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Hydrocyanation. Part 1X.l Synthesis of P-Cyano-aldehydes by Con- 
jugate Hydrocyanation 0f Allylidenearnines Followed by Hydrolysis 
By W. Nagata,” M. Yoshioka, T. Okumura, and M. Murakami, Shionogi Research Laboratory, Shionogi 

and Co., Ltd., Fukushima-ku, Osaka, Japan 

Conjugate hydro cya n ati  o n of 0: p- u nsa tu ra ted a Ide h yd es with diet h y I a I u m i n i u m cyan id e or with hydrogen cyanide 
and an alkylaluminium was only successful with a substrate having a sterically hindered formyl group. Attempts to 
desulphurise p-cyano-thiocarboxylates to P-cyano-aldehydes failed. However, allylideneamines (I) carrying a 
bulky N-alkyl substituent reacted with hydrogen cyanide-alkylaluminium to give I ,3-dicyanopropylamines (11), 
which were hydrolysed to p-cyano-aldehydes (111) in good yield. 2-lminopyrrolidines (IV) were formed as by- 
products. 

HYDROCYANATION of ap-unsaturated aldehydes by con- 
ventional methods leads to only 1 ,%adducts (a-cyano- 
hydrins) ; p-cyano-aldehydes have not hitherto been 
synthesised by this route. These compounds could be 
useful as intermediates for the synthesis of complex 
natural products; we have therefore attempted to find 
a general, simple route for their preparation. 

Conjugate hydrocyanation of ap-unsaturated alde- 
hydes with diethylaluminium cyanide 3a and with 
hydrogen cyanide and an alkylaluminium 3b did not 

I 
OHC -CH * C  - 

I 1  

im) 

CN 4- R’N 

NH 

nY) 
R’ = cyclohexyl (C,H,,) or But; R, = Et,, Et,CI, or EtCI,. 

SCHEME 1 

give 1,4-adducts, except in the case of the steroidal 
A16-17-carbaldehyde (Va) , Attempted desulphurisation 

Part VIII, W. Nagata, T. Okumura, and M. Yoshioka, prc- 
ceding paper. 

P. Kurz, ‘ Methoden der Organischen Chemie,’ vol. VIII, 
Thieme Verlag, Stuttgart, 1952, p. 265. 

of a p-cyano-tliiocarboxylate was also unsuccessful. 
However, treatment of allylideneamines (I) with hydro- 
gen cyanide-alkylaluminium followed by hydrolysis of 
the resulting 1,3-dicyanopropylamines (11) gave P-cyano- 
aldehydes (111) together with 2-iminopyrrolidines (IV) 
formed as by-products (Scheme 1). 

The ap-unsaturated aldehydes used are known except 
for the A5-6-formyl-~-nor-steroids (Xa) and (Xb) and 
the steroidal A2-3-carbaldehydes (XVb), (XVc), and 
(XVd). The p-nor-aldehydes were prepared by de- 
hydration of 3~-acetoxy-6~-formyl-5~-hydroxy-~-nor- 
5 p-androstane-17-one with methanolic potassium carb- 
onate to give compound (Xa), followed by acetylation 
to give compound (Xb). The A2-3-carbonitrile (XVa) 
derived from 17p-acetoxy-5a-androstan-3-0ne was re- 
duced with di-isobutylaluminium hydride ; treatment 
of the product with acid gave compound (XVb), which 
was acylated to give compounds (XVc) and (XVd). 
The preparation of the p-cyano-thiocarboxylate (VIIIa) 
is described in the preceding paper.l The 17P-thiocarb- 
oxylate (IXa) was prepared by thioesterification of the 

3 (a) W. Nagata and M. Yoshioka, Tetrahedron Letters, 1966, 
1913; (b)  W. Nagata, M. Yoshioka, and S. Hirai, ibid. ,  1962, 
461 ; Part IV, J .  Amer. Chenz. SOC., in the  press. See also Parts 
V and VII. J .  Amer. Chem. SOC., in the press. 

R. Takasaki, Clzem. and Pharm. Bull. (Japan),  1962, 10, 
439. 
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corresponding carboxylic acid. Allylidenearnines were 
obtained by condensation of conjugated aldehydes with 
cyclohexylamine or t-butylamine, except for the cyclo- 
hexylidene-ethylideneamines (XVIIIb) and (XVIIIc). 
They were prepared by a Wadworth-Horner type reaction 
of cyclohexanone viith diethyl alkylaminovinylphos- 
phates developed recently for a new forrnylolefination 
procedure. 

pound whose i.r. spectrmn was consistent with the formu- 
lation (Xc). When treated with methanolic potassium 
hydroxide, the compound was converted into the h5- 
6-f ormyl-3-hydroxy-~-nor-sterold (Xa) . Similarly, no 
p-cyano-aldehydes were obtained by treatment of the 
A2-2-carbaldehyde (XIIb), the 3-isomer ( X V c ) ,  and in 
c y doh ex ylideneace t aldehyde (XVI I I a) with diet hyl- 
aluminium cyanide at room temperature in benzene for 

(V) (VI) R = AC 
a ;  R = H , X = O  

c ;  R = H , X = /  

b;  R = h c , X = O  
CN 

\OH 
d ;  R = Ac, X = K*C6H1, 
e ;  R = Ac, X = N-But 

(1-11) R = AC 

(IX) (XI 
a;  X = S E t  a;  R = H , X l = X Z = O  
b; X = H  b; R = A c , X l = X 2 = 0  

C; R = Ac, X' = X2 = 

d ;  R = H, X1 = NC,Hll, X 2  = H, 
\OH 

(VI I I) 
a ;  X = S P h  
b; X = F I  

CN t i  CN H 

(XIV) (XIII) F I I )  
a; R = H , X = O  a ;  R = H , X = O  a ;  R = H  
b; R = A c , X = O  b; R = B z , X = O  a'; R = H 
C ;  R = H, X = NC6H1, 
d ;  R = Bz, X = N*C6H11 

e:  R = B z ,  X = ,  
/NH'C6H11 

b; R = B z  

Hydrocyanation of Conjugated AZdehydes.*-Treatment 
of the Al6-17-carbaldehyde (Va) 1 with diethylaluminium 
cyanide under mild conditions (in toluene at 0" for 30 
min.) gave the 1,2-adduct (Vc) (84%) ; the 1,4-adduct 
(VI) was obtained in 58% yield from the conjugated 
aldehyde (Vb) under more forcing conditions (at room 
temperature for 5 hr.). 

With other conjugated aldehydes, the reaction did not 
afford 1,4-adducts. Reaction of the A5-6-formyl-~-nor- 
steroid (Xb) with diethylaluminium cyanide in toluene- 
benzene at room temperature for 2 days or at 50" for 
1.5 hr. followed by treatment with acid gave a com- 

17 hr., in benzene-dichloromethane for 8.5 hr., and in 
toluene for 2.5 hr., respectively. Also, a combination 
of hydrogen cyanide and ethylaluminium dichloride, the 
hydrocyanating agent that converted cholest-4-en-3-one 
into its 1,4-adduct without prior formation of cholesten- 
one cc-~yanohydrin,~~ was not effective for converting 
even the simple conjugated aldehyde (XVIIIa) into its 
1,4-adduct (XIX). 

