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Synthesis of Cyclocitrinol Skeleton via a Carbocation Rearrangement
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Abstract Cyclocitrinol featured a unique bridged bicyclic skeletons, which may be constructed via Sml,-mediated reaction
from a highly strained norcarenone. Herein, using commercially available 19-hydroxy-androstane as starting material, the
norcarenone intermediate was synthesized via a novel homoallylic carbocation rearrangement, which was transformed into the

core of cyclocitrinols.

Keywords steroids; mitsunobu reaction; cyclocitrinol; carbocation rearrangement

Cyclocitrinol V& M #E45 penicillium citrinum )25
1325 AT S A S R I AR R AR, AT 16 M
X — 20 4 KRR F= W4 5y 0 5 %F GPRI2-
CHO 4 it (1) 2 W X — S e b 18 2 MBS DRI
PRI AT cAMP (cyclic adenosine monophosphate)ft]
PR, T H RS 1 S AR ), X2 AT BB
fif A 2 0 P P 2B LA R R 2R 0 28 52 B D i 1R
J7 715N, Cyclocitrinols JHEE 1) 45 R T i 25 1) 42 G
WoRHE A S G ), A X SRR IR
P BAT R X

YA N 1 BATIR SRR Y K 42 15 BARE. 2007
4E, Schmaltz 255 i 7 HAZ O 48, BT 1,2 A 008X
DI, SR TIERIWM T, FEE sk, &A1l
JINERL R R TRV R I B8 1 T s N TR B S A5 i I A
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B A A BAT 1,2 RE RV B e, A Tl
J& Cyclocitrinols. ASCLARS st AL 19-F 3L M — Wi A
JOBHG B 6-F8 5 H (A4, I B 1E 25 EEHE RN Ak
BT BEEMEI, 5T Cyclocitrinol ‘B 481K & %, Mt
— R A AR T TSR (Scheme 1).

1 &HR5WE

] 6- B AL AHEA T B HE s I A ot ELE 1 ¥,
EJE SCHRIRIE 6- B3 P AR R, Ak 45 1F R i %
B A FRISRAL S DN I TG AT 4R 1 HE O
AT 6-FR 3 o IR AL EEHERT A, $seRiHRIE Iy
LA AL E D 2 J5P°), 547 6 ARt n, MR 19 fr et
RIS B HERTAR 3. A ] e Sl 4 5 &
HER N AR, BT 6 AL 19 A R, A
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BilikE MRILL
o)
o 1
HO o 1) TBDPSCI
— 2) mCPBA
o o 60% for 2 steps
0
Cyclocitrinol & 4¢
0
o o TBDPSO
. HO._19
(1) wenr (1)
= [ e
o o OH
X X 6
b N Scheme 3
Scheme 1

SeTE SRR R 779 4 (Scheme 2).

0
AcO,
o]
OH
2
o)
H
1) MOMCI, i-Pr,NEt, 95% °
2) K,CO3, MeOH, 87%
o]
OMOM
3
o)
RfSO,F/DBU "
~ O3
o
4
Scheme 2

WAR, OISR IEAL TSI 6a-F2 A G N
FHERT AT o T N IR R Y. FRATIAE 19 AR
EHINKA B RS 3E, ASERAEA ONY R)d BE A
B, WSLAREPMIAE R oA 60 SR SIEe
U] o-FRAE A I N AR - i AR N AERS 2, TR
XA B 45 0 25 %A =), T A P S 5 1) R i I v i
I, BR8]~ (Scheme 3).

W= Z RGN - KRG WE L
Mitsunobu & N4V k) 6a-F2FE AR, 25 18 )5 4k NV )
FEANE, EREREAEN 19 LORY L. e OCIR[9] 7 v
FHAA 7 )5, SRR SRR EHERTA 8. 1R
AL EHER 15 21 68-F2 AL 54 9 (Scheme 4).

