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Chrotnic acid oxidation of 11--cliolesteIi-3~-ol-brnzo3te ( I1  ) gave l i j -ke to - l l~ -cho le~ t~ i i -~~-~) l -benzc ia t e  (111 j and the  keto- 
carboxylic acid I l - ,  both uf which were used :is starting materials for the synthesis of aza-I)-homosteroids. The dihydro 
compound 1. of 111 gave two stereoisomeric minies  j\Ta atid 1-11~ which upon Beckrrlmn rearrangement yielded l i -aza-  
lij-ketu- (1-11) and lH-aza- l ; -ke to-L)- l l (~r i~ucholc~t~i i~~~~-( I l -benzo~t fe  (1.111 ), respectiwl!.. \-I1 was also syiithesized b!- 
two other routes froin I1 I .  1 5 - A z a - l i i - k e t o - I ~ ) - l i ~ ~ ~ n ~ ~ c l i o l e ~ t ~ ~ ~ i - ~ ~ ~ - o l - ~ e r ~ z o ~ t ~  (XVIII )  wab prepared from the ketocarboxylic 
acid I\-, T h e  catalytic hydrogetlation o f  1S-ki.to-18(! i'-cholesten-S3 -benzoate ( S S b )  in an acidic inediutn h-ielded a new 
stereoisomer of cholestanyi benzoate ( s s v )  and l~-Lcto-C~ioleSt:ln- -oI-henzoate ( S S I \ ' ) .  

D-Ring lactams have been obtained' by Reck- 
inann rearrangement of oximes of estrone benzoate, 
dehydroisoandrosterone acetate and A4-androstene- 
3,li-dione. Other lactams of steroids have been 
reported by Heusser,3 Clemo,4 Keichsteinj and 
Hara.O In  a recent paper Iiegan and Hayes7 have 
reported the synthesis of 17- and l'ia-aza-D-hoino- 
steroids from 17-ketosteroid. 

The present paper describes the synthesis from 
cholesterol of steroid D-ring lactams and their 
azasteroids. The chromic acid oxidation of A14- 

cholesten-8@-ol-benzoate (111 yielded lG-keto-A14- 
cholesten-3~-ol-benzoate (111), a ketocarboxylic 
acid IV and several byproducts which are de- 
scribed in the Experimental section. 

Compound I11 mas used as a starting material 
for the synthesis of azasteroids as follows : catalytic 
hydrogenation gal-e cholestaiiyl benzoate and the 
dihydro compound of 111, l(i-ketocholestan-:icj-ol- 
benzoate (V), m p .  l?-I2:{'. Since 1i7olff-Kishner 
reduction of 1. afforded cholestanol, the Cl4-hyt1ro- 
gen of 5' is assumed to  be in the a-configuration. 
The oxime formed by the reaction of 1- with hy- 
droxylamine hydrochloride was separated into two 
stereoisomeric oximes by chromatography. The 
ratio of yields of the 0-oxime T'Ta, to the d-oxime 
\'I h, was i : 1 .  

Treatment uf the p>-riditie solution of 171a with 
p-toluenesulfonyl chloride gave lactarn \YI; 171b 
afforded the ether-insoluble lactani \-III ,  and the 
ether-soluble oxime tosylate \'TLII:~, Since 17LIIa, 
which is an iiiteririecliate o f  the Beckilianil rear- 
rangement, of I7Ib is stable, the yield of  \'I11 was 
poor. 

Lactaiti \-I1 was also obtained by two other 
routes from 111. (a) Treatment of I11 with hy- 
droxylamine yielded oxime XI, which upon 
Reckrnann rearrangenient gave lactam XI I .  Hy-  
tlrogenatiori of XI1 yieldecl the cliliy(lro lactarii, 
Lvhich is identical with 1-11. (111 ( J s i t l ~ t i ~ ~ i  o f  l7 
followed by treatment of the resulting ketocar- 
buxylic acid XIIJ ,  ni.1). 14~i--l.52°, with alcoholic 
ainmoiiia gave lactam XIY ; T711 was obtained by 
the hydrogenation of XIY. 

The catalytic hydrogenatioiis o f  XI t and XI\- 
(1)  Takamine Research Laboratory, Sankyo Crl , Ltil , 'Cok?.o. 
(2)  S.  T. Kaufmann, THIS JOURSAI, ,  73, I770 (IFIJ1: 
(3)  H. Heusser, J .  Wohlfohrt. 51. RItiller and  I<. Anliker. H e l :  

Chim.  Acta,  38, 1399 (1953); I< Anliker, .\I. .\Iitller, J TV \T-ohlfohrt 
a n d  H. Heusser, $ b i d . ,  38, 1104 (1335). 

