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&&& - seve ra l  modifications of the  syn thes i s  of the  t i t l e  compounds were 

explored and are reported.  

For s t u d i e s  of  e s tmgen  biosynthesis1'2, we r e w i r e d  28-hydroxy-l+oxoandrost-4-enk3,ll-dione 

(1). me compound is r a t h e r  d i f f i c u l t  t o  prepare and t h e  reported syn thes i s  proceeded i n  ca. 

0.0% yield3.  We have explored s eve ra l  modifications of t h e  synthesis which ape described 

there in .  Previously,  we noted t h a t  ace toxyla t ion  of with l e ad  t e t ~ a a c e t a t e ~ ' ~  gave a 

complex mixture of products fmm which Zo-(Zg) and 20-acetoxy-(Qa) uere i s o l a t e d  i n  a (2 : l )  r a t i o  

6 3 
i n  poor y i e ld  . Consequently, t h e  m u t e  through a c e t o l y s i s  of  68-bromide w a s  inves t iga ted .  

me rspoFted of  (1) pmceed via:  (a) 28-acetoxylation of an  appmpr i a t e  

in termedia te ,  and (b)  t h e  s e l e c t i v e  s i l y l a t i o n  of  2p-hydmxyl of  2p.lWihydmxyandrost-4-ene- 

3.11-dione (M) t o  y i e l d  the  28-si lyl  e t h e r  (If). Oxidation of  (V) ,  fo l loued by the  removal of 

the  s i l y l  moiety of the  r e s u l t i n g  (a), y i e l d s  ( I ) .  Since our p lan  was to in t roduce  the  

2p-acetoxy group v i a  t h e  ace to ly s i a  of  68-bromide, we thought t h a t  it might be advan tapous  t o  

7 
p m t e c t  t h e  19-hydmxyl of  the  s t a r t i n g  mater ia l  (g) as t -butyldimethylsi lyl  e t h e r  r a t h e r  

t h a n  as an aceta te .  We reasoned t h a t  the  presence of t h e  ac id  s e n s i t i v e  e t h e r  a t  C-19 and the  

base s e n s i t i v e  e s t e r  a t  C-2 w i l l  f a c i l i t a t e  s e l e c t i v e  depFotection and manipulation of  t h e  two 

hyd roxy l s  While considering the  subsequent transformations,  i t  was pre fe r ab l e  t o  have t h e  

28-hydmxyl pro tec ted  as s i l y l  e the r ;  however, t h e  pro jec ted  scheme of  C-2 oxygenation ( v i a  

ace to ly s i s )  excluded t h i s  opt ion .  

7 me c o m r c i a l l y  ava i l ab l e  s t a r t i n g  ma te r i a l  (a) was converted t o  19-s i ly l  e t h e r  (a) and 

bmminated (NBS;2,2'-azobisisobutymnitrile i n  CC14) .  The recovered 6p-bmmide ( 5 ) .  on 

treatment with potassium a c e t a t e  i n  a c e t i c  ac id ,  gave a res idue  which was f rac t ionated  by column 

chmmatogpaphy on s i l i c a  g e l  t o  y i e ld  the  4.6-dime (6) (24%). Z race toxy  (a) (36.6%) and an 

unresolved mixture of two compounds. Pmpara t i ve  l a y e r  chromstography ( p l c )  of the  unresolved 

res idue  y ie lded  Zp-acetoxy (&) (8.5%) and 68-acetoxy(1) (6%). I n  view of  the  poor y i e ld  of  the 

required (&) (8.5%). s eve ra l  syn the t i c  modifications and t h e  f e a s i b i l i t y  of sa lvaging  t h e  

2.-acetoxy (3b) uere explored. 
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Although we vere aware t h a t  conversion of  2B-acetaxy-19-aldehyde (9a) t o  20-hydmxy (1) may Pose 

problems, the  seeming s imp l i c i t y  of  the sequence ( a )  --> (&) --> (Pa) --> (1) encouraged u s  t o  

evalua te  t h i s  route.  me s i l y l  e t h e r s  ( a )  and ( a )  were hydrolyzed Iaqueous HF (48%) i n  

a c e t o n i t r i l e  (1:10)1 t o  g ive  the  19-hydmry-2a-ace to  (&) and 19-hydmxy-26-acetoxy (&), 

respect ive ly .  me 2o- and 28-acatoxy-19-hydroxy pmducts  ve re  oxidized u i t h  pyridinium 

ohlomchmmate (PCC)' t o  the   orr responding l e a l d e h y d e s  I(%) and (%)I (10% y i e ld  from 19-011). 

ma depmtec t i on  of the  C-2 hydmxyl was t e s t ed  on the  more abundant 2.-acetoxy ( a ) .  

