stirred for
further 2 h. The reaction mixture was quenched by saturated aqueous NH,Cl1 (10 mL)
at 0 °C. After the resulting mixture was extracted with CH,Cl, (15 mL x 4), the
combined organic layers were washed with brine (15 mL), dried over Na,SO,, and
concentrated. The residue was purified by flash column chromatography (silica gel 25
g, hexane/EtOAc 1:0 to 1:2, and then hexane/acetone 1:1) to afford thiocarbamate
3-260.p and alcohol 3-17a (23 mg).

To a solution of alcohol 3-17a (23 mg, 0.54 mmol) and H,O (1 uL, 0.056 mmol) in
THF (5 mL) was added NaH (26 mg, 1.1 mmol) and PhN=C=S (260uL, 2.2 mmol) at
room temperature. After being stirred for 1 h, the reaction mixture was quenched by
saturated aqueous NH,Cl (6 mL) at O °C. The resultant mixture was extracted with

CH,Cl, (5 mL x 4), and then the combined organic layers were washed with brine (5
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mL x 1), dried over Na,SO,, and concentrated. The residue was purified by flash
column chromatography (silica gel 25 g, hexane/EtOAc 1:0 to 1:1) to afford 3-26a.: The
total amount of synthesized 3-260.f3 was 97 mg.

To a solution of thiocarbamate 3-26a.f (97 mg, 0.13 mmol), AIBN (11 mg), and
(TMS),SiH in benzene (13 mL) was degassed by freeze-thaw procedure (x 3). The
solution was stirred at reflux temperature for 1 h. The solution was directly purified
by flash column chromatography (20 g, hexane/EtOAc 1:0 to 1:2) to afford compound
3-4 (33 mg, 0.081 mmol) in 39% from steroid 3-5a: white solid: m.p: 260-266 °C; [a],>
= 14 (c 0.60, CHCI,); IR (film) 3487, 2948, 1731, 1451, 1149, 1069, 1053 cm™; 'H
NMR (400 MHz, CDCl,) 6 1.15 (3H, s, H18), 1.14-1.20 (1H, m, H12), 1.38-1.54 (2H,
m), 1.67-1.90 (5H, m), 1.80 (1H, dd, J =15.5,1.7 Hz, H12), 2.02-2.08 (2H, m, H4 and
H7),2.14 (1H,ddd, J =13.7,10.3, 10.3 Hz, H15 or H16),2.26 (1H, d, J = 13.8 Hz, H4),
2.35 (1H, ddd, J = 12.6, 12.6, 4.6 Hz, HS8), 2.42-2.48 (2H, m, H15 or H16), 2.61-2.68
(1H,m, H2),3.49 (3H, s, OCH;),4.04 (1H,d,J = 12.0 Hz, H19), 4.29-4.33 (1H, m, H3),
4.64 (1H, dd, J =12.0, 1.8 Hz, H19), 4.67-4.69 (1H, m, H1), 4.76 (1H, d, J = 9.8 Hz,
OCHOCH,), 5.67 (1H, s, orthoformate); >°C NMR (100 MHz, CDCl,) § 16.9, 19.3,26 4,
28.0, 31.8, 32.0, 330, 344, 353,374,390, 409, 524, 56.6, 634, 664, 68.8, 73.6,
82.1,102.0, 105.8, 219.7; HRMS (ESI) calcd for C,,H,;,0,Na [M+Na]" 429.1884, found
429.1892.

803H ° Py

NO,, toluene

-

81%

3-27

Enol ether 3-27. The solution of compound 3-4 (33 mg, 0.081 mmol) and
pyridium-3-nitrobenzenesulfonate (46 mg, 0.16 mmol) in toluene (8 mL) was stirred at
reflux temperature for 30 min. After the reaction mixture was cooled to room
temperature, the mixture was quenched by saturated aqueous NaHCO; (8 mL). The
resultant mixture was extracted by CH,Cl, (8 mL x 4), and then the combined organic
layers were washed with brine (4 mL X 1), dried over Na,SO,, and concentrated. The

residue was purified by flash column chromatography (silica gel 10 g, hexane/EtOAc
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1:0 to 1:2) to afford enol ether 3-27 (25 mg, 0.067 mmol) in 81% yield: white crystal:
m.p: >300 °C; [a],” = -79 (¢ 1.00, CHCL,); IR (film) 3486, 2950, 1731, 1670, 1448,
1269, 1149 cm™; 'H NMR (400 MHz, CDCI,) & 1.02 (3H, s, H18), 1.40-1.56 (2H, m),
1.64-1.76 (3H, m), 1.69 (1H, d, J = 13.8 Hz, H12), 1.88 (1H, d, J = 13.8 Hz, H12),
1.88-2.02 (3H, m), 2.13 (1H, ddd, J = 13.7,3.6, 2.7 Hz, H4), 2.15-2.26 (1H, m, H15 or
H16),2.25 (1H,d,J = 13.7 Hz, H4), 2.47-2.52 (2H, m, H15 or H16), 2.63-2.71 (1H, m,
H2), 4.14 (1H, d, J = 10.5 Hz, H19), 4.20-4.24 (1H, m, H1), 4.30-4.36 (1H, m, H3),
475 (1H, dd, J = 10.5, 1.8 Hz, H19), 5.70 (1H, s, orthoformate), 6.16 (1H, s,
OCHOMe); "C NMR (100 MHz, CDCl;) 8 13.5,19.0,26.8,28.4,32.1,33.6,35.0,36 4,
372,390,475, 553,639, 664, 68.5,73.2,81.8, 1060, 109.5, 138.1, 219.9; HRMS
(ESI) calcd for C,,H,O(Na [M+Na]* 397.1622, found 397.1624.

O3, MeOH, -78 °C;
SMe,, -78 °C to rt;
NH,OH

L

TBSOTf
NEts, MeCN

68% (2 steps)

3-28

TBS-enol ether 3-28. Ozone was bubbled into a solution of compound 3-27 (25 mg,
0.067 mmol) in MeOH (30 mL) at -78 °C for 10 sec. After the solution was stirred at
same temperature for 5 min, Me,S (3 mL) was added to the solution. The resultant
solution was warmed to room temperature, and stirred for 30 min. Then aqueous NH;
(28%, 3 mL) was added to the solution, and the reaction mixture was stirred at room
temperature for 1 h. The solution was concentrated, and the residue was purified by
flash column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 1:2) to afford acetal
3-S2 (26 mg).

TBSOTT (75 uL, 0.33 mmol) was added to a solution of acetal 3-S2 (26 mg) and Et;N
(91 uL, 0.65 mmol) in MeCN (6.5 mL) at -35 °C. The mixture was stirred at same

temperature for 10 min, and then at 0 °C for 20 min, respectively. After the reaction
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mixture was quenched by saturated aqueous NaHCO; (6 mL), the resultant solution was
extracted with EtOAc (6 mL x 3). The combined organic layers were washed with
brine (6 mL x 1), dried over Na,SO,, and concentrated. The residue was purified by
column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 3:1) to afford TBS-enol
ether 3-28 (27 mg, 0.044 mmol) in 68% yield over 2 steps: white solid: m.p: 175-180
°C; [a]p” = -53 (¢ 0.63, CHCL,); IR (film) 3491, 2954, 2933, 2890, 2858, 1712, 1658,
1467, 1254, 1165, 1137, 1087, 997, 841 cm™; '"H NMR (500 MHz, C,D,) 4 0.12 (3H, s,
CH, of TBS), 0.135 (3H, s, CH, of TBS), 0.139 (3H, s, CH; of TBS), 0.20 (3H, s, CH,
of TBS), 0.95 (9H, s, -Bu of TBS), 0.99 (9H, s, -Bu of TBS), 1.12-1.22 (1H, m), 1.16
(3H, s, H18), 1.25-1.31 (1H, m), 1.68-1.92 (6H, m), 2.03 (1H, dd, J = 17.2, 2.3 Hz,
H15),2.44 (1H,ddd, J=13.2,13.2,4.6 Hz, H8), 2.50 (1H, dd, J = 17.2,2.3 Hz, H15),
2.57 (1H,d,J =13.2 Hz, H12),2.59-2.65 (1H, m, H2), 291 (1H, d, J = 13.2 Hz, H12),
390-3.94 (1H, m, H3),4.22 (1H, d, J = 10.3 Hz, H19), 4.38 (1H, dd, J = 2.3, 2.3 Hz,
H16), 478 (1H, d, J = 103 Hz, H19), 4.82-486 (1H, m, H1), 5.87 (IH, s,
orthoformate); °C NMR (125 MHz, C,D,) 8 -5.6,-5.5,-5.1,-4.6,18.3,18.6, 19.8,20.8,
25.8,26.0, 289, 32.1, 352, 38.6,41.2,47.8,479, 485, 529, 61.4, 67.1, 68.9, 74 .4,
79.6, 959, 106.3, 1559, 208.0; HRMS (ESI) calecd for C,,H,,0,Si,Na [M+Na]*
629.3300, found 629.3298.

OTBS

0
TBSO “‘ Li/NH/THF
0 e OH 96% L

O PAe;
3-28 3-29

Diol 3-29. A Schlenk tube equipped with a dry-ice condenser was charged with liquid
NH; (ca. 10 mL), and then Li metal (51 mg, 7.3 mmol) was added under Ar atmosphere.
The blue solution was stirred -78 °C for 1 h, and then a solution of TBS-enol ether 3-28
(27 mg, 0.044 mmol) in THF (3 mL) was added to the blue solution. The reaction
mixture was stirred at -78 °C for 30 min, quenched with saturated aqueous NH,Cl1 (7
mL). The resultant mixture was extracted with EtOAc (10 mL x 3), and the combined
layers were washed with brine (5 mL), dried over Na,SO,, and concentrated. The
residue was purified by flash column chromatography (silica gel 5 g, hexane/EtOAc 1:0
to 3:1) to afford diol 3-29 (26 mg, 0.042 mmol) in 96% yield: foam; [a],> = -26 (c 0.87,

139



"
i
W
g

CHCL,); IR (film) 3495, 2933, 2890, 2857, 1637, 1467, 1255, 1004, 839 cm™'; '"H NMR
(500 MHz, C,Dy) 6 0.128 (3H, s, CH, of TBS), 0.133 (6H, s, CH, of TBS), 0.16 (3H, s,
CH, of TBS),0.951 (9H, s, -Bu of TBS), 0.955 (9H, s, -Bu of TBS), 1.14 (1H, dddd, J
=13.2,13.2,13.2,4.6 Hz,H7), 1.22 (3H, s, H18), 1.25-1.30 (1H, m), 1.38-1.55 (4H, m),
1.77 (1H, dd, J = 13.7, 1.2 Hz, H2), 1.82-1.99 (4H, m), 1.95 (1H, dd, J = 15.5, 2.9 Hz,
H15),2.23 (1H, dd, J = 13.2,3.4 Hz, H12),2.54-2.62 (1H, m, H2),2.82 (1H,d, J =4.6
Hz,OH),4.02-4.10 (2H, m, H3 and H11),4.16 (1H,d,J=9.7 Hz, H19),4.37 (1H, dd, J
=29, 18 Hz,H16),4.73 (1H, d, J =9.7 Hz, H19), 5.14-5.16 (1H, m, H1), 5.90 (1H, s,
orthoformate); C NMR (125 MHz, C,D,) 6 -5.7,-5.5,-5.1,-4.6,15.8,18.2, 18.5,20.1,
25.7,26.0,289,32.2,35.0, 36.7,39.8,45.5,46.97, 4701, 51.1, 61.3, 66.9, 69.3, 70.6,
74.2,81.9,93.5,106.0, 161.6; HRMS (ESI) calcd for C;,H:,O,Si,Na [M+Na]" 631.3457,
found 631.3457.

TBAF, THF

99%

o0\ ©O
3-S3

Ketone 3-S3. TBAF (84 uL, 0.084 mmol) was added to a solution of diol 3-29 (34 mg,
0.056 mmol) in THF (6 mL) at —78 °C. The reaction mixture was stirred at —78 °C for
10 min, and quenched by saturated aqueous NH,Cl (5 mL). The resultant solution was
extracted with CH,Cl, (5§ mL x 3), and then the combined organic layers were washed
with brine (4 mL x 1), dried over Na,SO,, and concentrated. The residue was purified
by flash column chromatography (silica gel 5 g, hexane/EtOAc 1:0 to 1:2) to afford
ketone 3-S3 (27 mg, 0.055 mmol) in 99% yield: colorless crystal: m.p: 184-188 °C;
[a]p™ =-3.9 (c 1.37, CHCL,); IR (film) 3482, 2951, 2932, 2856, 1732, 1469, 1379, 1256,
1154, 1076, 1005, 976, 836 cm™; '"H NMR (500 MHz, CDCL,) 6 0.13 (3H, s, CH; of
TBS), 0.15 (3H, s, CH; of TBS),0.92 (9H, s, -Bu of TBS), 1.12 (3H, s, H18), 1.34 (1H,
dd, J =132, 12.6 Hz, H12), 1.35-1.52 (3H, m), 1.54 (1H, dd, J = 13.2, 3.5 Hz, H12),
1.72 (1H,dd,J=11.5, 109 Hz, H9), 1.87-1.97 (3H, m), 2.00-2.06 (2H, m, H2 and H4),
2.19 (1H, ddd, J = 13.8, 10.3, 9.8 Hz, H15 or H16), 2.26 (1H, d, J = 13.7 Hz, H4),
2.37-2.46 (1H, m, H15 or H16), 248 (1H, ddd, J = 19.5, 10.3, 2.3 Hz, H15 or H16),
2.58-2.65 (1H, m, H2), 2.69 (1H, brs, OH), 4.04-4.12 (1H, m, H11), 4.10 (1H, d, J =
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10.3 Hz, H19),4.30-4.34 (1H, m, H3),4.53 (1H,d,J = 10.3 Hz, H19), 4.82-4.86 (1H, m,
H1), 5.64 (1H, s, orthoformate); *C NMR (125 MHz, CDCL,) & -5.9, -5.5, 14.1, 18.3,
19.0, 25.9, 27.3, 28.5, 31.6, 32.8, 34.8, 40.3, 40.5, 45.1, 46.3, 53.9, 60.7, 66.6, 69.1,
70.1,73.9,81.7,105.4, 218.9; HRMS (ESI) calcd for C,¢H,,0,SiNa [M+Na]" 517.2592,
found 517.2593.

NoH,, NEtg
THF; I,

89%

3-S3 3-30
Vinyl iodide 3-30. N,H,-H,O (52 uL, 1.1 mmol) and Et;N (150 uL, 1.1 mmol) were
successively added to a solution of ketone 3-S3 (27 mg, 0.054 mmol) in EtOH (5 mL).
The reaction mixture was stirred at 50 °C for 7 h, cooled to room temperature, and
concentrated. Then the residue and Et;N (150 uL, 1.1 mmol) were dissolved in THF
(5 mL). To the solution was added a mixture of I, (41 mg, 0.16 mmol) in THF (1 mL).
After the solution was stirred at room temperature for 30 min, the solution was
quenched by the mixture of saturated aqueous Na,S,0; (2 mL) and saturated aqueous
NaHCO, (2 mL). The resultant mixture was extracted with CH,Cl, (5 mL x 4), and
then the combined organic layers were washed with brine (5 mL x 1), dried over
Na,SO,, and concentrated. The residue was purified by flash column chromatography
(silica gel 5 g, hexane/EtOAc 1:0 to 2:1) to afford vinyl iodine 3-30 (29 mg, 0.048
mmol) in 89% yield: white solid: m.p: 233-237 °C; [a],> = -13 (¢ 1.46, CHCL); IR
(film) 3467, 2953, 2930, 2885, 2856, 1461, 1365, 1254, 1146, 1014 cm™; '"H NMR (500
MHz, CDCl,) 6 0.14 (3H, s, CH, of TBS), 0.16 (3H, s, CH, of TBS), 0.93 (9H, s, -Bu
of TBS), 1.09 (1H, dd, J = 13.2, 12.6 Hz, H12), 1.13 (3H, s, H18), 1.25-1.37 (2H, m),
147-1.61 (2H, m), 1.70-1.75 (1H, brs, OH), 1.90-2.07 (5H, m), 2.24 (1H,d, J = 13.8
Hz), 2.31 (1H, dd, J = 16.6, 2.9 Hz, H15), 2.58 (1H, dd, J = 16.6, 1.7 Hz, H15),
2.59-2.65 (1H, m,H2),3.04 (1H,d,J=4.0 Hz, OH), 3.86-3.94 (1H, m, H11),4.11 (1H,
d,/J=10.3 Hz, H19), 4.29-4.33 (1H, m, H3),4.53 (1H, d, J = 10.3 Hz, H19), 4.83-4.87
(1H, m, H1), 5.64 (1H, s, orthoformate), 6.14 (1H, dd, J = 2.9, 1.7 Hz, H16); "C NMR
(125 MHz, CDCl) 6 -5.9,-5.5,18.3,19.3,204, 25.9,28.5,31.6,34.8,39.8,42.9,45.0,
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46.1, 46.6, 554, 60.7, 66.6, 68.7, 70.1, 740, 81.7, 1054, 109.9, 133.4; HRMS (ESI)
calcd for C,sH,,0,SilNa [M+Na]" 627.1609, found 627.1613.

@)

)
\

n-BuzSn 32
Pd(PPhj),, CuCl

L

LiCl, DMSO

75% (calc.)

3-30 3-31
Butenolide 3-31. A Schlenk tube was charged with Pd(PPh,), (28 mg, 0.024 mmol),
LiCl (dried by a heat gun for 5 min in vacuo, 18 mg, 0.42 mmol), and CuCl (35 mg,
0.35 mmol) in glove box filled with Ar. The solution of vinyl iodide 3-30 (29 mg,
0.048 mmol) in DMSO (3 mL), and butenolide 3-2 (54 mg, 0.15 mmol) in DMSO (1.8
mL) were added to the Schlenk tube. The mixture was degassed by the freeze-thaw
procedure (x 3), and stirred at 60 °C for 1 h, cooled to room temperature, and quenched
by phosphate buffer (pH 7,5 mL). The resultant mixture was extracted with CH,Cl, (5
mL X 5), and the combined organic layers were washed with brine (5 mL), and dried
over Na,SO,. The solution was filtered through a pad of 10% (w/w) KF contained
silica gel (5 g). The filtrate was concentrated at 60 °C in vacuo, and then the residue
was further purified by flash column chromatography (silica gel 5 g, hexane/EtOAc 1:0
to 0:1) to afford butenolide 3-31 (23 mg), which contains 11 mol% of
triphenylphosphine oxide. Therefore, the amounts and yield of butenolide 3-31 (20
mg, 0.036 mmol, 75% yield) were calculated after NMR analysis: white solid: m.p:
258-263 °C; [a],® = 17 (¢ 0.10, CHCL,); IR (film) 3484, 2931, 2883, 2855, 1744, 1621,
1157, 839 cm™; 'H NMR (500 MHz, CDCI;) & 0.15 (3H, s, CH, of TBS), 0.18 (3H, s,
CH, of TBS), 0.95 (9H, s, -Bu of TBS), 1.27 (1H, dd, J = 13.2, 12.6 Hz, H12),
1.32-1.38 (2H, m), 1.36 (3H, s, H18), 1.49-1.58 (1H, m), 1.61 (1H, dd, J =109, 109
Hz, H9), 1.92-2.08 (4H, m), 2.16 (1H,dd, J=13.2,3.5 Hz, H12),2.25 (1H,d, J=13.2
Hz),2.46 (1H, dd, J = 18.3, 3.5 Hz, H15), 2.60-2.67 (1H, m, H2), 2.74 (1H,d, J =183
Hz, H15), 3.12 (1H, d, J = 4.6 Hz, OH), 3.96 (1H, dddd, J = 12.6, 109, 4.6, 3.5 Hz,
HI11),4.12 (1H,d, J =103 Hz, H19), 4.30-4.34 (1H, m, H3), 4.56 (1H, d, J = 10.3 Hz,
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H19), 4.82-4.86 (1H, m, H1), 492 (1H, dd, J = 16.6, 1.7 Hz, H21), 5.00 (1H, dd, J =
16.6, 1.7 Hz, H21), 5.65 (1H, s, orthoformate), 6.01 (1H, s, H22), 6.11 (1H, m, H16);
“C NMR (125 MHz, CDCl,) 8 -5.9,-5.5,17.8, 18.4,20.5, 25.9, 28.5, 31.6, 34.8, 39.3,
40.7,45.0,46.5,47.0,52.9,60.8,66.6, 68.5,70.1,71.5,73.9,84.8,105.4,113.2,131.3,
1434, 157.5, 173.9; HRMS (ESI) calcd for C,H,,O,SiNa [M+Na]" 583.2698, found
583.2697.