Resistance of these @-unsaturated aldehydes to con- 
* The elucidation of the structures of the products is described 

W. Nagata and Y. Hayase, J .  Chem. SOC. ( C ) ,  1969, 460. 
later. 
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jugate hydrocyanation may be ascribed to  greater 
reactivity of the forrnyl carbon atom towards cyanide 
ion than of the p-carbon atom, combined with great 
stability of the lJ2-adduct formed. The exceptional 

(XV) WVI) 
a; R = Ac, X = CPJ a;  R = H  
b; R = H, X =; CHO b; R = B z  
C ;  R = Ac, X = CHO 
d; R = Bz, X = CHO 

f ;  R = Bz, X = CH:N*C,Hll 
g; R = Bz, X = CH:N.But 

e ;  R = H, X = CH:NC,H,, 

(XVIIa) R = Bz (XVIIb) R = 132 

(XVIII) (XIX) (XX) 
a;  X = O  a; R = C,Hll 
b; X = N*C,H,, b; R =  But 
C ;  X = N*But 

RCH:CHCH:NBu RCH(CN) -CH,*CHO 
(XXI) R = Ph 

(XXIII) R = Me 
(XXII) R = Ph 

(XXIV) R - M e  

conjugate hydrocyanation of the A16-17-carbaldehyde 
(Vb) could be attributed to steric interactions between 
the C-17 functionality and the C-18 methyl and C-12 
methylene groups, which would reduce the reactivity 
of the formyl group and the stability of the initially 
formed 1,2-adduct. 

Attempted Desulpbzurisation. of a p-Cyano-thiocarboxyl- 
ate.-Desulphurisation of the 16a-cyano-17p-thiocarb- 
oxylate (VIIIa) with deactivated Raney nickel gave a 
small amount of the p-cyano-aldehyde (VIIIb). The 
use of non-deactivated Raney nickel (W-1-3) in the 
presence or in the absence of 1,2-dianilinoethane re- 
sulted in poor recovery (<20y0) of the product. The 
reduction probably led to further-reduced polar sub- 
stances which would be adsorbed on the nickel. Since 
the thiocarboxylate (IXa) was smoothly desulphurised 
with Raney nickel to the 17-carbaldehyde (IXb) by the 
standard procedure,6 the cyano-group must inhibit 
desulphurisation . 

* The elucidation of the structure of the products is described 
later. 

Synthesis of p-Cyano-aldehydes via Hydrocyanation of 
AElylideneanziizes."--We expected that the high re- 
activity of the formyl carbon atom would be reduced by 
replacing the formyl oxygen atom by the less electro- 
negative nitrogen, and that the stability of the 1,2-adduct 
would be lessened by attaching a bulky group to the 
nitrogen. M7e therefore examined the hydrocyanation 
of N-cyclohexylallylideneamines. We also anticipated 
that the hydrocyanation products would be readily con- 
vertible into p-cyano-aldehydes. 

The A2-2-cyclohexyliminomethyl-17 P-hydroxy-steroid 
(XIIc) was treated with diethylaluminium cyanide in 
tetrahydrofuran-benzene a t  room temperature for 35 
min. , and the hydrocyanation product was subjected to 
two-layer hydrolysis with 5% aqueous oxalic acid, 
benzene, and tetrahydrofuran to give the 3~-cyano- 
2a-carbaldehyde (XIIIa) (67%) and the dicyano-amine 
(XIVa) (8.8%). However, similar treatment of the 
17-benzoyloxy-analogue (XIId) gave largely the 1 ,%ad- 
duct (XIIe) with little of the lJ4-adduct (XIIIb). This 
dependence of the products on the C-17 functionality 
suggests that the presence of a protic substance is 
essential for conjugate hydrocyanation of allylidene- 
aniines. In accord with this suggestion, treatrner-t of 
the ~2-2-cycl~hexylimin~methyl-17~-benzoyloxy-deriva- 
tive (XIId) mixed with an equimolar amount of propan- 
2-01 with diethylaluminium cyanide at  25" for 30 min. 
followed by homogeneous hydrolysis afforded the 
p-cyano-aldehyde (XIIIb) in 690/, yield. Replacement 
of the propan-2-01 by ethanol, t-butyl alcohol, choles- 
terol, or water gave similar results. The conjugate 
hydrocyanation would be expected to proceed better 
with a hydrogen cyanide-alkylaluminium reagent, which 
inherently contains a protic species. As expected, the 
reaction of compound (XIIc) with hydrogen cyanide- 
triethylaluininium in tetrahydrofuran was complete in 
20 min. at room temperature, and the dicyano-amine 
(XIVa') was obtained as its hydrate in 96% yield. 
This is thought to be formed by acid-catalysed conver- 
sion of the initially formed 1,4-adduct (XXVa) into the 
imino-form (XXVb) , followed by lJ2-addition (Scheme 2). 

H70 I M = H  o rA IE tZ  ( X I V a ' )  ----- when MzALEt2 

SCHEME 2 

When the dicyano-amine (XIVb) prepared from (XIId) 
in the same way was subjected to homogeneous hydroly- 
sis without purification, the cyano-aldehyde [XIIIb) was 

fi A. V. McIntosh, A. M. Searcy, E. M. Meinzer, and  R. H. 
Levin, J .  Amer. Chem. SOL, 1949, 71, 3317. 

5 H. J. Bestmann and €3. Schulz, Chenz. Bey., 1959, 92, 830. 
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obtained in 67% overall yield. The homogeneous 
hydrolysis (heating the hydrocyanation product with 
5% oxalic acid, tetrahydrofuran, and ethanol) was found 
necessary for converting the steroidal dicyano-compounds 
into the p-cyano-aldehydes. The relatively low yield 
(67%) of the cyano-aldehyde (XIIIb) as compared with 
that (96%) of the dicyano-amine (XIVa') is probably due 
to the formation of a pyrrolidino-compound [cf. formula 
(W) and later results] which was not isolated here. 

The reaction of other N-cyclohexylallylideneamines 
with the hydrogen cyanide-alkylaluminium reagent in 
tetrahydrofuran was then examined. Conjugate hydro- 
cyanation of the ~-nor-A~-6-methyleneamine (Xd) did 
not proceed well with hydrogen cyanide-triethylalumin- 
ium, resulting in predominant formation of the 1,2-ad- 
duct, but was successful with hydrogen cyanide-ethyl- 
aluminium dichloride (room temperature; 20 hr.) to 
give, after hydrolysis, the product of angular cyana- 
tion (XI), in 55% yield. The successful introduction 
of the angular cyano-group is significant in the light of 
the expected utility of the method in the synthesis of 
complex natural products. 

Formation of pyrrolidino-compounds (IV) reduced the 
yields of p-cyano-aldehydes in the reactions of other 
N-cyclohexylallylideneamines. The 16~-cyano-17 p-carb- 
aldehyde (VI) was obtained in 25% yield along with the 
iminopyrrolidine (VII) (6.2%) on treatment of the 
A16-17-methyleneamine (Vd) with hydrogen cyanide- 
triethylaluminium (25" ; 30 min.) followed by homo- 
geneous hydrolysis. Treatment of the A2-3-cyclohexyl- 
iminomethyl-17-benzoate (XVf) with hydrogen cyanide- 
triethylaluminium at 25" for 1 hr. followed by homo- 
geneous hydrolysis and chromatography on alumina 
gave the 2 p-cyano-3p-carbaldehyde (XVIb) in only 11 yo 
yield, together with two iminopyrrolidine derivatives 
(XVIIa) (12%) and (XVIIb) (17%). With the 17p- 
hydroxy-analogue (XVe) the reaction led to a similar 
result, but the p-cyano-aldehyde (XVIa) was unstable 
and therefore difficult to purify. Conjugate hydro- 
cyanation of the cyclohexylidene-ethylideneamine 
(XVI I Ib) with hydrogen cyanide-triethylaluminium at  
-10" for 2.5 hr. gave, after two-layer hydrolysis, 
(1-cyanocyclohexy1)acetaldehyde (XIX) (39%) and the 
iminopyrrolidine (XXa) (24%). 