Unf~ r tuna t e ly ,  when a methanolic so lu t i on  of ( a )  was t r e a t ed  with e i t h e r  aqueous KHC03, 

9 
aq. K2C03, or an e thano l i e  s o l u t i o n  u i t h  KCN , e s t m n e  (10) and not alcohol (a) was 

obtained. S imi lar ly ,  e s t m n e  (10) was formed when a dioxane s o l u t i o n  of ( a )  was t r e a t ed  with 

d i l u t e  aq. H2SO4 Analogous r e s u l t s  were obtained f o r  the  ZB-acetoxy (Pa). 

Since a t tempts  of depmtec t i ng  the  2.- and 2p-hydraxyls by conventional pmcedures f a i l e d .  

enzymatic transesterifieationlo'll w a s  explored. Indeed. incubation of ( a )  wi th  Candida 

~ v l i n d r a c e a  and 1-oftan01 gave 2o-hydroxyaldehyde (a) i n  61% y i e ld .  I n  con t r a s t ,  the  analogous 

t r a n s e s t e r i f i c a t i o n  of  26-acetoxy (Pa) f a i l e d ,  and the  s t a r t i n g  m t e r i a l  (80%), accompanied by 

small  amounts of 2o-hvdroxv (&) (5-10%) was recovered. 

me f o r m t i o n  of 2o-hydroxy (&I fmm the  Zp-aeetoxy (9a) under the  mild condi t ions  of the  C. 

~ v l i n d r a ~ e a  catalyzed t r a n s e s t e r i f i c a t i o n  is noteworthy. me r e s u l t s  could be r a t i ona l i zed  as 

f0110w~. Previously,  we repor ted  t h a t  the  yeas t  l i p a s e  catalyzed t r a n s e s t e r i f i c a t i o n  of s t e m i d  

11 
e s t e r s  is l a r g e l y  s te reo-  and regio-se lec t ive  . I n  the  present case, t h e  r eac t i on  was 

s t e r eose l ee t i ve  f o r  the Zrace toxy  r a t h e r  than t h e  26-acetaxy group. However, i t  could be 

speculated t h a t  a small  amount of t h e  2B-aeetoxy (2s) was isomerized v i a  2O)-en01 t o  g ive  

2o-acetary (la). me r e s u l t i n g  ( a )  was then t r a n s e s t e r i f i e d  t o  the  2a-hydroxy (a). 
In  view of s c s ~ c i t y  of the  26-acetory-19axo compound, we abandoned f u r t h e r  explora t ion  of t h i s  

m u t e .  However, baaed on t h e  above r e s u l t s ,  we i n f e r r ed  t h a t  removal of the  2-acetate should 

precede the e l abo ra t i on  of the  19-aldehyde. 

As indica ted  e a r l i e r ,  the  major product of the  aoe to ly s i s  of  6B-bromide was 2o-acetoxy (a). In 

an a t tempt  t o  salvage the 2.-acetoxy (a), we explored the  f e a s i b i l i t y  of invers ion  
12.13 of 

the 2a-hvdroxyl of the  2o.19-diol (u). Saponif ica t ion  of 2.-aeetoxy-19-hydroxy (a) with aq. 

methanolic K CO gave t h e  d i o l  (x) ( 6 0 1 ) .  Treatment of  a THF s o l u t i o n  of  (36) with  d i e thy l  
2 3 

azodicarboxylate.  t r iphenylphosphine and formic ac id  f o r  1 7  h a t  ambient temperature13 gave t h e  

zp.19-oltaandmst-4-ene-3.17-dione (U) (10%) r a t h e r  than the  2p-formate. The ms of (U) shared 

ion8 a t  m/z 300 (M+; 100%) and 270 (M+-cH~o; 20%) and the  nmr and uv spec t r a  were i n  accord 

with the proposed s t r u c t u r e  (see experimental) .  When the invers ion  reac t ion  was ca r r i ed  ou t  i n  



t h e  presence of  CF3COOH, followed by addi t ion  of  sodium benzoate14, the  y i e ld  of the  