2,6-lutidine
CH,Cl,
—_—

74%

0.\ O (O PHAO)
3-31 3-32

Compound 3-32. TMSOTT (36 uL, 0.19 mmol) was added to a solution of butenolide
3-31 (21 mg, calc. 19 mg, 0.034 mmol) and 2,6-lutidine (47 uL, 0.40 mmol) in CH,Cl,
at -78 °C. Then the solution was allowed to warm at room temperature and stirred for
20 min. After the reaction mixture was quenched by saturated aqueous NaHCO; (3
mL), the resultant solution was extracted with CH,Cl, (3 mL x 3). The combined
organic layers were washed with brine (3 mL x 1), dried over Na,SO,, and concentrated
to give the crude siloxyfuran 3-S4.

Silica gel (10 g, Merck 40-63 um Silica-gel 60) was added to the above crude
siloxyfuran 3-S4 in CH,Cl, (20 mL). The solvent was then removed in vacuo. The
silica gel stood at room temperature for 10 h, and passed through a cotton pad with Et,O.
The filtrate was concentrated, and the residue was purified by flash column
chromatography (silica gel 3 g, hexane/Et,O = 1:0 to 1:1) to afford crude 3-32. Again,
crude 3-32 was further purified by flash column chromatography (silica gel 1.5g,
CH,CI,/EtO, 1:0 to 4:1) to afford compound 3-32 (13 mg, 0.026 mmol) in 74% yield:
white solid: m.p: 186-189 °C; [a],*® = 23 (¢ 0.90, CHCL,); IR (film) 2953, 2930, 2856,
1784, 1752, 1623, 1252, 1156, 1081, 839 cm™; "H NMR (500 MHz, C,D) 6 -0.06 (9H,
s, CH; of TMS), 0.08 (9H, s, CH, of TMS), 0.18 (3H, s, CH; of TBS), 0.21 (3H, s, CH,
of TBS), 0.95-1.09 (2H, m, H7 and H12), 1.02 (9H, s, +-Bu of TBS), 1.10 (3H, s, H18),
1.37-142 (1H, m), 1.48 (1H, dd, J = 10.0, 9.5 Hz, H9), 1.85 (1H, d, J = 14.0 Hz, H2),
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1.86-1.92 (1H, m), 1.98 (1H, ddd, J = 14.0, 3.0, 3.0 Hz), 2.00-2.10 (4H, m), 2.15 (1H, d,
J = 18.0 Hz, H15), 2.51-2.57 (1H, m, H2), 2.59 (1H, dd, J = 12.5, 4.5 Hz, HS8),
4.11-4.15 (1H, m, H3), 4.27 (1H,ddd, J = 11.0, 10.0, 4.0 Hz, H11), 433 (2H, s, H21),
445 (1H,d,J =115 Hz,H19),4.80 (1H,d, J = 11.5 Hz, H19), 4.88-4.90 (1H, m, H1),
5.23 (1H, s, H16), 591 (1H, s, H22), 5.92 (1H, s, orthoformate); C NMR (125 MHz,
CiDg) 0-55,-49,1.1,2.7,18.2,18.7,21.9,26.4,29.4,33.0,354,38.7,39.7,45.1,47 4,
48.6, 53.5, 63.9, 67.1, 68.6, 709, 72.0, 74.8, 89.0, 106.1, 113.0, 1314, 1444, 1574,
173.1; HRMS (ESI) calcd for C;H,,0,Si;Na [M+Na]" 727.3488, found 727.3482.

Pd/C, H,
EtOAc
TBSO
(0]
3M HCI : MeOH
=1:3

HO

ouabagenin (3-1) 17-epi-ouabagenin (3-1)

ouabagenin (3-1). A suspension of compound 3-32 (18 mg, 0.026 mmol) and Pd/C (5
wt%, 18 mg, 8.5 umol) in EtOAc (3 mL) was exposed under H, atmosphere. The
reaction mixture was stirred at room temperature for 1 h, and filtered through a pad of
Celite with Et,0. The Filtrate was concentrated, and the residue was purified by flash
column chromatography (silica gel 8 g, hexane/EtO, 1:0 to 2:1, and then EtOAc) to
afford a 5:1 inseparable mixture of compound 3-35 and compound 17-epi-3-35 (total:
13.4 mg) and compound 3-34 (1.8 mg).

The mixture of compound 3-35 and 17-epi-3-35 (13 mg) was dissolved in MeOH (1
mL). Nine-tenths of the solution (0.9 mL) was used for the next deprotection. In the
same way, the solution (0.9 mL) which contains nine-tenths of compound 3-34 (1.8 mg)

was prepared.
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A solution of the above mixture of 3-35 and 17-epi-3-35 (12 mg) in MeOH (0.9 mL),
3-34 (1.6 mg) in MeOH (0.9 mL), aqueous HCI (3.0 M, 1.0 mL), and MeOH (1.2 mL)
was stirred at room temperature for 15 h. After the solution was quenched by
saturated aqueous NaHCO; (2 mL), IM HCI was added to the resultant solution untill
pH was 6. The solution was extracted with a 2:1 mixture of CHCl; and EtOH (4 mL x
6), and then the combined organic layers were dried over Na,SO,, filtered through a pad
of silica gel (0.5 g) with MeOH, and concentrated. The residue was purified by flash
column chromatography (silica gel 1g, CH,Cl,/MeOH = 3:1), and followed by HPLC
purification (Inertsil ODS-3, MeOH/H,O 20:80 to 25:75) to afford ouabagenin (3-1)
(5.5 mg, 0.013 mmol) in 55% yield over 2 steps and 17-epi-ouabagenin (17-epi-3-1)
(1.23 mg, 2.80 umol) in 12% yield over 2 steps. compound 3-34: 'H NMR (400 MHz,
C:Dy) 0 0.03 (9H, s, CH; of TMS), 0.14 (3H, s, CH; of TBS), 0.16 (3H, s, CH, of TBS),
0.63 (3H, s, H18), 0.89-1.14 (2H, m), 0.99 (9H, s, -Bu of TBS), 1.20-1.71 (9H, m),
1.85-1.97 (3H, m), 1.98 (1H, dd, J = 7.8, 7.8 Hz, H17), 2.62-2.70 (1H, m), 4.07-4.18
(2H,m,H3,H11),4.12 (1H,dd,J =174, 1.8 Hz, H21),4.17 (1H, d, J = 10.1 Hz, H19),
420 (1H,dd,J=17.4,1.8 Hz, H21),4.79 (1H, d, J = 10.1 Hz, H19), 5.09-5.13 (1H, m,
H1), 571 (1H, s, H22), 592 (1H, s, orthoformate); "C NMR (125 MHz, C,D,)
0-59,-55,2.8,18.5,195,224,26.1,27.1,29.0,32.3,34.2,35.2,40 0,
45.6,469,49.8,50.2,50.7,614,669,68.5,70.5,73.2,74.0,90.7,106.1,117.9, 171 4,
173.0; HRMS (ESI) caled for Cy3Hs,0,Si,Na” [M+Na]® 657.3249, found 657.3250.
ouabagenin (3-1): '"H NMR (400 MHz, CD;0D) 8 0.95 (3H, s, H18), 1.24-1.39 (1H, m),
1.43-1.64 (4H, m), 1.66-1.81 (3H, m), 1.82-2.24 (7TH, m),2.92 (1H, dd, J = 8.7, 5.5 Hz,
H17),3.99-4.11 (1H, brs),4.18 (1H,d,J =119 Hz, H19), 4.22-4.32 (1H, brs), 4.37 (1H,
d,J=119 Hz, H19),491 (1H, dd, J = 18.8, 1.4 Hz, H21),5.02 (1H,dd,J =188, 14
Hz, H21),591 (1H, dd, J = 1.4, 1.4 Hz, H22); °C NMR (125 MHz, DMSO-d, : CDCl,
=2:1)9016.9, 22.6, 26.0, 32.3, 35.1, 47.1, 48.3, 49.0, 49.7, 60.5, 65.3, 66.1, 72.9, 74.9,
83.4,116.3, 173.5, 175.0; HRMS (ESI) calcd for C,;H,,04Na [M+Na]" 461.2146, found
461.2140. 17-epi-ouabagenin (17-¢pi-3-1): 'H NMR (400 MHz, CD;0OD) & 1.10 (3H,
s, H18), 1.24-1.38 (3H, m), 1.45-1.80 (5H, m), 1.81-2.21 (8H, m), 3.14 (1H, dd, J =
10.1,9.2 Hz, H17),3.95-4.27 (2H, m), 4.19 (1H,d, J =119 Hz, H19),4.37 (1H,d, J =
119 Hz, H19), 4.83 (1H, dd, J = 18.3, 1.0 Hz, H21), 497 (1H, dd, J = 18.3, 1.8 Hz,
H21), 5.95-5.98 (1H, m, H22); HRMS (ESI) calcd for C,;H,,O{Na [M+Na]" 461.2146,
found 461.2147.
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92 usec

79
KMU-8-aldol-product-ou:

70.30 KHz
29.2Hz
g 5 H
e w 0
0
0
0Hz
o
H s 3
2 2 8 = % g
- s 8 = 2 -
‘ A A n ! WMLMW/‘{LU'
‘HHHH\‘\HHHH‘H\\HH\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘\H\HH\‘\HHHH‘HHHH\‘\H\HH\‘\HHHH‘HHH\H‘HHHH\‘HHHH\‘HH\HH‘HHHH\‘\HHHH‘HHHH\‘H\HHH‘\HHHH‘\HHHH‘
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6.0464 —|

7.1600 —
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37311 —
3.7082 —
34621 —
34541 —

KMU-8-aldol-product-ouabain-form-Carbon-eca

\EC: Mukai\KMU-8-aldol-prod; bain-form\KMU-8-aldol-prod bain-f arbonA-eca.als
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—— 44939

0"\
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. Z

2169579
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1282511
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183085

126819

-4.4079
-4.4939

DATIM  05-02-2013 18:09:29

MENUF
OBNUC 13C

OFR 123.26 MHz
OBSE]

0.00 usec
0.00000 msec
1.0000 sec
26214
26214
64

4
30863.73 Hz
155000 Hz
2106 usec
0.8493 sec
10.0000 sec
16
60
1.00 Hz
0.00
0.00
90.00

EXMOD single_pulse_dec
EXPCM

1H
490.15 MHz

79
KMU-8-aldol-product-ou:

7030 KHz
29.2Hz




KMU-8-steroidal-structure-of-t dani

DATIM  2012-10-19 22:36:37
F

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-steroidal-struct £ in\KMU-8-steroidal-struc f- inA.als MENU
OBNUC 1H
OFR 495.13 MHz
OBSET 438 KHz
OBFIN 9.64 Hz
PW1 6.00 usec
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM 17642 sec
PD 10.0000 sec
ADBIT 16
RGAIN 36
BF 0.01 Hz
T 0.00
T2 0.00
T3 90.00
T4 100.00

EXMOD single_pulse.ex2
™M

H
495.13 MHz
.38 KHz

a.
9.64 Hz
92 usec

KMU-8-steroidal-structus

748.40 KHz
98.2 Hz

6.07

4.05

3
20

1.00

— 100
—
—

—— 100

|
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105 10.0 95 9.0 8.5 8.0 75 7.0 65 6.0 55 50 45 4.0 3.5 30 2.5 2.0

KMU-8-steroidal-structure-of-t daninC

DATIM  2012-10-19 22:34:46
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article KMU-8-steroidal- in\KMU-8-steroidal. f- inCA.als MENUF
OBNUC 13C
OFR 12451 MHz
T 345KHz

37.4745)
360192
34.7170)
33,6733
33.3860)

—— 49415‘

1.0000 sec
26214
26214
256
4

31249.52 Hz
157000 Hz
2080 usec
0.8389 sec
7.0000 sec

90.00

EXMOD single_pulse_dec
EXPCM

KMU-8-steroidal-structus

748.40 KHz
98.2Hz
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KMU-8-840-shita

DATIM  2012-11-07 19:20:26
CA\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-840-Shita\ KMU-8-840-shita A-cca.als MENUF
OBNUC 1H
O OFR 490.15 MHz
OBSET
OBFIN
O PWI
DEADT
PREDL . ec
IwT 1.0000 sec
POINT 13107
SPO 13107
TIMES 3
DUMMY 1
O H FREQU 735283 Hz
FLT 37000 Hz
. DELAY 1352 usec
TB S O 'O H ACQTM 17826 sec
PD 2,000 sec
H ADBIT 16
RGAIN 34
BF 0.01 Hz
2 _2 2 o I 0.00
i) 0.00
T3 90.00
T4 100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR 490.15 MHz
IRSET 9.16 KHz
IRFIN 7.60 Hz
IRRPW 118 usee

KMU-8-840-shitaA-eca.al

70.00 KHz
36.6 Hz
0

0
0

0
0Hz

T s 2
3 3 2 q

1.00
03

v
/= ; /
? ==
J Jk J
‘\\HHH\‘\H\\HH‘H\H\\H‘HH\HH‘HH\HH‘\HH\H\‘\H\\H\\‘\\\\HH\‘\\HHH\‘\H\H\\\‘\\H\HH‘HHHH\‘HHHH\‘\HHH\\‘\\\\HH\‘\\HHH\‘\HHHH‘H\HH\\‘\\H\\H\‘\HHHH‘HHH\H‘HHHH\‘
105 10.0 95 90 85 80 75 7.0 65 60 55 5.0 45 40 35 30 25 20 15 10 05 0.0 05

-
107

KMU-8-840-shitaC-eca

DATIM  2012-11-06 21:22:52

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-3 1\For article\KMU-8-840-Shita\K MU-8-840-shita CA-eca.als MENUF
OBNUC 13C
O OFR 123.26 MHz
231 KHz
6.71Hz
O usec
0.00 usec
PREDL  0.00000 msec
WT 1.0000 sec
26214
26214
256
4

155000 Hz
DELAY 2106 usec
ACQTM  0.8493 sec

TBSO

PD 7.0000 sec
H ADBIT 16

RGAIN 60

BF 1.00 Hz
2 _2 2 o T 0.00

o) 0.00

] 90.00

T4 100.00

EXMOD single_pulse_dec

EXPCM

IRNUC  1H

KMU-8-840-shitaCA-eca.

70.00 KHz
36.6 Hz
0

0
0

0
0Hz
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KMU-8-840-Ue-50degree

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-840-Ue-methanol KMU-8-840-Ue-50degreeA-chloroform-1.als

DATIM  04-11-2012 17:37:49
MENUF

395.88 MHz
O 6.28 KHz
0.87Hz
6.38 usee
O \ 0.00 usec
0.00000 msee
10000 sec
16384
16384
8
1
7422.80 Hz
OH 30000 Hz
16.68 usec
22073 see
TBSO OH
16
H 40
0.01 Hz
0.00
2228
90.00
T 1000
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
b IFR 395.88 MHz
M| " 6.28 KHz
0.87 Hz
147 usee
DFILE  KMU-8-840-Ue-S0degree.
SF
- LKSET 13.20 KHz
2 LKFIN 75.7Hz
o LKLEV 0
g LGAIN 0
LKPI 0
LKSIG 0
CSPED 0Hz
FILDC
5 FILDF
3
=
g 2 2
" /\_/JL,«M
‘H\HHH‘\\HHH\‘\H\HH\‘\\H\HH‘\H\HH\‘HHH\H‘\\HHH\‘HHH\H‘\\HHH\‘HH\HH‘HHHH\‘HHHH\‘HHHH\‘\HHHH‘\HHHH‘\H\HH\‘\HHHH‘\HHHH‘H\HHH‘\HHHH‘\HHHH‘HHHH\‘
105 100 95 9.0 85 80 75 70 65 60 5 50 45 40 35 30 25 20 15 10 05 00 05

72600

KMU-8-840-UeC-methanol-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article KMU-8-840-Ue-methanoNKMU-8-840-UeC A-methanol-eca.als

EIHEEE .
Y o\
(Lo
TBSO OH
H
2-228

L L AT bl b LU ‘_L.J..\mﬂ. bbb L L G b

220 210 200 19 180 170 160 150 140 130 120 110 100 90 80

223.9492
1386717

14464
84.0777
718597 ——_
68.6787 <3
swams — S F
56.4512
51.2927
495158 -
493439 2
491719
49.0000
48.8281
48.6561 2
arss ———
381672

263504
18.9757

Lkl \\‘.L.\NLLM.Jmm‘\\lh il

ki

|

139127

il

10

bbbl L

-4.6387
-4.6674

DATIM  2012-11-06 11:52:39

MENUF
OBNUC 13C
3 123.26 MHz
231KHz
6.71Hz
323 usee
0.00 usec
0.00000 msee
1.0000 see
26214
26214
512
4
30863.73 Hz
155000 Hz
2106 usec
0.8493 sec
7.0000 sec
16
60
1.00 Hz
0.00
0.00
90.00
T 1000
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 490.15 MHz
IRSET 9.16 KHz
IRFIN 7.60 Hz
IRRPW 92 usee
IRATN
DFILE  KMU-8-840-UeCA-metha
SF
LKSET 70.00 KHz
LKFIN 36.6 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
Diblic, s
-10



KMU-8-849-1-eca

DATIM  12-11-2012 14;
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article KMU-8-849-1\KMU-8-849-1A-eca.als MENUF

O

490.15 MHz
9.16 KHz
7.60 Hz
6.50 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

O\

1
735283 Hz
37000 Hz
13.52 usec
7826 sec
10.0000 sec
16

B '
SO H @)

T 100.00
2 '2 3 o EXMOD single_pulse.ex2
EXPCM
1H
490.15 MHz
9.16 KHz
7.60 Hz
92 usec

KMU-8-849-1A-eca.als

7030 KHz
292Hz

6.16

5.19
5.19

< 0@
— 100
0%
(ST
—

— 100

S S
‘\HH\H\‘\\H\\H\‘\H\HH\‘HH\HH‘HHH\H‘HH\H\\‘HHHH\‘\H\H\H‘HHHH\‘HHHH\‘HHHH\‘\H\HH\‘\H\HH\‘\HHHH‘\HH\H\‘\H\HH\‘\HH\H\‘\HHHH‘\HHHH‘HHHH\‘\HHHH‘HHHH\‘
105 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 5 50 45 4.0 35 30 25 2.0

2w srsELRSoESNae
§e S
KMU-8-849-1C-eca
DATIM  12-11-2012 15:23:31
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukail2012-Dec-31\For article KMU-8-849-I\KMU-8-849-1CA-eca.als MENUF
OBNUC 13C
¥ 5 EERREE O 4 123.26 MHz
2 8§ 2| |E8 231 KHz
% 449 S| |79 6.71Hz
O 323 usec
By 1|
0.00000 msee
1.0000 see
26214
26214
512
4
O H 30863.73 Hz
155000 Hz
’ 2106 usec
TBSO 'O 0.8493 sec
7.0000 sec
H 16
60
1.00 Hz
S SM o
T i e 0.00
100.00
4 L o [ 20 [ ] T 100.00
2 '2 3 o EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 490.15 MHz
IRSET 9.16 KHz
IRFIN 7.60 Hz
IRRPW 92 usee
IRATN 7
DFILE  KMU-8-849-1CA-eca.als
SF
LKSET 70.30 KHz
LKFIN 29.2Hz
) 0
0
0
0
0Hz
PM\‘I
20 210 200 190 180 170 160 150 140 1? 120 110 100 90 80 70 60 /)%/mk\ z;\ 10 0 /\ -10
= 2 -2z by s = = 2 » svzzmozzazame o .
23 = R 8 gz 2 8 2 I 228882525288 3 g
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KMU-8-848-4-ecs

C:\Documents and S

0
O

OH
TBSO O
H

S SMe
2-23p

ttings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-848-4A-e

— 2:3
—— 098

)

9.12

1.00

DATIM  14-11-2012 22:33:27
MENUF

OBNUC 1H

OFR 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
PWI1 638 u:
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 16384

SPO 16384
TIMES 8
DUMMY 1

FREQU 742280 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073 sec
PD 10.0000 sec
ADBIT 16
RGAIN 40

BF 0.01 Hz

T 0.00

T2 0.00

T3 90.00

T 100.00
EXMOD single_pulse.ex2
EXPCM

IRNUC

79
KMU-8-848-4A-ecs-3.als

1320 KHz
69.6 Hz

‘HHHH\‘\\H\\H\‘HHH\H‘\HHHH‘HHHH\‘HHH\H‘HHH
10 10 10 9 8 8 8

7.1600

KMU-8-848-4C-ecs

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-3 1\KMU-8-848-4CA-ecs-1.als