WA 9 Fa B H AAE!Y PEAT Mitsunobu [ MY,
5 equiv.IRF], KA 14 h 5450, (Ll bk
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WEREI = 107242 1, Entry 1), [ &1
IR 7= 4 1) A B A TR M BTG s AR 1) )
J5 N AT S5k i K, AR 7T 5N PR 3 R I AT SR (R 1,
Entry 2). ¥ DEAD ¢l DIAD! M5, s ik i 2 4%
i, OVARF AT EE— D R 1.2 equiv., {HRMVI1E
PEME LT B A, BRI, SURSRAZ Rk o) 1 %
PETE M. B n R B, R T RO S R
Joi, RO IOV E R R, (H RO IR PR B
(2.6 1 1). #—L KL, ¥ DIAD & DEAD Jii [ W 34 &
Ipfe—A%, 890 R SR E 2 3 equiv. I W {E 4 h 45
WO, S N BRI (3 ¢ 1), XA A
A 24 R RS B 2 ) IO 53k, 40K T 4S8 P KA 24 R A Ay o5
ARG, RNASRERAT(3 1, Entry 14).

FARAGCT LA 65% 7= F KR4 T H iE 4k 10,
R A 22 SR AR S A A AN BRI R 19 %5, ok
H FeCly AR LT 2 A 2k &4 1119, b
W11 A A S I S D R AR, R AR IE
FHEAHE R R R SR A 12, thaY) 12 i
FROE RS, 4 PDC AL SRS 14, 1k
E) 14 25 SmL TR, #ygk T Cyclocitrinols
A% LB 424544 15 (Scheme 4).

2 i

DA §5§ -4-45-3,17- W 49 JsURY, 300 3o PR 480045 T4 e 2
HE R N =5 I N 6p-F23k, 18T Mitsunobu 3 52 F: 4%
DAIGE il S N2, 3T 2R A2 v 0 TR 2R 0k I 2 - L HE A 31 B
IR, PRI SmL IR, A LL 13 5 1% 77 5k
Iif%E T Cyeclocitrinol FRZLa&5#), 4 Cyclocitrinols K
SR A G I TS A,

3 SCISERS
3.1 R

'"H NMR #I BC NMR [ Bruker-AM 400 &},
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o /~
O BnBr, TBAI o o
4 steps NaH, THF/HMPA o) p-TSA, acetone, r.t.
Ref. [9] 90% 89%
0 0
1 Q/O o 0O
8
O
@ IR, BugP @ HO (1) RfSO,F/DBU
DEAD, THF FeCl3, DCM (2) Et3N, reflux
65% 92% o . 83% for 2 steps
: le)
11
O O
K,COg, HIfE PDC, DCM Smlp, THF
70% 95% 55%
o] Y o
OH o)
13 14
(6]
O
(0]
Scheme 4

Bruker-AM 300 BUZHEILIRACN &, IR MEM,
L CDCl; fE%5 71, TMS b W Ax; EI-MS & tH 3% [F
AGILENT 5970N {153 #% J5 i A I 52 ; ESI-LRMS s 5%
[E Agilent 1100 LCMSD SL A (43— 5 i 16 FH A3 A
Agilent 1200/G6100A 5tk XM i€ ; ESI-HRMS Hi
Bruker Daltonics FTMS-7 Jit 3 1] 72 ; & % /& i
PERKIN ELMER Polarimeter 1030 JgJtACl5E; &4,
GG R SWG X-4 WA i ASGilE, Brillies Rtk
VIR IE

ﬁﬁ%ﬂﬁ%j}ﬁi Purification of Laboratory Chemicals
(Fifth edition); 2 HE(TLC) KA GFpsq M, (0
FAER AT BRI Y (A B0 10% 5 4H R LI, +E
2R RS H (100~200 H A1 200~300 H).