2 . 1 9 - e t h e ~  (11) was lower (251). Apparently e l ec t rons  of the  C-19 oxygen atom are b t t e r  

posit ioned f o r  an intramolecular a t t a ck  a t  the  2B-site of  the  hypothet ica l  2a-alkoxyphosphonium 

salt than the  externa l  Intramolecular formation of cyc l i c  e t h e r s  under. the  

emplo).ed reac t ion  condi t ions  was The invers ion  was a l s o  t r i e d  on the 

2o-hyd~0xy-19-si1yloxy (2s). but only s t a r t i n g  mater ia l  was cecovered. 

To complete t h e  synthes is ,  the  d i o l  (s) w a s  t r e a t ed  v i t h  t -buty ld imethyls i ly l  ch lor ide  i n  

imidarole7 t o  y i e ld  2B-silyl e t h e r  ( N )  ( S O W  and ZB.19-disilyl e t h e r  ( & I .  The d i s i l y l  e the r  

(49) was recycled by treatment v i t h  aqueous HF (481) i n  a o e t o n i t r i l e  (1:19) and the  r e su l t i ng  

d i d  (a) was then s i l y l a t s d  as above t o  g i v e  (g) (481) and (49).  It i s  of  i n t e r e s t  t h a t  the  2- 

and 19-monosilyl e the r s  repuired a higher concent ra t ion  of aqueous HP (48%) i n  a c e t o n i t r i l e  f o r  

cleavage than t h e  2.19-disi lyl  etheF. me ove ra l l  y i e ld  of (a) Prom dio l - (M) (with reeyeling) 

was fa.  75%. 

me 2B-ailyloxy ( N )  was oxidized (PCC) t o  g ive  the  19-0x0 (k) (6IW.  which i n  t u rn  w a s  t r e a t ed  

v i t h  aqueous HP i n  a o e t o n i t r i l e .  me recovered product was pur i f i ed  by HPLC t o  y i e ld  

19-oxo-2~-hydroxyandmst-4-ene-3,17-dione (1) (ca.12 fmm a). While we marginally improved 

(from 0.05% t o  12) the  y i e ld  of (1).  the  described route  i s  not s a t i s f a c t o r y  and we are exploring 

a l t e r n a t i ~ e  syn the t i c  approaches . 
EI(PER1MENTAL 

'H Nmr speo t r a  were recorded on a Varian EM-390 o r  Bruker WM-250 instrument l o r  so lu t i ons  i n  

2 
[ Hlchloroform and a r e  reported i n  6 values  r e l a t i v e  t o  i n t e r n a l  Me4si. Mass spec t r a  were 

recorded on a Varian-MbT model 312 instFument. The Memk A.G. S i l i c a  ge l  60 (70-230 mesh) was 

used POP oolumn ohromatography. Analytical  and prepamt ive  TLC ueFe oarpied ou t  using pveaoated 

s i l i c a  ge l  60 (HP 254 + 366) p l a t e s  (Analtech Inc., Newark. DE). M w l i n d r a c e a  ( ca t .  No. 

1754) was purchased from Sigma Chemical Co. A Micmmeri t ics  HPLC instrument equipped with Model 

750 Solvent de l i ve ry  system and Model 188 dual  va r i ab l e  de t ec to r  was used. Melting po in t s  (mp) 

Were taken on a hot s t age  and are corrected.  Conventional vamp Fefers  t o  recovering the  

pmducts  with a so lvent ,  washing the  e x t r a c t  and then drying i t  over anhydrous sodium su l f a t e .  

6 -8rm - - t- (5 ) .  