45316

_— aadsy

H‘HH‘H
- 5

220 210 200 190 180 170 160 150

217.4635
215.7870

~ B
f

139.5660
128.2995
128.0600

TBSO

120 110

127.8205
108.5066

817679 ——
815188 — =

OH

S~ 'SMe

68.7099 —— &

60

675124 —

55.1921

—_— %

468668 —__
e
f

39.5187
37.2194
36,0698
342878
331669
328795 —\—
31.2700
30.6569
290187
27.3325
260583
19.1030
182983 —
13.4411

-4.4454

DATIM  15-11-2012 08:53:09
MENUF

OBNUC 13C

99.55 MHz

0.00 usec
0.00000 msec
1.0000 sec

26214

26214

4608

4

24999.62 Hz

125000 Hz

2050 usec

1.0486 sec

7.0000 sec
16

58
1.00 Hz
0.00
0.00

100.00

100.00

EXMOD single_pulse_dec

EXPCM

IRNUC  1H
FR 395.88 MHz
628 KHz
0.87 Hz
115 usec

KMU-8-848-4CA-ecs-1.al

13.20 KHz
69.6 Hz




KMU-8-812-1recrystalized-methanol

DATIM 201211407 14:57:34
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article KMU-8-812-Irecryst hanol\ KMU-8-812- hanol.als MENUF
OBNUC 1H
O OFR 495.13 MHz
OBSET 438KHz
OBFIN 9.64 Hz
O PW1 6.00 usec
DEADT
PREDL . ec
wT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
O H FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
TBSO ACQTM 1.7642 sec
P 10,0000 see
ADBIT 16
RGAIN 26
BF 0.01 Hz
2-24 I 0.00
i 0.00
T3 90.00
™ 100.00
EXMOD single_pulse.ex2
EXPCM
3 IRNUC  1H
4 IR 495.13 MHz
IRSET 438 KHz
IRFIN 9.64 Hz
118 usee
KMU-8-812-1recrystalize
748.10 KHz
98.0 Hz
E 0
4 0
0
0
g 2 0Hz
3 b
8
3
Z 2
o
. . /
i M‘ MML;#M%UAJLAAAAJ
‘H\H\H\‘\H\\H\\‘\\\HHH‘\HHHH‘HHH\H‘\H\HH\‘\\H\H\\‘\H\H\\\‘\\HHH\‘\H\HH\‘\\\HHH‘\HHHH‘HHHH\‘\\H\\H\‘\\HH\\\‘\HHHH‘HHHH\‘\H\H\\\‘\\H\\H\‘\H\HH\‘HHHH\‘HHHH\‘
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0 05
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KMU-8-812-1Crecrystalized-methanol
DATIM  2012-11-07 15:15:38
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-812-1recrystalized-methanol\ KMU-8-812-1Creery chanol.al MENUF
OBNUC
T = O OFR
E OBSET
EaE OBFIN
O PW1
‘ ‘ DEADT 0.00 usec
0.00000 msee
10000 sec
| 26214
, 26214
128
4
O H 3124952 Hz
157000 Hz
20.80 usee
TBSO 0.8389 sec
7.0000 sec
16
50
1.00 Hz
2-24
0.00
90.00
100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 495.13 MHz
IRSET 4.38 KHz
IRFIN 9.64 Hz
IRRPW 92 usec
IRATN 8
DFILE  KMU-8-812-1Crecrystali;
SF
LKSET 748,10 KHz
98.0 Hz
0
0
0
0
OHz

220 210

2242891

200 190

180

170

160

150

140

137.7600

130

110 100

112.4438

90

83.1348

80

727555 —

70

68.3510

14.0609

-4.6103



KMU-8-823-1-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-823-1A-ecx.als

oH | P

DATIM  2012-11-04 00:20:43
MENUF

OBNUC 1H

OFR 495.13 MHz
OBSET 438 KHz
OBFIN 9.64 Hz
PWI1 6.00 u
DEADT .00 usec
PREDL  0.00000 msec
WT 1.0000 sec
POINT 13107

SPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM 17642 sec
PD 10.0000 sec
ADBIT 16
RGAIN 36

BF 0.01 Hz

Tl 0.00

el 0.00

T 90.00

T4 100.00
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 495.13 MHz
IRSET 438 KHz
IRFIN 9.64 Hz
IRRPW 92 usec
IRATN

LE  KMU-8-823-1A-ecxals

748.10 KHz
J 98.0 Hz
4 0
E 0
0
0
0Hz
% 3
3
g / g
MWWJ\U@UJ%W
‘HHHH\‘\H\\H\\‘\\\\HH\‘HHHH\‘HHHH\‘\H\H\\\‘\\H\\H\‘\H\HH\‘\\H\\H\‘\H\HH\‘\H\H\\\‘\\HHH\‘H\H\\\\‘\\HHH\‘\HH\H\‘\H\HH\‘\\H\\H\‘\H\HH\‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘
105 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 2.0 15 1.0 05 0.0 -0.5

KMU-8-823-1C-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article KMU-8-823-1CA-ecx.als

45.8498)
—— 41493
—— 40,6793

38.4196]

—— 34,6854

—— 34.1109
—— 338811

ok okl it Lol

220 210 200 190 180 170 160 150 140 130

2228912

120

110

104.3625

100

90

82.2022
79.2091

68.7819

56.9760

54.8886
495170

—— 2655754
—— 263839
—— 25.0817)

44188
-4.4858|

26.3839
25.0817
214528
19.0207

10 0

14.8078

DATIM
MENUF

2012-11-04 00:54:47

1.0000 sec
26214
26214
256
4
FREQU  31249.52 Hz
LT 157000 Hz
DELAY 20.80 usec
ACQTM  0.8389sec
PD 7.0000 sec
ADBIT 16
RGAIN 36
BF 1.00 Hz
T1 0.00
2 0.00
T 90.00
T4 100.00

EXMOD single_pulse_dec
EXPCM

IRNUC 1H
IFR 495.13 MHz
4.38 KHz
9.64 Hz
92 usec

8
KMU-8-823-1CA-ecx.als

748.10 KHz
98.0 Hz
0

0
0

0
0Hz




KMU-8-847-1-ecx

DATIM  07-11-2012 01:00:39
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai2012-Dec-31\For article\KMU-8-847-1A.als MENUF
OBNUC 1H
OFR 495.13 MHz
OTBS OBSET 438 KHz
OBFIN 9.64 Hz
O PW1 6.00 u
DEADT 0.00 usec
T B SO PREDL  0.00000 msee
IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
O H FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec

ACQTM 17642 sec

T B S O PD 10.0000 sec
H ADBIT 16

RGAIN 30

3 BF 0.01 Hz,

i T 0.00

2 -54 i) 0.00

T 100.00
T 100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR 495.13 MHz
IRSET 438 KHz
IRFIN 9.64 Hz
IRRPW 92 usee

79
KMU-8-847-1A.als

748.40 KHz
90.6 Hz
0
E: 0
5 0
0
0Hz
. FILDC
2 = FILDF
3
b
-
=
s = 3 g 32 2 e/ il
| Y I o
‘HHHH\‘\\H\\H\‘\\\\H\H‘HHHH\‘HHHH\‘\H\H\\\‘\\H\\H\‘\H\HH\‘\\H\\H\‘\H\HH\‘\H\H\\\‘\\HHH\‘H\\H\\\‘\\HHH\‘\HH\H\‘\H\HH\‘\\H\\H\‘\H\HH\‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘
105 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 %M -0.5
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KMU-8-847-1C
DATIM  2012-11-05 22:12:19
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-847-1CA.als MENUF
OBNUC
5 RS0 2 2 3 RE8 20K @ A
C-+ L T §39| | 5988 ¢ OTBS
oYL RTARARTA I o Ot
T B S O 0.00000 msec
1.0000 sec
[ ! b ! 26214
n 26214
] 163
:
31249.52 Hz
OH 157000 Hz
20.80 usec
0.8389 sec
TBSO e
16
48
1.00 Hz
0.00
T T T T[T [TTT [T T T T TTTT [TTT 1T - 0.00
2 54 90.00
27 26 20 19 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
FR 495.13 MHz
438 KHz
9.64 Hz
92 usec
8
KMU-8-847-1CA.als
748.40 KHz
90.6 Hz
0
0
0
0
0Hz
s
A VY ol
220 210 200 190 180 170 160 150 140 130 120 110 100 9% 60 50 40 30
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KMU-8-885-1eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-885-1eca\KMU-8-885-1Aeca.als

OTBS
0.

’

H
TBSO

OH
TBSO

2-S1

1.00

1.00

L, 099
-
N 103

Jn

T

DATIM  2013-01-23 10:;

MENUF
OBNUC 1H
OFR 490.15 MHz
OBSET 9.16 KHz
OBFIN 7.60 Hz
PW1 6.50 usec
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
735283 Hz
37000 Hz
13.52 usec
7826 sec
10.0000 sec
16
34
0.01 Hz
0.00
0.00
90.00
100.0

T X
EXMOD single_pulse.ex2
EXPCM

‘\HHHH‘HH\\H\‘\H\HH\‘HHHH\‘\HHHH‘HHHH\‘HHHH\‘HHH\H‘\\HHH\‘HHHH\‘\HH\H\‘\H\HH\‘\H\HH\‘\H\\HH‘\HH\H\‘\H\HH\‘\HH\H\‘\HHHH‘H\HHH‘HHHH\‘\HHHH‘\HHHH‘
.0 5 8.0 7. 7.0 65 6.0 5 50 45 4.0 35 30 2.5 2.0 15 10 0.0

105 10.0 95 9.
[T
ssz
B
233

KMU-8-885-1Ceca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article KMU-8-885-1eca\K)

-8-885-1CAeca.als

| "
\
i g
TTTTTTT T FrTTTTT I "\ T ‘ FTTT ‘ Tt [ T T 1T
2 ) z 2 2 1 13 17 s

OTBS

OH
TBSO

2-S1

SOV MDA AV At

220 210 200 19 180 170 160 150 140 120

—__&

=z
3
2

161.5424

=2
58

110

100

94.1095

90

82.2259

70

:

88
g
3
2

g
2
2
2

At AL L sl i

i

50.8929
46.8616
42,4387

57

09614
5

©

0.0973
0.0927

16.4170
-4.5130
-4.5894
-4.9811
-5.5352

IRNUC 1H
IFR 490.15 MHz
[ 9.16 KHz
7.60 Hz
118 usec

TRATN 4
DFILE  KMU-8-885-1Aeca.als
SF
LKSET 70.30 KHz
LKFIN 29.2Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0 Hz
FILDC
FILDF

<05
sz
£

DATIM  2013-01-23 11:11:09
MENUF
OBNUC 13C

1 123.26 MHz
231KHz

1.0000 sec

26214

26214

256
4

30863.73 Hz

155000 Hz

2106 usec

0.8493 sec

7.0000 sec

T X
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 490.15 MHz
IRSET 9.16 KHz
IRFIN 7.60 Hz
IRRPW 92 usec
IRAT:

DFILE  KMU-8-885-1CAeca.als
SF

LKSET 7030 KHz
LKFIN 292Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

il il
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KMU-8-857-2eca-chloroform

DATIM  05-12-2012 09:58:56
F

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-857-2Aeca-chloroform.als MENU
OBNUC 1H
O OFR 490.15 MHz
OBSET
OBFIN

HO. PW1 50 usec
’ DEADT 0.00 usec
T B S O PREDL 0.00000 msec

IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
O H FREQU 735283 Hz
FLT 37000 Hz
DELAY 13.52 usec
T B S O ACQTM 17826 sec
PD 100000 sec
H ADBIT 16
RGAIN 34
BF 0.01 Hz
2 '5 3 TI 0.00
i 0.00
T3 90.00
T4 100.00

EXMOD single_pulse.ex2
™M

79
KMU-8-857-2A¢ca:

chlorc

7030 KHz
325Hz

1223

920
v

T
S~ 100
. 100
095

| [T !
‘HHHH\‘\H\HH\‘\\HH\\\‘\\H\HH‘HHHH\‘HHHH\‘HHHH\‘\\\\H\\\‘HH\H\\‘H\HH\\‘H\HHH‘\\H\\H\‘\HH\H\‘\\H\HH‘\H\HH\‘\H\H\\\‘\\HH\\\‘\\\\H\\\‘\\HHH\‘HHHH\‘\HHHH‘\HHHH‘
105 10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5

72600 —
41492 —
4.1286 —
4.0382 —|
39375 —
3.9306 —
39112 —
39066 —
3.8986 —1

KMU-8-857-2Ceca-chloroform

DATIM  05-12-2012 10:48:28

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-! 857-2CAeca-chloroform.als MENUF
OBNUC 13C
123.26 MHz
: i b i il a2 g2l 2 32:Z|PB% 5 671 Hz
3F H ] 3 B K &R a6 Ed z £ T ‘ 323 usec
0.00 usec
o | | ) L R I A R R O]
1.0000 sec
! 1 1 1 | 26214
26214
256
4
30863.73 Hz
155000 Hz
21.06 usec
0.8493 sec
10.0000 sec
16
EXMOD single_pulse_dec

H O IRRPW ec
‘, IRATN 79
T B S O KMU-8-857-2CAeca-chlo
7030 KHz
325Hz
4 0

TBSO

PPM
20 210 200 19 180 1m0 160 40 130 120 110 100 % 0 70 0 50 4 30 20 10 0 -10
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H 223 3gk ZZREZFREIRSESIALEE gese
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KMU-8-866-1eca-chloroform

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-866-1Aeca-chloroform.als

TBSO

2-57

OH

1.00

10.85

N

DATIM
MENUF
OBNUC 1

05-12-2012 22:00:41

H
490.15 MHz

0.00 usec
0.00000 msec
1.0000 sec
13107
13107
8

1
735283 Hz
37000 Hz
13.52 usec
1.7826 sec
10.0000 sec
16

0.00
90.00
100.00
single_pulse.ex2

79
KMU-8-866-1A¢ca-chlorc

7030 KHz
325Hz

105

KMU-8-866-1Ceca-chloroform

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-866-1CAeca-chloroform.als

202184

19.5594)

183366

180691

TBSO

2-57

OH

.

1.2456
1.2376
12125
12022
11919
11781

=g
Zz

09195
09137
0.8840
0.8783
08725
0.1046
0.0989
00233
00142

— o)
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110.1671

100

82.0247
77.2579
77.0000
76.7421

~

700411 ——— 4

2

68.9470

66.6257 —

552102

-4.8288
-4.8575
-5.6217
-5.7268

05

DATIM  05-12-2012 23:35:44
MENUF

OBNUC 13C

OFR 123.26 MHz
OBSET 231KHz

671 Hz

323 usec

0.00 usec
0.00000 msec
1.0000 sec
26214
26214

512

4

30863.73 Hz
155000 Hz
2106 usec
0.8493 sec

10.0000 sec

90.00

single_pulse_dec

79
KMU-8-866-1CAeca~chlo

7030 KHz
325Hz

Hz




KMU-8-868-1eca

DATIM  09-12-2012 21:41:29
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukail2012-Dec-31\KMU-8-868-1Aeca.als MENUF
OBNUC 1H
OFR 490.15 MHz
3 OBSET
% OBFIN
T PW1
DEADT .00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 735283 Hz
FLT 37000 Hz
DELAY 13.52 usec
ACQTM 17826 sec
PD 10.0000 sec
ADBIT 16
RGAIN 36
BF 0.01 Hz
T 0.00
T 0.00
= T3 90.00
] T4 100.00
= EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 490.15 MHz
IRSET 9.16 KHz
7.60 Hz
92 usec

79
KMU-8-868-1A¢ca.als

70.30 KHz
325Hz
28 0
0
0
0Hz
z &
sz s
L R i A I R R |
105 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 2.0 /I\S LnLLQ%:\ -0.5
cesrz CNgReLESREEEEILSIgLInE
528Es SUCEESLSETEZESSE2352S
gEE2RE gpeLEpasanEEEasasanang
EEERS FHERINEERA8KRIN_IRRE=285
KMU-8-868-1Ceca
DATIM  09-12-2012 23:16:32
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-868-1CAeca.als MENUF
OBNUC 13C

] z T (% H g Tg| [§ ] 12326 MHz
Ee H sE H g 32|z EL .k 231 KHz
H H ENNE] & 4 55| |2 EE 1
] IRt
0.00000 msec
1.0000 sec
| 26214
, 26214
512
4
30863.73 Hz
155000 Hz
21.06 usec
0.8493 sec.

10.0000 sec
16

60
1.00 Hz
0.00
0.00
90.00
100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
FR 490.15 MHz
IRSET
IRFIN
IRRPW

KMU-8-868-1CAeca.als

7030 KHz
325Hz
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KMU-8-872-1-ecx

DATIM  2012-12-15 10:08:19
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-872-1\KMU-8-872-1A-ecx.als MENUF

OBNUC 1H

OFR 495.13 MHz

OBSET 438 KHz

OBFIN 9.64 Hz

PWI1 6.00 u

DEADT .00 usec

PREDL  0.00000 msec

WT 1.0000 sec

POINT 13107

SPO 13107

TIMES 8

DUMMY 1

FREQU 742931 Hz

FLT 38000 Hz

DELAY 13.16 usec

ACQTM 17642 sec

PD 10.0000 sec

ADBIT 16

RGAIN 34

BF 0.01 Hz

Tl 0.00

el 0.00

T 90.00

T4 100.00

EXMOD single_pulse.ex2

EXPCM

IRNUC  1H

IFR 495.13 MHz

IRSET 438 KHz

KMU-8-872-1A-ecx.als

748.40 KHz
98.2 Hz

8.06

ss ss 222 2
B g8 288 ¥
Ir A rrfs 7

1. e I

‘HHHH\‘\\H\HH‘\\HHH\‘HHHH\‘\HHH\\‘HHHH\‘HHHH\‘HHHH\‘HH\HH‘HHHH\‘HHHH\‘\HH\H\‘H\HH\\‘HHHH\‘\HH\H\‘\HHH\\‘\H\HH\‘\H\HH\‘\H\H\H‘H\HHH‘\HHHH‘\HHHH‘
5 9.0 85 80 75 7.0 6.5 6.0 55 5.0 45 40 35 30 25 20 15 10 05 0.0 05

105 10.0 9

KMU-8-872-1C-ecx

DATIM  2012-12-15 09:01:06

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-872-1\KMU-8-872-1CA-ecx.als MENUF
OBNUC
R 53 Zz ZE
L kS g £ I e
A
0.00000 msec
1.0000 sec
I 26214
26214
1 1024
:
31249.52 Hz
157000 Hz
20.80 usec
0.8389 sec

8.0000 sec
16

50
I 1.00 Hz
0.00
TT T [TTTTTITTT \‘H\ 000
90.00
40 26 18. 5 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
FR 495.13 MHz
IRSET 4.38 KHz
IRFIN 9.64 Hz
IRRPW 92 usec
IRATN 8
DFILE  KMU-$-872-1CA-ecx.als
SF
LKSET  748.40 KHz
LKFIN 98.2Hz
LKLEV 0
0
0
0
OHz

o
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KMU-8-873-1eca

DATIM  2012-12-15 16:46:05
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-873-1\KMU-8-873-1Acca.als MENUF

OBNUC 1H

OFR 490.15 MHz

OBSET

OBFIN

PW1

DEADT

PREDL X ce

wr 1.0000 sec

POINT 13107

SPO 13107

TIMES 8

DUMMY 1

FREQU 735283 Hz

FLT 37000 Hz

DELAY 1352 usec

ACQTM  1.7826 sec

PD 10.0000 sec

ADBIT 16

RGAIN 34

BF 0.01 Hz

I 0.00

] 0.00

T3 90.00

T4 100.00

EXMOD single_pulse.ex2

EXPCM

IRNUC  1H

IR 490.15 MHz,

IRSET 9.16 KHz,

IRFIN 7.60 Hz

IRRPW 92 usec

IRATN

DFILE  KMU-8-873-1Aeca.als

7030 KHz
292Hz
0

0
0

0
0Hz

3

- -

£ g g s R b

g S5 8% 2 3 272 58 T

s SIS ;o)
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KMU-8-873-1Ceca

DATIM  2012-1 8:04:08
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-873-1\KMU-8-873-1CAeca.als MENUF
OBNUC 13C
ER | 2f  iZ|[2§EF i o
-3 e &8 &5 £ X (TT w g 6.71 Hz
] IR
PREDL 0.00000 msec
IWT 1.0000 sec
| " i 26214
I | 26214
512
1| 4
155000 Hz
DELAY 21.06 usec
ACQTM 0.8493 sec.
PD 8.0000 sec
I ADBIT 16
RGAIN 58
BF 1.00 Hz
T1 0.00
' TTT 1 I hed 0.00
R 90.00
68 50 T4 100.00
TB S O EXMOD single_pulse_dec
EXPCM
IRNUC 1H
KMU-8-873-1CAeca.als
7030 KHz
29.2Hz
0
0
0
0
0Hz
i
220 210 200 190 180 170 160 150 140 130 120 110 100 920 80 7} 60 5 40 30 10 0 -10
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KMU-8-873-2ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-8-873-2Aecx.als

17-epi-2-61

1.00

f

I i

7.54

4.7

3u3%6

205

— 1.0

DATIM  2013-01-16 22:32:42
ENUF

OBNUC 1H

OFR 495.13 MHz

OBSET 4.38 KHz

OBFIN 9.64 Hz
6.00 usec

DEADT
PREDL X ec
IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM 17642 sec
PD 10.0000 sec
ADBIT 16
RGAIN 50

BF 0.01 Hz,
T 0.00

T 0.00

3 90.00

T4 100.00

EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 495.13 MHz
IRSET 4.38 KHz
IRFIN 9.64 Hz

KMU-8-873-2A¢cx.als

748.40 KHz
90.6 Hz
0

0
0

0
0Hz

‘HHHH\‘\HHHH‘\\\H\\H‘\HHHH‘\HHHH‘\HHHH‘HHH
95 9.0 85 80 75

105 10.0

KMU-8-873-2Cecx

\WECA\SharedDocs\data\Ken Mukai\KMU-8-873-2CAecx.als

7.1600

I
I
|
RRERER
P @ »
AR SR AN 1L LU b
220 210 200 190 180

172.5645
169.2802
128.2611
128.0600
127.8685

\\\‘\\\H\\\\‘\\HHH\‘\H\H\\\‘\\HHH\‘HHHH\‘\HH\H\‘\\H\\H\‘\\\\H\\\‘\HHHH‘HH\HH‘H\HHH‘
7.0 65 60 55 50 45 4.0 35 30 25 20 1.