~ C,, K. Clerno and 1,. K. Lfiqhr-, .I ( ' I ?  
1 1 H u n e t t  and I' Reich.tein F i r : :  
1 S. Har:,. Phnr,n R:i/l ( . J , I )O; :  , 3, ? ( I $  

7 ;  11 \ I .  I<e-:in a n d  1: S l l x > c , ,  .l'iiis Jo i i i < \  1 1 ,  78, l,:3cl i l l 3 i t i ' .  

were conducted in a neutral medium under condi- 
tions which favor fvam-orientation of hydrogen a t  
C I ~ ,  CI; and C20." Therefore, i t  can be concluded 
that lactam 1-11 has the structure 17-aza-16-keto- 
D-homocholestan-,?j-ol-benzoate, and that lactani 
IT11 is 16-aza-1 7-keto-D-homocholestan-3P-01-ben- 
zoate. 

On the other hand, a 13-aza-D-homosteroid was 
synthesized from the ketocarboxylic acid IV;  treat- 
ment of IVY with alcoholic ammonia gave 13-aza- 
1 (i - keto - - D - homocholesten - 3p  - 01 - benzoate 
(XIY). The S,Z&double bond of lactam XI-I mi- 
grated to the II,1.5-position upon treatinelit with 
dry hydrogen chloride to give the 114-lactam XVII.  

Catalytic hydrogenation of X\W with platinum 
oxide in a neutral tnetliuin gave a dihydro sub- 
stance. This lactam should have the structure 15- 
a m -  l ( i  - keto - I3 - homocholestan - :Zfi  - 01 - beiizoate 
(XVIII') ; in order to establish this structure, we 
synthesized the intermediate X17 by the following 
route: 1.S-keto-5~~11'-cholesten-:23-ol acetate (XXa) 
was obtained from "-cholesten-,'i~-ol-acetatc by 
chromic acid oxidation according to the method oi 
IYintersteiner, et al . l8J;  its oxime XXI gave 15- 
16  . keto - 18' - 11 - homocholesten - :3!3 - 01 - acetate 
(XXII) by Beckinann rearr ement. The lac- 
tuiii XSI I  M-;IS converted to I .i 
liot~iocholcsten-:~~-ol (XXI I1 .it11 tlilutc ~ t l l i a l i  
under mild conditions. X X I I I  was iountl to be 
identical with the saponification product of 1 .i-aza- 
1 (i -keto - AY\L - L) -holllocllolcstill - ?Lj - i l l  - 1)cIlzontc 

Lactanis L-II, 1.111 and X\7111 were converted to 
(XI7 \ I .  

1-D-homocholestanol ( IXj ,  1ii.p. 1%-I 
1 (i-uza- D-homocholestanol (X), m.p. 1.57-1 .?S 
l,-aza-D-homocholestanol (XIX), m.p. 1 :30-142', 
respectively, with lithium aluni inu~i~ hydride. 

1Vintersteiner"' reported that  the hydrogenatioii 
oi I .i-l\etci-1"'l''-cholestenyl acctatc (XXa) with 
pdladiuiii as the catalyst i i i  :LII :icidic iiirdiuni gives 
1"-cholcstenyl acetate, and that wheii this hytlro 
genation was carried out in a neutral metiiuiii, the 
absorption o f  hydrogen cioes not occur. \\licri we 
hydrogenated 1 .i keto-l? '  "-cholesten-:i~-ol-bcii~i)- 
ate(XXb) with platinum oxide as the catalyst, with 
the atlditivii oi two or three drops of 10'; hydro- 
chloric acid, we obtained as hydrogenation pru& 
ucts 15 ketocholestanyl benzoate (XXI17), in.1). 

(8 ,  I,, I:. Fieier and Liar>- Pieser, "Sat l i ra1 Proiliicts Related to 

ii'n I V  ! v . i i  I ~ ~ . t t < , , l  n irh , j r p ! ~ c  t i i h j ~ l r i ~ l t ~  I h r  <n,,I l , t r l , l t ic  ST' 

!l[lm c) \\'inter.teiner ;in,] \ I  \lcwre, 'I'iiis J U I  n\.%i. 66, i i l:i 

Phenanthrene." Reinhold Piibl. C o r l ~ . .  S e i v  l - o r k ,  S .  l' , I!) i 9  

5, n e d  

, l ! l l . {  
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151-152', and a stereoisomer of cholestanol benzo- 
ate (XXV). Saponification of X X V  gave an iso- 
mer of cholestanol, m.p. 144-146', CXD +33.0.11 
Beckmann rearrangement of the oxime XXVI  gave 
the oxime tosylate X X V I I ;  as in the caseof Vlb ,  
the lactam was not obtained. 

E x p e r i m e n t a 1 1 z a ~ i 2 b  

Oxidation of A~4-Cholesten-3p-ol-benzoate (II).-To a 
solution of 12 g.  of A14-cholesten-30-ol-betlzoate (11) in 1.2 1. 
of glacial acetic acid was added 9 g. of chromic acid with 
stirring at 50-55'; stirring was continued for 3.5  hours and 
then 5 ml. of ethyl alcohol was added. The acetic acid 
solution was distilled under reduced pressure, and the 
residual oil extracted with ether. The ether solution 
was washed with 10% potassium hydroxide twice and with 
water and dried; the solvent was removed under reduced 
pressure. 

