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Selective Epoxidation and Reduction of Rigid Cyclic o,p-Unsaturated Carbonyl Compounds

Eun Sook Ma*
College of Pharmacy, Catholic University of Daegu, Hayang 712-702, Korea

Abstract — Diosgenin (25(R)-spirost-5-en-38-0l) was oxidized with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone to form
25(R)-1,4,6-spirostatrien-3-one (1) as rigid cyclic o,p-unsaturated carbonyl compound. This compound was reacted with
H,0,, m-chloroperoxyhenzoic acid mCPBA), NaOCl in the presence with (R,R)- or (S,S)-Jacobsen catalyst, feri-butyl-
hydroperoxide (TBHP) in Mo(CO);, and in VO(acac), catalyst, respectively. 25(R)-1,4,6-spirostatrien-3-one (1) was reduced
with NaBH,, L-Selectride, LiAlH,, BH;-(CH,),S, Superhydride, Red-Al, and lithium tri-fert-butoxyaluminium hydride. And
25(R)-4,6-spirostadien-3p-ol (4) was treated with H,0,, mCPBA, TBHP in D-(-)- and L-(+)-diisopropyltar-trate and Ti(O-
iPr), condition (Sharpless asymmetric epoxidation), TBHP in Mo(CO), and in VO(acac), catalyst, respectively.

Keywords [J 25(R)-1,4,6-spirostatrien-3-one, 25(R)-4,6-spirostadien-3p-ol, selective epoxidation, selective reduction
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diosgenin& Fx2A e A wlEel progesterone, estrogen,
dehydroepiandrosteron(DHEA) 59] th8#0 % AMgso] g} ?

WA diosgening 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
© 5 Abs}Al7] 25(R)-14,6-spirostatrien-3-one S &4 811,
©] rigid cyclic o,B-unsaturated carbonyl $}35 <] 371<] ©]
ZAe e AeAl odEAG e st Hy)0,,
m-chloropeoxybenzoic acidmCPBA), Jacobsen asymmetric
epoxidation,'*'® Mo(CO),” T+ VO(acac),” & FHulZ fert-
butylhydroperoxide(TBHP)Z | ZA| g}A Z{ v, 8¢ ®E3-&
25(R)-1,4,6-spirostatrien-3-ones ©]8-3°1 NaBH,, LiAlH,,
fithium ~ tri-sec-butylborohydride(L-Selectride),””  BHy(CHy),S,*®
lithium  triethylborohydride(Super-hydride),'® sodium bis(2-

methoxyethoxy)aluminum hydride(Red-Al),”” lithium tri-tert-
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butoxyaluminium hydride?” 5-& A
Rigid cyclic allylic alcoholZA] 25()-4,6-spirostadien-3p-ol-S
A1) Hy0, mCPBASL HH-3A|7] 11, B3t allylic alcoholol]
AA A H o7 g FAIZ A7 A2 ¢eA Sharpless
asymmetric epoxidation®2# Mo(CO)s, VO(acac),2 Zi= A}
830 TBHP 522 Z7} o|ZA3 A Fth

AENE W Yy

Alek & 217]

Aol AMg3E BE Aok Aldrich AR AEOE E 98%
P3R! Z& A3 om kgl ALgSE gl ARNEEE] A
Adg WHeE AZXAA AHEETh ¥ TBHP in
dichloromethane2 o)A AAs WHY02 A8t 34
molecular sieveZ 7F5}al polyethylene 2710 wo} @3 ng
A AHg3l9th §72 Thomas-Hoover melting point
apparatusE AHE-ete] ST 25 RAYL A okt
Optical rotation- Jasco DIP-370 digital polarimeter® =7 &}
St} 'H =+ ¥C-NMR spectra: Bruker 300 MHz £+ 75
MHz spectrometer® ©]43199 tetramethylsilane WH-E&E
AR AMHEEY 573813 01, chemical shiftt= § ppm ZtO2,
coupling constant® Hz®$) 2 =743 th NOESY spectra=
Bruker AM-500 MHz spectrometer(rheinstetten, Germany)S
o183l Z43}3Tt. IR spectra= Jasco FT-IR 300E spectro-
meterS AME-319] KBr discH 02 45131, frequency:= cm?
& ¥AI8133ct. FAB mass spectra= Tandem mass spectrometer
£ AME-3l9) #3313}, Thin layer chromatography(TLC)=
Kiesel gel 60 Fy,(Merck)E, high-performance TLCE Kiesel
gel 60 Fy(Merck No. 5628)F, column chromatographyi=
silica gel 9385(230~400 mesh, Merck)& AR3-3133tt.