17-epi-2-61

R AR A A
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69.0686 —~___ 2

117.3743
90.6123
73.0518
67.9388

L *%‘

15174 — =,

1.9901
1.9661
1.9581

AP R u.m‘n Dl T

672589 —

27428
09523
-4.5342
-4.5916
-5.2523

05

0.1287
0.0738

DATIM  2013-01-17 09:44:53
MENUF
OBNUC
OFR

1.0000 sec
26214
26214
ES 5120
DUMMY 4
FREQU  31249.52 Hz
FLT 157000 Hz

DELAY 20.80 usec
ACQTM  0.8389sec

PD 7.0000 sec
ADBIT 16
RGAIN 50

BF 200 Hz
T1 0.00

T 0.00

T 90.00

T4 100.00

EXMOD single_pulse_dec
EXPCM
IRNUC  1H
495.13 MHz
438 KHz
9.64 Hz
92 usec

N
DFILE  KMU-8-873-2CAecx.als

SF
LKSET 748.40 KHz
LKI 90.6 Hz
LKLEV 0
LGAIN 0
L 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF

JATNY
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KMU-8-874-1ecx-nospinl

DATIM  19-12-2012 00:26:14
NUF

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-874-1Aecx-nospinl als A
OBNUC 1

H
OFR 495.13 MHz
OBSET 4.38 KHz
OBFIN 9.64 Hz
6.00 usec

DEADT
PREDL X ce
wr 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 742931 Hz
FLT 38000 Hz
DELAY 13.16 usec
ACQTM 17642 sec
PD 10.0000 sec
ADBIT 16
RGAIN 40
BF 0.01 Hz
I 0.00
] 0.00
T3 90.00
T4 100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H

7 IR 495.13 MHz

* IRSET 438 KHz
IRFIN 9.64 Hz

79
KMU-8-874-1Aecx-nospis

748.10 KHz
98.0 Hz
0

0
0

0
0Hz

o
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- segn e
E gEEE g
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KMU-8-874-1C-ecx
DATIM  19-12-2012 05:29:25
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-3 1\KMU-8-874-1CA-ecx.als MENUF

1.0000 sec
26214
26214
2048

4

FREQU  31249.52 Hz

FLT 157000 Hz

DELAY 20.80 usec

ACQTM  0.8389sec

PD 8.0000 sec
16

EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 495.13 MHz
438 KHz
9.64 Hz

92 usec

KMU-8-874-1CA-ecx.als

748.10 KHz
98.0 Hz
0

0
0

0
0Hz
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KMU-8-893-1

\ECA\SharedDocs\data\Ken Mukai\KMU-8-893-1\KMU-8-893-1A.als
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HO,

OH
HO

17-epi-2-1

DATIM  04-02-2013 02:21:30
ENUF

OBNUC 1H
495.13 MHz
4.38 KHz

9.64 Hz
6.00 us

13107
8

1
742931 Hz
38000 Hz
13.16 usec
1.7642 sec
10.0000 sec

0.00

90.00
100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IR 495.13 MHz
IRSET 438 KHz
IRFIN 9.64 Hz
IRRPW 118 usec

79
KMU-8-893-1A.als

748.10 KHz
98.0 Hz

o B q
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Ll ‘
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DATIM  2013-02-04 08:41:05

MENUF
OBNUC 13C
] 124.51 MHz
3.45KHz
6.00 Hz
3.70 usee
0.00 usec
0.00000 msee
1.0000 see
26214
26214
2048
4
31249.52 Hz
157000 Hz
20.80 usee
0.8389 sec
10.0000 sec
16
46
1.00 Hz
0.00
0.00
90.00
T 1000
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 495.13 MHz
IRSET 4.38 KHz
IRFIN 9.64 Hz
IRRPW 92 usee
IRATN
DFILE  KMU-8-893-1CA.als
SF
LKSET 748.10 KHz
LKFIN 98.0 Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF

4\ L M‘hi AT L LT i



KMU-8-816-1ecx

DATIM  05-09-2012 21:28:59
C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-8-816-1ecxA.als MENUF
OBNUC 1H
OFR 495.13 MHz
OBSET 4.38 KHz
OBFIN 9.64 Hz
PWI1 6.00 us
DEADT 0.00 usec
0.00000 msec
1.0000 se
16384
16384
32

1
9286.78 Hz,
38000 Hz
13.16 usec
1.7642 sec
2.0000 sec
16
54
0.01 Hz
0.00
0.00
90.00
100.00
single_pulse.ex2

1H
495.13 MHz

TeexA.als

748.40 KHz
98.2 Hz

E e
b =z s = B
q 2 g = “
-
. 5.
‘\H\HH\‘\H\\H\\‘H\HHH‘\HHHH‘\HH\H\‘\\HHH\‘HHH\H‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘\HHHH‘HHHH\‘HHHH\‘\\\\H\\\‘\\H\HH‘H\HHH‘\\\\H\\\‘\\H\H\\‘\HHHH‘HHH\H‘HHH\H‘
105 10.0 95 90 4.0 35 30 25 20 15 10 05 0.0 0.5
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Heanac=2522388E8 EEZREEnA-SEECRTYaSEEs EES
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C:\Documents and Settings\PC-USER\My Documents\Data\Ken MukailKMU-10-74-1-1A.als

OMe o

o)

DATIM

MENUF
OBNUC
OFR

EXMOD
EXPCM
IRNUC

.
g 2 P g
I L PM
‘HHHH\‘\\HHH\‘HHHH\‘HHHH\‘HHHH\‘H\\HH\‘\HHHH‘HHHH\‘\HHHH‘\HHHH‘\H\HH\‘HHHH\‘HHHH\‘HHHH\‘HHH \‘\HHHH‘HHHHWHHHH‘\HHHH‘HHHH\
105 10.0 9.5 9.0 85 8.0 15 7.0 6.5 6.0 55 5.0 45 4.0 35 2.0 15 1.0 05 0.0

72600

MU-10-

4-1C

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-10-74-1CA-1.als

QMe 0

0]

DATIM

MENUF

OBNUC

OFR
OBSET

19-01-2014 20:30:37

1H

. c

0.00000 msec
1.0000 sec
13107
13107

1
5938.15 Hz
30000 Hz
16.68 usec
22073 sec
10.0000 sec

0.00
100.00
100.00

single_pulse.ex2

79
KMU-10-74-1-1A.als

1320 KHz
75.7Hz

20-01-2014 07:28:39

99.55 MHz

0.00000 msec
1.0000 sec
26214
26214

1024
4

24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
8.0000 sec

T X
EXMOD single_pulse_dec

EXPCM

IRNUC
IFR
IRSET
IRFIN

2161924
213.7303
205.1750

700926 — 2

105.5972
101.5256
65.9347
62.3900
555593
53.5091
49.0830
41.5049

733116

37.0213
35,4406
33.5533
32,9880
28.4470
25.0651

PENT

H
395.88 MHz

79
KMU-10-74-1CA-L.als

1320 KHz
75.7Hz
0

0
0
0
0Hz



MU-10-76-frac12

EC; Mukai\ KMU-10-76-frac12-1A.als

3-5a

395.88 MHz
628 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

2.2073 sec

2.0000 sec

16

T X
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
" 6.28 KHz
0.87 Hz
115 usee

DFILE  KMU-10-76-frac12-1 A.al

SF
LKSET 13.20 KHz
LKFIN 757 Hz
g LKLEV 0
“ LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
£
s
‘\\\HH\\‘HH\\H\‘\H\HH\‘\\H\HH‘HHHH\‘\H\HH\‘\\H\HH‘\\HH\\\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘\H\HH\‘\\H\HH‘\HHHH‘\H\HH\‘\H\HH\‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘
105 10.0 95 9.0 85 80 75 7.0 65 60 5 50 45 40 35 30 25 20 15 1.0 05 0.0 05

6-frac12-Carbon-eca

EC; Mukai\KMU-10-76-frac12-Carb

72623
72600

H 0

DATIM  06-02-2014 22:33:04

220 210 200 19 180

218.4342
207.7905

2

.
X
f
735319 —
T~

105.8463
101.8992
79.6537
773162
77.0000
76.6743
68.6651
65.8006
63.2043
56.7568
51.8804
51.0469
50.7691

39,6655 \*g
35.3256

40.7002
352394

328060 ——

16.7302

MENUF
OBNUC 13C
OFR 99.55 MHz
OBSET 5.13 KHz
0.98 Hz
3.03 usee
0.00 usec
0.00000 msee
1.0000 see
26214
26214
512
4
24999.62 Hz
125000 Hz
2050 usee
10486 sec
7.0000 sec
16
58
1.00 Hz
0.00
0.00
100.00
T 1000
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usee
IRATN 7
DFILE  KMU-10-76-frac1 2-Carbe
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
"
PPM
-10



MU-10-76-frac7-10

EC; Mukai\KMU-10-76-frac-7-10KMU-10-76-fr

100

2
&

395.88 MHz
628 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

2.2073 sec

10.0000 sec

16

T X
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H

IFR 395.88 MHz
' 6.28 KHz
0.87 Hz
147 usee

DFILE  KMU-10-76-frac7-10-2A.

SF

LKSET 1320 KHz
LKFIN 75.7Hz
LKLEV 0
LGAIN 0

LKP] 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

‘H\HHH‘\HH\H\‘HHHH\‘\HHHH‘HHHH\‘HHHH
0 8.5 8.0

105 10.0 95 9.

6-frac7-10Carbon

EC; Mukai\KMU-10-76-frac-7-10KMU-10-76-r

‘\HH\H\‘\H\H\\\‘HH\HH‘\H\HH\‘\HHHH‘\HH\H\‘\H\H\H‘\\HHH\‘\HHHH‘HHH\H‘HHH\H‘\H\HH
.0 5 5.0 45 40 35 30 25 20 15 1.0 05

72600

DATIM  03-02-2014 06:49:11

MENUF
OBNUC 13C
OFR 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
PWI 3.03 usee
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 26214
SPO 26214
TIMES 1024
DUMMY 4
FREQU  24999.62 Hz
FLT 125000 Hz
DELAY 2050 usec
10486 sec
7.0000 sec
16
60
1.00 Hz
0.00
0.00
100.00
T 1000
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 115 usee
IRATN 7
DFILE  KMU-10-76-frac7-10Carl
SF
LKSET 13.20 KHz
LKFIN 75.7Hz
) ]
0
0
0
0Hz

220 210 200 19 180

218.2043
208.5761

41026 —

367435
34.6933
344059 —
30.9474
282266 ——
275943 —

105.9134
101.0179
77.3257
771150
77.0000
76.6838
74.3271
69.1154
66.0880
62.8403
56.8334
34.5496
202750



MU-10-95-1-eca

DATIM  2014-04-07 20:50:08

C:\Documents and Settings\PC-USER\My Mukai\(N in\KMU-10-95-1\KMU-10-95-1A-eca.als MENUF
490.15 MHz
9.16 KHz
MeO 7.60Hz
N O 6.60 usee
s H 0.00 usec
0.00000 msee
O > 10000 sec
> 13107
13107
16
1
7352.83 Hz
37000 Hz
13.52 usee
O O H 7826 sec
10.0000 sec
16
36
0.01 Hz
O 0.00
0.00
90.00
T 1000
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 490.15 MHz
" 9.16 KHz
7.60 Hz
92 usec
IRATN 4
DFILE  KMU-10-95-1A-eca.als
SF
LKSET 70.30 KHz
LKFIN 325Hz
E LKLEV 0
3 LGAIN 0
LKPI 0
LKSIG 0
CSPED 0Hz
3 FILDC
o FILDF
z
g r g g
‘\H\H\H‘HH\\H\‘\H\HH\‘HH\HH‘HHHH\‘\H\H\H‘HH\HH‘HHHH\‘\\HHH\‘\HH\H\‘HHHH\‘\\H\HH‘\H\HH\‘\HHHH‘\HHHH‘\H\H\H‘HHHH\‘\HHHH‘HH\HH‘\HHHH‘\HHHH‘\HHHH‘
105 100 95 9.0 85 80 75 70 65 60 5 50 45 40 35 30 25 20 15 10 05 00 05

MU-10-95-1C-eca

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

MeO
WH

0]

219.6893

Mukai\(N\ in\KMU-10-95-1\KMU-10-95-1CA-eca.als

AN AR S M

190 180 170 160 150 140 130 120 110 100 %

105.7729
102.0186

821012
68.7751
66.4156
63.3873
524112
19.3205
16,9419

DATIM  2014-04-07 23:57:51
MENUF
OBNUC 13C

1 123.26 MHz
231KHz

1.0000 sec

26214

26214

512
4

30863.73 Hz

155000 Hz

2106 usec

0.8493 sec

7.0000 sec

T X
EXMOD single_pulse_dec
EXPCM

IRNUC  1H

IFR 490.15 MHz
9.16 KHz
7.60 Hz
92 usec

KMU-10-95-1CA-ecaals

7030 KHz
325Hz




MU-10-96-1-ecs

\WECA\SharedDocs\data\Ken Mukai\KMU-10-96-1\KMU-10-96-1A-ecs-2.als

395.88 MHz
6.28 KHz
O 0.87Hz
6.4 usee
0.00 usec
O \ 0.00000 msec
10000 sec
13107
13107
16
1
5938.15 Hz
30000 Hz
O OH 16.68 usec
2.2073 see
10.0000 sec
16
34
ol .0 oot
0.00
0.00
3 27 100.00
- T4 100.0
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
6.28 KHz
£ 0.87 Hz
80 115 usec
<
DFILE  KMU-10-96-1A-ecs-2als
SF
LKSET 13.20 KHz
s LKFIN 75.7Hz
- LKLEV 0
LGAIN 0
S LKPHS 0
« LKSIG 0
CSPED 0Hz
FILDC
5 FILDF
2 o z g3 g
‘\\\\H\\\‘\\H\\H\‘\H\HH\‘\\H\\H\‘\H\HH\‘\H\H\\\‘\\H\\H\‘\\\\H\\\‘\\HHH\‘HHHH\‘HHHH\‘\H\HH\‘\H\HH\‘\H\\HH‘\HH\H\‘\H\HH\‘\HH\H\‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘HHHH\‘
105 100 95 9.0 85 80 75 70 65 60 5 50 45 40 35 30 25 20 15 10 05 00 05

72600

MU-10-96-1C-ecs

\WECA\SharedDocs\data\Ken Mukai\KMU-10-96-1\KMU-10-96-1CA-ecs-1.als

0
O

OH

3-27

|

DATIM  12-04-2014 07:26:57
MENUF
OBNUC 13C
OFR
OBSET

99.55 MHz

0.00000 msec
1.0000 sec
26214
26214

1024
4

24999.62 Hz
125000 Hz
2050 usec
1.0486 sec
7.0000 sec

T X
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR

IRSET
IRFIN
IRRPW 115 usee
IRATN
DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF

395.88 MHz

79
KMU-10-96-1CA-ecs-1.al

1320 KHz
75.7Hz
0

0
0
0
0Hz

220 210 200 19 180 170

219.9287

160 150 140

138.0649

130

120

110

109.5060
105.9709

100

90

817518

68.4735

66.3946
63.8558

552623

47.5405

38.9949
372225
36.3986
34.9903

33.6203

_

32.0683
28.4182

268279 —

19.0295

13.4825



MU-10-99-1-eca

MU-10-100-\KMU-10-100-1A-eca.als

C:\Documents and Settings\PC-USER\My Mukai\(NN

OTBS

TBSO ©

@) OH

ol 0O
3-28

1.00

l

103
101

095

411

— 098

[

913

6.17

413

1.00
1.09

-

593

T4
EXMOD
EXPCM
IRNUC

‘H\\H\\\‘\\HHH\‘\H\HH\‘\\HH\H‘H\HHH‘\HHH\\‘HHHH\‘HHHH\‘\\HHH\‘HHHH\‘\HH\H\‘\H\HH\‘\H\HH\‘\H\H\H‘\HH\H\‘\H\HH\‘H\HHH‘HHHH
0 85 80 75 7.0 65 6.0 5 50 45 4.0 35 3.0 25 20

105 10.0 95 9.

05

e—1
\‘HHHH\‘\HHHH‘\HHHH‘HHHH\‘

05

MU-10-99-1C-eca

C:\Documents and Settings\PC-USER\My Mukai\(NN

MU-10-100-1\KMU-10-100-1CA-eca.als

OTBS

TBSO ©

DATIM
MENUF

T4
EXMOD
EXPCM
IRNUC
IFR
IRSET

220 210 200 19 180 170

207.9947

155.9322

140 130 120 110

127.8089

106.3344
95.9219
79.6249
743518
68.9067
67.0821
61.4365
52.9059
48.4638

—_z

288712 — 2

26.0435
257856
20.7800
19.7960

t

.
IR
f

47.9098
47.7665
41.2229
38.6341
35.1951
321095

8.6211
18.2580

490.15 MHz
9.16 KHz
7.60 Hz
6.60 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

1
735283 Hz
37000 Hz
13.52 usec
7826 sec
10.0000 sec
16

single_pulse.ex2

H
490.15 MHz
9.16 KHz
7.60 Hz
92 usec

4
KMU-10-100-1A-ecaals

7030 KHz
292Hz

2014-04-12 12:35:01

123.26 MHz
231KHz

0.00000 msec
1.0000 sec
26214
26214
2048
4

30863.73 Hz
155000 Hz
2106 usec
0.8493 sec
7.0000 sec

single_pulse_dec

H
490.15 MHz

KMU-10-100-1CA-eca.als

7030 KHz
292Hz



MU-11-2-1

C:\Documents and Settings\PC-USER\My Mukai\(NN in\KMU-11-2-1\KMU-11-2-1A.als

OTBS

EXPCM
IRNUC
IFR

1244

1.00
1.00
1.00
101

[
R'

‘\’

Y 094
—
S— 2.2
— 097
S~ 098
099
~ 099

l 1 [ 1 1A

— )
‘\H\H\\\‘\\H\\H\‘\H\HH\‘HH\HH‘\HHHH‘HHHH\‘HHHH\‘\\\\HH\‘\\HHH\‘HHHH\‘HHHH\‘\H\HH\‘\H\HH\‘\H\H\H‘\HH\H\‘\H\HH\‘\HH\H\‘\HHHH‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘
105 10.0 95 9.0 8.5 8.0 75 7.0 65 6.0 5 50 45 4.0 35 3.0 2.5 20 15 1.0 05 0.0

0.1282

MU-11-2-1C

DATIM
UF

C:\Documents and Settings\PC-USER\My Mukai\(NN in\KMU-11-2-1\KMU-11-2-1CA.als MEN!