The  pale yellow oil (neutral fraction 9.2 g.), fractionated 
by chromatography, afforded the following products in 
crystalline form : 

Unidentified substance, m.p. 188-189.5', yield 350 mg., 
no ultraviolet absorption above 228 m,u; vmex 1742 and 
1712 cn1.-1 in Sujol .  

Anal. Calcd. for C U H , ~ ~ ? :  C, 80.96; H ,  9.52. Found: .. .. . . 

C,-81.22; H ,  9.78. 
16 - Keto - AI4 - cholesten - 3p - 01 - benzoate (111), m.p.  

142-143', yield 720 mg., A$:, 230 and 233 mp ( E  16180 
and 15350); vmsx 1726, 1710 and 1612 cm.-'in Nujol, [all$ 
+103.3 (c 1.20, chloroform). Anal. Calcd. for Ca4H4803: 
C, 80, 95, H, 9.52. Found: C, 81.02; H, 9.96. 

16-Keto-cholesten-3~-ol-benzoate- 14,15-oxide, m .p. 152- 
154' (clear 185'), yield 380 mg., no ultraviolet ab- 
sorption above 230 mp, vmax 1742 and 1712 cm.-' in Nujol. 
Anal. Calcd. for C,,HMOJ: C, 78.46; H ,  9.23. Found: 
C, 78.75; H ,  9.78. 

yield 290 mg., 
vmsX 3465, 1725, 1692, and 1615 ern.-' in Kujol. 

A~4-Cholesten-16-one-lS-ol-3~-ol-benzoate, m.p. 207-209', 
228 and 231 mp ( E  15710 and 15780); 

Anal. Calcd. for C71HJ~OJ: C, 78.46; H ,  9.23. Found: 
C,-?8.20; H, 9.49. 

The  alkali-soluble portion from the above oxidation n as 
concentrated to  a minimum amount under reduced pres- 
sure and allowed t o  stand overnight. The precipitated 
crystals were recrystallized from methanol-water ( 1  : 1)  
to  give colorless prisms, m.p. 245-249'; vmax 3300, 1692, 
1659 and 1572 cm.-' in Sujol .  

Anal. Calcd. for C27H1501K: C, 68.64; H, 9.53. Found: 
C, 68.12; H ,  9.20. 

This substance was dissolved in water and acidified with 
10yG hydrochloric acid. The resulting white solid  vas 
collected and crystallized from methyl alcohol (m.p.  160- 
180'); purification was difficult. 

Anal. Calcd. for C27H,604: C, 74.65; H,  10.59. Found: 
C,  74.22; H ,  10.60. 

Benzoylation of this substance by the usual manner gave 
colorless needles of the ketocarboxplic acid IV, m.p.  159- 
163'. 

Anal. Calcd. for Cg4Hi~Oj: C, 75.83; H ,  9.92. Found: 
C, 75.44; H ,  9.63. 

Hydrogenation of 16-Keto-A14-cholesten-3~-ol-benzoate 
(III).--=1 solution o f  3 g. of 111 in 50 ml. of ethyl acetate 
was shaken with 150 mg. of platinum oxide and hydrogen; 
1.3 moles of hydrogen was absorbed in 1s hours. -1fter 
filtration, the filtrate was distilled under reduced pressure 
and the solid residue was purified by chromatography to  
yield the following products: cholestanyl benzoate, m.p. 
138-141.5', yield 70 mg., identified by a mixed melting 
point determination; 16-keto-cholestan-35-01-benzoate (y), m.p. 122-123", yield 1.4 g., vniaX 1746 and 1712 ern.-' in 
hujol .  

A n d .  Calcd. for C ~ ~ H 5 ~ O l :  C,  80.58; H ,  9.95. Found: 
C, 80.26; H ,  9.87. 

(11) In regard to compounds XXIV and XXV, further work is 
necessary to establish the  configurations of the hydrogens a t  C-17, 8 and 
14. 

(12) (a) All melting points are corrected: (b) Products, as indicated, 
were chromatographed on alumina (Brackmann Orade 111) with 
petroleum ether-benzene (1 : 1). 
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Wolff-Kishner Reduction of V.-A mixture of 300 ing. o f  
16-keto-cholestan-3(3-ol-benzonte (L'), 700 mg. of potus- 
siurn hydroxide, 0.7 nil. of 80'$~ hydrazine 11)-drate and 25 
tnl. of triethylerie glycol was rcfluxed for 0.5 hour; the 
temperature was raised to  190" in 1 hour, and kept there for 
1.5 hours. The  reaction mixture was poured into dilute 
hydrochloric acid and the separated oil was extracted with 
ether; the ether was washed with water and dried. 

Distillation of the solvent in vacz~o yielded a brownish 
oil which was chromatographed. Cholestanol was obtained, 
m.p. 142-143', yield 70 mg. ,  identified by a mixed melting 
point determination. 