g

25(R)-Spirostatrien-3-one?| £l

L-Selectrided] /8t &2l — 100 m/ 5= Eeh~°) trienone
(500 mg, 1.23 mmol)y& 55 THF 10 miol] £3jA)7)2 A 7]
F sllA] -78°C Sl Bet. L-Selectride(9.0 mi, 5.0 mmol) <&
105°) AA HHs) 715 & 9hg EFES A2oA 5A0 B
2t WEAIZY TLCE E¢-Edo] 2% AlEE Eelsty &
35mliE 718t} 78] Al7]3L organoborane® 6 M sodium
hydroxide 2 mi%} 30% H,0, 2 miZ 7}8t3 %83] mutatol
AT e EFE ] 422 0 2 1E] ethyl acetateE 33]
FZ3lo] Fskal F Ak vl o2 AR & o3l
oAAE Y FF3 Y EJE 9k ©lF column

chromatography(ethyl acetate/n-hexane=1: 5% £ A5}

ato] el wh-S AR

25(R)-4,6-spirostadien-3o-ol (5)2] =73t WA A3} FEA
£ 3)slsich

Yield : 299 mg (59%); mp : 180~181°C; [al,’-27.3%Cc 0.08,
CHCl,); IR(KBr) cm™ : 3420, 2923; "H-NMR 5 : 0.80@3H, d,
J=6.0Hz, H-27), 0.85(3H, s, H-18), 0.97(3H, d, /=6.8 Hz,
H-21), 1.01(3H, s, H-19), 3.34(1H, br d, /=9.0 Hz, H-26),
3.43-350(1H, m, H-26), 4.21-4.36(1H, m, H-3), 442(1H, m,
H-16), 537(1H, s, H-4), 562(1H, d, J=10.0Hz, H-6), 592
(1H, d, J=9.6 Hz, H-7), “C-NMR(CDCly) : 144.5, 130.5, 1288,
1259, 109.5, 80.3, 684 67.0, 62.5, 54.5, 519, 41.7, 415,
39.9, 376, 35.8, 33,5, 31.3, 30.8, 294, 29.1, 20.9, 18.6, 17.2,
16.7, 14.6; FABMS(M+H)* : 413.2.

LiAIH,0ff 2|8t 88 —100m/ T Zet23 el trienon(500
mg, 1.23 mmol)S ¥4 THF 100 m/ol €a§A17] 2 A4
LiAlH,(95 mg, 2.56 mmol)S 713kl 22 2Zol 3A17F wt
AT TLCE EXEA0] AFMEES gldta W FollA
5% HCl £ 30 mi& A1) 718kaL 3A1RE AT Hhg-&
FEZHE] ethyl acetate® 33| FE3l} 7158 Tl 7
b uladlE o g ARAI| T AF3t RS Y FFTH
crudedt AL AR} o} FFES column chromatography
(ethyl acetate/n-hexane=1:5)5 AAl5l] £2] FAIBl 25(R)-
4,6-spirostadien-3-one(6)3 AUt

Yield : 198 mg49%); mp : 204~205°C; [o]p™+16.8°(c
0.12, CHCL); IR(KBr) cm™ : 2940, 1664; "H-NMR(CDCl,) :
0.80@3H, d, J=6.0 Hz, H-27), 0.87(3H, s, H-18), 0.983H, d,
J=62Hz, H-21), 1.24(3H, s, H-19), 3.34(1H, br d, /=10.0
Hz, H-26), 3.43-357(1H, m, H-26), 4.35(1H, q, H-16), 5.67
(1H, s, H-4), 6.12(2H, s, H-6, H-7); *C-NMR & : 199.5,
163.4, 140.6, 127.8, 123.6, 109.2, 80.4, 66.8, 62.0, 53.1, 50.7,
41.6, 41.3, 39.5, 37.2, 36.1, 33.9, 33.8, 31.3, 31.2, 302, 29.6,
28.7, 204, 17.1, 163, 162, 14.4; FABMS(M+H)* : 411.2.