A so lu t i on  of 19-~(t-hutyldimethylsilyl)oxylandrost-4-ene-3,l7-dione (a) (3.25 g. 1.81 mmol) 

i n d r y  CC14 (70 ml) was ref lured  with N-bromosuccinimide (2.98 g ,  16.74 mmol) and 

2.2'-azobisisobutymnitrile (11  mg) f o r  1.5 h. Cooling, f i l t r a t i o n  and evaporation of the  

so lvent  gave 3.7 g (961) of  I I955 pure by TLC, ( s i l i c a  ge l ,  cyclohexane-EtOAc ( 2 : l ) ) l .  A 

homogeneous sample w a s  obtained by prepara t ive  TLC [ s i l i c a  ge l ,  cyclohexane-EtOAc ( 2 : l ) I .  
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mp 95-91'~. 'H nmr: 0.02 (3H, s, one of Si(CH3)2). 0.05 (3H. s, one of Si(CH3)2), 

0.83 (12H. s, SiC(CH3)3), 0.93 (3H. a, 18-H), 3.86. 3.97 (1H. B-part of an AB-system, J = 10 

Hz, one of 19-CH2-OS%-): 4.18, 4.29 (1H. A-part of an AB-system, J = 10 Hz, one of 

19-CH2-OSi-), 5.01 (1H. dd, J1 = IHz, J2 = 2Hz. 6-H), 5.96 (1H. s, 4-H). Mass spectrum, 

mlz 496. 494 (Mt, 2%). 437 (MI - C(CH3I3; 44%). 351 (Mf-(tI~r + C(CH3)3); 5m). 

ZrAcetox~-19-llt-butv1diwthvlsil~l)o- .landmst-4-ene-3,17-dione (2_b); 

~-Acetaxv-l9-I~t-butvldimethvlsilvl)oxvlandmst-4sne-3.ll-dione(~); 

19-I(t-butvldimethvlsilvllo~~1andmst-4.6-diene-3,l7-diene (6); 

58-Acetoxv-19-[(t-butvldiwthvlsil~l)o landmst-4-ene-3.17-diene (1) 

To a solution of tne 68-bromide (1) (3.6 g. 7.27 -1) in glarial acatic acid (50 ml) dry 

potassium acetate (10 g) was added, and the mixture was refluxed for 15 mi". me mixture was 

coded, diluted vith water and extracted with ethyl acetate. me OFganic layer was washed with 

1N NaOH. water, dried and the solvent evapomted. The residue (3.2 g) was fractionated by column 

chromatography on silioa gel and the products were eluted with mixtures of hexane-ethyl acetate. 

Elution of the oolumn with hexane-ethyl acetate (9:l) gave:(=), 1.3 g (36.6%); (6). 0.74 g 

(24%). and 0.6 g of a mixtu~e of (a) and (1). me mixture was fractionated by pFeparative layer 

chromatography (plo) [silica gel; cyaloherane-EtOAc (2:l) X 21 to give 0.3 g (8.5%) of (a) and 
0.2 g (5.6%) of (1). 

For a: mp 65-67'~. '~Nmr: 0.02 (6H. s. Si(CH3)2), 0.81 (9H. s, SiC(CH3)3), 0.92 

(3H. s, 18-H), 2.14 (3H. s, 2o-0COCH3), 4.00 (ZH, s. 19-CH2-OSI-), 5.86 (lH, dd, Jl = 7 Hz, 

J2 - 1 4  Hz, Zp-H), 5.95 (lH, s, 4 4 .  Mass spectrum, mlz 474 (M+; 1%). 459 (Mf-cH3; 2%), 

417 (M+ - C(CH3)3; lorn), 351 (M' - C(CH3)3 - CH3COOH; 24%). 

For 4p: rnp 80-82'~. 'H Nmr: 0.02 (6H. s, Si(CH3)2), 0.84 (9H. s, SiC(CH3)3), 0.9 

(3H. s, 18-H). 2.16 (3H. s, 20-0COCH3). 3.53, 3.66 (1H. &part of an AB-system. J = 10 Hz. one 

of 19-CH2-OSi-), 3.96, 4.07 (1H. A-part of an AB-sytstem. J - 10 Hz. one of 19-CH2-0%-), 
5.37 (1H. dd, J1 = 1.5 Hz, J2 = 9 Hz; Za-H). 5.88 (lH, s. 4-H). Hass spectrum. mlz 474 

(M';l%); 417 (M+-c(cH~)~; 381)); 315 (417-C2H20; 781)); 351 (411-CH3COOH; 62%); 387 

(417-CH20; 16%); 345 (387-C2H20; 36%); 327 (351-CH20). 