Oxime of 16-Keto-cholestan-30-01-benzoate (V).--A mix- 
ture of 1.5 g. of V, 700 ing. of hydroxylamine hydrochloride, 
1.5 g. of potassium acetate and 150 nil. of alcohol was re- 
fluxed for 3 hours. The reaction mixture was poured into 
water and extracted with ether; the ether ljiyer was waslled 
with water and dried. The solvent was distilled in uucuo arid 
the white solid residue was chrotnatographed. 

a-Oxime (VIa), m.p. 242-244", yield 480 mg., vmax 3500, 
1708 and 1668 cm.-' in Nujol. Anal. Calcd. for C34HS103N: 
C, 78.26; H,9.85;  N,2.68. Found: C,77.88; H,9.92; N, 
2.26. 

0-Oxime (VIb), m.p.  189-191°, yield 65 tng., vmaa 3285, 
1725 and 1670 cm.-'in Nujol. Anal. Calcd. for CSIHSIO3X: 
C, 78.26; H, 9.85; N, 2.68. Found: C, '78.40; H ,  10.13; 
Y 2 4 2  - . ,  

Beckmann Rearrangement of Oximes VIa and V1b.- 
T o  a solution of 700 mg. of T'Ia in 20 ml. of pyridine was 
added 700 mg. of p-toluenesulfonyl chloride dissolved it1 10 
ml. of pyridine. The reaction mixture was kept :It roo111 
temperature for 3 hours; then it was poured into watcr and 
neutralized with dilute hydrochloric acid. The separated 
solid was extracted with chloroform, and the solution was 
washed with water and dried. .4fter distillation of the 
solvent the residue was crystallized from alcohol to give color- 
less plates of 17-aza-16-keto-D-homocholesten-3,8-ol-benzo- 
ate (VII), m. p .  248-251°, yield 380 wg. ;  ~,,,,,,.3415, 17'08, 
1695 and 167'0 c m - '  in Nujol. 

Anill. Calccl. for C34Ha103N: C, 78.26; H,  9.85; S, 
2.68. Found: C,  78.44; H ,  9.60; N,  2.57. Osiine VII, 
(300 mg.)  was treated as described above and the residue 
from the rearrangement dissolved in ether. The cthcr- 
insoluble portion was crystallized three titnes from ineth- 
ann1 to  give 16-aza-l7-keto-D-homocholestan-3~-ol-benzoate 
(VIII), m.p. 223-225', yield 70 mg., Y,,,, 3230, 1712 and 
1673 an.-' in Sujol .  

Anal. Calcd. for C3rH510aX: C,  78.26; H, 9.85; X, 
2.68. Found: C, 78.02; H, 9.38; N,2.29. 

The ethereal solution was evaporated under reduced 
pressure to  give a yellow oil which crystallized. Recrystal- 
lization from acetone gave the oxime tosylate VIIIa,  m .p .  
152-1535' dec., yield 120 mg., vmea 1712 and 1602 C I I I . - ~  i n  
Sujol .  

Anal. Calcd. for CIIHS?OSNS: C, 74.25; H ,  8.01; N ,  
1.96. Found: C, 73.98; H,7.76;  N,  1.92. 

Reduction of Lactams VII, VI11 and XVIII by Lithium 
Aluminum Hydride.-A mixture of 300 mg. o f  1711,  300 ing. 
of lithium aluminum hydride and 40-1111. of dry ether was 
refluxed with exclusion of moisture for 5 hours. \yhen the 
reaction mixture was poured into hydrous ether the excess 
lithium aluminum hydride decomposed. The ether solu- 
tion was washed with water and dried. The ether 
tilled under reduced pressure to give 130 trig. of pal 
oil which crystallized from acetone-alcohol as colorless silky 
needles of 17-aza-D-hotnocholestanol (IX), 111 .p .  I!X-lRX.T,", 

+20.8° ( c  1.32, CHC13), vTllSI 3480 and 3275 c m - I  i n  

Anal. Calcd. for C?,H4903N: C ,  80.33; H, 12.24; S ,  

The picrate was crystallized from benzene-alcohol :is 

Anal. Calcd. for C33H,Y08N,: C, 62.63; H, 8.28; K, 

Similar treatment of lactarn VI11 and XT'III yielded X 

YUJOl. 

3.47; Found: C,80.67; H ,  12.60; N,3.20. 

yellow needles, m.p. 221-223". 

8.85. Found: C, 62.33; H ,  7.96; N, 8.92. 

and XIX, respectively. 
16-Aza-~-homocholestanol (X), n1.p. 157-158', [q] '2 

$26.5' (c 1.09 CHC13), vmax 3110 and 3210 cm.-' in Nujnl. 
Anal. Calcd. for C37H1q03N: C, 80.33; H, 12.24; N .  

3.47. Found: C, 80.21; H, 12.50; N,  3.39. 
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The picrat? was cryst:illized from benzene-alcohol, m.p.  

i lna l .  Calcd. for C ~ ~ H B ? O ~ S ~ :  C, 62.68; H ,  8.28; N, 
8.85. Found: C, 62.70; H ,  8.49; S, 8.39. 