BH;+(CH,),S0l| 2Jt g2l — 2204 trienone(500 mg, 1.23
mmol}S AZAZ 52 ZekAd 7lstn ¥ THF 20 moll
LM Ax 7157 sl FAPIE o]83le] BH; (CH,),S
3miE AA3) 718k AR AR HhEAIRTE TLCE 2%
o] AR ERIsk WS Folk] E& AA3] ZlekA F
B3] WEAZ) B ethyl acetate® 38) FE3kaL T A vk
UlEoE AxA7] 3L et qAE A3 o] & column
chromatography(ethyl acetate/n-hexane=1: 517 25(R)-
spirostan-3-one(7)S <=3 WA FAP oz A}

Yield : 178 mg (35%); mp : 182~184°C; [0],2°+23.5°(c
0.05, CHCly); IR(KBr) ecm™ : 2956, 1695; 'H-NMR(CDCl,) :
0.78@3H, d, /= Hz, H-27), 0.81(3H, s, H-18), 0.98(3H, d,
J=6.6Hz, H-21), 1.26(3H, s, H-19), 3.32-3.53(2H, m, 26),
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4.32-451(1H, m, H-16); BC.NMR 6 : 196.3, 109.8, 80.1,
67.1, 60.2, 524, 51.0, 43.0, 42.1, 41.3, 40.9, 39.1, 385, 37.2,
36.6, 36.0, 345, 32.1, 31.8, 30.1, 29.6, 28.2, 26.9, 20.8, 16.5,
16.2, 14.2; FABMS(M+H)" : 415.2.

Superhydrided]| 2|8t &2l — Trienone(500 mg, 1.23 mmol)e-
4 THF 40mlol] £ A7) 7 93 255 78°CE 3 &
Superhydride(2.46 ml, 2.46 mmol, 1.0 M in tetrahydrofuran)yZ
718laL Aol AR A7) & S Sl B8 sl &
< ARSI WZE EF AR olE|ER SEsta &
T Frtdlg o2 AN F FEI] AEAS ik
o] & column chromatography(ethyl acetate/n-hexane=1:5)%
AAlEle] Be] AAslod 25(R)-4,6-spirostadien-3a-0l(5) 314 mg
(62%)y2 LAt

Red-AWl|| 2J8F &8 — =252 (500 mg, 1.23 mmol)S FA]
0 e2EekA3 100 ol 7Fet 54 THF 50 mi 7Fskil
-78°ColA Red-Al(0.74 ml, 2.46 mmol, 65% in toluene)ye 7}kl
18AZF B3 Aol whSAIF RESEFES W& Fof 1
1 1N HCl 10 m 7}k 147k T A7) & diethyl ether
FE3T T g o2 AFAR & sEsle] 2479 E
At o1& column chromatography(ethyl acetate/n-hexane=
1:5)2 AAsle] #2] BAste] 25R)-4,6-spirostadien-3-one(6)
250 mg(62%)5 Y01 vlrkee] SUEAT s|sleit

Lithium tri-tert-butoxyaluminium hydride0f| 2|8t kel —
2423 (500 mg, 1.23 mmol)& <7 THF 40 mell §3A17)1
lithium tri-fers-butoxyaluminium hydride 250 mge- 7}k 212
o E F2o] Al w7 NkgAlTIa B T F He
@atell B3 1M3E F9F A IZTh Ethyl ether® $E3h
I FAME R 7%, o3, FEIle] fAEEE 4,
& column chromatography(ethyl acetate/n-hexane=1:5Y5 2
AEtel 2] AAste] 25(R)-4,6-spirostadien-3-one(6) 315 mg
(78%)E Lt