OTBS oo

IRNUC
IFR
IRSET
IRFIN
IRRPW
IRATN
DFILE
SF
LKSET
LKFIN

LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF

| 01

10 0 -10

220 210 200 19 180 170 160 150 140 130 120 110 100 % 80

70.6167 ——

—
200635 —_ |
184873 —— S
181912 —
157550 —

~

161.5684
128.2961
128.2006
128.1051
128.0000
127.9045
127.7994
106.0191
93.5146
81.9271
74.2276
69.3461
66.8911
61.3218
510813
39.7517
36.7426
35.0231
321764
-4.5826
-5.0889
-5.4805
-5.7480

LKLEV

490.15 MHz
9.16 KHz
7.60 Hz
6.60 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

1
735283 Hz
37000 Hz
13.52 usec
7826 sec
10.0000 sec

16

T X
EXMOD single_pulse.ex2

H
490.15 MHz
9.16 KHz
7.60 Hz
92 usec

4
KMU-11-2-1A.als

7030 KHz
292Hz

0

0

0

0

0Hz

2014-04-13 12:22:58

123.26 MHz
231KHz

0.00000 msec
1.0000 sec
26214
26214
2048
4

30863.73 Hz
155000 Hz
2106 usec
0.8493 sec
7.0000 sec

T X
EXMOD single_pulse_dec
EXPCM

H
490.15 MHz

KMU-11-2-1CA.als

7030 KHz
292Hz



MU-11-5-1-eca

C:\Documents and Settings\PC-USER\My Mukai\(NN in\KMU-11-5-1-eca\KMU-11-5-1 A-eca.als

T4
EXMOD
EXPCM
IRNUC

IRATN
DFILE
SF
LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF
3
S 2 &8
! I /
L I o
D—
‘\\\HH\\‘HH\\H\‘\H\HH\‘\\H\HH‘HHHH\‘\H\HH\‘\\H\HH‘\\HH\\\‘HHHH\‘\H\HH\‘\\H\HH‘HH\HH‘\H\HH\‘\\H\HH‘\HHHH‘\H\HH\‘\\HHH\‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘
105 10.0 95 9.0 85 80 75 7.0 65 6.0 5 50 45 4.0 35 30 25 2.0 5 10 05 00 0.5

72600
5.6394
4.8451
4.8371
4.5430
45224
43186
43152
4.1092
4.0886
4.0794
4.0588
4.0520
26900
26419
26351
26293
26213
26145
2.6065
2.6007
25927
25126
25080
2.4932
24874
24737
2.4691
24531
23982

MU-11-5-1C-eca

C:\Documents and Settings\PC-USER\My Mukai\(NN MU-11-5-1-eca\KMU-11-5-1CA-eca.als

}

DATIM
MENUF

T4
EXMOD
EXPCM
IRNUC

220 210 200 19 180 170 160 150 140 130 120 110 100 %

=

i —

—_
189862 —— =
183079 —

462688 ——

45.0747
40.5276

284012 — 8

27.3066

258928 —

218.9442
105.3621
66.6162
60.7221
9
40.2697
347578
32.8377
315672

14.0856

490.15 MHz
9.16 KHz
7.60 Hz
6.60 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

8

1
735283 Hz
37000 Hz
13.52 usec
7826 sec
10.0000 sec

16

single_pulse.ex2

H
490.15 MHz
9.16 KHz
7.60 Hz
92 usec

4
KMU-11-5-1A-eca.als

7030 KHz
325Hz

0

0

0

0

0Hz

2014-04-16 10:04:39

123.26 MHz
231KHz

0.00000 msec
1.0000 sec
26214
26214

1024
4

30863.73 Hz
155000 Hz
2106 usec
0.8493 sec
7.0000 sec

single_pulse_dec

H
490.15 MHz

KMU-11-5-1CA-eca.als

7030 KHz
325Hz



MU-11-6-1-eca

C:\Documents and Settings\PC-USER\My Mukai\(N} MU-11-6-1-ecalKMU-11-6-1-ecaA-for-data.als
OFR 490.15 MHz
OBSET 9.16 KHz
OBFIN 7.60 Hz
PWI 6.60 usec
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 10000 sec
POINT 13107
SPO 13107
TIMES 16
DUMMY 1
FREQU 735283 Hz
FLT 37000 Hz
DELAY 1352 usec
ACQT™M 7826 sec
PD 10.0000 sec
ADBIT 16
RGAIN 40
F 0.01 Hz
T1 0.00
T2 0.00
T3 90.00
T4 100.
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 490.15 MHz
! 9.16 KHz
7.60 Hz
118 usec
DFILE  KMU-11-6-1-ecaA-for-da
SF
LKSET 70.30 KHz
LKFIN 325Hz
LKLEV 0
LGAIN 0
LKP] 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
g 2
I I
‘\\\\HH\‘\\H\\H\‘\H\HH\‘\\H\\H\‘\H\HH\‘\H\H\\\‘\\HHH\‘\\\\H\\\‘HHHH\‘\HH\H\‘\H\HH\‘\\H\\H\‘\H\HH\‘\H\\HH‘\HH\H\‘\H\H\\\‘\\HHH\‘\HHHH‘HH\HH‘\HHHH‘\HHHH‘HHHH\‘
105 10.0 95 9.0 85 80 75 7.0 65 .0 5 50 45 4.0 35 3.0 2.5 z.n// 15 % 05
& SN SIS RNNARNN RSN ENEEC IS E NSRS NS NSRS ISR RO N SRR NN Y zocg
B ICIETIINNCNCoECS R e SRR eI SO EE SR EESRE2RFEEsERLEREE8E g28%
§ IR AR S a8 RN dNE3 202 SRR ERRANTERAANARAS 2322
e s e it i e I I IR IR AN SRR IR BRI o i et s s | =233
MU-11-6-1C-eca
DATIM  2014-04-17 01:46:22
C:\Documents and Settings\PC-USER\My Mukai\(N} MU-11-6-1-¢cal KMU-11-6-1CA-eca.als MENUF
OBNUC 131
OFR 123.26 MHz
OBSET 231 KHz
OBFIN 671 Hz
PWI 3.08 usec
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 10000 sec
POINT 26214
SPO 26214
TIMES 1024
DUMMY 4
FREQU 3086373 Hz
FLT 155000 Hz,
DELAY 2106 usec
ACQTM 08493 sec
PD 7.0000 sec
ADBIT 16
RGAI 56
BF 1.00 Hz
T1 0.00
T2 0.00
3-30 T3 90.00
T4 100.4
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 490.15 MHz
IRSET 9.16 KHz
7.60 Hz
92 usec
KMU-11-6-1CA-ecaals
70.30 KHz
325Hz
0
0
0
0
0Hz
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g 2 = cmasm®wswe = W Igooe maaT mz-g —=
2 5 5 ERE29ER83 8 2 wE8EZ £8328 FE28 32
: o E4EE5283 ® g HSSER 2235 588 25
@ 2 ¢ SEEEsZEE 2w $Euds F mxw So% aa
o € s EERENEEE 2 @ $39592 I 5848 ]z i



MU-11-8-1H-ECX

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

MU-11-8-1\KMU-11-8-1H-ECX.2

Mukai\(NN

(@)

0]

1.00
1.05
1.06

—
—
—

1227

DATIM  25-04-2014 10:53:30

MENUF
OBNUC
OFR
OBSET
OBFIN
PW1
DEADT
PREDL
IWT
POINT
SPO
TIMES
DUMMY

T4
EXMOD
EXPCM
IRNUC
IFR

S

|

TR -
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MU-11-8-1C-eca
DATIM
C:\Documents and Settings\PC-USER\My Mukai\(V MU-1-8-1KMU-11-8-1CA-cca.als MENUF

AN IARASAAH M

220 210 200

19

180 170

173.8935

160

157.5487

150

143.3629

140 130 120

131.3265

113.2049

110

105.3716

100

90

-
_

700743 ——2

84.8237
77.2579
77.0000
76.7421
73.8571
71.5167
68.5458
66.5780
60.7508
52.8698

B

3

469566 —___
46.4503
45.0461
406700 ——
39340 — <
34.8246
31.5863
28.4816

204764 —
183748 ——

17.8399 —

25.9310

!

OBNUC

H
495.13 MHz
438 KHz

9.64 Hz
6.00 usec
0.00 usec

0.00000 msec
1.0000 sec
16384
16384
32

1

928678 Hz

38000 Hz

13.16 usec

7642 sec

10.0000 sec
16

single_pulse.ex2

H
495.13 MHz
438 KHz
9.64 Hz
92 usec

KMU-11-8-1H-ECX.2

748.40 KHz
98.2 Hz

2014-04-20 13

123.26 MHz
231KHz

0.00000 msec
1.0000 sec
26214
26214

5120
4

30863.73 Hz
155000 Hz
2106 usec
0.8493 sec
7.0000 sec

T X
EXMOD single_pulse_dec

EXPCM
IRNUC
IFR
IRSET

-

H

KMU-11-8-1CA-eca.als

7030 KHz
325Hz



MU-11-37-1-eca

C:\Documents and Settings\PC-USER\My Mukai\(N MU-11-37-1\KMU-11-37-1A-eca.als MENUF
OBNUC 1H
OFR 490.15 MHz
O OBSET 9.16 KHz
OBFIN 7.60 Hz
PWI 6.60 usee
DEADT 0.00 usec
O PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 8
DUMMY 1
FREQU 735283 Hz
FLT 37000 Hz
T B S O DELAY 13.52 usee
ACQT™ 7826 sec
P 10.0000 sec
ADBIT 16
RGAIN 36
F 0.01 Hz
T1 0.00
O i) 0.00
i) 90.00
T 100,
EXMOD single_pulse.ex2
EXPCM
O O IRNUC  1H
IFR 490.15 MHz
3 32 9.16 KHz
- 7.60 Hz
92 usec
IRATN 4
DFILE  KMU-11-37-1A-eca.als
SF
LKSET 70.30 KHz
LKFIN 292 Hz
LKLEV 0
LGAIN 0
LKPI 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
f
5 K 33
]
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MU-11-37-1C-eca
DATIM  2014-05-17 08:05:44
C:\Documents and Settings\PC-USER\My Mukai\(N MU-11-37-1\KMU-11-37-1CA-eca.als MENUF
OBNUC  13¢
OFR 123.26 MHz
O OBSET 231KHz
OBFIN 6.71Hz
PWI 3.08 usee
DEADT 0.00 usec
O PREDL  0.00000 msec
IWT 1.0000 sec
POINT 26214
SPO 26214
TIMES 2048
DUMMY 4
FREQU  30863.73 Hz
FLT 155000 Hz
DELAY 2106 usec
T B S O ACQTM  0.8493 sec
D 7.0000 sec
ADBIT 16
RGAI 60
BF 1.00 Hz
T1 0.00
O T2 0.00
T 90.00
T 100,
EXMOD single_pulse_dec
EXPCM
O O IRNUC  1H
IFR 490.15 MHz
9.16 KHz
3-32 Yo
92 usec
KMU-11-37-1CA-eca.als
70.30 KHz
292Hz
0
0
0
0
0Hz
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MU-11-38-frac35-38-ecs

C:\Documents and Settings\PC-USER\My Mukai\KMU-11-38-frac35-38-ecsA.als
OFR 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87Hz
PWI 6.4 usee
DEADT 0.00 usec
PREDL  0.00000 msec
IWT 1.0000 sec
POINT 13107
SPO 13107
TIMES 32
DUMMY 1
FREQU 593815 Hz
FLT 30000 Hz
DELAY 16.68 usec
ACQTM 22073 sec
P 10.0000 sec
ADBIT 16
RGAIN 46

F 0.01 Hz
T1 0.00
i) 0.00
i) 100.00
T 100,
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
" 6.28 KHz
0.87 Hz
115 usee

DFILE  KMU-11-38-frac35-38-cc:

SF
LKSET 13.20 KHz
LKFIN 69.6 Hz
LKLEV 0
LGAIN 0
LKP] 0
LKSIG 0
CSPED 0Hz
FILDC
FILDF
£ <
< N
8 8
E 5 g // 5 /
T o e - -
Ui ! L M N i
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00338

MU-11-38-frac35-38-carbon

DATIM  2014-05-21 18:14:09
UF

C:\Documents and Settings\PC-USER\My Mukai\(N in\KMU-11-38-frac35-38 K MU-11-38-frac35-38-carbonA.als MEN
OBNUC  13¢
OFR 123.26 MHz
O OBSET 231KHz
OBFIN 6.71Hz
PWI 3.08 usee
DEADT 0.00 usec
O PREDL  0.00000 msec
IWT 1.0000 sec
POINT 104856
SPO 104856
TIMES 8385
DUMMY 4
FREQU  30863.73 Hz
FLT 155000 Hz
DELAY 2106 usec
T B S O ACQTM  0.8493 sec
D 7.0000 sec
ADBIT 16
RGAIN 58
BF 1.00 Hz
T1 0.00

T4 100.00
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
O O IFR 490.15 MHz
SET 9.16 KHz

KMU-11-38-frac35-38-ca

7030 KHz
292Hz
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MU-11-56-HPLC-ouabagenin

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-11-56-HPLC-ouabageninA.als

ouabagenin (3-1)

DATIM  26-06-2014 10
MENUF

395.88 MHz
621 KHz
380 Hz
6.4 usec
0.00 usec

0.00000 msec

1.0000 sec
13107
13107

16
1

5938.15 Hz
30000 Hz
16.68 usec

2.2073 sec

10.0000 sec

jt

T X

EXMOD single_pulse.ex2

EXPCM

ll{VUC 1H

395.88 MHz
6.28 KHz
0.87 Hz
147 usee

DFILE  KMU-11-56-HPLC-ouab:
SF

LKSET 13.00 KHz
LKFIN 35.6Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF
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MU-11-56-ouabagenin-DMSO-Carbon-ecx

C:\Documents and Settings\PC-USER\My Mukai\(NN MU-11-5 b: -DMSO-CDCI3\! bagg DMSO-Carbon-ecxA.als _

ouabagenin (3-1)
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DATIM 20140831 23:12:23
MEN Ul'
13C
124.51 MHz
3.45KHz
6.00 Hz
3.70 usee
0.00 usec
0.00000 msee
10000 sec
52428
52428
10054
4
31249.52 Hz
157000 Hz
20.80 usee
0.8389 sec
7.0000 sec
16
24
3.00 Hz
0.00
0.00
90.00
T 1000
EXMOD single_pulse_dec
EXPCM
IRNUC  1H
IFR 495.13 MHz
IRSET 4.38 KHz
IRFIN 9.64 Hz
IRRPW 92 usee
IRATN
DFILE  KMU-11-56-ouabagenin-1
SF
LKSET 748.10 KHz
LKFIN 36.4Hz
LKLEV 0
LGAIN 0
LKPHS 0
LKSIG 0
CSPED 0
FILDC
FILDF
I
bl
™
-10



MU-11-56-minor-product-dant-H20

C:\Documents and Settings\PC-USER\My Mukai\(NN

17-epi-ouabagenin (3-1)

016

0 0000 00 0 L W

105 10.0 95 9.0

85525

a3

0.83

DATIM  28-08-2014 14:38:47
MENUF

395.88 MHz
621 KHz
051 Hz
6.4 usec
0.00 usec

0.00000 msec

1.0000 sec
16384
16384

8

1

742280 Hz

30000 Hz

16.68 usec

2.2073 sec

10.0000 sec
16

T X
EXMOD single_pulse.ex2
EXPCM

IRNUC  1H
IFR 395.88 MHz
3 628 KHz
0.87 Hz
115 usec
79

DFILE  KMU-11-S6-minor-produ

SF

LKSET 13.00 KHz
LKFIN 35.6Hz
LKLEV 0
LGAIN 0

LKP] 0
LKSIG 0
CSPED 0Hz
FILDC

FILDF

A ks



ouabagenin (3-1)

(from degradation) ‘ l
.

(synthetic) J

o

DATIM  26-06-2014 10:05:07

MENUF
OBNUC 1H
OFR 395.88 MHz
OBSET 621 KHz
OBFIN 380 Hz
PW1 6.4 usec
DEADT 0.00 usec
PREDL  0.00000 msec
0000 sec
13107
13107
16

1
FREQU  5938.15 Hz

FLT 30000 Hz
DELAY 16.68 usec
ACQTM  2.2073 sec
PD 10.0000 sec
ADBIT 16
RGAIN
BF
Tl
i)
T3
T X
EXMOD single_pulse.ex2
EXPCM
IRNUC  1H
IFR 395.88 MHz
IRSET 6.28 KHz
IRFIN 0.87 Hz
IRRPW 147 usec
IRATN
DFILE  KMU-11-56-HPLC-ouabs
SF
LKSET 13.00 KHz
LKFIN 35.6 Hz

]

0

0

0

0Hz

.5 20

‘\HHHH‘\HHHH‘\HHHH HHHH\‘\HHHH TTTTTTTTT
7.0 65 6.0 5 50 4. 10 0.5

5 . 40

ouabagenin (3-1)

(from degradation)

e
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DATIM  2014-08-31 23:12:23
MENUF

OBNUC 13C
1 12451 MHz
345KHz

FREQU 3124952 Hz

FLT 157000 Hz
DELAY 2080 usec
ACQTM  0.8389 sec
PD 7.0000 sec

DFILE  KMU-11-56-ouabagenin-

LKSET 748.10 KHz
LKFIN 36.4Hz
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checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report

Datablock: I

Bond precision: C-C = 0.0189 A Wavelength=0.71073
Cell: a=35.250(4) b=14.9822(16) c=30.109(3)
alpha=90 beta=101.589(2) gamma=90
Temperature: 90 K
Calculated Reported
Volume 15577(3) 15577(3)
Space group Cc 2 C2
Hall group C 2y ?

2(C72 HA8 I12 N24 Zn6), C72 H48 I12 N24 Zné
2(C13 H20 02.50 Si0.50)  0.5(C26 H40 05 Si)
C170 H136 I24 N48 05 Si  C85 H68 I12 N24 02.50

Moiety formula

Sum formula

Znl2 Si0.50 Zné6
Mr 6789.64 3394.70
Dx,g cm-3 1.448 1.448
Z 2 4
Mu (mm-1) 3.329 3.329
F00O0 6356.0 6356.0
F000" 6342.08
h,k,lmax 41,17,35 41,17,35
Nref 27431[ 14291] 27428
Tmin, Tmax 0.887,0.905 0.825,0.907
Tmin’ 0.819

Correction method= EMPIRICAL
Data completeness= 1.92/1.00 Theta(max)= 25.000
R(reflections)= 0.0571( 15227) wR2 (reflections)= 0.1642( 27428)

S = 0.997 Npar= 1388



http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html

The following ALERTS were generated. Each ALERT has the format
test-name_ ALERT alert-type_ alert-level.
Click on the hyperlinks for more details of the test.

@ aAlert level B

PLAT213_ALERT_2_B Atom N11 has ADP max/min Ratio ..... 4.7 oblate
PLAT213_ALERT_2_B Atom C6 has ADP max/min Ratio ..... 4.2 prolat
PLAT215_ALERT_ 3_B Disordered C22A has ADP max/min Ratio ..... 4.8
PLAT415 ALERT 2 B Short Inter D-H..H-X H5A .. H59 .o 1.91 Ang.
# Alert level C
CRYSCO1_ALERT_1_C The word below has not been recognised as a standard

identifier.

rod
CRYSC01l ALERT 1 C No recognised colour has been given for crystal colour.
PLAT111 ALERT 2 C ADDSYM Detects (Pseudo) Centre of Symmetry ..... 92 %Fit
PLAT113 ALERT 2 C ADDSYM Suggests Possible Pseudo/New Space group. C2/c Check
PLAT125 ALERT 4 C No ' symmetry space group name Hall’ Given ..... Please Do !
PLAT213_ALERT_2_C Atom I3 has ADP max/min Ratio ..... 3.3 prolat
PLAT213_ALERT_2_C Atom I4 has ADP max/min Ratio ..... 3.1 prolat
PLAT213_ALERT_2_C Atom I6 has ADP max/min Ratio ..... 3.3 prolat
PLAT213_ALERT 2 _C Atom Zn2 has ADP max/min Ratio ..... 3.3 prolat
PLAT213_ALERT_2_C Atom N8 has ADP max/min Ratio ..... 3.7 oblate
PLAT213_ALERT_2_C Atom C3 has ADP max/min Ratio ..... 3.1 oblate
PLAT213_ALERT_2_C Atom Cl4 has ADP max/min Ratio ..... 3.4 prolat
PLAT213_ALERT_2_C Atom C27 has ADP max/min Ratio ..... 3.2 prolat
PLAT213_ALERT 2 C Atom C28 has ADP max/min Ratio ..... 3.5 prolat
PLAT213_ALERT 2 C Atom C29 has ADP max/min Ratio ..... 3.1 oblate
PLAT215 ALERT 3_C Disordered C23A has ADP max/min Ratio ..... 3.3
PLAT215 ALERT 3_C Disordered C35B has ADP max/min Ratio ..... 3.4
PLAT234 ALERT 4 C Large Hirshfeld Difference C65 -- C66 0.16 Ang.
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... Zn2 Check
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... Zn5 Check
PLAT242_ ALERT 2_C Low Ueq as Compared to Neighbors for ..... Zn6 Check
PLAT250 ALERT 2 C Large U3/Ul Ratio for Average U(i,j) Tensor 2.6 Note
PLAT342_ALERT 3_C Low Bond Precision on C-C Bonds .......cceeu... 0.0189 Ang.
PLAT368 ALERT 2 C Short C(sp2)-C(sp2) Bond C28 - C29 1.22 Ang.
PLAT369 ALERT 2 C Long C(sp2)-C(sp2) Bond C3 - Cé6 1.54 Ang.
PLAT369 ALERT 2 C Long C(sp2)-C(sp2) Bond C7 - Cle6 1.54 Ang.
PLAT369 ALERT 2 C Long C(sp2)-C(sp2) Bond C8 - C1l1 1.54 Ang.
PLAT369_ ALERT 2 C Long C(sp2)-C(sp2) Bond C21 - C24 1.54 Ang.
PLAT369_ ALERT 2 C Long C(sp2)-C(sp2) Bond C25 - c29 1.55 Ang.
PLAT369_ALERT 2 C Long C(sp2)-C(sp2) Bond C26 - C34 1.53 Ang.
PLAT413_ALERT 2 C Short Inter XH3 .. XHn H41 .. HI3 2.08 Ang.
“ Alert level G
FORMUO1l ALERT 1 G There is a discrepancy between the atom counts in the

_chemical formula sum and _chemical formula moiety. This is

usually due to the moiety formula being in the wrong format.