3.2 ES
32.1 64-F &AL F AH-19-
(3)#96~A%,

Bk 2 (230 mg, 0.64 mmol)iwF T 4 mL /K
A, FRBEE T I RN L HE (660 uL, 3.8
mmol), PKHT 2 NS R L K200 pL, 2.7 mmol),
ARE A4, Bl RN, 2SR RN, 35

R AN -3,17- R
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B84 R, 010 mL 7KK, F 30 mL =50 e A<
3, AIEEHUE, T 10 mL M S BRI VERS, oK
TRIREN T, AEENT 2 2438 244 mg Wk, P25k
95%. m.p. 72~73 C; [a]®? +114.9 (¢ 1.0, CHCL); 'H
NMR (CDCls, 400 MHz) d: 5.97 (s, 1H, H-4), 4.58 (d, J=
6.7 Hz, 1H, OCH,0CHs), 4.54 (d, J=11.0 Hz, 1H, H-19),
4.40 (d, J=6.7 Hz, 1H, OCH,OCHs;), 4.34 (d, J=11.0 Hz,
1H, H-19), 4.28 (t, J=2.7 Hz, 1H, H-6), 3.33 (s, 3H,
OCH,OCH5), 1.99 (s, 3H, Ac-H), 0.94 (s, 3H, H-18); "*C
NMR (CDCls, 101 MHz) 8: 219.6, 199.4, 170.4, 157.9,
130.4, 92.9, 74.6, 67.9, 55.5, 53.9, 51.2, 47.5, 40.9, 36.4,
35.6, 34.7, 34.6, 31.6, 30.51, 21.6, 20.9, 20.7, 13.9;
ESI-HRMS calcd for C,3H;,04Na [M—|—Na+]: 427.2097
found 427.2090.

B A 4A(174 mg, 0.43 mmol)¥% T+ 5 mL HEEH, =
WIEREAAT N IMATCK IR (300 mg, 2.2 mmol), =il
N, TR W RN, 3 h JE IREN e AT RO, Y e
ZHEE, A 10 mL —&UF 4, MIA 2 mol/L HERIR(1
mL, 2 mmol)#Z{k, A 10 mL /K, /KAHM 30 mL 5/
FEASE 3 K, GrFA AU, H 10 mL SRS B RE
1795
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Table 1 Optimization of Mitsunobu reaction
Q Oy
P o Q 0
o)
- . . + o
o : R
o H
OH © o
o) 10
9
10: RY=H
10a: R' = NO,
e R (equiv.)” B t/h Etgsi) 2

1 BzOH/TPP/DEAD (5) rt. 14 09:1

2 BzOH/TPP/DEAD (2) rt. 40 0.95: 1

3 BzOH/TPP/DIAD (2) rt. 0.3 093:1

4 BzOH/TPP/DIAD (1.2) rt. 0.5 1.06 : 1

5 BzOH (1.5)/TPP (1.2)/DIAD (1.2) rt. 0.5 0.85: 1

6 BzOH/TPP/DIAD (1.2) 0C 0.5 09:1

7 BzOH/TPP/DIAD (1.2) —78~0 C 1 09:1

8 p-NO,C4H,CH,OH/TPP/DIAD (1.2) rt. 0.5 1101

9 BzOH/TBP/DIAD (1.2) rt. 5 2.6 1 1(35%)
10 BzOH/TBP/DEAD (1.2) rt. 5 2.6 1 1(67%)
11 BzOH/TBP/DEAD (1.2) 60 °C 5 221 1(65%)
12 BzOH/TBP/DEAD (2) rt. 5 2.6 1 1(92%)
13 BzOH/TBP/DEAD (3) rt. 4 311 (100%)
14 »-NO, C¢H,CH,OH/TBP/DEAD (3) rt. 5 0:0(0)

“ AL A4 9 (123 mg, 0.3 mmol), %5 5 mL PUZEI; acid © TPP(TBP) : DIAD(DEAD)=1 : 1 : 1; TPP= =L, TBP=="T 3L/, DIAD=fE _HF®R 57

Nli, DEAD =% — iR — Z%5; "NMR HuHl, 555 W L.