Attempts were made to reduce the formation of the 
iminopyrrolidines (IV), which are apparently formed by 
cyclisation of the dicyano-amines (11) during acid 
hydrolysis. We hoped to inhibit the formation of the 
dicyano-amines (11) by replacing the hydrogen cyanide- 
triethylaluminium by diethylaluminium cyanide and 
propan-2-01 (1 mol.), so that the proton concentration 
might be kept low at a later stage of the reaction by the 
rapid transformation of the propanol into ethane and an 
isopropoxide (by interaction with diethylaluminium 
cyanide). However, preliminary experiments with sub- 
strates (XVe) and (XVIIIb) were discouraging: the 

* For discussion of the acceleration of conjugate hydro- 
cyanation bv water. see Part V. W. Nagata. M. Yoshioka. and 

product after hydrolysis consisted of the ap-unsaturated 
aldehyde, the dicyano-amine, and a small amount of the 
p-cyano-aldehyde. h considerable improvement was 
produced only in the reaction of the Al6-l7-rnethylene- 
amine (Vd), which gave the 16~-cyano-17 p-carbalde- 
hyde (VI) in 477; yield. 

We then planned to reduce pyrrolidine formation 
during hydrolysis of the dicyano-amines (11) by me of 
the bulkier t-butyl group instead of the cyclohexyl N -  
substituent. This proved effective, though it consider- 
ably reduced the reactivity of allylideneamines to con- 
j ugate hydrocyanat ion. Thus, the 16 cc-cyano- 17 p-carb- 
aldehyde (VI) and the 2 p-cyano-3p-carbaldehyde (XVIb) 
were obtained in 55 and 64% yield, respectively, by 
treatment of the A16-17-t-butyliminomethyl derivative 
(Ve) and the 3-N-t-buty1iminomethy1-17-benzoate (XVg) 
with hydrogen cyanide-triethylaluminium, in the 
presence of a small amount of water as an accelerator,* 
at room temperature for 1.5 hr. and 2 hr., respectively, 
followed by hydrolysis. Conjugate hydrocyanation of 
the N-t-but ylcy clohexylidene-et hylideneamine (XVI I1 c) 
was effected by treatment with hydrogen cyanide-tri- 
ethylaluminium at room temperature for 30 min. to give, 
after hydrolysis, the p-cyano-aldehyde (XIX) in 72% 
yield together with the imino-pyrrolidine (XXb) (11%). 
General applicability of this method was tested on 
N-(2-benzylidene-ethylidene)-t-butylamine (XXI), a 
simple but electrically deactivated, aromatic allylidene- 
amine, and N-(but-2-enylidene)-t-butylamine (XXIII), a 
simple aliphatic derivative. Conjugate hydrocyanation 
of the former was successful with hydrogen cyanide- 
diethylaluminium chloride (room temperature ; 25.5 hr.) 
to give, after two-layer hydrolysis, 2-phenylsuccinalde- 
hydronitrile (XXII) in 54% yield. The 2-methyl 
analogue (XXIV) was obtained in 15% yield as its 
2,4-dinitrophenylhydrazone by treatment of compound 
(XXIII) with hydrogen cyanide-triethylaluminium at 
0" for 1 hr. followed by hydrolysis. The low yield of the 
cyano-aldehyde (XXIV) may be ascribed to a loss and/or 
decomposition of this low molecular weight aldehyde 
during work-up. 

We are thus able to prepare a variety of p-cyano- 
aldehydes (111) as outlined in Scheme 1. The choice of 
cyclohexyl or t-butyl as the N-substituent of the allyl- 
ideneamines (I) and the choice of hydrocyanation condi- 
tions depend on the reactivity of the substrate (I) and 
the tendency of the initial product (11) to cyclise. The 
requirement of the presence of a protic species could be 
explained in terms of an effective activation of the con- 
jugated imine system causing acceleration of attack of 
cyanide at the p-carbon atom. 

The stereochemical results of the conjugate hydro- 
cyanations reported here are in accord with previous 
discussion of the similar reactions of @-unsaturated 
ketones and carboxylic acid derivatives1 

Elucidation of Structures of Products.-The 16a-cyano- 
17 p-carbaldehyde (VI) was identified by comparison 

8 Part VI. W. Narrata. M. Yoshioka. and T. Terasawa. T .  
- I  &k Murakami, J .  Amer. Chem. SOL, in thve press. Amer. Chem. SOL, in t& press. 
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with an authentic sample prepared by reduction of the 
21-hydroxy-20-0x0-1 Ga-carbonitrile (XXVI) with 
sodium borohydride followed by oxidation with periodic 
acid (Scheme 3). 

The 5a-cyano-6P-formyl formulation assigned to the 
B-nor-nitrile (XI) is based on its conversion into the 
known epimeric secondary alcohols (XXVIIIa and 1)) 3b 

on treatment with methylmagnesium iodide. The struc- 
ture of the 3 a-cyano-2a-f ormyl- 17-benzoat e (XI I I b) 
follows from its oxidation to the carboxylic acid 
(XXIXa), which was converted into the known 17-acetate 
(XXIXc) via the 17p-01 (XXIXb). The fact that no 
epimerisation at C-2 occurred in hydrolysis of (XXIXa) 
to (XXIXb) was shown by oxidation of the latter to the 
same 19-ketone (XXIXd) as obtained by oxidation of 
the 3~-cyano-2cc-formyl-17~-ol (XIIIa), which was con- 
vertible into the 17-benzoate (XIIIb) (Scheme 4). The 

(XXVIIIa and b) (XXIX) 
/OBz 

'\H 
a ;  R = ,  

/OH 

/OAc 
\H 

'\H 

'\ 
b; R =  

C ;  R = ,  

d ;  R = O  
iii 

(XIIIb) A (XXIXa) 2 (XXIXb) -- (XXIXc) 

1 iv i J 
(XIIIa) --+ (XXIXd) 

Reagents: i, CrO,; ii, K,CO,; iii, Ac,O-pyridine; iv, BzC1- 
p yridine. 

SCHEME 4 

structure of (XIIIb) is supported by its n.m.r. spectrum 
which shows a triplet of doublets (Jt 4, J d  13 Hz) at  
6 2.542 p.p.m. (2P-proton) and a multiplet of a small half- 
bandwidth (8 Hz) at S 3.250 p.p.rn. (3@-proton). The 
structures of the dicyano-amines (XIVa) and (XIVa'), 
whose configurations at the 2-position have not been 
established, are based on analysis and i.r. spectra, which 

show the absence of a formyl group. Compound (XIVa'), 
obtained as a hydrate, is either epimeric to (XIVa) or a 
mixture of the 2a- and 2P-epimers. 