For 5: mp 110-112'~. '~Nmr: 0.03 (6H. s, Si(CH3)2), 0.88 (9H. s, SiC(CH3)3), 0.97 

(3H. 8, 18-H), 3.60, 3.18 (1H. 8-part of an AB-system, J = 11 Hz, one of 19-CH2-OSi-), 3.78, 

3.94 (1H. A-part of an AB-system, J = 11 Hz, one of 19-CH2-OSi-), 5.8 (1H. s. 4-H), 6.21 (ZH, 

s, 6 and 7-A). Mass spectrum, m l z  414 (2; 6%); 384 (M+-CH~O; BI); 351 (H+-C(CH~)~; 

100%). 



For 1: mp 58-60'~. 'H nmr: 0.02 (68, s. SI(CH3)2), 0.88 (9H. s. SiC(CH3)3). 0.95 

(3H. s, 18-H), 2.05 (3H, 8,  6p-0COCH3), 3.92 (2% s, 19-CH2-OSI-), 5.52 (lH, t, J = 3HE. 

6o-H). 6.08 (1H. s, 4-H). Mass spectrum, mlz 474 (M+; 2%); 417 (M+-c(cH~)~; 62%): 444 

(M-CH20; 7%); 384 (444-CH3COOH; 50%); 357 (417-CH3COOH; 1001). 

28-A~eto~v-19-h~dm~~~ndmst-4-ene-3.17-dione (4s). 

To a solution of (100 mg) in acetonitrile ( 5  ml), HF (482 in H20) (0.5 ml) was added and the 

mixture was stirred at roam tempeFature for 1.5 hr. Water was added and the produet was 

ertraated (CHC13) to give after uo&up & (74 mg, 96%) as a whits solid. mp 90-92%. 

'~~rnr: 0.88 (3H, s, 18-H), 2.12 (3H, s, ZB-0COCH3), 3.86 (ZH, m. 19-CH2 OH), 5.34 (1H. 

dd, J1 = 4.5 Xz. J2 = 12 Hz, 2o-H), 5.93 (lH, s, 44). Mass spectrum, mlz 360 (H+; 2%); 

330 (M+-CH~O: 14%); 288 (330-C2H20; 34%); 270 (330-CH3COOH;100%). 

2~-Acetoxv-l9-hvdmxyandmst-4-ene-3.17-dione (a). 
Tmatment or (300 m) with HF as described above gave (220 mg 95%). mp 120-122"~. 

' ~ ~ m r :  0.9 (3H, s, l&H), 2.1 (38, s, 2rOCOCH3). 3.9 (2% m, 19-CH20H), 5.8 (1H. dd, J1 

- 7Hz. J2 = 15Hz. Zp-H), 5.95 (1H. s, 4-H). Mars spectrum, m l z  360 (M+; 6%); 330 

(M+-CH~O; 3SW; 288 (330-C2H20; 601): 270 (330-CH3COOH;100%). 

2B-Acetoll~-19-oxoandro8t-4-ene-3.l7-dione (a). 
A solution of & (60 mg, 0.167 mmol) in dry CH2C12 (5 ml) was stirred with pyFidinium 

chlorochmmate (72 iqg, 0.334 mmol) for 2.5 h. me dark red mixture was stirred with brine for 

10 mi" and extraoted with CH2C12 (3~). The combined organic layer was dried and 

concentrated, and the residue was purified by tlc [silica gel; cyclohexane-EtOAe (1:l)I to give 

& (42 mg, 70%). mp 105-106'~. 'H nmr: 0.9 (3H. s, 18-H), 2.06 (3H. r,  ZB-0COCH3). 5.27 

(1H. dd, J = 4 Hz. J2 = 9 Hz. 2s-H), 6.07 (1H. s, 4-H), 9.83 (1H. s, 19-CHO). 
1 

2a-Acetoxv-19-0xlandm8t-4-ene-3.17-di0np (8a) 

Oxidation of & (150 mg, 0.417 mmol) with pyridinum chlomchromate (180 mg, 0.83 rnmol) as 

described above gave &a (108 mg, 72%). mp 150-153'~. 'H Nmr: 0.88 (3H. s, 18-H), 2.16 (3H. 

8 ,  2.-OCOCH ), 5.36 (1H. dd, J1 = 6 Hz, J2 = 14 Hz, 28-H), 6.02 (1H. s. 4-H), 10.13 (1H. 8 .  
3 

19-CHO). Mass spectrum, mlz 358 (M'; 16%). 329 (Mf-CHO; 10%). 298 (M+ - CH3COOH; 26%). 
272 (MC - H2C = CHOAc; 77%), 244 (272-CO; 36%). 