25(R)-4,6-spirostadien-3-o12] 0l =A|2}

mCPBA AFZ - Baldwin 5] Ba1gh wile] Falod gdst
% column chromatography(ethyl acetate/n-hexane=1: 3)*| #
wlAlo] 25(R)-4p,5B-epoxy-6-spirosten-3p-0l(8) A #5614
A3t Yield : 603 mg(58%); mp : 114~116°C; [o]p?0+36.4°
(c 012, CHCL); IR em? : 3500, 2950 'H-NMR & : 0.74
@H, d, j=6.0Hz, H-27), 0.84(3H, s, H-18), 0.96(3H, d,
J=6.8Hz, H-21), 1.28(3H, s, H-19), 3.23-3.45(2H, m, H-26),
3.55-3.65(1H, m, H-3), 4.15(1H, d, J=3.4 Hz, H-4), 4.60-4.70
(1H, m, H-16), 5.60(1H, dd, /=2.2, 8.0 Hz, H-7), 5.66(1H, d,
J=22Hz, H-6); BC.NMR & : 1494, 134.6, 127.6, 1250,
1094, 80.6, 71.9, 693, 66.9, 61.9, 49.3, 44.0, 41.8, 40.3,
394, 372, 36,6, 359, 31.8, 314, 30.3, 28.8, 25.2, 20.2, 19.5,

¢
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17.2, 16,0, 14.6; FABMS(M+H)" : 429.2,

Sharpless asymmetric epoxidation — 57 dichloromethane
15m/ %9 powdered molecular sieve 4 A% 7Fskar -5°Ce) )
£ o) B717 D-(-)-diisopropyltartrate == L-(+)-diisopropyl-
tartrateZ 21z} 18.5 mg(1.01 mmol)¥} titanium tetraisopropoxide
(17 mg, 0.36 mmol)< 7}sloith REEEFES -20°CE ¥2HA]
713 TBHP(0.6 ml, 3.70 mmol)E 7}8}3L 10%-3F wHAlZl &
AYstA wukstHA] 25(R)-4,6-spirostadien-38-0l(500 mg, 1.22
mmol}& §<= dichloromethane 10 miell S3iA|7] Z& HH3]
7Fskar -15°C~-7°CellA] 12413k Wb Al7]13L TLCE 454
o] AlME ERigha £ Tlskal A2olx MRE FRE ik
%tk NaCle 3471 30% NaOH 89S 7iskar wita)l)
glass wool® ©37}3} 1L dichloromethane® & &30 F
Ab bl o R AR F wEdle] 2AE U ol
column chromatography(ethyl acetate/n-hexane=1:5)% ¥ &
AAS} 573 WA 25(R)-4,6-spirostadien-3-one(6) A2
214 mg(53%) Pt

Mo(CO)s, TBHP A8 - Dienol(500 mg, 1.22 mmol)& 55
benzene 50 mief] E3IA]7]3L A0 Mo(CO); Mo(CO)4(15.8
mg, 0.06 mmol)= 7Fskx TBHP (0.4 ml, 2.46 mmol, 6.2 M in
dichloromethane)g 7}l 80°C #-& FolA] 30-7F HRSAIR
o}, TLCE wbg9] 48 3018101 ethyl acetates 424 7}
ato] B XA TE o] 7o) FeSO, 84 H 4 N
NaHCO, 89, 2] ¢0= AlFlela @& 715
ndlgE 7hske] AZAFTE ARE {7158 ol #Et of
79} &3lo) £ B48 9t} 012 column chromatography
(ethyl acetate/n-hexane=1:5)%2 ] AAAFA &5 WAl
25(R)-4,6-spirostadien-3-one(6) 27 238 mg(59%)S ASIrh.

VO(acac),, TBHP A2 - Dienol(500 mg, 1.22 mmol)y& 7
benzene 50 mPl) £3)A17)31 ALollA] vanadium acetylacetonate
(4.3 mg, 0.01 mmol)S 7}3k3. TBHP(0.4 ml, 2.46 mmol, 6.2 M
in dichloromethane)s 7}atal Al-2ofa] wHAIFE L, TLCE HE
Lo 278 sty S 7Fsta Wikt $ ethyl acetate® 3
3] &Sk T A v G0 R XA ot oA
ek E=sle] 54 B4 A9} ©]= column chromatography
(ethyl acetate/n-hexane=1:5)A17 <=8t W42l 25(R)-4,6-
spirostadien-3-one(6) 2% 250 mg(62%)ys ATt
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Rigid cyclic a,p-unsaturated carbonyl 3+5HE<1 25(R)-1,4,6-
spirostatrien-3-oneS N&EA|8} A|Z1 A3}E Scheme 10 VHERY
Atk WA H,0,5 ARSI d7] 3ol vhgAIZl A, A
BA 0 2 1 2-double bond7} °lZEAI 3 ¥ 25(R)-1a,20-epoxy-
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diosgenin
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Reagents and conditions :

s

o
)

No reaction
f
¢ No reaction
R
No reaction

T

a : 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone, 1,4-dioxane, reflux; b : 30% H,0,, 5% NaOH-MeOH, 1t; ¢ : mCPBA, CHCl;, rt; d : 1) (R,R)-
or (5,5)-Jacobsen's catalyst, 4-nitropyridine N-oxide, buffered bleach (pH 11.25), EtOH, 4°C; e : Mo(CO)g, TBHP, 80°C; £ : VO(acac),, TBHP, rt

Scheme 1 - Epoxidation of 25(R)-1,4,6-spirostatrien-3-one (1).