The 2 p-cyano-3 p-formyl configuration assigned to 
(XVIb) is deduced from n.m.r. data. Its spectrum 
shows the signal of the C-19 protons at  low field (6 1.134 
p.p.m.) and a multiplet due to the C-2 proton at S 3.267 
p.p.m. which collapsed to a triplet (J  = 5 Hz) on 
irradiation (100 MHz spectrum) at the frequency of 
the C-3 proton, as expected for the axial 2p-cyano- 
configuration. A quartet at 6 2.220 p.p.m. ascribable to 
the C-3 proton collapsed to a doublet (J  14 Hz) on irradi- 
ation at the frequencyof the C-2 proton, in agreement 
with the 3p-formyl structure, 

The P-cyano-aldehyde structures of compounds (XIX), 
(XXII), and (XXIVa) are based on analysis and i.r. 
spectra, which show the presence of a cyano-group and a 
non-conjugated formyl group. 

The structures of the iminopyrrolidines (VII), 
(XVIIa), (XVIIb), and (XXa), are based on analysis and 
i.r. data, which indicate the presence of a cyano-group 
and an imino-group in each. The pyrrolidine ring is 
expected to be cis-fused to the steroid nucleus in (VII), 
(XVIIa), and (XVIIb). The cis-fusion in compounds 
(XVIIa) and (XVIIb) is supported by the n.m.r. spectra, 
which show the C-19 proton signals at higher field (6 0.77 
and 0.767 p.p.m., respectively) as expected if these 
protons lie within the conical shielding region of the 
iniino-group. The configuration of the cyano-group in 
compound (VII) was not determined. The cyano- 
groups in compounds (XVIIa and b) are assigned the c( 
and @-configurations, respectively, on the basis of n.m.r. 
spectra; the CWCN proton gives a singlet (6  34334 
p.p.m.) in the spectrum of (XVIIa) and a doublet (6 4.333 
p.p.m., J 6 Hz) in that of (XVIIb), consistent with the 
dihedral angles between the C(3a)-H and NCC-H bonds. 

EXPERIMENTAL 
For general directions see the preceding paper.l The 

dichloromethane used for extraction and purification of 
P-cyano-aldehydes was freed from methanol by washing 
with water, in order to avoid possible acetalisation. 

3 P-Hydroxy- 1 7-oxo-~-novandrost-5-ene- 6-carbaldehyde (Xa) 
and its  3-A cetate (Xb) .-To 3~-acetoxy-5~-hydroxy-2O-oxo- 
~-nor-SP-androstane-6@-carbaldehyde (2.196 g . )  in meth- 
anol (176 ml.) was added 2N-potassium carbonate (44  ml.) 
a t  20". After 5 hr. a t  Z O O ,  the mixture was concentrated 
in uacuo below 40" to remove the bulk of the methanol, 
poured into water, and extracted with dichloromethane. 
Recrystallisation of the product from dichloromethane- 
methanol gave the 3P-hydroxy-~-nov-A~-6-~avbaZdehyde 
(Xa) (1.401 g., 76%),  m.p. 193-196", [ ~ t ] ~ ~ ~  + 1 1 "  ( G  1 .09) ;  
LX. 255 nm. (E 13,300); vmx. 3600, 3446 (OH), 2764, 1675 
(CHO) ,  1735 [C(17)=0] ,  and 1607 (C=C) cmF1 (Found: C, 
75.65;  H, 8.6.  Cl,H2,0, requires C, 75.45;  H, 8.65%). 

Acetylation of (Xa) (0.448 g . )  with acetic anhydride in 
pyridine afforded the 3-acetate (Xb) (0.403, 77%),  m.p. 
163-165", -10' (c 1 .3) ;  253 nm. (E 12,900);  
vmaxr. 2765, 1675 (CHO), 1733 (OAc), and 1608 ( G C )  cm.-l 
(Found: C ,  7 2 - 9 5 ;  H, 8.2. C,,H,,O, requires C,  73 .22;  H, 
8- 2 :h ) . 
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17 P-Hydroxy-5a-androst-2-ene-3-cavbaldehyde (XVb) , its 
17-Acetate (XVc), and its 17-Benzoate (XVd).-To 17p- 
acetoxy-5a-androstan-3-one (32.23 g.) in ethanol (750 nil.) 
and acetic acid (300 ml.) cooled in ice was added potassium 
cyanide (100 g.) in water (170 ml.), and the mixture was 
stirred at room temperature for 3 hr. The crystals were 
filtered off, washed with water, and dried to give the cyano- 
hydrin (37.5 g.), m.p. 155-158", which was refluxed with 
dry pyridine (300 ml.) and phosphoryl chloride (75 ml.) for 
11 hr. The mixture was concentrated to about one-third 
of the original volume, gradually mixed with ice-cold 2x- 
hydrochloric acid, and extracted with ether. Crystallis- 
ation of the product yielded 17fi-acetoxy-5a-androst-2-ene- 
3-carbonitrile (XVa) (19.51 g., 55%), m.p. 134-135". To 
this (19.5 g.) in dry benzene cooled in ice was added di-iso- 
butylaluminium hydride (42 ml.) in dry benzene (100 ml.). 
After 1 hr. at 0", the mixture was poured into 4~-sulphuric 
acid (1 l.), left overnight, and then extracted with ethyl 
acetate-methanol (4 : 1). The product (16.13 g.) was 
chromatographed. Gradient elution with benzene-di- 
chloromethane (1 : 0 to 1 : 1) gave the 17p-hydvoxy-A2- 
3-cnvbnldehyde (XVb) (6.331 g.), m.p. 128-130" (from 
acetone), [a]D23 3.105" (G 0.98); A,, 233 nm. ( E  16,800); 
vmax. 3626, 3442 (OH), 2730, 1678 (CHO), and 1646 (C=C) 
cni.-1 (Found: C, 79.55; €3, 9.95. C20H,00, requires C, 
79.4; H, 10.O~o). Additional (XVb) (2.5 g., m.p. 113- 
115"; 1.0 g., m.p. 108-110") was obtained from the mother 
liquor. 

Xcetylation afforded the 1 7(3-acetoxy-A2-3-carbn.ldehyde 
(XVc), m.p. 123-125' (from ether), [a]D22 $82" (c 1-12); 
vlmx, 2743, 1678 (CHO), 1725 (OAc), and 1646 (C=C) cm.-l 
(Found: C, 76.85; H, 9.4. Cz2H3,03 requires C, 76.7; H, 
9*3Fiy0). 

Benzoyl chloride (0.422 g.) was added to  the 17-hydroxy- 
A2-3-carbaldehyde (XVb) (0.605 mg.) in dry pyridine 
(4 ml.), The mixture was kept at room temperature for 1 
hr., mixed with a small amount of water to decompose the 
excess of reagent, poured into ice-water, and extracted with 
dichloromethane. Crystallisation of the product afforded 
material (0-59 g.) which gave the pure benzoate (XVd), 
m.p. 144.5-147" (from dichloromethane-methanol), [a]D23 
1-103" (c 0.961); h,,,. 231 nm. (E 30,000); v,,,,~. 2724, 
1682 (CHO), 1645 (GC!, 1714, 1603, and 1586 (OBz) cm.-l 
(Found: C, 79-7; H, 8.45. C2,H3,0, requires C, 79.75; H, 
8-459/,). 