15-Aza-~-homocholestanol (XIX), m.p.  139-142,  CY^ *; 
+34.0" (c 1.21, CHCla), vmax 3400 and 3208 c m - I  in Sujol.  

3.17. Found: C, 80.55; H ,  12.39; S, 3.60. 
The picrate was obtained as yellow needles, m.p .  176- 

177". .-lnai. Calcd. for C ~ ~ H ~ ? O S X ~ :  C, 62.63; H, 8.28; 
S, 8.85. Found: C, 62.26; H, 8.40; S, 8.92. 

Oxime of 16-Ket0-A~~-cholestenyl Benzoate (III).- 
T o  1 g. of I11 dissolved in 100 ml. of alcohol, 450 mg. of 
hydroxylamine hydrochloride in 20 ml. of alcohol was 
added and the reaction mixture was kept at room tem- 
perature for 3 days. The  solution was poured into water, 
and the precipitate was extracted with ether; the solution 
was washed with dilute hydrochloric acid, dilute alkali and 
water, and dried. The  residue, obtained by  evaporation 
of the solvent; was chromatographed to yield a colorless 
solid which crystallized from acetone-alcohol; recrystal- 
lization gave colorless needles of XI, m.p. 249-25l0, 1-ield 
420 mg.; vmlx 3420, 1703, 1669 and 1635 cm.-l in Nujol. 

ilnal. Calcd. for CnrHlp03S: C, 80.12; H ,  7.71; S, 
2.75. Found: C, 79.86; H ,  7.50; S, 2.69. 

l7-Aza-16-keto-A~4-D-homocholesten-3~-ol-benzoate (XII) 
was ormared from oxime X I  (350 mz. )  as oreviouslv de- 

188.5-19U'. 

Anal.  Cdkd.  for C?;HdgO S:  C, 80.33; H ,  12.24; S, 

scribid'i; lactam X I I ,  m.p .  2f2-273'; yieldA55 mg.;-  vmax 
3380, 1710 and 1632 cm.-'in Sujol.  

Anal.  Calcd. for CarHdgOaS: C, 80.12; H, 7.71; S, 
2.75. Found: C,79.90; H,7 .88;  S , 2 . 5 9 .  

Preparation of VI1 from Lactam XII.--.2 solution of 130 
nig. of XI1  in 20 ml. of ethyl acetate-alcohol ( 1 : l )  was 
hydrogenated and treated as describcd. The  plates ob- 
tained by four recrystallizations from alcohol were identi- 
fied as VI1 (yield 63 rng . )  from the infrared qpectrum and 
melting point. 

Oxidation of 16-Keto-cholestan-3p-01-benzoate (V).- 
T o  a solution of 1 .%5 g .  of \- in 100 ml. or g1aci:il acetic acid 
and 30 ml. of benzene, stirred a t  40-45", was added a solu- 
tion of 0.9 e .  of CrOa in 30 nil. of 90L; glacial acetic acid. 
Stirring was continued for 2 hours a i d  -after tha t  the re- 
action mixture was kept at room temperature for 4 more 
hours. Then the reaction mixture was treated essentially 
as described for the oxidation of 111. The  alkali solution 
was acidified with dilute hydrochloric acid, and the resulting 
white solid was collected and recrystallized from methanol 
to give colorless plates of X I I I ,  m.p.  116-152', jield 240 
me. - 

Anal. Calcd. for CsrHjoOj: C, 75.83; H, 9.29. Found: 
C, 76.39; H ,  9.73. 

*is it was difficult to purify this acid and its methyl ester 
because of the poor 3-ield, the impure acid XI11 was sub- 
mitted directly to the following lactamization. 

Lactam of Ketocarboxylic Acid XII1.-Through an ice- 
cooled solution of 230 mg. of ketocarboxylic acid XI11 in 20 
ml. of alcohol, ammonia gas was passed for 1 hour; then t? 
solution was sealed in a tube and heated for 10 hours a t  100 . 
Distillation under reduced pressure yielded an  oil which was 
chroinatogmphed. Lactnm XIT- %\-as obtained, m.p .  189- 
1 9 l 0 ,  yield 38 mg.; v , ~ , ~ ,  3320, 1718, 1670 and 1616 c111.-~ in 
Sujol.  

Anal.  Calcd. for C:j4H4~03N: C, 78.57; H ,  9.50; S, 
2.70. Found: C, 78.90; H ,  9.92; S , 2 . 8 1 .  

Hydrogenation of Lactam XIV to Yield VI1.-VI1 (17 
mg.) was obtained by the hydrogenation of 30 mg. of 
SIX. in 10 ml. of alcohol and the subseouent recrrstalliza- ~ -~ .~~ ~ ~~~~ 

tion of the product from alcohol; m.p.  218-251'. 
Enolization of Ketocarboxylic Acid IV.-IT- (200 mg.) was 

refluxed with 20 ml. of acetic acid anhydride for 4 hours in 
the presence of a small amount of sodium acetate. ;\fter 
standing a t  room temperature overnight, the reaction mix- 
ture was poured into ice-water. The solution was made 
alkaline with sodium bicnrbnnate and extracted with ether. 
The ethereal solution was washed with water, dried ( Sa?S04) 
anti distilled under diminished pressure. The  resulting 
yellow oil, which soon solidified, as  crystallized from methyl 
alcohol giving colorless needles of the enol lactone XT', m.p .  