W, TOKGRIREAT-1, WRARAS BIICRL = S 2 Rk AL 2 AT
Iy, 135) 136 mg (LA 3, 77E 87 %. mup. 151~152
C; [aly? +145.3 (¢ 1.0, CHCLy); '"H NMR (CDCls, 400
MHz) &: 5.99 (s, 1H, H-4), 4.70 (dd, J=33.0, 6.5 Hz, 2H,
OCH,OCHs), 4.24 (s, 1H, H-6), 4.07 (dd, J=10.7, 7.5 Hz,
1H, H-19), 3.84 (dd, J=11.1, 7.4 Hz, 1H, H-19), 3.36 (s,
3H, OCH,OCH;), 3.13 (t, J=7.1 Hz, 1H), 0.94 (s, 3H,
H-18); C NMR (CDCl;, 101 MHz) d: 219.9, 200.0,
160.0, 130.3, 95.4, 78.2, 67.4, 55.8, 53.4, 51.2, 47.7, 43 .4,
36.0, 35.6, 35.5, 349, 31.6, 30.8, 21.6, 20.2, 13.9;
ESI-HRMS caled for CyH3OsNa [M+Na']: 385.1991,
found 385.1997.
322 6B,19-FR A -4-H-3,17-—BR(4) 8 A A%,
Bk 59 3 (175 mg, 0.45 mmol)iE T~ 5.6 mL /K 4
b, UK BEEE RN 1,8- SR BT
(DBU)FI A5 T I, i HiPE 5 min J5 584 Y,
T TR AR AT ZHT 413, 193 132 mg A EE1A 4,
FEH 97%. m.p. 188~189 Crk{E"” m.p. 184~186
C); [a]¥® —33.8 (¢ 1.0, CHCL) [CHkE!"" [a]® —34
(¢ 1.0)]; '"H NMR (CDCls, 400 MHz) 8: 5.83 (s, 1H, H-4),

1796
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474 (d, J=5.1 Hz, 1H, H-6), 422 (d, J=8.2 Hz, 1H,
H-19), 3.54 (d, J=8.2 Hz, 1H, H-19), 0.96 (s, 3H, H-18).
323 5.6-0-FRA-19- T A KA A §-3,17-
R - L =B 445 BRI (6) 894 AR,

FAEY 5 (390 mg, 1 mmol)iFT- 5 mL J/K N,N-
TR b, SRR TR OOIAACT B TR
FEEHELE(0.75 mL, 3 mmol). PKME(400 mg, 6 mmol), i
SR IR RN, 20 h V54, JIA 50 mL 7K, 50 mL
LR LR, 20 mL LR ZBRAEE 2 K, & A WA
F 50 mL 7K¥E 2 ¥, 50 mL AL BITE 1K, ToKBRIR
BT, BT, AEENTEE] 0.8 g FTELE 44, A 10
mL —E G, FEINABRIREH(170 mg, 2 mmol), i+
ZAE TN 85% 1 1H) S 44K FHER(300 mg, 1.5 mmol)
FEUAFE SOV 3 h, 18] SOVARZR I 5 mL AR AT R
B R 220 B TR GUL SR TR, PR 1 mol/L

VA2 mL, 2 mmol), A 20 mL 7K, F 30
mL CEFGEAI AU, T 10 mL MR SEAGh
WV, TR T, o M5 g% =3 1 ('H
NMR L), K255 378 mg (1) a S5 6, Pk
FEE 60%. m.p. 60~61 C; [a]y?* —68.2 (¢ 1.0, CHCLy);