Ethyl 3(3-Acetoxynndrost-5-ene-l7~-thiocarboxyZate (IXa) .- 
3P-Acetoxyandrost-5-ene-1 7p-carboxylic acid (2.02 9.) was 
treated with thionyl chloride (20 ml.) for 20 min. at  room 
temperature, and the mixture was concentrated to dryness. 
A mixture of the resulting acid chloride, toluene (20 ml.), 
ethanethiol (5 mL), and pyridine (0.3 ml.) was kept a t  
room temperature for 18-5 hr., then evaporated. The 
residue was chromatographed. Elution with dichloro- 
methane afforded the thioester (IXa) (1.0 g., &yo), m.p. 
149-1 50" (from dichloromethane-methanol), + 3.3" 
(c 0.90) ; A,, 236 nm. (E 4180) ; vmx. 1730 (OAc) and 1679 
(thio-ester) cm.-l (Found: C, 71.2; H, 8-95: S, 7.65. 
C,4H,,03S requires C, 71-25; €3, 8.95; S, 7.9%). 

17-Cyclohaxyliminomethylandrosta-5,16-dien-3~-ol 3-A cet- 
ate (Vdj and the N-t-ButyZ Analogue (Ve).-A mixture of the 
A16-17-formyl derivative (Vb) (0-425 g.), dry methanol (10 
ml.), and cyclohexylamine (0.184 g.) was refluxed under 
nitrogen for 30 min., concentrated, cooled, and filtered. 
The crystals were washed with methanol and dried to give 

the Al~-l7-cyclohexyli'Yni.tzo.tnethyl davivative (Vd) (0.446 g., 
85yo), m.p. 158-160", [aIDz3 -42" (c 0.99); Amx. 238 nm. 
(E 16,100); vmx. 1728 (OAc) and 1636 (ap-unsaturated imine) 
crn.-I (Found: C, 79.55; H, 9.75; N, 3.3. C,,H,,hrO, 
requires C, 79.4; H, 0.75; S, 3.3%). 

(0.182 g.), dry methanol 
(4 ml.), and t-butylamine (0.19 g.) was refluxed for 10 min. 
under nitrogen, cooled, and filtered. The crystals were 
washed with methanol and dried to yield 17-t-butyliwiuto- 
methylnndvosta-5,16-dien-3~-ol 3-ncetatt? (Ve) (0,099 g., 
47%), m.p. 145-146', 233 nm. (E 13,900); vmx. 1730 
(OAc) and 1639 (a$-unsaturated imine) cm.-l (Found : C, 
78.45; H, 9-85; N, 3.4. C2,H2,N02 requires C, 78-55; H, 
9.9; N, 3.5%). 

6-CycZohexylirv~inouethyl-~-~lovandvost-5-en-3~-0~ (Xd) .- 
A mixture of 3(3-hydroxy-~-norandrost-5-ene-B-carbalde- 
hyde3b (0.439 g.), dry methanol (4 ml.), and cyclo- 
hexylamine (0.226 mg.) was refluxed for 1 hr. under nitrogen, 
then evaporated. The residue afforded the B-nor-imine 
(Xd) (0-453, Sl%), m.p. 14P-146" (from ether), [aID2l 
-152" (G 0.25); v,, 3615 (OH) and 1636 (ap-unsaturated 
imine) cm.-l (Found: C, 81.25; H, 10.5; N, 3-65. CZ5- 
H3gNO requires C, 81.25; H, 1006.5; N, 3.8%). 

2-CycEohexyliminomethyE5cc-androst-2-en- 1 7 p-oZ (XIIc) 
and its 17-Benzoate (XIId).-A mixture of the A2-2-formyl 
steroid (XIIa) 9 (1.435 g.), dry methanol (10 ml.), cyclo- 
hexylamine (0.71 g.), and acetic acid (1 drop) was refluxed 
for 30 min. under nitrogen, concentrated a little, cooled, and 
filtered. The crystals were washed with methanol and dried 
to give the A2-2-cyclohexyli.~.lino~~~ethyl derivative (XIIc) 
(1.812 g., 99%), m.p. 190-192", [a]D23 +78" (G 0.94); Lx- 
232 nm. (E 19,800); vmx. 3621 (OH), 1647 (C=N), and 
1626 (C=C) cm.-1 (Found: C, 81.2; H, 10.55; N, 3.55. 
C2,H4,N0 requires C, 81.4; 13, 10.75; N, 3.657(0). 

was treated with benzoyl 
chloride in pyridine to  afford 17~-benzoyloxy-5a-androst- 
2-ene-2-carbaldehyde, m.p. 198-201", + 123" (c 1.05). 
A mixture of this benzoate (2.138 g.), dry methanol (15 ml.), 
and cyclohexylamine (0.782 g.) was refluxed for 20 min. 
under nitrogen, cooled, and filtered. The crystals were 
washed with methanol and dried to  afford the 17p-bsnzoyl- 
ox3?-~2-2-cyclohexylimino?l.zet~~yZ stevoid (XIId) (2.307 g., 
BOYo), m.p. 134-135", [ct]D23 4-112" (c 1.04), v,,, I646 (C=N), 
1625 (C=C), 1714, 1604, and 1587 (OBz) cm.-l (Found: C, 
81.0; H, 9-35; N, 2.8. C33H45S02 requires C, 81.25; H, 
9.3; N, 2.85Y0). 

3-Cyclohexyliuninomethyl-5cc-androst-2-en- 17 p-01 (XVe) , its 
Benzoate (XVf), nnd the n'-t-ButyZ Analogue (XVg).-A 
mixture of the 1 7P-hydroxy-A2-3-carbaldehyde (XVb) 
(2.41 G g.), dry methanol (10 ml.), and cyclohexylamine 
(1.21 g.) was refluxed for 15 min. under nitrogen, cooled, 
and filtered to give 3-cycloJ~e,~ylivnino~~et~~yl-5a-androst-2-eut- 
17p-01 (XVe) (2.928 g., 95%), m.p. 208-210", +87" 
(G 0.56) ; vmX. 3618 (OH), 1648 (C=N), and 1625 (C=C) cm.-l 
(Found: C, 81.3; H, 10.9; N, 3.65. C,6H,10N requires C, 
81.4; H, 10.75; N, 3.05%). 

Condensation of the 1 7(3-benzoyloxy-A2-3-formyl deriva- 
tive (XVd) with cyclohexylamine as already described 
afforded the 17(3-benzoyZ-imiute (XVf) (940/0), m.p. 191-193", 

(G 0.47) ; Vmax& 1648 (C=N), 1624 (C=C), 1713, 

A mixture of the enal (Vb) 

The hydroxy-enal (XIIa) 

9 J. C .  On,  0. Halpern, P. G. Holton, F. Alvares, L. Delfin, 
A. de la Roz, A. M. Ruiz, and A. Bowers, J .  Medicin. Chenz., 
1963, 6, 166. 
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1605, and 1586 (OBz) cm.-l (Found: C, 81.3; H, 9.3; 
N, 3.05. C ~ ~ H ~ ~ N O Z  requires C, 81-25; H, 9.3; N, 2.85%). 

A suspension of the enal (XVIL) (0.528 g.), dry methanol 
(8 nil.), and t-butylamine (0.475 g.) was heated a t  reflux 
under nitrogen for 15 niin., cooled, and filtered to yield 
3-t-buty liminornethyl- 5a-andvost-2-en- 1 7 p-01 1 7-benzoate 
(XVg) (0.481 g., 80yo), m.p. 150.5-151.5" ,[a]D23 +93" (G 

1.02); Amx. 231 nm. (E 33,600); vmx. 1647 (C=N), 1625 
(C=C>, 1714, 1609, and 1589 (OBz) cni.-l (Found: C, 79-96; 
H, 9-4; N, 2.75. C31H&O2 requires C, 80.65; H, 9.4; N, 
3.05%). 