(13) The reaction mixture TT-as heated for 1 hour at 30' and  then 
allowed t o  stand for 8 hours a t  room temperature. 

116-118", yield 140 mg.,  Y ~ , ~ ~  1745, 1724 and 1680 ern.-' in 
Sujol.  

Anal. Calcd. for CSIHISOI: C, 78.46; H, 9.23. Found: 
C, 78.05; H ,  9.13. 

Synthesis of Lactam XVI from IV.-*knmonia gas was 
passed for 1 hour through an ice-cooled solution of 3 g. of 
ketocarboxylic acid IV in 60 ml. of alcohol. Then the solu- 
tion was sealed in a tube and heated a t  100' for 10 hours. 
Distillation zn c'acuo followed by chromatography yielded 
colorless plates of X \ 7  which were recrystallized from 
methanol: 1n.p. 215-218'; yield 620 mg., vmsx 3380, 1709, 
1670 and 1635 cm.-'in Kujol. 

-4nnZ. Calcd. for Cj IHIgOIS:  C, 78.57; hT, 8.70. Found: 
C, 78.35; H ,  9.86; S, 2.63. 

Isomerization of XV1.-Dry hydrogen chloride was passed 
for 3 hours through an  ice-cold solution of 500 mg. of XT'I 
in 15 ml. of dry chloroform. The  solvent was evaporated 
to dryness under reduced pressure, and the residue dis- 
solved in acetone. Crystals of 15-a~a-16-keto-A~~-~-homo- 
cholesten-36-01-benzoate (XVII) separated, m.p. 218-221'. 
The melting point was depressed on mixture with a starting 
material; yield 23 mg.; urnax 1712, 1672 and 1669 cm.-l in 
S u  jol . 

Anal.  Calcd. for CsdHleOJS: C ,  78.57; H, 9.50; 5, 
2.70. Found: C, 78.44; H,9 .21;  S , 2 . 7 2 .  

Hydrogenation of XVI1.-XVII (150 mg.) in 40 ml. of 
ethyl acetate-alcohol (1 : 1) was hydrogenated and the prod- 
uct worked up  as previously described. 15-Aza-16-keto-D- 
homocholestan-3B-01-benzoate (XVIII) was obtained, m.p .  
258-262', yield 90 mg.; vmaX 3220, 1712 and 1670 cm.-' in 
Nu jol . 

Anal. Calcd. for C3aHri03N: C, 78.26; H ,  9.85; N, 2.68. 
Found: C, 78.55; H ,  10.12; N,2.70. 

Oxime of XXa.-To 800 mg. of 15-keto-As(l4)-cholesten- 
3p-01-acetate (XXa) in 40 ml. of alcohol was added 200 mg. 
of hydroxylamine hydrochloride and the mixture was al- 
lowed to stand for 3 days. The  alcohol was distilled under 
diminished pressure and the dried residue was chromato- 
graphed. Early fractions afforded a colorless solid which 
crL-stallized from acetone-alcohol as needles of XXI ,  m .p. 
244-246', yield 320 mg.; vgax 3400, 1722, 1658 and 1623 
cm.-'in Sujol.  

Anal. Calcd. for CagH470~N: C, 76.10; H, 10.35; N, 
3.06. Found: C,75.90; H ,  10.62; N,3 .32 .  

Beckmann Rearrangement of Oxime XX1.-The rear- 
rangement. carried out as previously described,l3 yielded 
15-aza-16-keto-A8~14~-D-homocholesten-3B-ol-acetate ( X X -  
11), m.p. 255-258", yield 35 mg. (from 250 mg. of X X I ) .  

Anal. Calcd. for C ~ Q H O O ~ N :  C,  76.10; H, 10.35; N,  
3.06. Found: C, 76.29; H, 10.67; hT, 3.28. 

Preparation and Identification of Lactam XXI1I.- 
T o  a solution of 80 mg. of X X I I  in 10 ml. of alcohol was 
added a dilute alcoholic potassium carbonate solution; the 
mixture was allowed to  stand for 10 hours distilled in vacuo 
and the residue extracted with chloroform. The  extract 
mas m-ashed with water and dried. -4fter the removal of the 
solvent under reduced pressure the residue was crystallized 
from methyl alcohol as colorless plates of 15-aza-16-keto- 
A6~14~-D-homocholesten-38-01 ( X X I I I ) ,  m.p. 296-302", 
yield 25 mg.; urnax 3270, 1669 and 1630 cm.-' in ZrTujol. 