4,6-spirostadien-3-one(2)7} AojF o, mCPBASH A2l 1t
$A12) %%+ 6,7-double bond7} o E A3 © 25(R)-6a,70-
epoxy-1,4-spirostadien-3-one(3)°] A& A o7 A ot
o] ¥k Aloke| wpet o F A3} F= o]F A position
selectivity”| S8 UeRlE Zlojth, oflFA] A3t configura-
tion> NOESY spectrume F3}o] 313H8 29] 1, 2 92|
ZEA] A 1932] methyl 5429} correlation FAl] glomg
ofZAEEL o configurationd S & = A eH, IRHE 39
ALE BAEA 1999 methyl F49} 6,709 F4 kel
cerrelations JER)ZZE oEA AL a configurationd S &
F AR} RR)- F= (5,5)-Jacobsen catalystS Abg-3}od
NaOCIZ ol ZA|3 A7 w2k Mo(CO)g, VO(acac), Zi 3ol
TBHPE RESAIT A9 BT Hhgo] Z3PER] gl
25(R)-1,4,6-spirostatrien-3-one(1)& Al&-slo] thekst g-4A)
£ o83l ¥FeAIZl FHE Scheme 20 YERSIT 313E
EUEAZ sto] NaBH,& hydride®] 1,2-addition} 1,4-
addition®l] 2]%t 25(R)-4,6-spirostadien-3p-ol(4)o] FoJHct. &
& 49 % #le IH NMR spectrumelk] 1,4,6-trien-3-one
9] 1, 2 AR F e o)FAF A7) A3 38-0H7]
o3k 3 27t 4.23~4.31 ppmelld] BEH oW, ¥C NMR
ME 49 o]FAY ©AE 144.7, 131.0, 128.2, 126.4 ppm
oM EIgI o, IR spectrumeliE 3,418 cm™elX] OH7|<)
E<F bandZ 1T = QIich. =3 NOESY spectrume: &7
3 A7 199 methyl 22} 3919 4 7holl= correlationS

2.
=

Uehl®] ko mg 3HS OH/|E B configurationdS & = )
At} o)9l= 2] L-Selectride®}t Superhydrided AME-3+ 74-$-
£ 25(R)-4,6-spirostadien-3a-0l(GY} FIE STt o|HF Al
217} & 39 hydrided] £ W3] 199 methyl’] 9]
AA LS H43)517] 9981 equatorial attackdtA H 3L 0|2
Q18] hydride?] H7He pEgoe® HA31 OHV|E o
configuration ©t}. B35+ NOESY spectrumoilA] 3¥ =49} 19
H methyl 42749 correlation®] YERd 2122 OHY17} a-
configuration-& QI 4= T ‘
LIAIH,Z A3t 39417 79+ NaBH, R} wh-g4o]
o TLC AA 27 3719 spote] #EH 3L column
chromatography® 2] FAlsl] @& F+ A/dE-2 1,2-double
bond?t B-IH 25(R)-4,6-spirostadien-3-one(6P] L%}, Red-
A} lithium tri-fert-butoxyaluminium hydride= 33HE 68 F
ARER Ao, 722 #91L 'H NMR spectrumeilA] 37}
9] o] A%t 4 peakt ¥C NMR spectrumellx] 199.5 ppmell
A} carbonyl B-4¢} 163.4, 140.6, 127.8, 123.6 ppmeii] 4742] o]
Z A3 e4E 85I} BH,(CHp),S2 HHS A7) A3} 14,6-
trien-3-one?} 1 4, 6 12| o]FZ L BF FA=HT 3919
carhonyh= $HIER] ¢k2 313HE- 25(R)-spirostan-3-one(7)°] ¢
BYER dojA FEY FF &2l 'H NMR spectrum
oA o]F A F4 peak’} UENIA @ten °C NMR
spectrumeld] 1963 ppmeilA] carbonyl carbons: E18 <= QISiTh.
25(R)-4,6-spirostadien-3p-0l(4)S NZA3} Aj71 A=, WA
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Noreaction ~+——