Atom count from _chemical formula_ sum: C85 H68 Il2 N24 02.5 Si0.5

Atom count from chemical formula moiety:C98 H88 I12 N24 O5 Sil Zné60
PLAT002_ALERT 2_G Number of Distance or Angle Restraints on AtSite 121 Note
PLATO003_ALERT 2_G Number of Uiso or Uij Restrained non-H Atoms 136 Report
PLAT004_ALERT 5 _G Polymeric Structure Found with Dimension ....... 3 Info
PLATO005_ALERT 5 _G No _iucr_refine instructions_details in the CIF Please Do !
PLATO007_ALERT 5_G Number of Unrefined Donor-H Atoms .............. 1 Report
PLATO033_ALERT 4_G Flack x Value Deviates > 2*sigma from Zero ..... 0.300
PLAT042_ALERT_1_G Calc. and Reported MoietyFormula Strings Differ Please Check


http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT415.html
http://journals.iucr.org/services/cif/checking/CRYSC_01.html
http://journals.iucr.org/services/cif/checking/CRYSC_01.html
http://journals.iucr.org/services/cif/checking/PLAT111.html
http://journals.iucr.org/services/cif/checking/PLAT113.html
http://journals.iucr.org/services/cif/checking/PLAT125.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT250.html
http://journals.iucr.org/services/cif/checking/PLAT342.html
http://journals.iucr.org/services/cif/checking/PLAT368.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT413.html
http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT004.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT007.html
http://journals.iucr.org/services/cif/checking/PLAT033.html
http://journals.iucr.org/services/cif/checking/PLAT042.html

PLAT045 ALERT 1 G Calculated and Reported Z Differ by ............ 0.50
PLAT112_ALERT_2_G ADDSYM Detects Additional (Pseudo) Symm. Elem... c
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) I3 -- Zn2 8.7
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I5 --  Zn3 8.5
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I6 --  Zn3 5.5
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I9 --  Zn5 .. 9.0
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I10 --  Zn5 .. 13.3
PLAT301_ALERT 3_G Main Residue Disorder ............ Percentage = 9
PLAT432_ALERT_2_G Short Inter X...Y Contact 1I4 .. C20A 3.41
PLAT432 ALERT 2 G Short Inter X...Y Contact C22B .. C27 3.19
PLAT606_ALERT 4_G VERY LARGE Solvent Accessible VOID(S) in Structure !
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... # 87
C23B -N7 -C23A 1.555 1.555 1.555 30.50 Deg.
PLAT779_ALERT 4 G Suspect or Irrelevant (Bond) Angle in CIF .... # 88
Cl19A -N7 -C19B 1.555 1.555 1.555 31.80 Deg.
PLAT779_ALERT 4 G Suspect or Irrelevant (Bond) Angle in CIF .... # 107
C22B -C21 -C22A 1.555 1.555 1.555 29.70 Deg.
PLAT779_ALERT 4 G Suspect or Irrelevant (Bond) Angle in CIF .... # 112
C20B -C21 -C20A 1.555 1.555 1.555 30.70 Deg.
PLAT779_ALERT 4 G Suspect or Irrelevant (Bond) Angle in CIF .... # 159
C32A -N12 -C32B 1.555 1.555 1.555 26.40 Deg.
PLAT779 ALERT 4 G Suspect or Irrelevant (Bond) Angle in CIF .... # 164
C36B -N12 -C36A 1.555 1.555 1.555 30.10 Deg.
PLAT779_ALERT _4_G Suspect or Irrelevant (Bond) Angle in CIF .... # 183
C33A -C34 -C33B 1.555 1.555 1.555 26.10 Deg.
PLAT779_ALERT _4_G Suspect or Irrelevant (Bond) Angle in CIF .... # 184
C35B -C34 -C35A 1.555 1.555 1.555 30.70 Deg.
PLAT791_ALERT 4_G The Model has Chirality at C75 = ............. S

PLAT791 ALERT 4 G
PLAT791 ALERT 4 G
PLAT791 ALERT 4 G
PLAT791 ALERT 4 G
PLAT791 ALERT 4 G
PLAT791 ALERT 4 G
PLAT860 ALERT 3 G
PLAT869 ALERT 4 G
PLAT899 ALERT 4 G

The Model has Chirality at C77 = ...cieieeeeeenn S
The Model has Chirality at C80 @ ........c.c... R
The Model has Chirality at C81 = ............. S
The Model has Chirality at C82 = ............. R
The Model has Chirality at C85 = ............. R
The Model has Chirality at C86 @ ............. R
Number of Least-Squares Restraints ............. 1319
ALERTS Related to the use of SQUEEZE Suppressed !
SHELXL97 is Deprecated and Succeeded by SHELXL 2014

Ratio
Check
su

su

su

su

su
Note
Ang.
Ang.
Info
Check

Check
Check
Check
Check
Check
Check
Check

Verify
Verify
Verify
Verify
Verify
Verify
Verify
Note

Info

Note

0 ALERT level A = Most likely a serious problem - resolve or explain
4 ALERT level B = A potentially serious problem, consider carefully
= Check. Ensure it is not caused by an omission or oversight
37 ALERT level G = General information/check it is not something unexpected

31 ALERT level C

5 ALERT type
37 ALERT type
6 ALERT type
21 ALERT type
3 ALERT type

s W

CIF construction/syntax error, inconsistent or missing data

Indicator that the structure model may be wrong or deficient

Indicator that the structure quality may be low
Improvement, methodology, query or suggestion
Informative message, check

checkCIF publication errors

@ Alert level A

PUBL004 ALERT 1 A

The contact author’s name and address are missing,

_publ contact author name and publ contact author address.

PUBL005_ ALERT 1 A

_publ contact author email, publ contact author fax and

_publ contact_author phone are all missing.
At least one of these should be present.


http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT112.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT301.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT606.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/PLAT869.html
http://journals.iucr.org/services/cif/checking/PLAT899.html
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005

PUBL006_ALERT 1 A _publ requested journal is missing

e.g. 'Acta Crystallographica Section C’
PUBLO08 ALERT 1 A publ section_title is missing. Title of paper.
PUBLO09 ALERT 1 A _publ author_name is missing. List of author(s) name(s).
PUBLO10_ALERT 1 A _publ author_address is missing. Author(s) address(es).
PUBLO12_ ALERT 1 A _publ section_abstract is missing.

Abstract of paper in English.

“ Alert level G
PUBLO17_ALERT 1 G The _publ section references section is missing or
empty.

7 ALERT level A = Data missing that is essential or data in wrong format
1 ALERT level G General alerts. Data that may be required is missing

Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was
carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf PUBL004 GLOBAL

’
PROBLEM: The contact author’s name and address are missing,
RESPONSE: ...

’

_vrf PUBL005 GLOBAL

’
PROBLEM: _publ contact author email, publ contact author fax and
RESPONSE: ...

’

_vrf PUBL006 GLOBAL

’
PROBLEM: publ requested journal is missing
RESPONSE: ...


http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_017

;
_vrf PUBL008 GLOBAL

4
PROBLEM: _publ section_title is missing. Title of paper.
RESPONSE: ...

4

_vrf PUBL009 GLOBAL

4
PROBLEM: _publ author name is missing. List of author(s) name(s).
RESPONSE: ...

4

_vrf PUBL010 GLOBAL

4
PROBLEM: _publ author address is missing. Author(s) address(es).
RESPONSE: ...

4

_vrf PUBL012 GLOBAL

’
PROBLEM: _publ section_abstract is missing.
RESPONSE: ...

4

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF via the web. If your CIF is to form part of a submission to another [UCr
journal, you will be asked, either during electronic submission or by the Co-editor handling your
paper, to upload your CIF via our web site.

PLATON version of 20/08/2014; check.def file version of 18/08/2014


http://journals.iucr.org/services/submit.html
http://journals.iucr.org/services/submit.html

Datablock I - ellipsoid plot

Z 55 1

€2

R =0.06
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checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report
Datablock: 1
Bond precision: C-C = 0.0111 A Wavelength=0.71073
Cell: a=35.189(3) b=14.8898(13) c=30.520(3)
alpha=90 beta=102.051(1) gamma=90
Temperature: 90 K
Calculated Reported
Volume 15639(2) 15639(2)
Space group Cc 2 C2
Hall group C 2y ?

Moiety formula

Sum formula
Mr

Dx,g cm-3
Z

Mu (mm-1)
F00O0
F000"
h,k, lmax
Nref
Tmin, Tmax
Tmin’

2(C72 H48 I12 N24 Zné6),
2(C10 H13 02.50)

C164 H122 I24 N48 05 Znl2
6675.38

1.418

2

3.311

6228.0

6213.91

43,18,38

31893[ 16586]
0.820,0.876

0.672

Correction method= EMPIRICAL

Data completeness= 1.92/1.00

R(reflections)= 0.0492( 26088)

S =1.159

Npar= 1252

C72 H48 I12 N24 Zné
0.5(C20 H26 05)

C82 H61 I12 N24 02.50 Zné
3337.57

1.418

4

3.311

6228.0

43,18,38
31800
0.692,0.879

Theta(max)= 26.340

wR2 (reflections)= 0.1576( 31800)

The following ALERTS were generated. Each ALERT has the format
test-name_ ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.


http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html

@ Alert level B

PLAT111 ALERT 2 B ADDSYM Detects (Pseudo) Centre of Symmetry ..... 100 &Fit
PLAT213_ALERT_2_B Atom C22 has ADP max/min Ratio ..... 4.4 prolat
PLAT213_ALERT 2 B Atom C23 has ADP max/min Ratio ..... 4.2 prolat
PLAT213_ALERT 2 B Atom C58 has ADP max/min Ratio ..... 4.1 prolat
PLAT420_ALERT 2 B D-H Without Acceptor *05 - *H97 oo Please Check
# Alert level C
DIFMX01 ALERT 2 C The maximum difference density is > 0.1*ZMAX*0.75

_refine diff density max given = 3.981

Test value = 3.975
DIFMX02_ALERT_1 C The maximum difference density is > 0.1*ZMAX*0.75

The relevant atom site should be identified.
PLAT094_ ALERT 2_C Ratio of Maximum / Minimum Residual Density .... 2.07 Report
PLAT125_ALERT 4_C No ’_symmetry space_group_name Hall’ Given ..... Please Do !
PLAT213_ALERT_2_C Atom I5 has ADP max/min Ratio ..... 3.1 prolat
PLAT213_ALERT_2_C Atom N11 has ADP max/min Ratio ..... 3.5 prolat
PLAT213_ALERT_2_C Atom C9 has ADP max/min Ratio ..... 3.6 prolat
PLAT213_ALERT_2_C Atom C20 has ADP max/min Ratio ..... 4.0 prolat
PLAT213_ALERT 2 C Atom C30 has ADP max/min Ratio ..... 3.4 prolat
PLAT213_ALERT 2 _C Atom C31 has ADP max/min Ratio ..... 3.4 prolat
PLAT215 ALERT 3_C Disordered 04 has ADP max/min Ratio ..... 3.8
PLAT215_ ALERT 3_C Disordered C75 has ADP max/min Ratio ..... 3.3
PLAT220 ALERT 2 C Large Non-Solvent C Ueq(max)/Ueqg(min) Range 3.1 Ratio
PLAT230 ALERT 2 C Hirshfeld Test Diff for N16 -—- C44 6.4 su
PLAT234 ALERT 4 C Large Hirshfeld Difference N13 -- C41 .. 0.16 Ang.
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C23 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C49 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C53 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C64 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C69 Check
PLAT242 ALERT_2_C Low Ueq as Compared to Neighbors for ..... Znl Check
PLAT242 ALERT _2_C Low Ueq as Compared to Neighbors for ..... Zn3 Check
PLAT242_ ALERT_2_C Low Ueqg as Compared to Neighbors for ..... N5 Check
PLAT250_ ALERT 2 C Large U3/Ul Ratio for Average U(i,j) Tensor .... 2.3 Note
PLAT342_ALERT_3_C Low Bond Precision on C-C Bonds ......c.ccoo... 0.0111 Ang.
PLAT411 ALERT_2_C Short Inter H...H Contact H9 .. H96 .. 2.05 Ang.
PLAT480_ALERT 4 C Long H...A H-Bond Reported H5 .. 1I1 3.07 Ang.
PLAT480_ALERT 4 C Long H...A H-Bond Reported H9 .. I12 3.13 Ang.
PLAT480 ALERT 4 C Long H...A H-Bond Reported H1l4 .. I4 3.16 Ang.
PLAT480 ALERT 4 C Long H...A H-Bond Reported H19 .. I7 3.19 Ang.
PLAT480 ALERT 4 C Long H...A H-Bond Reported H23 .. 1I5 3.27 Ang.
PLAT480_ALERT 4 _C Long H...A H-Bond Reported H30 .. 1I8 3.19 Ang.
PLAT480_ALERT 4 _C Long H...A H-Bond Reported H31 .. 1I5 3.13 Ang.
PLAT480_ALERT 4 _C Long H...A H-Bond Reported H41l .. 1I6 3.10 Ang.
PLAT480_ALERT 4 _C Long H...A H-Bond Reported H45 .. I8 3.07 Ang.
PLAT480_ALERT 4 _C Long H...A H-Bond Reported H50 .. 19 3.20 Ang.
PLAT480_ALERT 4_C Long H...A H-Bond Reported H54 .. 1I10 3.16 Ang.
PLAT480_ALERT_4_C Long H...A H-Bond Reported H55 .. Il1 3.14 Ang.
PLAT480_ALERT_4_C Long H...A H-Bond Reported H56 .. I12 3.28 Ang.
PLAT480_ALERT_4_C Long H...A H-Bond Reported H58 .. I2 3.27 Ang.
PLAT480_ALERT_4_C Long H...A H-Bond Reported H59 .. I2 3.21 Ang.
PLAT480_ ALERT 4 C Long H...A H-Bond Reported H63 .. Il0 3.19 Ang.
PLAT480_ALERT 4 C Long H...A H-Bond Reported H66 .. I12 3.29 Ang.
PLAT480_ALERT 4 C Long H...A H-Bond Reported H67 .. I2 3.11 Ang.
PLAT480_ALERT 4 C Long H...A H-Bond Reported H81 .. 1I8 3.22 Ang.
PLAT480 ALERT 4 C Long H...A H-Bond Reported H89 .. I2 3.10 Ang.
PLAT480 ALERT 4 C Long H...A H-Bond Reported H96 .. Il2 3.31 Ang.
PLAT480 ALERT 4 C Long H...A H-Bond Reported H97 .. I3 3.24 Ang.
PLAT481_ALERT 4 _C Long D...A H-Bond Reported 05 .. I3 4.03 Ang.


http://journals.iucr.org/services/cif/checking/PLAT111.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT420.html
http://journals.iucr.org/services/cif/checking/DIFMX_01.html
http://journals.iucr.org/services/cif/checking/DIFMX_02.html
http://journals.iucr.org/services/cif/checking/PLAT094.html
http://journals.iucr.org/services/cif/checking/PLAT125.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT220.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT250.html
http://journals.iucr.org/services/cif/checking/PLAT342.html
http://journals.iucr.org/services/cif/checking/PLAT411.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT481.html

“ Alert level G

FORMUO1l_ALERT_1 G There is a discrepancy between the atom counts in the
_chemical_ formula sum and _chemical formula moiety. This is
usually due to the moiety formula being in the wrong format.
Atom count from _chemical_ formula_sum: C82 H61 I1l2 N24 02.5 Zné
Atom count from _chemical_ formula moiety:C92 H74 I12 N24 05 Zné60.5

PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite 97 Note
PLATO003_ALERT 2_G Number of Uiso or Uij Restrained non-H Atoms ... 48 Report
PLAT004_ALERT 5_G Polymeric Structure Found with Dimension ....... 3 Info
PLATO005_ ALERT 5 G No _iucr_refine instructions_details in the CIF Please Do !
PLATO007_ALERT 5_G Number of Unrefined Donor-H Atoms .............. 2 Report
PLAT033_ALERT 4 G Flack x Value Deviates > 2*sigma from Zero ..... 0.064
PLAT042_ALERT 1 _G Calc. and Reported MoietyFormula Strings Differ Please Check
PLAT045 ALERT 1 G Calculated and Reported Z Differ by ............ 0.50 Ratio
PLAT112 ALERT 2 G ADDSYM Detects Additional (Pseudo) Symm. Elem... c Check
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) Il -- Znl .. 6.2 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) I8 -- Zn4 .. 6.8 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I9 --  Zn5 .. 6.5 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I10 --  2Zn5 .. 7.3 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I12 -- Zné6 .o 7.8 su
PLAT301_ALERT 3_G Main Residue Disorder ............ Percentage = 2 Note
PLAT432_ALERT 2_G Short Inter X...Y Contact 1Il12 .. Cé62 .. 3.46 Ang.
PLAT606_ALERT _4_G VERY LARGE Solvent Accessible VOID(S) in Structure ! Info
PLAT791_ALERT_4_G The Model has Chirality at C75 = ............. S Verify
PLAT791_ALERT_4_G The Model has Chirality at C77 = ............. S Verify
PLAT791 ALERT 4 G The Model has Chirality at C80 @ ............. R Verify
PLAT791_ALERT_4_G The Model has Chirality at C81 ceecectecaaaas S Verify
PLAT791 ALERT 4 G The Model has Chirality at C82 e R Verify
PLAT791 ALERT 4 G The Model has Chirality at C85 e S Verify
PLAT791 ALERT 4 G The Model has Chirality at C86 e eeet e S Verify
PLAT860 ALERT 3 G Number of Least-Squares Restraints ............. 400 Note
PLAT869 ALERT 4 G ALERTS Related to the use of SQUEEZE Suppressed ! Info
PLAT899_ ALERT 4_G SHELXL97 is Deprecated and Succeeded by SHELXL 2014 Note

0 ALERT level A = Most likely a serious problem - resolve or explain

5 ALERT level B = A potentially serious problem, consider carefully

49 ALERT level C = Check. Ensure it is not caused by an omission or oversight

28 ALERT level G = General information/check it is not something unexpected

4 ALERT type 1 CIF construction/syntax error, inconsistent or missing data

34 ALERT type 2 Indicator that the structure model may be wrong or deficient

5 ALERT type 3 Indicator that the structure quality may be low

36 ALERT type 4 Improvement, methodology, query or suggestion

3 ALERT type 5 Informative message, check

checkCIF publication errors

@ Alert level A

PUBL004 ALERT 1 A

The contact author’s name and address are missing,

_publ contact_author name and _publ contact author address.

PUBL005 ALERT 1 A

_publ contact author email, publ contact author fax and

_publ contact_author phone are all missing.

At lea
PUBL006_ ALERT 1 A
e.g. '
PUBL008_ALERT 1 A
PUBL009 ALERT 1 A

st one of these should be present.

_publ requested journal is missing

Acta Crystallographica Section C’

_publ section title is missing. Title of paper.

_publ author name is missing. List of author(s) name(s).


http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT004.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT007.html
http://journals.iucr.org/services/cif/checking/PLAT033.html
http://journals.iucr.org/services/cif/checking/PLAT042.html
http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT112.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT301.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT606.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
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http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/PLAT869.html
http://journals.iucr.org/services/cif/checking/PLAT899.html
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009

PUBLO10_ALERT 1 A _publ author_address is missing. Author(s) address(es).
PUBLO12_ ALERT 1 A _publ section_abstract is missing.
Abstract of paper in English.

“ Alert level G
PUBLO17_ALERT 1 G The _publ section references section is missing or
empty.