AttemDted saDonification of Za-acetorv-19-oxoandmst-4-ene-3.17-dione (8a) 

1. To a solution of &a (10 mg) in methanol (0.4 ml) a solution of KHC03 ( 8  mgl in water 

(0.2 ml) was added and the mixture was stirred at m o m  temperature for 2 h under N2. The 

solution was concentrated. extracted (EtOAc) and processed in the conventional manner to give 
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a f t e r  p u r i f i c a t i o n  by t l c  [ s i l i c a  ge l ;  cyclohexaneEt0Ac. (2:1)1, e s t m n e  (10) ( 6  mg, 80%). 

mp 260-262'~. Nmr: 0.9 (3% s, 1.9-H). 6.97-7.20 (3H. ammat ic  pmtons) .  The alcohol 8b 

could not be detected.  

2. Treatment of  ( 5  mg) with K2C03 ( 5  mg) as described above a l s o  gave e s t rone  (10). 

3 Treatment of  & (5  mg) i n  95% ethanol  (0.2 ml) with KCN ( 4  mg) a t  mom temperature f o r  1 8  h 

gave e s t rone  ( l o ) .  

4. To a s o l u t i o n  of & ( 2  mg) i n  d iorane  (0.5 m l )  5% ag. H2S04 (0.1 ml) was added and the  

mixture was s t i r r e d  a t  80% for 1 .5  h. The reac t ion  w a s  processed i n  the  conventional  manner 

t o  g ive  e s t m n e  (10) .  

AttemDted 8aDonification of  20-acetoxv-19-oxoandrost-4-ene-3.17-dion (W 

Treatment of % as desmibed above f o r  & gave e s t m n e  (10) .  

2o. 19-Dihvdmxvandmst-4-ene-3-17-dione (u). 
A s o l u t i o n  of 3s (100 mg) i n  methanol (0.5 m l )  was t r ea t ed  with methanolio K2C03 ( 5  ml) 

(prepared by d issolv ing  1 g anhydrous K2C03 i n  30 m l  of water and d i l u t i n g  with 115 m l  of 

methanol) and s t i r F e d  a t  mom temperature f o r  3 h under N2. me so lu t i on  was concentrated and 

ext rac ted  with CHC13. The e x t r a c t  was washed. d r i ed ,  concentrated and the  res idue  was pur i f i ed  

by prepara t ive  t l e  [ s i l i c a  ge l ;  CHC13 - MeOH (9 : l ) I  t o  g ive  3d (53 mg. 601) mp 202-204'~. 

'HNmr: 0.9 OH. s. 18-8). 4.0 (ZH, s, 19-CH -OH), 4.66 (1H. dd, J1 = 6Hz. J 2  = 13Hz. 
2 

28-H), 5.93 ( 1 H .  s, 4-H). 

2 o - H v d m x v - 1 9 - I l t - b ~ o x v l a n d r o s t - 4 - e n e - 3 . 1 1 - d i o n e  (a). 
Treatment of  SP (120 mg) with methanolie K2C03 as described above gave g (71  mg, 65%) mp 

165-161°c. Nmr: 0.05 (6H. s, Si(CH3)2), 0.84 (9H. s, SiC(CH3)3), 0.92 (3H. s, 

18-HI, 3.17, 3.91 (lH, 8-part of  an A8-system, J = 12 Hz, one of 19-CH2-OSi-), 3.99, 4.13 ( 1 H .  

A-part of an  AB-system. J = 12 Hz, one of 19-CH -0%-). 4.62 (1H. dd. J1 = 6Hz. J 2  = 13 Hz, 
2 

28-H), 5.92 ( 1 H .  S. 4-H). I4a.s spectrum, mlz 432 (M+; 23%). 375 (M+ - C(CH3)3; 26%). 345 

(375-CH20; 96%). 300 (M' - C(CH3)3Si(CH3)20H; 76%). 