N- (2-Cyclohexylidene-ethylidene) cyclohexy1n:izine (XVII Ib) 
and the N-t-But$ Analogue (XVIIIc) .-The N-cyclohexyl- 
allylideneamine (XVIIIb) , b.p. 99-102"/0~05 mni. , was 
prepared according to the method reported previ~usly,~ and 
purified by distillation, 

In  the same way, cyclohexanone was condensed with 
diethyl P-(t-butykimino) ethylphosfihonate to give IS-( 2-cyclo- 
izexy2idene-eth3rlidene) -t-butylami$ze (XVIIIc) (GSyo), b.p. 
46-47"/0.007 mm., Amx. 240 nm. (E 21,300); vmx. (CC1,) 
1649 (C=N) and 1614 (C=C) cm.-l. The fihosfihonate, m.p. 
60.5-62.0" (from ether-pentane) , vmS. (CCI,) 3413, 3280, 
3232 (enamino-NH), and 1627 (C=N and enamino-C=C) 
cm.-l (Found: C, 50.85; H, 9.65; N, 6.4; P, 13-75. 
Cl,H,,N03P requires C, 51.05; H, 9945; N, 5.95; P, 
13.15%), was prepared in 54% yield from diethyl formyl- 
methylphosphonate and t-butylamine in a similar manner to 
that described in the literature.6 
N-(2-Benzylidene-ethylidene) -t-butykamine (XXI) .-A mix- 

ture of cinnamaldehyde (2.494 g.), dry methanol (10 nil.), 
and t-butylamine (2.07 g.) was refluxed under nitrogen for 
30 min. and evaporated. The residue was distilled to 
afford the inzine (XXI) (2.80 g., 79%), b.p. 132-133"/10 
mm., Amas. 217, 223, 229, and 284 nm. (E 15,600, 17,800, 
13,700, and 32,300); vmZ (CCl,) 1633 ( G N )  and 1617 
(C=C) cm.-1 (Found: C ,  83.4; H, 9.3; N, 7.3. C,,H,,N 
requires C, 83.35; H, 9.15; N, 7.48%). 

N- (Bzfit-2-enylidene)-t-butylami~e (XXIII) .-Crotonalde- 
hyde (43.4 9.) in methanol (215 ml.) was heated a t  reffux with 
t-butylamine (67.56 g.) and acetic acid (0-5 ml.) for 20 min. 
under nitrogen. Evaporation a t  30"/50 mm. followed by 
vacuum-distillation of the residue yielded N-(but-2-enyk- 
idem)-t-butylamine (XXIII) (25.5 g., 33%), b.p. 72"/65 mm., 
I,,, 221 nm. (E 19,500); vmax. 1657 (C=N) and 1626 (C=C) 
cm.-l (Found: C, 76.2; H, 12.05; N, 11.0. CSHl,N re- 
quires C, 76.75; H, 12.1; N, 1102%). 

Treatment of the 3P-Hydroxy-AlG- 17-carbaldehyde (Va) 
with Diethylaluminium Cyanide at O".-To the enal (Va) 
(0.15 g., 0-5 mmole) in dry toluene (15 ml.) cooled in ice was 
added a solution (1.1 ml.) of the cyanide (2-3 mmoles) in 
toluene; the mixture was kept a t  0" under nitrogen for 
30 min., poured into a mixture of 2~-hydrochloric acid and 
ice, and extracted with dichlorometliane. Crystallisation 
of the product from dichloromethane gave 3p, 20e-dihydroxy- 
~regna-5,16-diene-eI-nitrile (Vc) (0.138 g., 84%), m.p. 170- 
171.5", [ ~ ] ~ ~ 4  -71' (G 1-07); v,,,. (KBr) 3450, 3347 (OH), 
and 2244 (CN) cm.-l (Found: C, 76-1; H, 9.1; N, 4.25. 
C2,H,,N02 requires C, 77.0; H, 9.0; N, 4.3%). 

Hydrocyanation of the 3P-A cetoxy-Als-l 7-carbaldehyde (Vb) 
with Diethylaluminium Cyanide at Room Temfierature.-A 
solution (1.3 ml.) of the cyanide (2.3 mmoles) in toluene 
was added to the enal (Vb) (0.20 g., 0.584 mmole) in dry 
benzene (3 ml.). After 5 hr. a t  room temperature the mixture 
was poured into 0*4~-potassium hydroxide in 80 yo methanol, 
maintained a t  - 30". After 10 min., the mixture was mixed 

with ice-water and extracted with dichloromethane. Crystal- 
lisation of the product (0.22 g.) from dichloromethane-ether 
yielded 3 P-acetoxy- 16a-cyanoandrost-5-ene- 1 7P-carbnldehyde 
(VI) (92 mg., 43%), m.p. 196-199". The residue from the 
mother liquor was chromatographed ; benzene-dichloro- 
methane (9:  1) eluted more (VI) (31 mg., 15%), m.p. 
194-197". A pure sample melts a t  208-211°, [~&,24 

-0.2" (G 1.03); v,, 2722 (aldehyde CH), 2232 (CN), and 
1725 (OAc and CHO) cm.-l (Found: C, 74.85; H, 8.15; N, 
4.0. c,,I-3[31hTo3 requires C, 74.75; H, 8.45; N, 3.8%). 

Attempted Conjugate Hydrocyanation of the a-Enals (Xb), 
(XIIb), (XVc), and (XVIIIa).-The a-ends (Xb), (XIIb),Q 
(XVc), and (XVIIIa) were treated with an excess (5-8 mol.) 
of diethylaluminium cyanide in benzene-toluene or dichloro- 
methane-toluene for up to 50 hr. a t  room temperature. 
Treatment of the solutions with 2~-hydrochloric acid at 
low temperature and work-up gave crude products. 1.r. 
spectra and t.1.c. indicated that the 1,2-adduct was a 
major product in each case. Treatment of the products 
with N-potassium hydroxide gave the starting enals or their 
hydrolysis products; only small amounts (if any) of the 
1,4-adduct were detected. A similar result was obtained 
when compound (XVIIIa) was treated with hydrogen 
cyanide (5 niol.) and ethylaluminium dichloride (7 mol) in 
tetrahydrofuran. 