7 ALERT level A = Data missing that is essential or data in wrong format
1 ALERT level G General alerts. Data that may be required is missing

Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was
carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf PUBL004 GLOBAL

’
PROBLEM: The contact author’s name and address are missing,
RESPONSE: ...

’

_vrf PUBL005 GLOBAL

’
PROBLEM: _publ contact author email, publ contact author fax and
RESPONSE: ...

’

_vrf PUBL006 GLOBAL

’

PROBLEM: publ requested journal is missing
RESPONSE: ...

7

_vrf PUBL008 GLOBAL

7

PROBLEM: _publ_section_title is missing. Title of paper.


http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_017

RESPONSE: ...

4

_vrf PUBL009 GLOBAL

4
PROBLEM: _publ author name is missing. List of author(s) name(s).
RESPONSE: ...

4

_vrf PUBL010 GLOBAL

4
PROBLEM: _publ author address is missing. Author(s) address(es).
RESPONSE: ...

4

_vrf PUBL012 GLOBAL

’
PROBLEM: _publ section_abstract is missing.
RESPONSE: ...

4

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF via the web. If your CIF is to form part of a submission to another [UCr
journal, you will be asked, either during electronic submission or by the Co-editor handling your
paper, to upload your CIF via our web site.

PLATON version of 20/08/2014; check.def file version of 18/08/2014


http://journals.iucr.org/services/submit.html
http://journals.iucr.org/services/submit.html
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checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report

Datablock: I

Bond precision: C-C = 0.0132 A Wavelength=0.71073
Cell: a=34.622(5) b=14.781(2) c=31.300(4)
alpha=90 beta=101.158(2) gamma=90
Temperature: 90 K
Calculated Reported
Volume 15715(4) 15715(4)
Space group Cc 2 C2
Hall group C 2y ?
Moiety formula 2(C72 H47 Il1l2 N24 Zné6), C72 H48 I12 N24 02.50 Zné6
2(Cl0 H13 02.50) 0.5(C20 H26 05)
Sum formula Cl64 H120 I24 N48 05 Znl2 C82 H61 I12 N24 02.50 Zné6
Mr 6673.37 3323.46
Dx,g cm-3 1.410 1.405
Z 2 4
Mu (mm-1) 3.295 3.295
F000 6224.0 6172.0
F000’ 6209.91
h,k,1lmax 43,18,39 43,18,38
Nref 32137[ 16719] 31879
Tmin, Tmax 0.854,0.877 0.655,0.879
Tmin’ 0.630

Correction method= EMPIRICAL

Data completeness= 1.91/0.99 Theta(max)= 26.350
R(reflections)= 0.0630( 22898) wR2 (reflections)= 0.1912( 31879)
S =1.092 Npar= 1252

The following ALERTS were generated. Each ALERT has the format
test-name_ ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.


http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html

@ Alert level B

PLAT111 ALERT 2 B ADDSYM Detects (Pseudo) Centre of Symmetry ..... 100 &Fit
PLAT113_ALERT 2 B ADDSYM Suggests Possible Pseudo/New Space group. C2/c Check
PLAT213_ALERT 2 B Atom C20 has ADP max/min Ratio ..... 4.5 prolat
PLAT213_ALERT 2 B Atom C45 has ADP max/min Ratio ..... 4.2 prolat
PLAT420_ALERT 2 B D-H Without Acceptor *01 - *H73 Please Check
# Alert level C
CHEMWO1l ALERT 1 C The difference between the given and expected weight for

compound is greater 1 mass unit. Check that all hydrogen

atoms have been taken into account.
PLAT041_ALERT _1_C Calc. and Reported SumFormula Strings Differ Please Check
PLAT068_ALERT 1_C Reported F000 Differs from Calcd (or Missing)... Please Check
PLAT125_ALERT 4 _C No ’_symmetry space_group name Hall’ Given ..... Please Do !
PLAT213_ALERT_2_C Atom I4 has ADP max/min Ratio ..... 3.5 prolat
PLAT213_ALERT_2_C Atom N13 has ADP max/min Ratio ..... 3.2 oblate
PLAT213_ALERT_2_C Atom N20 has ADP max/min Ratio ..... 3.5 oblate
PLAT213_ALERT_2_C Atom C28 has ADP max/min Ratio ..... 3.5 prolat
PLAT213_ALERT_2_C Atom C31 has ADP max/min Ratio ..... 3.1 prolat
PLAT213_ALERT 2 C Atom C35 has ADP max/min Ratio ..... 3.3 oblate
PLAT220_ALERT 2 C Large Non-Solvent C Ueq(max)/Ueqg(min) Range 3.5 Ratio
PLAT220_ALERT 2 _C Large Non-Solvent I Ueq(max)/Ueqg(min) Range 3.1 Ratio
PLAT230_ALERT 2_C Hirshfeld Test Diff for N1 -- C5 6.3 su
PLAT230 ALERT 2 C Hirshfeld Test Diff for N2 -- C6 5.1 su
PLAT230 ALERT 2 C Hirshfeld Test Diff for N13 -- C41 5.8 su
PLAT234 ALERT 4 C Large Hirshfeld Difference N5 -- C9 0.21 Ang.
PLAT234_ALERT 4 C Large Hirshfeld Difference N6 -- C18 0.20 Ang.
PLAT234_ALERT 4 C Large Hirshfeld Difference N8 -- C24 0.18 Ang.
PLAT234_ALERT 4_C Large Hirshfeld Difference N13 -- C37 0.17 Ang.
PLAT234_ALERT _4_C Large Hirshfeld Difference N14 -- C42 0.17 Ang.
PLAT234_ALERT 4_C Large Hirshfeld Difference N18 -- C54 0.18 Ang.
PLAT234_ALERT _4_C Large Hirshfeld Difference N19 -- C55 0.18 Ang.
PLAT234_ALERT _4_C Large Hirshfeld Difference N22 -- C60 0.18 Ang.
PLAT234_ALERT_4_C Large Hirshfeld Difference N23 -- C63 0.16 Ang.
PLAT234_ALERT_4_C Large Hirshfeld Difference N23 -- C67 0.17 Ang.
PLAT234_ ALERT 4 C Large Hirshfeld Difference C3 -- Cé6 0.18 Ang.
PLAT234_ ALERT 4 C Large Hirshfeld Difference C9 -- Cl10 0.21 Ang.
PLAT234_ ALERT 4 C Large Hirshfeld Difference Cl6 -- C17 0.18 Ang.
PLAT234_ALERT 4 C Large Hirshfeld Difference C32 -- C33 0.18 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C37 -- C38 0.17 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C64 -- C65 0.21 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C66 -- C67 0.19 Ang.
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C9 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C18 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C28 Check
PLAT241_ALERT 2_C High Ueqg as Compared to Neighbors for ..... C38 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C46 Check
PLAT241_ALERT 2_C High Ueq as Compared to Neighbors for ..... C64 Check
PLAT241_ALERT 2_C High Ueqg as Compared to Neighbors for ..... C68 Check
PLAT242_ ALERT_2_C Low Ueq as Compared to Neighbors for ..... Znl Check
PLAT242_ ALERT_2_C Low Ueq as Compared to Neighbors for ..... Zn2 Check
PLAT242_ ALERT_2_C Low Ueq as Compared to Neighbors for ..... Zn3 Check
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... Zn4 Check
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... Zn6 Check
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... N5 Check
PLAT242_ ALERT 2 C Low Ueq as Compared to Neighbors for ..... N6 Check
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... N24 Check
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... C65 Check
PLAT250 ALERT 2 C Large U3/Ul Ratio for Average U(i,j) Tensor 2.3 Note
PLAT342_ALERT 3_C Low Bond Precision on C-C Bonds .......cceeue.. 0.0132 Ang.


http://journals.iucr.org/services/cif/checking/PLAT111.html
http://journals.iucr.org/services/cif/checking/PLAT113.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT420.html
http://journals.iucr.org/services/cif/checking/CHEMW_01.html
http://journals.iucr.org/services/cif/checking/PLAT041.html
http://journals.iucr.org/services/cif/checking/PLAT068.html
http://journals.iucr.org/services/cif/checking/PLAT125.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT220.html
http://journals.iucr.org/services/cif/checking/PLAT220.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
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http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT250.html
http://journals.iucr.org/services/cif/checking/PLAT342.html

Please Check
Please Check
1 Note

e e e e e e s e e e e s e s s

PLAT761 ALERT 1 C CIF Contains no X-H Bonds

PLAT762_ALERT 1 _C CIF Contains no X-Y-H or H-Y-H Angles

PLAT790_ALERT 4_C Centre of Gravity not Within Unit Cell: Resd. #
C72 H47 I12 N24 Zné6

“ Alert level G
FORMUO1l_ALERT_1 G There is a discrepancy between the atom counts in the
_chemical formula sum and chemical formula moiety. This is
usually due to the moiety formula being in the wrong format.
Atom count from chemical formula sum: C82 H61 I1l2 N24 02.5 Zné6
Atom count from _chemical_formula moiety:C92 H74 I12 N24 07.5 Zn60.5
FORMUO1l ALERT 2 G There is a discrepancy between the atom counts in the
_chemical_formula_sum and the formula from the _atom site* data.
Atom count from _chemical_formula_sum:C82 H61 I12 N24 02.5 Zné6
Atom count from the _atom_site data: C82 H60 I12 N24 02.5 Zné6
CELLZ01 ALERT 1 G Difference between formula and atom_site contents detected.
CELLZ01_ ALERT 1 _G WARNING: H atoms missing from atom site list. Is this intentional?
From the CIF: _cell formula_ units_2 4
From the CIF: _chemical formula_sum €82 H61 I12 N24 02.50 Zné6
TEST: Compare cell contents of formula and atom site data

atom Z*formula cif sites diff

c 328.00 328.00 0.00

H 244.00 240.00 4.00

I 48.00 48.00 0.00

N 96.00 96.00 0.00

(o] 10.00 10.00 0.00

Zn 24.00 24.00 0.00
PLAT002_ALERT 2_G Number of Distance or Angle Restraints on AtSite 105 Note
PLAT003_ALERT 2 G Number of Uiso or Uij Restrained non-H Atoms ... 38 Report
PLAT004_ ALERT 5 G Polymeric Structure Found with Dimension ....... 3 Info
PLATO05_ALERT _5_G No _iucr_refine instructions_details in the CIF Please Do !
PLATO007_ALERT 5 G Number of Unrefined Donor-H Atoms .............. 2 Report
PLATO033_ALERT 4 G Flack x Value Deviates > 2*sigma from Zero ..... 0.050
PLAT042_ ALERT 1 G Calc. and Reported MoietyFormula Strings Differ Please Check
PLAT045_ALERT 1 G Calculated and Reported Z Differ by ............ 0.50 Ratio
PLAT072_ ALERT 2 G SHELXL First Parameter in WGHT Unusually Large. 0.12 Report
PLAT112 ALERT 2 G ADDSYM Detects Additional (Pseudo) Symm. Elem... c Check
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) T1 -—- Znl .o 7.1 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) I2 -—- Znl .o 5.7 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) I4 -— Zn2 .o 6.2 su
PLAT232_ ALERT 2 G Hirshfeld Test Diff (M-X) I5 -— Zn3 .o 6.5 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) 1I7 -- Zn4 .o 11.1 su
PLAT232 ALERT 2 G Hirshfeld Test Diff (M-X) Il1 -- Zné6 oo 8.9 su
PLAT301 ALERT 3 G Main Residue Disorder ............ Percentage = 2 Note
PLAT343_ALERT 2 G Unusual sp? Angle Range in Main Residue for C38 Che
PLAT432_ ALERT 2 G Short Inter X...Y Contact TI10 .. C60 .o 3.47 Ang.
PLAT432_ALERT 2 G Short Inter X...Y Contact 02 .. C26 .o 2.66 Ang.
PLAT606_ALERT 4 G VERY LARGE Solvent Accessible VOID(S) in Structure ! Info
PLAT791 ALERT 4 G The Model has Chirality at C75 ceeeeeeeeaen S Verify
PLAT791_ALERT 4 _G The Model has Chirality at C77 ceeeeeeeaaen S Verify
PLAT791 ALERT 4 G The Model has Chirality at C80 Ceeeeseseeaes S Verify
PLAT791 ALERT 4 G The Model has Chirality at C81 Ceeeeseseeaes S Verify
PLAT791 ALERT 4 G The Model has Chirality at C82 ceeeeseseeaes R Verify
PLAT791 ALERT 4 G The Model has Chirality at C85 ceeeeseseeaes S Verify
PLAT791 ALERT 4 G The Model has Chirality at C86 Ceeeeseseaaes R Verify
PLAT860 ALERT 3 G Number of Least-Squares Restraints ............. 343 Note
PLAT869 ALERT 4 G ALERTS Related to the use of SQUEEZE Suppressed ! Info
PLAT899 ALERT 4 G SHELXL97 is Deprecated and Succeeded by SHELXL 2014 Note



http://journals.iucr.org/services/cif/checking/PLAT761.html
http://journals.iucr.org/services/cif/checking/PLAT762.html
http://journals.iucr.org/services/cif/checking/PLAT790.html
http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/CELLZ_01.html
http://journals.iucr.org/services/cif/checking/CELLZ_01.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT004.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT007.html
http://journals.iucr.org/services/cif/checking/PLAT033.html
http://journals.iucr.org/services/cif/checking/PLAT042.html
http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT072.html
http://journals.iucr.org/services/cif/checking/PLAT112.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT301.html
http://journals.iucr.org/services/cif/checking/PLAT343.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT606.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/PLAT869.html
http://journals.iucr.org/services/cif/checking/PLAT899.html

0 ALERT level A

Most likely a serious problem - resolve or explain

5 ALERT level B A potentially serious problem, consider carefully

53 ALERT level C Check. Ensure it is not caused by an omission or oversight
35 ALERT level G = General information/check it is not something unexpected

10 ALERT type
47 ALERT type
3 ALERT type
30 ALERT type
3 ALERT type

CIF construction/syntax error, inconsistent or missing data
Indicator that the structure model may be wrong or deficient
Indicator that the structure quality may be low

Improvement, methodology, query or suggestion

Informative message, check

s W

checkCIF publication errors

@ Alert level A
PUBL004 ALERT 1 A The contact author’s name and address are missing,
_publ contact author name and publ contact author address.
PUBLO05 ALERT 1 A publ contact author email, publ contact author fax and
_publ contact_author phone are all missing.
At least one of these should be present.
PUBL006 ALERT 1 A publ requested journal is missing
e.g. 'Acta Crystallographica Section C’
PUBLO08_ALERT 1_A _publ section_title is missing. Title of paper.
PUBLO09_ALERT 1_A _publ author name is missing. List of author(s) name(s).
PUBL010_ALERT 1_A _publ author address is missing. Author(s) address(es).
PUBLO012_ALERT 1 A _publ section_ abstract is missing.
Abstract of paper in English.

“ Alert level G
PUBLO17_ALERT 1_G The _publ_ section references section is missing or
empty.

7 ALERT level A Data missing that is essential or data in wrong format
1 ALERT level G = General alerts. Data that may be required is missing



http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_017

Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was
carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf PUBL004 GLOBAL

.
’

PROBLEM: The contact author’s name and address are missing,
RESPONSE: ...

.
’

_vrf PUBL005_GLOBAL

.
’

PROBLEM: _publ_contact_author_email, _publ contact_author fax and
RESPONSE: ...

.
’

_vrf PUBL006_ GLOBAL

.
’

PROBLEM: _publ_requested_journal is missing
RESPONSE: ...

.
’

_vrf PUBL008 GLOBAL

.
’

PROBLEM: _publ_ section_title is missing. Title of paper.
RESPONSE: ...

.
’

_vrf PUBL009 GLOBAL

.
’

PROBLEM: _publ_author name is missing. List of author(s) name(s).
RESPONSE: ...

.
’

_vrf PUBL010_ GLOBAL

.
’

PROBLEM: _publ_ author address is missing. Author(s) address(es).
RESPONSE: ...

4
_vrf PUBL012 GLOBAL

.
’



PROBLEM: _publ section_abstract is missing.
RESPONSE: ...

.
4

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF via the web. If your CIF is to form part of a submission to another [UCr
journal, you will be asked, either during electronic submission or by the Co-editor handling your
paper, to upload your CIF via our web site.
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checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report

Datablock: I

Bond precision: C-C = 0.0105 A Wavelength=0.71073
Cell: a=18.622(3) b=14.558(2) c=13.376(2)
alpha=90 beta=124.061(2) gamma=90
Temperature: 93 K
Calculated Reported
Volume 3004.1(8) 3004.1(8)
Space group Cc 2 C2
Hall group C 2y ?
Moiety formula €30 H37 Br 07, C H2 Cl2 ?
Sum formula C31 H39 Br Cl2 07 C31 H39 Br Cl2 07
Mr 674.42 674.43
Dx,g cm-3 1.491 1.491
Z 4 4
Mu (mm-1) 1.593 1.593
F000 1400.0 1400.0
F000’ 1400.63
h,k,1lmax 22,17,16 22,17,16
Nref 5510[ 2873] 5227
Tmin, Tmax 0.826,0.938 0.785,0.939
Tmin’ 0.775

Correction method= MULTI-SCAN

Data completeness= 1.82/0.95 Theta(max)= 25.350
R(reflections)= 0.0613( 3948) wR2 (reflections)= 0.1495( 5227)
S = 1.041 Npar= 398

The following ALERTS were generated. Each ALERT has the format
test-name_ ALERT alert-type_ alert-level.
Click on the hyperlinks for more details of the test.



http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html

@ Alert level B

PLATO035_ALERT_1_B No _chemical_absolute_configuration info given . Please Do !
PLAT420_ALERT 2 B D-H Without Acceptor 03 - H3A cee Please Check
PLAT420_ ALERT 2 B D-H Without Acceptor 04 - H4A oo Please Check
# Alert level C
PLAT048 ALERT 1 C MoietyFormula NOt GiVen ....c.ceeeeeececencecens Please Do !
PLAT090 ALERT 3_C Poor Data / Parameter Ratio (Zmax > 18) ........ 7.22 Note
PLAT125 ALERT 4 C No ' _symmetry space group name Hall’ Given ..... Please Do !
PLAT213_ALERT_2_C Atom C10 has ADP max/min Ratio ..... 3.2 prolat
PLAT213_ALERT_2_C Atom C18 has ADP max/min Ratio ..... 3.2 prolat
PLAT213_ALERT 2 _C Atom C34 has ADP max/min Ratio ..... 3.1 prolat
PLAT213_ALERT_2_C Atom C36 has ADP max/min Ratio ..... 3.4 prolat
PLAT234_ALERT 4_C Large Hirshfeld Difference C10 -- C36 .- 0.18 Ang.
PLAT234_ALERT_4_C Large Hirshfeld Difference C34 -- C40 .o 0.16 Ang.
PLAT250 ALERT 2 C Large U3/Ul Ratio for Average U(i,j) Tensor .... 3.6 Note
PLAT341_ALERT 3_C Low Bond Precision on C-C Bonds ......c.ccoo... 0.0105 Ang.
PLAT414 ALERT 2 C Short Intra D-H..H-X H3A .. H5A .o 1.94 Ang.
¥ Alert level G
PLAT002_ALERT 2_G Number of Distance or Angle Restraints on AtSite 6 Note
PLAT003_ALERT 2_G Number of Uiso or Uij Restrained non-H Atoms ... 4 Report
PLAT005 ALERT 5 G No _iucr refine instructions details in the CIF Please Do !
PLAT007_ ALERT 5 G Number of Unrefined Donor-H AtOmMS .....cceeeeeos 3 Report
PLAT083 ALERT 2 G SHELXL Second Parameter in WGHT Unusually Large. 10.00 Why ?
PLAT128_ ALERT 4 G Alternate Setting for Input Space Group C2 I2 Note
PLAT302_ALERT 4 G Anion/Solvent Disorder ............ Percentage = 100 Note
PLAT432_ALERT 2_G Short Inter X...Y Contact Cl1B .. C21 .. 3.11 Ang.
PLAT432 ALERT 2 G Short Inter X...Y Contact 02 .. C44B .. 2.93 Ang.
PLAT434_ALERT 2 _G Short Inter HL..HL Contact Brl .. Cl2B . 2.87 Ang.
PLAT791_ALERT 4_G The Model has Chirality at C9 = ............. S Verify
PLAT791_ALERT 4_G The Model has Chirality at Cl4 = ............. R Verify
PLAT791_ALERT_4_G The Model has Chirality at Cl17 = ............. S Verify
PLAT791_ALERT 4_G The Model has Chirality at C20 = ............. R Verify
PLAT791_ALERT_4_G The Model has Chirality at C22 = ............. R Verify
PLAT791 ALERT 4 G The Model has Chirality at C24 = ............. R Verify
PLAT791_ ALERT_4_ G The Model has Chirality at C33 et R Verify
PLAT791 ALERT 4 G The Model has Chirality at C37 Ceteeeeieee S Verify
PLAT791_ALERT 4 G The Model has Chirality at C39 e R Verify
PLAT860 ALERT 3 G Number of Least-Squares Restraints ............. 26 Note
PLAT899 ALERT 4 G SHELXL97 is Deprecated and Succeeded by SHELXL 2014 Note
0 ALERT level A = Most likely a serious problem - resolve or explain
3 ALERT level B = A potentially serious problem, consider carefully
12 ALERT level C = Check. Ensure it is not caused by an omission or oversight
21 ALERT level G = General information/check it is not something unexpected
2 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
14 ALERT type 2 Indicator that the structure model may be wrong or deficient
3 ALERT type 3 Indicator that the structure quality may be low
15 ALERT type 4 Improvement, methodology, query or suggestion
2 ALERT type 5 Informative message, check

checkCIF publication errors


http://journals.iucr.org/services/cif/checking/PLAT035.html
http://journals.iucr.org/services/cif/checking/PLAT420.html
http://journals.iucr.org/services/cif/checking/PLAT420.html
http://journals.iucr.org/services/cif/checking/PLAT048.html
http://journals.iucr.org/services/cif/checking/PLAT090.html
http://journals.iucr.org/services/cif/checking/PLAT125.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT250.html
http://journals.iucr.org/services/cif/checking/PLAT341.html
http://journals.iucr.org/services/cif/checking/PLAT414.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT007.html
http://journals.iucr.org/services/cif/checking/PLAT083.html
http://journals.iucr.org/services/cif/checking/PLAT128.html
http://journals.iucr.org/services/cif/checking/PLAT302.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT434.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/PLAT899.html

@ Alert level A
PUBLO04_ALERT 1_A The contact author’s name and address are missing,
_publ_contact_author_name and _publ_contact_author_ address.
PUBLOO5_ALERT 1_A _publ contact_author_email, _publ_contact_author_fax and
_publ_contact_author_phone are all missing.
At least one of these should be present.
PUBLO06_ALERT 1_A _publ_ requested_journal is missing
e.g. 'Acta Crystallographica Section C’
PUBLOO8_ALERT 1_A _publ section_title is missing. Title of paper.
PUBLO09 ALERT 1 A _publ author_name is missing. List of author(s) name(s).
PUBL010_ALERT 1 A _publ author_address is missing. Author(s) address(es).
PUBLO12_ALERT 1_A _publ_ section_abstract is missing.
Abstract of paper in English.