Chin. J. Org. Chem. 2014, 34, 1793~1799
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'H NMR (CDCl;, 400 MHz) d: 7.70~7.63 (m, 4H, Ar-H),
7.42 (m, 6H, Ar-H), 4.01~3.74 (m, 10H), 2.91 (d, J=3.8
Hz, 1H, H-6), 2.13 (d, J=14.0 Hz, 1H), 1.10 (s, 9H,
-Bu-H), 0.68 (s, 3H, H-18); *C NMR (CDCl;, 101 MHz)
5: 135.9, 135.8, 132.9, 132.7, 129.9, 129.8, 127.74, 127.70,
119.1, 108.6, 65.1, 64.5, 64.0, 62.9, 62.4, 58.3, 51.4, 45.8,
42.7,39.9, 39.6, 34.1, 31.2, 31.0, 30.6, 28.1, 26.98, 22.4,
20.7, 19.1, 14.4; ESI-HRMS calcd for C;oH4yO¢Na [M+
Na']: 667.3425, found 667.3413.

324 56-f FA-19-F AL -3,17-ZB- T =
B% 477 BF)(8) 4 &~ A%,

B & 7 (7.3 g, 0.018 mol)i 1 115 mL PUS e
F12 mL 1IN R I IR A, R A 0 AKX
IIANANE(1.3 g, 0.036 mol). “F3E£iR (6.4 mL, 0.036 mol)
DY T Refifk 4% (730 mg, 0.1 equiv.), 20 h 58, HliT
HEA, A 100 mL Z PR ZFEEAT 100 mL 7K, A 100 mL
LR LTS AR 2 Ik, GIFAHAH, H 50 mL 7Kk 2
R, 50 mL VORI EAE 1 Ik, ToKBRIREA T4, BeT%
A, FEEATIFE] 8 ¢ FIELLE A 8, =2 90 %. m.p. 57~58
C; [ald' —22.2 (¢ 1.0, CHCL); '"H NMR (CDCls, 400
MHz) d: 7.38~7.20 (m, 5H, Ar-H), 4.51 (dd, J=38.3,
12.1 Hz, 2H, C¢HsCH,), 4.02~3.73 (m, 8H), 3.54 (dd, J=
38.1, 9.4 Hz, 2H, H-19), 2.98 (s, 1H, H-6), 2.58 (d, J=
13.8 Hz, 1H), 2.11 (dt, J=14.6, 3.3 Hz, 1H), 2.14~2.11
(m, 1H), 2.10~2.06 (m, 1H), 2.02~1.90 (m, 1H), 0.77 (s,
3H, H-18); *C NMR (CDCl;, 101 MHz) J: 138.7, 128.3,
127.5, 127.3, 119.4, 109.7, 73.5, 72.0, 65.2, 64.5, 64.2,
64.1, 61.7, 61.5, 50.3, 48.3, 45.7, 42.7, 39.3, 34.1, 31.6,
31.6, 30.8, 30.4, 30.1, 22.6, 21.7, 14.2; ESI-HRMS calcd
for C50H40O¢Na [M—I—Na+]: 519.2717, found 519.2729.
325 6B-FA-19-F BH A -4-H5-3,17-=87(9) 49
AR

P58 (8 g, 16 mmol)iE T~ 150 mL IR, =
WBERESAT T IR 2R (1.6 g, 8 mmol), )=
TR RNV, 30 min [V SEAS, HhTEEF, I 100 mL
LR TEFN 100 mL 7K, ] 100 mL Z R ZFE4EEL 2 1K,
H AP, 100 mL /K¥E 2 WK, 50 mL WAL AIVE 1
R, TOKBERI T, e, FZEa 6.2 g At
B4k 9, 7734 89 %. mp. 67~68 C; [alb® +125.5 (¢
0.75, CHCL3); '"H NMR (CDCls, 400 MHz) J: 7.39~7.24
(m, 5H, Ar-H), 5.97 (s, 1H, H-4), 4.52 (q, J=11.6 Hz, 2H,
CeHsCH,), 4.28 (s, 1H, H-6), 4.01 (s, 1H, 6-OH), 3.84 (dd,
J=73.2, 8.9 Hz, 2H, H-19), 0.88 (s, 3H, H-18); *C NMR
(CDCls, 101 MHz) §: 220.4, 199.9, 163.7, 136.6, 128.6,
128.5,128.2, 127.9, 74.8, 73.9, 71.9, 53.5, 51.2, 47.7, 41.7,
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37.2, 35.7, 35.2, 34.6, 31.4, 30.4, 21.5, 20.6, 13.9; ESI-
HRMS caled for CogH;3,04Na [M+Na']: 431.2193, found
431.2187.