A n d .  Calcd. for C21H4602K: C ,  78.02; H, 10.91; N, 
3.3;; Found: C ,  77.76; H ,  10.62; AT, 3.41. 

The  infrared spectrum and melting point showed this 
sample to be identical with the substance obtained by 
saponificaticin o f  XVI. 

Hydrogenation of 15-Ket0-A~(~~~-cholesten-3,3-01-benzoate 
(XXb).--X solution of 1 g. of X X b  in 60 ml. of ethyl acetate 
containing 2 ml. of 10yc hydrochloric acid was hydrogen- 
ated with platinum oxide and the product chromatographed. 
.in early fraction afforded a colorless oil .rThich crystallized 
from benzene-acetone; three recrystallizations gave color- 
less prisms of XXI-, 1n.p. 142-143.5" (not clear even above 
230"), yield 130 nig. 

Anal .  Calcd. for Ci4Hj2O2: C, 82.44; H, 10.90. Found: 
C, 82.69; H ,  11.22. 

This substance, which was not identical with cholestanyl 
benzoate, may be assumed to  be an isomer of cholestanyl 
benzoate. The 3-01 was obtained by saponification with ,5'7, 
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potasiiurii Iiydroxitlc :in11 crystallizntion from ncetone- 
alcohol; iri.p. 144- 146" ( i iot  clear abuve 2811"); [el'; +%.(lo 
( c  0.9 CHClJ),  umBp 3380 an.- '  in Sujo l .  This is a C8-, 
Clr- or C1;-isomer of cholestanol. 

Anal. Calcd. for C2;H4~O: C ,  83.,50; H,  12.37. Found: 
C ,  83.49; C,, 12.70. 
.I later fructioii afortietl ;L colorless vi1 \vhich didifieti ;  

crystallizatioii from acetone-:rlcohol gave silky needles of 
15-ketocho1est:inyl benzoate (XXIY); ni .p.  151-152', 
yield 190 ing., no ultraviolet spectruin xhovc Z30 nip, 
ullliLX 1749 arid 1709 in S u j o l .  

. I z u / .  Cdcd .  for C.lH;,,O,: C ,  S(L.58; I I ,  9 . < I t j .  F ~ ~ i i i t l :  
C ,  80.1'2; H ,  9.63. 

Oxime of XXIV (XXVI).-To a solution of 150 nig. of 
XXIV in 10 nil. of  alcohol-pyridine ( 1  : 1 ) was added 70 nig. 

'l'ht. rriinr Iiydrochloridr iri .i n i l .  ( i f  : i l m ~ l i o l .  

reaction niixturr. was refluxed for :i hours a t i d  the w l u t i w i  
poured into hydruchloric acid. Then the solution was 
treated as  previously described. The residue, obtained by 
reinoval of the solvent, was cri tallizeti twice from metha- 
nol to yield XSVI,  1n.p. 236 No, !.ield 100 mg. ,  v n l k i Y  
:<360, 1711' ant1 1669 c m - '  in Sujol.  

. I r i c i / .  Calcti. for C,,H,,O::S: C ,  78.2f3; H, 9.85; S, 
2.W. Fouiid: C ,  78.52; H, 10.12; S, 2.79. 

Beckmann Rearrangement of XXV1.-The rearrange- 
ment w a s  carried out as previously described except t h a t  
tile product IWS estractcd with ether. The  oxime tos\-I:$te 
S S \ . I I  \ vas  obtaiiietl, in.11. 172- 175", yield 40 ing. ifrorii 

.1?11i/. Cnlctl. for C,,FII;O;SS: C ,  74.23; €3, 8.01; S. 
so rng. ( I f  S S \ ' I r .  

1.96, l ; i i u n d :  C. i4.53; 11, 8.39; S ,  2 .06 .  
VAYUICHO,  Hoxco, TOKYO, JAPAS 
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Studies in Steroid Total Synthesis. IV. A Stereoselective Ring A Synthesis1 
BY LLOYD €3. RARKLEY, l i 7 ~ ~ ~ ~ z ~ ~ i  S. KXOWLES, H.IROLD RAFFEISON AND QUENTIN E. THOMPSON 

KECEIJ'ED MARCH 23, 1930: 

In the  LiToodward steroid total synthesis, the  formation of the quaternary center a t  C-10 from the blocked tricyclic ketone I 
invariably gives unfavorable stereochemistry ( I  - I1 f 111). By methylating a keto acid such as X I I I b  and thus reversing 
the  order in m-hich the  groups forming the quaternaq- center are attached, a favorable stereochemical result has been ob- 
tained, Moreover, it has been found that contraction of ring D prior t o  the formation of the quaternarj- center enhances 
reactivity a t  the methinyl position so that  a blocking group is no longer necessary in the ring 4 synthesis. 

The unfavorable stereochemistry observed in 
the conversion of the blocked tricyclic system I to 
the keto acid I1 marks the weakest point in the 
\i-oodwardY steroid total synthesis approach. Our 
work3 and that  of others's4 has shown that \-aria- 
tion of ring D substituents does not improve the 
existing 4 : 1 ratio of unnatural to natural isomers. 