“ Alert level G
PUBLO17_ALERT 1 G The _publ section references section is missing or
empty.

7 ALERT level A
1 ALERT level G

Data missing that is essential or data in wrong format
General alerts. Data that may be required is missing

Publication of your CIF

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was
carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf PUBL004 GLOBAL

.
’

PROBLEM: The contact author’s name and address are missing,
RESPONSE: ...

.
’

_vrf PUBL005_ GLOBAL


http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_017

’
PROBLEM: _publ contact_author_email, _publ contact_author_fax and
RESPONSE: ...

4

_vrf PUBL006_ GLOBAL

4
PROBLEM: _publ requested_journal is missing
RESPONSE: ...

4

_vrf PUBL008 GLOBAL

4
PROBLEM: _publ section_title is missing. Title of paper.
RESPONSE: ...

4

_vrf PUBL009 GLOBAL

4
PROBLEM: _publ author name is missing. List of author(s) name(s).
RESPONSE: ...

4

_vrf PUBL010 GLOBAL

4
PROBLEM: _publ author address is missing. Author(s) address(es).
RESPONSE: ...

4

_vrf PUBL012 GLOBAL

’
PROBLEM: _publ section_abstract is missing.
RESPONSE: ...

4

# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF via the web. If your CIF is to form part of a submission to another [UCr
journal, you will be asked, either during electronic submission or by the Co-editor handling your
paper, to upload your CIF via our web site.

PLATON version of 20/08/2014; check.def file version of 18/08/2014
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A Convergent Total Synthesis of 19-Hydroxysarmentogenin™**
Ken Mukai, Daisuke Urabe, Satoshi Kasuya, Naoto Aoki, and Masayuki Inoue*

Crossopetalum gaumeri (Loes.), a medical plant among the
Yucatec Mayan community, contains various highly cytotoxic
natural products, including 19-hydroxysarmentogenin-3f3-O-
B-6-deoxyguloside (Figure 1).!'" This compound belongs to
a family of cardenolides and bufadienolides, which are

19-hydroxysarmentogenin O
-3p-O-B-6-deoxyguloside o

Figure 1. Structures of cardenolides and bufadienolides.

typified by ouabain® and bryophilin C.* Cardenolides and
bufadienolides have been used for hundreds of years in both
Western and Eastern medicine, and share the capacity to slow
the heart rate and to increase the force of contraction of heart
muscle tissue.” The positive inotropic activity is attributed to
a high affinity inhibitory interaction with the extracellular
surface of the membrane-bound sodium pump (Na*/K*-
ATPase) responsible for Na*/K* exchange. In addition to
their cardiac activity, these molecules exhibit strong cytotoxic
activity against various cultured human cancer cells.”!
Accordingly, their potential use in oncology has been inves-
tigated. Furthermore, cardenolides and bufadienolides have
been identified in mammalian tissues and plasma, and thus
these compounds are also considered as endogenous factors
to regulate physiological phenomena.

[*] K. Mukai, Dr. D. Urabe, Dr. S. Kasuya, N. Aoki, Prof. Dr. M. Inoue
Graduate School of Pharmaceutical Sciences, The University of
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033 (Japan)
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from JSPS to S.K. is gratefully acknowledged. We thank Dr. Keniji
Yoza (Bruker AXS) for X-ray crystallographic analyses.
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under http://dx.doi.org/10.1002/anie.201302067.
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Cardenolides and bufadienolides share a characteristic
steroid-like framework that is distinct from conventional
androstane/pregnane-type steroids in that they have cis A/B
and C/D ring junctions, a tertiary 14f3-hydroxyl group, and
a 17P-unsaturated lactone. The unusual structural features
render these natural products formidable targets for total
synthesis. Numerous laboratories have reported synthetic
studies on these natural products,”-* which has culminated in
the successful total syntheses of ouabain by the Deslong-
champs group and ouabagenin, its aglycon, by Baran.”!

We became interested in devising a unified convergent
strategy that would be applicable to the various biologically
important cardenolide/bufadienolide structures alike. To
establish such a strategy, we selected 19-hydroxysarmentoge-
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Scheme 1. Synthetic plan for 19-hydroxysarmentogenin (1).

radical
cyclization

(o) \11

C

nin (1, Scheme 1), an aglycon of 19-hydroxysarmentogenin-
3B-0O-p-6-deoxyguloside, as the initial target. Herein, we
report the total synthesis of 1 through the coupling of three
readily available fragments.

The structural differences among the cardenolides and
bufadienolides mainly arise from the substitutions at C1, C3,
and C5 of the A ring, and the unsaturated lactone at C17,
whereas the structures from C6 to C19 are conserved
(Figure 1). Recognition of these varied and common motifs
allowed us to retrosynthetically divide these molecules into
two-variable (color-coded in cyan and purple) and one-
consensus substructures (color-coded in pink). As shown in
Scheme 1, the three simple fragments, chiral AB ring 7 (cyan),
meso-D ring 6 (pink), and butenolide 2 (purple), were

Angew. Chem. Int. Ed. 2013, 52, 5300 -5304
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specifically designed for 1, and were to be assembled into the
entire structure in a convergent fashion. It was envisioned
that other cardenolides and bufadienolides would be obtained
by use of structural variants of 7 and 2 with the same 6.

This convergent strategy required the correct introduction
of six stereocenters (C8, 9, 11, 13, 14, 17) in the transformation
from 7 into 1 (Scheme 1). Stereoselective construction of the
C ring through formation of the two C—C bonds from chiral 7
and meso-6 was especially challenging and was expected to
require two key intramolecular reactions: 1) radical cycliza-
tion of bromide 5, which was prepared by acetal tethering of 7
and 6, would install the C9-stereocenter of 4, and 2) the aldol
reaction of 4 would simultaneously control the stereochem-
istry at C8, C13, and C14 of 3a. Stereoselective attachment of
butenolide 2 to 3a would then lead to the target structure, 1.

ABring 7 was prepared in nine steps from (S)-peril-
laldehyde 8 (Scheme 2 A). Diels—Alder reaction between 8

A) 0 NM H X
2 a) 110 °C B
H i __HCI(w) ’g
+ 7
OTBS H 0
b) LiAlH, —10: X =0
¢) MnO, Lo g1 %= OH, H
d) Ac,O
e) OsO,4
NaIO4

OAc
g) KoCOg
h) TBSOTf PPTS °G
TBSO OTBS TBSO

o
B
) j) DIBAL-H OTBS m)ph,p” OMe A
_ k) TBSOTf : LDA
> X ’d
°© TBSO™
15 16: X = CH,
OR 17.x=0 <110
MeO \. 18:R=TBS n) TBAF
V/\@ 6ReAc < o 0) Ac,0
RO

Scheme 2. Reagents and conditions: a) toluene, reflux; HCl (1 m),

THF, RT, 78%; b) LiAIH,, Et,0, —78°C to RT; c) MnO,, CH,Cl,, RT,
66% (2 steps); d) Ac,0, Et;N, CH ,Cly, RT, 99%; e) OsO,, NalO,, 2,6-
lutidine, H,0, dioxane, RT, 94 %; f) m-CPBA, CH,Cl,, RT, 67 %;

g) K,CO;, MeOH, RT, 92%; h) TBSOTF, 2,6-lutidine, CH,Cl,, RT;

i) PPTS, H,0, MeOH, 0°C, 99% (2 steps); j) DIBAL-H, CH,Cl,, —78°C,
63%; k) TBSOTY, 2,6-lutidine, CH,Cl,, RT, 96%; 1) O, CH,Cl,, —78°C;
Ph,P, RT, 80%; m) A, LDA, THF, RT, 71% (E/Z=1:1.2); n) TBAF, THF,
60°C; o) Ac,O, pyridine, DMAP, RT, 84% (2 steps). DIBAL-H =diiso-
butylaluminum hydride, DMAP = N,N-dimethyl-4-amino pyridine,

LDA =lithium diisopropylamide, m-CPBA = meta-chloroperoxybenzoic
acid, PPTS =pyridinium p-toluenesulfonate, TBAF =tetra-n-butylammo-
nium fluoride, TBS =tert-butyldimethylsilyl.

and the Rawal diene 9,'” followed by acidic treatment,
resulted in stereoselective formation of cis-fused enone 10
with the requisite C5 and C10 stereocenters.”!! The two
carbonyl groups of 10 were reduced with LiAlH, to give the
corresponding hydroxy groups, and chemoselective oxidation
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of the C7 allylic alcohol afforded 11. After acetylation of the
primary alcohol of 11, the C3 isopropenyl group was
oxidatively converted into the methyl ketone of 12. A
Bayer—Villiger reaction of 12 using meta-chloroperoxyben-
zoic acid stereoselectively introduced the C3 acetoxy func-
tional group. Next, the two acetyl groups of 13 were removed
by methanolysis to provide the diol, the treatment of which
with  tert-butyldimethylsilyl  trifluoromethanesulfonate
(TBSOTY) and 2,6-lutidine gave rise to bis(TBS) ether 14.
Finally, the internal acetal of 14 was transformed into the
corresponding keto alcohol of the requisite fragment 7 by the
action of pyridinium para-toluenesulfonate (PPTS) in meth-
anol.

Because of its meso symmetry, D ring 19 was readily
synthesized through six functional group manipulations from
the known meso diketone 1517 (Scheme 2B). Stereoselective
diisobutylaluminum hydride reduction of 15 and subsequent
TBS protection of the resultant hydroxy groups afforded 16.
Ozonolysis of 16 produced aldehyde 17, which was subjected
to the Horner—Wittig reaction with A to provide enol ether
18. A two-step manipulation of the protecting group con-
verted TBS-protected 18 into acetyl-protected 6.

Pentacycle 3a was obtained from the prepared AB and
D ring fragments 7 and 6 in only seven steps involving two
cyclizations (Scheme 3). Before the first radical cyclization,
the acetal tether of 5§ was formed. Enol ether 6 was treated
with bromine to give dibromide 19. The bromine atom of 19
adjacent to the methoxy group was highly reactive towards
nucleophiles, and thus was replaced in situ by the C19 oxygen
of 7 in the presence of dimethyl aniline to furnish acetal 5.1
The remaining C11 bromine atom of 5 was then homolytically
cleaved by treatment with (TMS),SiH (TMS = trimethylsilyl)
and Et;B,' and the resultant C11 carbon radical 20 reacted
with the C8=C9 bond from the top face of the molecule owing
to the constraint of the acetal linkage. As a result, the C9—C11
bond was formed in the desired fashion, leading to the fused
tricycle 21.

Having successfully installed the C9 stereocenter, the
substrate of the second cyclization was synthesized from 21.
The diastereomers 21 at the acetal and C11 positions were
merged into the single isomer 22 by acid-induced vinyl ether
formation,™ thus generating 22 after reprotection of the
partially desilylated C3 hydroxy group. Deacetylation of 22
and oxidation of the liberated hydroxy groups with Dess—
Martin reagent!'® provided triketone 4, the substrate for the
crucial aldol reaction. Cyclization of the Cring required
chemoselective C8 enolate formation and subsequent regio-
and stereoselective attack on the C14 ketone in the presence
of the C17 ketone for the correct installation of the C8, C13
and Cl14 stereocenters. To realize these selectivities, we
screened the reagents and conditions, and found that a cata-
lytic amount of KN(TMS), (10 mol%) in refluxing THF
induced C8—C14 bond formation to deliver the desired 3a as
the major product (3a/3b =8.6:1) in a quantitative combined
yield. Treatment of the isolated minor isomer 3b with
KN(TMS), led to 3a, thus indicating the thermodynamically
controlled nature of the present aldol reaction. X-ray
crystallographic analysis of 3a established its characteristic
three-dimensional structure. Interestingly, the B ring of 3a
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X-ray crystal structure of 3a
(CCDC 929234)

TBSO h) KN(TMS),

Scheme 3. Reagents and conditions; a) 6 (2 equiv), Br,, CH,Cl,,
—78°C; 7 (1 equiv), PANMe,, —78°C to RT; b) Et,B, (TMS),SiH, O,,
toluene, —65°C; c) B, toluene, reflux; d) TBSOTY, 2,6-lutidine, CH,Cl,,
—78°C, 65% (4 steps from 7); e) K,CO;, MeOH, RT; f) Dess—Martin
periodinane, NaHCO;, CH,Cl,, RT, 86 % (2 steps); g) KN(TMS),

(10 mol %), THF, reflux, 100% (3a/3b=8.6:1); h) KN(TMS),

(30 mol %), THF, reflux, 66 % (3a/3b=12:1). TMS =trimethylsilyl.

JH3H4ax =10.3 HZ, JH3H4eq =40Hz
JHsHeax = 13.7 HzZ, JysHgeq = 2.9 Hz

JH3H4ax = 2.3 HZ, Jy3H4eq = 2.3 Hz
JHaaxHs = 13.2 HZ, Jpgeqhs =15-7 Hz

R
0]
IH |0
8 14
Y OH
3c 3e, 3f, 3g, 3h

Figure 2. Eight isomers potentially generated by the aldol reaction of
4.

adopts the boat conformation in the X-ray and NMR
structures, whereas the NMR data indicated the chair
conformation of the B ring of 3b (Figure 2).
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The aldol reaction generated only one major product, 3a,
out of the eight diastereomers (3a-h) possible under the
thermodynamic conditions (Figure 2).'" The cis-fused BC
rings of diastereomers 3e-h cause an unfavorable steric
interaction between the Cring and the enol ether ring, and
the trans-fused 6/5 ring system of 3¢ or 3d is more strained
than its cis counterpart in 3a or 3b."® Thus, 3a and 3b are
preferred over the other six diastereomers 3c¢-h. Although
compounds 3a and 3b would both be stabilized by hydrogen
bonding, the lone pair of the C7 carbonyl group is more
properly oriented toward the proton of the proximal hydroxy
group in 3a than in 3b, and this factor is attributed to the
selective formation of 3a over 3b.

Our total synthesis of 1 was completed from pentacycle 3a
through a 12-step sequence including attachment of the
butenolide moiety (Scheme 4). The C7 ketone of 3a was first
chemoselectively reduced using NaBH, in the presence of the
C17 ketone to produce 23. Treatment of alcohol 23 with NaH,
CS,, and Mel led to the corresponding xanthate 24, which
underwent deoxygenation by the action of Ph;SnH and 2,2'-
azobisisobutyronitrile to provide 25.! Ozonolysis of the vinyl
ether of 25 liberated the C11 oxygen functional group as the
ketone, giving rise to 26, which was deformylated with
NH,OH to afford hemiacetal 27. When 27 was subjected to
the reagent mixture of TBSOTY, Et;N, and LiN(TMS),,?” the
C19 primary alcohol and the C17 ketone were protected to
give 28. The remaining C11 ketone of 28 in turn underwent
a stereoselective Birch reduction, and the TBS-enol ether was
selectively desilylated with tetra-n-butylammonium fluoride
in the presence of the other two TBS ethers to regenerate the
C17 ketone of 29. Ketone 29 was then transformed into vinyl
iodide 30 using hydrazine and iodine.! Stille coupling™! of
iodide 30 and stannane 2% using Pd(PPh;),, LiCl, and
CuCl1?¥ introduced the butenolide onto the steroid structure
to furnish the adduct 31.

The last requisite stereoselective transformation was
hydrogenation of the C16=C17 bond to obtain the (3-oriented
butenolide. However, hydrogen in the presence of Pd/C
added from the convex B-face of the cis-fused CD ring
structure of 31, resulting in the formation of 17-epi-19-
hydroxysarmentogenin 32 after deprotection. Thus, to invert
the face selectivity of the hydrogenation, the convex face of
the CD ring was sterically shielded by the introduction of
a bulky TMS group at the C14 tertiary alcohol to generate 33.
Hydrogenation of 33 under the same conditions indeed
proceeded from the o face to give rise to the desired
compound in high selectivity (d.r.=6:1). Finally, the four
silyl groups were removed under acidic conditions to deliver
19-hydroxysarmentogenin (1). The stereostructure of 1 was
unambiguously confirmed by X-ray crystallographic analysis
of the corresponding C19-p-bromobenzoate 34.

In summary, the total synthesis of 19-hydroxysarmento-
genin (1) was accomplished in a convergent fashion using
three simple fragments: AB ring 7, D ring 6, and butenolide 2.
Salient methods employed in our successful synthesis include:
1) radical cyclization to install the C9 stereocenter of 21,
2) intramolecular aldol reaction to form thermodynamically
stable 3a out of eight possible stereoisomers, and 3) stereo-
selective hydrogenation of 33 by controlling the steric bias of
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Scheme 4. Reagents and conditions: a) NaBH,, THF, RT, (23a/23=2:1); b) NaH, THF; CS,, Mel, —50°C; c) AIBN, Ph;SnH, benzene, reflux,
50% (3 steps); d) O,, MeOH, —78°C; Me,S, RT; NH,OH, 75%; €) TBSOTF, Et;N, CH,Cl,, —60°C; LIN(TMS),, RT, 83%; f) Li, NH,, THF, —78°C,
95%; g) TBAF, THF, —78°C, 94%; h) (H,N),-H,0, Et;N, EtOH, 50°C; I,, Et;N, THF, RT, 919%; i) 2, Pd(PPh,), (20 mol %), LiCl, CuCl, DMSO,
60°C, 89%; j) Pd/C, H,, AcOEt, RT; k) HCI (3 M), MeOH, RT, 78% (2 steps); ) TMSOT, 2,6-lutidine, CH,Cl,, RT; SiO,, 81%; m) Pd/C, H,, AcOEt,
RT, 73%,; n) HCI (3 m), MeOH, RT, 82%,; o) p-BrBzCl, DMAP, CH,Cl,, RT, 65%. AIBN =2,2-azobisisobutyronitrile, Bz=benzoyl, DMSO =dime-

thylsulfoxide.

the substrate. Overall, the polycyclic architecture of 1 with
nine stereocenters was efficiently constructed from (§)-peril-
laldehyde 8 with one chiral center in 28 steps. Application of
this convergent strategy to other cardenolides and bufadie-
nolides by changing the fragment structures is currently
underway in our laboratory.
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“Twenty years from now you will be more disappointed by the things that you didn’t do
than by the ones you did do. So throw off the bowlines. Sail away from the safe

harbor. Catch the trade winds in your sails. Explore. Dream. Discover.”- Mark Twain
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