Attempted Desulphurisafion of the 16u-Cyano-l7~-thio- 
cavboxylate (VIIIa) .-Compound (VIIIa) in acetone- 
ethanol (1 : 1) or acetone-water (3 : 1) was refluxed with 
pre-deactivated or non-deactivated Raney nickel W-1 (ten 
parts by wt.) for 0.5-1 hr. Work-up gave a mixture, 
which consisted of either starting material and p-cyano- 
aldehyde (VIIIb) or an over-reduced material (probably 
the 1 6cc-aminomethyl- 17(3-hydroxymethyl derivative) and 
(VIIIb) ; the yield of (VIIIb) was < 20% in each case. Use 
of Raney nickel W-2 or W-3 gave a similar result. Only 
starting material was recovered after treatment with 
Raney nickel W-2 in the presence of 1,2-dianiIinoethane.7 

In contrast, desulphurisation of 3P-acetoxyandrost- 
5-ene- 17fbthiocarboxylate (IXa) gave the aldehyde (IXb) 
and a minor amount of the 17P-hydroxymethyl compound. 

hTydvocyanation of 2-Cyclohexylirninomethyl-5a-androst- 
2-en-1 7p-01 (XIIc) .-(a) With diethylaluminium cyanide. 
To compound (XIIc) (0.914 g., 0*00238 mole) in dry tetra- 
hydrofuran (9 ml.) was added a solution (9 ml.) of the 
cyanide (0.012 mole) in benzene. After 35 min. a t  room 
temperature the mixture was poured into a mixture of 
ZN-hydrochloric acid and ice, and extracted with methanol- 
free dichloromethane. A mixture of the residue (1-03 g.) 
from the extracts, benzene (12 ml.) , tetrahydrofuran (6 ml.), 
and 5% oxalic acid (12 ml.) was refluxed with stirring for 
1 hr. under nitrogen, cooled, neutralised with sodium 
hydrogen carbonate, and extracted with dichloromethane. 
The product (0.925 g.) was chromatographed on acid alumina. 
Gradient elution with benzene-dichloromethane (1 : 0 
to 9 : 1) yielded material (0.14 g.) which was crystallised 
from dichloromethane-ether to give 2E,- (I-cyanocyclohexyl- 
awinomethyl) - 1 7 p-hydroxy - 5a-androstane- 3cc-carbonitrile 
(XIVb) (91 mg., S.S%), m.p. 187-190°, +48" (G 

1-00>, vmx. 3617, 3312 (OH, NH), and 2225 (CN) crn.-l 
(Found: C, 77.1; H, 9.9; N, 9.55. C,sH,3N30 requires C, 
76.85; H, 9.9; N, 9.6%). 

Further elution with benzene-dichloromethane (4 : 1) and 
dichloromethane-methanol (99 : 1) afforded a material 
(0.44 g.) which yielded 3a-cyanO- 17P-hydroxy-5a-androstane- 
2a-carballehyde (XIIIa) (0.345 g., 57%), m.p. 137-143/ 
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191-192" (from dichloromethane-ether), [uIDz3 + 79" (c 
1.02); vmx. 3617, 3424 (OH), 2235 (CN), 2716, and 1728 
(CHO) cm.-l (Found: C, 75.2; H, 8.35; N, 4.3. C2,H3,N02 
requires C, 76.55; H, 9-5; N, 4.25y0). To the residue (0.25 
g.) from the mother liquor were added 2,4-dinitrophenyl- 
hydrazine (0.155 g.) in dimethylformamide (4 ml.) and con- 
centrated hydrochloric acid (1 drop). The mixture was 
kept a t  room temperature for 40 min., and 2~-hydrochloric 
acid was added dropwise until the product started to 
crystallise. The crystals gave the 2,4-dinitro$henylhydr- 
azone of (XIIIa) (0.118 g., 9-8%), m.p. 271-272" (from di- 
chloromethane-methanol), + 166" (c 1.02) ; v,, 3611, 
3302 (OH, NH), 2220 (CN), 1621 (C=N), 1595 (aromatic), 
1509, and 1335 (NO,) cm.-l (Found: C, 63.15; H, 6.9; N, 
13.5. C,,H,,N,O, requires C, 63-6; H, 6.9; N, 13.75%). 

Tne semicavbazone of (XIIIa) had m.p. 268-271", v,,, 
(KBr) 3441 (OH, NH), 2221 (CN), 1640 (C=N), 1690, and 
1589 (amide G O )  cm.-l (Found: C, 67.85; H, 8.7; N, 13-15. 
C,,H,,N,O, requires C, 68.35; €5, 8-85;  N, 14.5%). 

Treatment of the 3a-cyano-2a-formyl-17~-01 (XIIIa) with 
benzoyl chloride in pyridine afforded P7$-benzoyloxy- 
3cl-cya.tzo-5a-andvostane-2a-cavbaldehyde (XIIIb), m.p. 237- 
240" (from acetone), [aIDz3 -t- 101" (c 0.81) ; vmax. 2230 (CN), 
2718, 1727 (CHO), 1714, 1604, and 1586 (OBz) cm.-l; 

J b  4, J a  13 Hz, ZP-H), 3.250 ( lH,  m, Wh 8 Hz, 3P-H), 6.157 
( lH,  m, 17a-H), and 10.366 (113, s, 2a-CHO) p.p.m. (Found: 
C, 77.65; H, 8-25; N, 3-0. C,,H,,NO, requires C, 77.55; 
H, 8.15; N, 3.25%). 

To com- 
pound (XIIc) (1.327 g., 0.00346 mole) in dry tetrahydro- 
furan was added a solution of hydrogen cyanide (0.011 
mole) and triethylaluminium (0.01 7 mole) in tetrahydro- 
furan (10 ml.). After 20 min. a t  room temperature the 
mixture was poured into a mixture of ice and 2r;-hydro- 
chloric acid, and extracted with dichloromethane. The 
product (1.58 g.) yielded 2E-( l-cyanocycZohexyla~zinowethy1)- 
17~-hydroxy-5a-androstane-3a-carbonitriZe (XIVa') (1.5 19 g., 
96%), m.p. 125-127" (from dichloromethane-ether), vmX. 
3690, 3620 (OH), 3483 (NH, H,O), 2220 (CN), and 1603 
(H,O) cm:l (Found: C, 74.45; H, 10.2; N, 9.4. C28H43- 
N,O,H,O requires C ,  73.8; H, 9.95; N, 9.9%). 

Hydrocyanation of 2-Cyclohexyhninomethyl-5a-androst- 
2-en- 17p-ol 17-Benzoate (XIId) .-(a) With diethylaluminium 
cyanide. To the benzoate (XIId) (85 mg., 0.21 mmole) 
in tetrahydrofuran (0.7 ml.) was added a solution (0.7 ml.) 
of the cyanide (1.05 mmoles) in benzene. After 23 hr. a t  
room temperature the mixture was poured into a mixture 
of 2~-hydrochloric acid and ice, and extracted with chloro- 
form. The product showed v,,,. 3400 (NH), 2230 (CN), 
1710, 1604, and 1587 (OBz) cm.-l. Treatment with 5% 
oxalic acid in benzene-tetrahydrofuran as before yielded 
material (70 mg.) identical (i.r. spectrum and t.1.c.) with 
authentic 1 7 ~-benzoyloxy-5a-androst-2-ene-2-carbalde- 
hyde. 

A 
solution (4.1 ml.) of the cyanide (5 mmoles) in benzene was 
added to the imine (XIId) (0.488 g., 1.0 mmole) in tetra- 
hydrofuran (5.7 ml.) containing propan-2-01 (1.0 mmole). 
After 30 min. a t  25" the mixture was poured into a mixture 
of 2~-hydrochloric acid and ice, and extracted with ether- 
dichloromethane (3 : 1). A solution of the residue (0.5 g.) 
from the extracts in tetrahydrofuran (8 ml.), ethanol (8 ml.), 
and 5% oxalic acid (8 ml.) was refluxed under nitrogen for 
40 min., poured into ice-water, and neutralised with sodium 

6 0.867 (3H, S, 19-H), 0.934 (3H, S, 18-H), 2.542 (IH, td, 

(b) With hydrogen cyanide-triethylal~z~n~um. 