2a-Hvdmxv-19-omandmst-4-ene-3.17-~ (a). 
To a so lu t i on  of & (100 mg) i n  a c e t o n i t r i l e  conta in ing  5% water (5.5 m l )  and 1-octanol 

(181.5 mg, 5 mole q u i v . ) .  yea s t  l i p a s e  Candida cvl indracea  (500 mg) was added and the  suspension 

was shaken on an o r b i t  shaker,  300 rpm a t  37% fw 7 days. The enzyme was removed by 

f i l t r a t i o n  and the f i l t r a t e  was concentrated t o  a reaidue which was pur i f i ed  by p lc  [ s i l i c a  ge l ;  

cyclohexaneEtOAc (1:2)1 t o  g ive  s t a r t i n g  mater ia l  (20 mg) and 8b (53.8 mg, 61%). 

mp 2 0 5 - 2 0 8 ~ ~ .  Nmr: 0.88 (3H. s, 18-H), 4.17 (18, dd, J1 = 6 Hz, J 2  = 14 Hz. 26-H), 



6.04 (lH, s. 4-H), 10.09 (lH, s, 19-CHO). Mass sFectrurn, mlz 316 (M'; 64%). 298 (H+-H20; 

4m). 287 (M' - CHO; 92%). 272 (H+-CH~=CHOH;~O~%) 244 (212-CO; 12%). 

Treatment of 2~-acetoxy-l9am (g) (15 mg) in acetonitrile-5% watep (1 ml) and oatanal (30 pl) 

with lipase (100 mg) for 10 days gave (84) (ea. 10%) and starting material (80-901). 

28.19-Dihvdmxvendmat-4-~-3.11dloag (19). 

Treatment of & (85 w) with mthanolic K2C03 as described above fop &3 affonied 4p (45 mg. 

6m). mp 140-142'~. '~Nrnr: 0.9 (3H. s, 18-H), 3.65 (1H. d, J = 10.5 Hz, one of the 

19-CH2-OH), 4.1 (2H. Zo-H and one of 19-CH2-OH), 5.97 (1H. s, 4-H). 

28-I( t - s , & y l d i m e t h v I s i l r l ) o r v l - 1 9 - h v d r o  (S) .  

To a solution of 49 (40 m) in DMF (2 m l )  were added t-butyldimethylsilyl ohloride (60 mg) and 

imidazole (95 mg) and the mixture was stirred at mom temperature for 1.5 h. The reaction 

mixture vaa diluted with ethyl acetate ( 5  a), washed with HzO, dried and concentrated. The 

residue was purified by plc [silica gel; oyclohexane-EtOAc (1:l)I to give (27.5 mg. 50%) and 

the 2f1,19-disilyl ether a (32 mg). 
m e  2p-monosilyl ether (g) showed: mp 131-133°~. '~Nrnr: 0.08 (3H, s, one of Si(CH3)2). 

0.15 (3H. s, one of Si(CH3)2), 0.85 (1ZH. s, 18-CH3 and SiC(CH3)3), 3.45 - 4.16 (3H, 

Zo-H and 19-CH2-OH), 5.93 (1H. s. 44). 

The disilyl ethev 4g: 'HNrnr: 0.00 (6H. s. one set of Si(CH3)Z). 0.06 (3H. a, one of 

Si(CH3)2). 0.08 (3H. s, one of Si(CH3)2), 0.83 (9H. s one set of SiC(CH3)3), 0.86 

(9H. s, set oP SiC(CH3)3), 3.84 (ZH. d. J = 3 Hz. 19-CH2-0%-), 4.1 (1H. m. Zo-H), 5.78 

(lH, s, 4-HI. 

Recvcling of 48 (to 4f): A mixture of (4s) (30 mg), acetonitrile (0.2 ml) and aq. HP (4%) 

(0.01 ml) was stirred at mom temperature for 1.5 h. The i-ecovered diol (a) (17 mg) was 

silylated as described above to give 4f (11.6 mg). me overall yield of ( I f 1  f m m  the diol (fi) 

w a s  B. 75%. 

~-l(t-Butvldimethv1~ilvl)oxvl-19-o~oandr0st-4-ene-3.17-dione (90). 

A solution of (20 mg) in dry CH2C12 (2 ml) was oxidized with pyridinium chlomchmmate 

(20 iqg) and processed as descpibed fop &. Following plc [silica gel; cyclohexane-EtOAc, (2:l)l. 