Since the final group forming the quaternary cen- 
ter preferentially assumes the axial position, intro- 
duction of the methyl group last could be expected 
to give predominantly the natural isomer. The SUC- 
cessful achievement of this result forms the subject 
o f  this paper. 

Our initial approach involved preparation of the 
tricyclic keto acid I'Ib by condensation of our basic 
bicyclic system (-)-t iuns- 1 ,?,&,3,S,Sa-hexahy- 
dro-4a-methyl-2-oxo-l-naphthaldehyde ( IY) with 
methyl 3-oxo-6-heptenoatej in the presence of ben- 
zyltrimethylammoniuin butoxide.8 

I )  The material in this paper was first announced u t  the Gurclun 
lieiearch Conference A.,\..I.S , h7e\< Hainptc'n, S.  I I . ,  August 2 4, 
I0i-L. 

( 2 )  Cf. R. B. Woodward, F. Sondheimer, D Taulr, I; Ileusler and 
T l '  51. LlcLamore, THIS JOURSAL, 74, 4223 (19n2) 

'3 )  Cf. L. B. Barkley. A I  I\'. Farrar,  W S Know-les, €I Kaffels(,n 
and Q.  E. Thompson, z b i i l ,  76, 5014 (19.341, 

(41 P. Wieland, H .  Ueberwasser, G. hnner and E; Iliescher, IIvla 
( 'h i !n .  Acta ,  36, 1281 (19.73). 

i.5) (a) P. Wieland. H Ueberwasser, G. Anner and I(. Iliescher 
[Heln.  Cham. A c t a ,  36, 376 (l953)] have prepared ethyl 7-chloro- 
.j-oxoheptanoate and have used the  crude 0-chloroketone for a con- 
densation similar to tha t  described here. For our purposes the use of 
the pure vinyl ketone proved more satisfactory. f b )  S. Sazarov  and 
S I .  Savyalov [ J .  Gtv .  Chrm. (C-SSR) ,  as, 1708 (1933) l  made methyl 
i-oxo-8-heptenoate iir2ln 1 4490, h p. 10?-lO.io a t  1.; mm.) by a differ- 
ent route. 

(6 )  This reagent was shown hy Dr  11. W Farrar in this Laboratory 
to give about ,iC& better yields than potassium I-butoxide in a similar 
condensation using ethyl vinyl ketone. I t  is prepared from 8SC{, 
tbenzyltrimethylammonium hydroxide in methanol (obtained from 
Chemical Development Corp , Dan\-ers, >lass  b j  addins ii~litltyl 
, t l c ~ , h ~ ~ l  2nd distillinfi o u t  the mPthanr1 ani1 v a t m  

This adduct V was then cyclized with aqueous 
base"." to give X7b. The ring C double bond of the 
keto acid VIb was reduced to give VI1 and the 3- 
position was blocked Iiiith the methylanilinometh- 
yle~ie group's:< to give a non-crystalline derivative 
which could be niethylated in low yield to give 
some of the desired keto acid 11. The stereochemi- 
cal result was obscured by the low yields of methyl- 
ated products and by the multiplicity of acidic ma- 
terials, both methylated and unmethylated, pres- 
ent in the acid fraction. Because of these unprom- 
ising results, methylation of a blocked keto acid 
was abandoned, and i t  was not until some observa- 
tions were made in another tricyclic system in 
which ring D had been contracted to a five-mem- 
bered ring that  a successful stereoselective methyla- 
tion was accomplished. 

.-It approximately this time, work was begun to 
ascertain the effect of contracting ring D before 
construction of ring A. The dl-tricyclic ketone 
VIa? was hydroxylated in ring D with silver ace- 
tate and iodine in wet acetic Reduction of 
the double bond in ring C to give X I a  followed by 
cleavage o f  the glycol with lead tetraacetate and 
ring closure of the dialdehyde by standard meth- 
ods2,:3 gave the tricyclic system XIIa.  The aldehyde 
group was protected by first reducing the double 
bond in ring D and then preparing the ethylene gly- 
col acetal XIIIa.8 -Ittempts to put the methylani- 
linomethylene blocking group on X I I I a  by con- 

(7) Cf. D Ginsburg, THIS JOURXAL, 76, 57'46 11953). 
18) A number of these tricyclic intermediates with a five-niemhered 

ring D were first prepared by  R. B. Woodward and .4. J .  Bose in con- 
nection with their study on ring contraction methods; c l  footnote 45 
in ref.  2 .  Compound XIIIa  was also made from d l  a1ili-ll.nns-8a,7,8,0,- 
!la,9b. hexahydrr, . H a , O  - dimethyl - 7 - oxo - (lH)benz[elindene - 3- 
carboxaldehyde? (m.p 131-133°), but t h e  one-step reduction of t h e  
double hrinds in ring C and D proceeded only in low yields since base 
m,t)Id not l i r  i ircd hrcaiisr of the  sensitive aldehyde group 