3.2.6 6a-R ¥ BLEAI-19-
(10)849-4- A%,

B & 9 (407 mg, 1 mmol)¥ T 15 mL 75K DY
SRR, R BEREAAE N IR FER(390 mg, 3 mmol)
F=0F T 2 B50.73 mL, 3 mmol), VKIBZEME I AAB%E
HIR . 5400 pL, 3 mmol), /20N RN, W
4h, LAY 10 FE=4) 101 TH NMR Helh 3 01,
FHEH, M 20 mL 4P ZFRAT 20 mL 7K, 20 mL &
1% CBEHEE 2 ¥k, &R, 20 mL 7K¥E 2 X, 10 mL
TR AR KA 1 IR, Jo/KBRER AT, e i,
RT3 333 mg H K 10, 7% 65 %. m.p. 69~
70 °C; [a]d® +196.1 (¢ 0.75, CHCl;); 'H NMR (CDCls,
400 MHz) &: 8.10 (d, J=7.2 Hz, 2H, Ar-H), 7.60 (t, J=7.4
Hz, 1H, Ar-H), 7.47 (t, J=7.7 Hz, 2H, Ar-H), 7.41~7.24
(m, 5H, Ar-H), 6.21 (d, J=1.5 Hz, 1H, H-4), 5.98 (ddd,
J=12.1, 5.3, 1.7 Hz, 1H, H-6), 4.55 (q, J=12.1 Hz, 2H,
C¢Hs-CHs), 3.75 (dd, J=22.1, 9.3 Hz, 2H, H-19), 0.87 (s,
3H, H-18); C NMR (CDCl;, 101 MHz) d: 219.9, 199.0,
1652, 163.4, 137.4, 133.4, 129.7, 129.6, 128.5, 127.9,
127.7, 121.9, 73.8, 73.2, 70.9, 54.0, 51.1, 47.7, 43.6, 36.6,
35.6, 34.5, 34.2, 33.8, 31.4, 21.6, 20.8, 13.8; ESI-HRMS
caled for Ciy3HiOsNa [M + Na "] 535.2455, found
535.2465.

327 6a-FFEBLAI-19-F A M -4-H5-3,17-—FR
(11)894 A%,

$4b-E4 10 (256 mg, 0.5 mmol)¥& 1~ 10 mL 1) 4
e, 2B HE & T AN = &4 2 (250 mg, 1.5
mmol), )2 E GRS RN, KV 3 h, 120 mL 7ZKF 20
mL A8 LBESEEE 1 h, ] 20 mL 4/ AEEAH 2 Ik, &
T MM, 20 mL /KYE 19, 10 mL AR &AL BIVE 19k, 6
IKEREREN T, FEZHTACEE, 193] 196 mg [ EfE 4 11,
FEE 92 %. mp. 195~196 C; [alh” +199.2 (¢ 1.05,
CHCl;); '"H NMR (CDCls, 400 MHz) J: 8.06 (d, J=8.1
Hz, 2H, Ar-H), 7.59 (t, J=7.4 Hz, 1H, Ar-H), 7.45 (t, J=
7.7 Hz, 2H, Ar-H), 6.14 (s, 1H, H-4), 5.84 (dd, J=12.1,
4.9 Hz, 1H, H-6), 4.01 (dd, J=80.9, 10.9 Hz, 2H, H-19),
0.92 (s, 3H, H-18); *C NMR (CDCls, 101 MHz) 6: 219.8,
199.1, 165.6, 162.6, 133.6, 129.7, 129.3, 128.5, 122.6,
71.0, 66.0, 53.7, 50.9, 47.7, 44.8, 36.7, 35.6, 34.5, 34.3,
334, 314, 21.6, 20.7, 13.8; ESI-HRMS calcd for
C,H300sNa [M+Na']: 445.1985, found 445.1978.