& (13.5 mg. 67%). mp 186-188°~,was obtained. '~~rnr: 0.00 (3H. s, one of Si(CH3)2), 

0.06 (3H. s, one of Si(CH3)3), 0.81 (9H. 8 ,  SiC(CH3)3). 0.85 (3H. s, 18-H). 4.00 (1H. 

bmad s, 2.-H), 5.89 (1H. s, 4-HI. 9.87 (1H. 8, 19-CHO). 

2B-Hvdmxv-19-oxoandr0st-4-ene-3.17-di0ne (1). 

A solution of & (9 mg) in aoetonit~ile (0.5 ml) was treated with agueous HP (46%)(0.1 ml) and 

the mixture was stirmd at mom temperatu~e for 1 h. CHC13 (2 ml) and H20 (1 ml) were added 
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and the  organic phase separated.  The aqueous phase was ext rac ted  with C H C l  (x 3 ) ;  t h e  
3 

combined organic phase was waQhed with H20 (X 2 ) ,  d r i e d  and evaporated a t  mom temperature t o  

g ive  a white s o l i d  res idue  (1.6 mg). me res idue  was f rac t ionated  by HPU: [Alltech Co. 

co1umn;silica lop;  25 am X 4.6 mm (1.d.); 20% isapmpanol  i n  isoootane;  flow r a t e  1 mllmin, uv 

de t ec to r  242 nml t o  g ive  1 (3 mg. 45%). mp 166-168'~. ' ~ ~ m r . :  0.95 13H. s. 18-H), 4.21 (1H. 

dd, J1 = 6 Hz. J2 = 1 0  Hz, 2a-H). 6.01 (1H. s. 4-H), 9.69 ( 1 H .  s, 19-CHO). 

28.19-Oxaandmst-4-ene-3.11-dime (La) 

(a) A ao lu t i on  of d i e t h y l  azodicarboryla te  (55 mg, 0.31 mmol) i n  dry TW (0.3 m l )  was added 

dmpwise Over a period of 5 min t o  a s t i r r e d  mixture of 2a.19-dihydmxyandmst-4-ene-3,17-dione 

119) (50 mg. 0.6 mmol). t r iphenylphosphine (165 mg, 0.63 -1) and formic ac id  (15.4 mg, 

0.31 mmol) i n  dry  TW (2 ml) a t  mom temperature. S t i r r i n g  a t  mom temperature was ~ o n t i n u e d  f o r  

17 h,  then the solvent  was removed under reduced pressure.  The res idue  was f rac t ionated  by p lc  

[ s i l i c a  gel; oyclohexane-EtOAe (2 : l )  X 21 t o  g ive  (U) (31 mg, 10%). mp 1 0 0 - 1 0 2 ~ ~ .  ' H N ~ X :  

0.91 (3H, s, 18-HI, 3.46, 3.50 (lH, 8-part of an 118-system, J = 1.5 Hz. one of 19-CH -0Si-), 
2 

4.02. 4.10 (lH, A-part of a n  118-system. J = 7.5 Hz. o m  of 19-CH2-031-), 4.3 (1H. dd. J1 = 

1.5 Hz, J 2  - 6 Hz, 2.-H), 5.82 (1H. s, 4-H). Hass spectmm mle 300 (HI, 1001). 210 

(hi+-19-CH 0; 20%). Uv (e thanol )  241 nm ( l a g  s 4.0);  2 

(b)  To a s t i r r e d  so lu t i on  of d i e thy l  azodicarbo~tyla te  (62 mg; 0.36 mmol) and 

2o,l9-dihydmxyandrost-4-ene-3,ll-dione (a) (50 mg; 0.18 -1) i n  dry  TW (2 m l )  was added 

triflUOmaCetlC ac id  (40  mg; 0.36 m 1 )  folloued by add i t i on  of s o l i d  triphenylphosphine (94 mg; 

0.36 mmol). After 5 min, sodium benzoate (52 mg; 0.36 mmol) was added and the mixture was s t i r r e d  

16 h a t  ambient temperature. The solvent  was evaporated. the  res idue  was taken up i n  C H C l j  and 

processed i n  the  usual  manner. me r e s u l t i n g  yellow o i l  was f r ao t i ona t ed  by 

p lc  [silica;cyclohexaneEtOAc (1 : l ) I  t o  y i e ld  (U) (12 mg; 25%) and s t a r t i n g  ma te r i a l  (Iq) 

(20 mg). 
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