Reagents and conditions :

a : NaBH,, absolute ethanol, rt; b : L-selectride, anhydrous THE
-78°C, rt; ¢ : LiAIH,, Et,0, rt; d : Super-hydride, anhydrous THE rt;
e : Red-Al, anhydrous THE rt; f : lithium tri-fert-butoxyaluminium
hydride, anhydrous THE rt; g : BH,-(CHy),S, anhydrous THE rt.

Scheme 2 - Reduction of 25(R)-1,4,6-spirostatrien-3-one (1).

H,0,= 7] Z3istelM /g A7)0} Bhgo] Hs] zlgg%|A]
Rtk o) 1.4,6-trien-3-one?] 79} ¥ w3t H,0,%
conjugated carbonyl?|7} Q= olF Aol dist Agido] -4
gt o2 AZESIh mCPBAS AMESH 749+ 4B,5B-epoxy
FEAGYE Loixion, ol 3912 B-configuration’® OH71%)
PECE mCPBAS w203 4l §1x7} A== 2 o2 474
k. (D)-()- = (L)-(+)-diisopropyl tartrates 27 AME3}
o] Sharpless asymmetric epoxidationg 2171 73-9-8} F4 Z
Q1 Mo(CO) 53= VO(acac), &4 stoll TBHPZE HESANZ] 749
E5 dehydrogenation=|®] 25(R)-4,6-spirostadien-3-one(6)°] &

Reagents and conditions:

A =]9ith. Sharpless asymmetric epoxidation WH-&-& allyl
alcoholel] Thale] AEiZQl AZASFES A 3hs Z1oF 1)
=0} rigid cyclic allylic alcohol oxidation™} dehydrogenation
"0 % 13} o B-unsaturated ketone2] AAdo] AAHoF

ofg 4 gk 2 ek A % %
2 B

1. Rigid cyclic o,p-unsaturated carbonyl 3& A 25(R)-
1,4,6-spirostatrien-3-one(1)S- ©]-&51] Tolst o ZA sk & 1t
A7) A3} H,0,= 1,2-double bondel]l ABH S & downside
attackd}o] 25(R)-10,201-epoxy-4,6-spirostadien-3-one(2)0] Lof
Z o mCPBAE 6,7-double bond®l A EA 0 F WHS-3}o]
25(R)-60, 7a-epoxy-1,4-spirostadien-3-one(3)°] /=31t

2. 25(R)-1,4,6-spirostatrien-3-one(1y& T3+ hydride AlokS.
2 397 A3 NaBH,E AHESE 97} 25(R)-4,6-spiros-
tadien-3p-ol(4)°] A& o2 FAF U}, 5 L-Selectrides}
Superhydridet= 25(R)-4,6-spirostadien-3a-0l(3)°], LAH, Red-
Al lithium tr-fert-butoxyaluminium hydride== 25(R)-4,6-
spirostadien-3-one(6)°] ZY7} 4=t

3. 25(R)-4,6-spirostadien-3p-ol(4)Yg *NZAIst A2 43} H,0,
9= w20} AR ko mCPBASH W53t 25(R)-
4p,5p-epoxy-6-spirosten-3p-ol(5)S A A o= AT
st Sharpless asymmetric epoxidation?t Mo(CO),
VO(acac), 0 stellA] TBHPZ ukSAIZl A9 25 39 9
2] ¢] OH] dehydrogenation®l] 2]t 25(R)-4,6-spirostadien-3-
one(6)°] oIFl.

a ; H,0,, 5% NaOH-MeCH, rt; b : mCPBA, chloroform, rt; ¢: (D)-(-)- or (L)-(+)-diisopropyl! tartrate, TBHE, Ti-(0-iPr),, CH,Cl,, -20°C — rt,

4 A molecular sieve; d : Mo(CO),, TBHE 80°C; e :
Scheme 3 - Epoxidation of 25(R)-4,6-spirostadien-3p-ol (4).
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VO(acac),, TBHE rt.
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