FRIAEE -4-H5-3,17-—BR
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3.2.8  5,19-3R-60- K F B A AR & -1- 4 -3,17- = BA
(12)894- %,

Bk &4 11 (380 mg, 0.9 mmol)¥ T 5 mL ) 5
ft, VK BEEE N85 I DBU (190 uL, 1.26 mmol), 4
ST IEREEEA(200 wL, 1.1 mmol), 200 HE 45 K N,
VKN 20 min, 100~200 AR AR P AE, Hli
A, A=W 6 mL, [N 2 h, lF-#7, 20T
AEFE, 193] 298 mg (A 12, 772 83 %. m.p. 65~67
C; [alb®+70.63 (¢ 0.85, CHCl,); 'TH NMR (CDCls, 400
MHz) §: 8.05 (d, J=7.2 Hz, 2H, Ar-H), 7.59 (t, J=7.4 Hz,
1H, Ar-H), 7.46 (t, J=7.7 Hz, 2H, Ar-H), 7.30 (d, J=10.2
Hz, 1H, H-1), 5.84 (d, J=10.2 Hz, 1H, H-2), 5.35 (dd, J=
9.9, 5.9 Hz, 1H, H-6), 2.91 (d, J=18.5 Hz, 1H, H-4), 2.71
(d, J=18.5 Hz, 1H, H-4), 2.48 (dd, J=19.4, 8.5 Hz, 1H),
133 (d, J=5.1 Hz, 1H, H-19), 0.94 (s, 3H, H-18), 0.52 (d,
J=5.1 Hz, 1H, H-19); *C NMR (CDCl;, 101 MHz)
219.6, 196.5, 165.7, 154.4, 133.4, 129.7, 129.6, 128.5,
124.8, 72.4, 49.8, 48.2, 43.8, 37.7, 35.6, 32.5, 32.2, 31.3,
29.2, 28.6, 25.3, 24.4, 21.5, 14.1; ESI-HRMS calcd for
Ca6Hps04Na [M+Na*]: 427.1880, found 427.1859.

329 5,19-3R-6a-# AR & -1-47-3,17- = BF (13) 49 &
P,

LA 12 (205 mg, 0.5 mmol)i% T 10 mL [¥) %,
IR FRET (410 mg, 3 mmol), )28 INFE RN, KW
1 h. M 4 mL MFIGEAEEE, NN 30 mL 7K#1 20 mL &
R ZBE AN, 11 20 mL L8 LBEs$RIUKA 2 Kk, &3F
A HUAH, 10 mL A GEALEITE 1 IR, JoKBREREN T8, e
THH, FEENALFEAES] 105 mg (K 13, 7%
70%. m.p. 96~98 C; [a]¥* 4+200.2 (¢ 1.8, CHCL); 'H
NMR (CDCls, 400 MHz) 6: 7.24 (d, J=10.4 Hz, 1H, H-1),
5.78 (d, J=10.1 Hz, 1H, H-2), 4.00 (dd, J/=10.0, 5.9 Hz,
1H, H-6), 2.98 (d, J=18.8 Hz, 1H, H-4), 2.72 (d, J=18.8
Hz, 1H, H-4), 2.45 (dd, J=19.3, 8.7 Hz, 1H), 1.12 (d, J=
4.8 Hz, 1H, H-19), 0.88 (s, 3H, H-18), 0.34 (d, J=4.8 Hz,
1H, H-19); *C NMR (CDCls, 101 MHz) §: 220.1, 198.2,
155.1, 124.5, 70.2, 49.7, 48.2, 44.0, 38.0, 35.8, 35.6, 32.4,
31.2,29.3, 29.0, 26.7, 24.4, 21.5, 14.0; ESI-HRMS calcd
for C1oH,505 [M+H"]: 301.1798, found 301.1790.

3.2.10  5,19-ZR4f & -1-45-3,6,17- = BRI (14) 49 &~ A,

¥4k 44 13 (180 mg, 0.6 mmol)¥% T 6 mL ) — 5
e, E SN 0N E S R I e £5 (270 mg, 0.72
mmol), [NV 6 h, RIS RNV A, AT E]
170 mg H 4K 14, 773 95%. m.p. 225~227 C;
[a]®* +183.2 (¢ 0.35, CHCly); '"H NMR (CDCl;, 400
MHz) §: 7.29 (d, J=10.4 Hz, 1H, H-1), 5.89 (d, J=10.4
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Hz, 1H, H-2), 3.07 (d, J=19.5 Hz, 1H, H-4), 2.83 (d, J=
19.5 Hz, 1H, H-4), 0.95 (s, 3H, H-18), 0.84 (d, J=5.4 Hz,
1H, H-19); *C NMR (CDCls, 101 MHz) J: 218.8, 205.1,
194.9, 149.8, 126.3, 50.3, 47.9, 41.3, 40.5, 36.8, 35.5, 35.3,
31.8,31.1,30.7,27.7, 24.2, 21.2, 14.1; EI-HRMS calcd for
C1oH»,0;5: 298.1569, found 298.1566. F&HEHCHE FIFE AL I
JoU 5 SCHR[6]— 2L

3.2.11  5,19-3R-5,10- B - 2 & -1(10)- 4 -3,6,17- = BF
(15) 894~ A%,

B &Y 14 (90 mg, 0.3 mmol)¥E T+ 5 mL (1 DYk
Wrh, SR Tl AR BN S min, MAFHIN 0.2
moleL ™" [ — AL 42 (1) DY S A (5 mL, 1 mmol),
M2 min J5 2 SE RN, I 10 mL MFSEALE:,
A 30 mL [F7KF1 20 mL 4R ZFEAEHL, T4 20 mL 418
CEEPEI 2 ¥k, A IFH A, S mL ARG LENTE 1k,
IKBR IR T, e TR, AEZHT1 2] 50 mg A ik
15, 2% 55 %. m.p. 160 C(4i#); [ald’ +42.1 (¢ 1.0,
CHCLy); '"H NMR (CDCls, 400 MHz) §: 5.78 (dd, J=8.3,
3.4 Hz, 1H, H-1), 3.29 (dd, J=19.3, 3.2 Hz, 1H, H-2),
3.08~3.05 (m, 1H), 3.01~2.82 (m, 2H), 2.65~2.35 (m,
6H), 2.22~1.95 (m, 4H), 1.84 (dt, J=13.1, 3.1 Hz, 1H),
1.68~1.52 (m, 4H), 1.49~131 (m, 1H), 0.93 (s, 3H,
H-18); *C NMR (CDCl;, 101 MHz) 6: 219.2, 209.0,
207.8, 143.9, 121.3, 55.1, 50.8, 49.3, 48.5, 43.5, 43.0, 42.6,
36.3,35.4,31.1,27.7,26.0, 21.7, 14.1; MS (EI, 70 eV) m/z
(%): 300 (IM]", 37), 206 (30), 187 (10), 176 (100), 150
(36), 131 (26), 123 (22), 105 (46), 91 (74), 79 (62), 67
(30), 55 (60), 41 (42); EI-HRMS caled for CioH4O5:
300.1725, found 300.1723. FRAEEHEFELLL 1 5 55 STk
[6] %%
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