(b) With diethylaluminium cyanide and Pro$an-2-01. 
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hydrogen carbonate in the presence of dichloromethane with 
stirring. The organic layer was separated and the aqueous 
layer was extracted with dichloromethane. The organic 
layer and the extracts yielded material (0.43 g.) which 
afforded the b-cyano-aldehyde (XIIIb) (0-253 g.), m.p. 
236-239" (from dichloromethane-acetone) . The residue 
from the mother liquor was chromatographed on acid 
alumina. Gradient elution with benzene-dichloromethane 
(1 : 0 to 2 :  1) yielded more (XIIIb) (45 mg.), m.p. 236- 
238" (total yield 69%). 

(c) With hydrogen cyanide-triet!z3,2aZuw.L?zi.uzn. To the 
imine (XIId) (0.488 g., 1.0 mmole) in tetrahydrofuran (3 nil.) 
was added a solution of hydrogen cyanide (3 mmoles), and 
triethylaluminium ( 5  mmoles) in tetrahydrofuran (2.5 rnl.) . 
After 20 min. a t  25" the mixture was worked up as in (b).  
Purification of the product (0.45 g.) as in (b) gave the nitrile 
(XIIIb) (0.291 g., G7%), m.p. 237-240". 

5-Cyano-3~-laydvoxy-~-~~ov-5cc-androstane-6~-carbalde~~yde 
(XI).-To the B-nor-imine (Xd) (0.50 g., 1.35 mmole) was 
added a solution of hydrogen cyanide (6.8 mmoles) and 
ethylaluniiniuin dichloride (9.5 mmoles) in tetrahydrof uran 
(5.5 ml.). After 20 hr. a t  room temperature in a sealed 
ampoule, the mixture was worked up and the residue (0.58 
g.) from the extracts was treated with 5% oxalic acid in 
ethanol-tetrahydrofuran as before. The product (0.43 g.) 
was chromatographed on acid alumina. Gradient elution 
with benzene-dichloromethane and dichloromethane gave 
the B-nov-cyaizo-aldehyde (XI) (0.21 g., 49%) , m.p. 141.5- 
143-5" (from ether-petane), [ u ] ] , ~ ~  -71" (c 1.06); v- 3630 
(OH), 2724, 1728 (CHO), and 2210 (CN) cm.-l (Found: C, 
75.95; H, 9.3; N, 4.4. C,,H2,N02 requires C, 76.15; H, 
9.25; N, 4.45%). Preparative t.1.c. of the mother liquor 
gave more (XI) (23 mg., 6%), m.p. 139-141". 

Hydyocyanation of 1 7-Cyclohexyliwi.lzoutaet~~ylandrosta- 
5,16-diene-3P-oZ 3-Acetate (Vd) .-(a) With hydrogen cyanide- 
triethyZaluminium. Compound (Vd) (0.37 g. , 0.873 mmole) 
was treated with a solution of hydrogen cyanide (2.6 mmoles) 
and triethylaluminium (3.5 mmoles) in tetrahydrofuran (2. I 
ml.) a t  25" for 30 min. The usual work-up followed by 
treatment of the residue from the extracts with 5% oxalic 
acid as before afforded a non-crystallisable material which 
was chromatographed. Gradient elution with benzene- 
dichlorornethane (1 : 0 to 1 : 1) gave the 16a-cyano-17P- 
formyl compound (VI) (80 mg., 25%), m.p. 208-211° 
(from dichloromethane-acetone) . Fractions (0.15 g.) eluted 
with dichloromethane and dichloromethane-methanol 
(100 : 1 and 75 : 1) were rechromatographed. Dichloro- 
methane-methanol (200 : 1) eluted 3~-acetoxy-l'-cyclohexyZ- 
5'-imino-16@, 17P-androst-5-eno[ 16,17-c]+yrrolidine-2'~-carbo- 
nitrile (VII) (26 mg., 6.2%), m.p. 193-195' (from ether), 

(OAc), and 1614 (C=N) cm.-l (Found: C, 75-4; H, 9.3; 
N, 8.8. C30H43N302 requires C, 75.45; €3, 9-05; N, 8.8%). 

(b) With diethylaluminium cyanide and propan-2-01. A 
solution (5.6 ml.) of the cyanide (5.9 mmoles) in toluene was 
added to the imine (Vd) (0.485 g., 1-17 mmole) in tetra- 
hydrofuran (5.3 ml.) containing propan-2-01 (1.2 mmole). 
After 1 hr. a t  21' the mixture was worked up in the usual 
way. Treatment of the residue from the extracts with 5% 
oxalic acid and chromatography as described in (a) afforded 
the P-cyano-aldehyde (VI) (0.203 g., 47y0), m.p. 204-208". 

Hydrocyanation of 3-Cyclohexyli.tninomethyZ-5a-androst- 
2-en-17fJ-oZ 17-Benzoate (XVf).-Compound (XVf) (2.501 g. , 
5.13 mmoles) in dry tetrahydrofuran (10 ml.) was treated 
with a solution of hydrogen cyanide (15 mmoles) and tri- 

[ ~ i ] , , ~ o  -123" (G 0.47); vmX. 3333 (OH), 2241 (CN), 1729 
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Org. 
ethylaluminium (25 mmoles) in tetrahydrofuran (12 ml.) 
at 25" for 1 hr. The usual work-up and treatment of the 
residue from the extracts with 5% oxalic acid in ethanol- 
tetrahydrofuran as before afforded material (2.6 g.) which 
was chromatographed on acid alumina. Benzene eluted 
the A2-3-formyl compound (XVd) (0.283 g.). Fractions 
(0.42 g.) eluted with benzene-dichloromethane (9 : 1 to 
1 : 1) were crystallised from dichloromethane-ether to 
give 17~-benzoyloxy-2~-cyano-5a-androstane-3~-carbaldehyde 
(XVIb) (0.143 g., 7-2%), m.p. 248-252", [0(]D23 +54" (c 
0.97); vmX 2714, 1728 (CHO), 2212 (CN), 1714, 1604, and 
1587 (OBz) cm.-l; 6 0.934 (3H, s, 18-H), 1.134 (3H, s, 19-H), 
2.220 ( lH,  q, Japp. 1.4 and 2-5 Hz, 3a-H; on irradiation a t  
6 3.267 p.p.m., the quartet collapsed to a doublet, J 14 Hz),  
3.267 ( lH,  m, 2a-H; on irradiation on 3a-H, the multiplet 
changed to a triplet, J 5 Hz), 6-500 ( lH,  m, 17u-H), and 
10.333 (3a-CHO) p.p.m. (Found: C, 77.1; H, 8-2; N, 3.3. 
C,,H,,NO, requires C, 77.55; H, 8.15; N, 3.25%). More 
(XVIb) (65 mg., 3*3y0), m.p. 236-240", was obtained 
from the mother liquor by rechromatography. Fractions 
(0-9 g.) eluted with dichloromethane-methanol (75 : 1 and 
50 : 1) from the initial column were rechromatographed. 
Elution with benzene-dichloromethane (1 : 1) and dichloro- 
methane-methanol (100 : 1) afforded 17P-benzoyZoxy-l'- 
cyclohexyL5'-iwino-2~, 3u, 5u-and~ostano [2,3-c]pyrrolidine- 
2'-a-carbonitrile (XVIIa) (0.282 g., 12y0), m.p. 274-276' 
(from dichloromethane-acetone), [0(ID2O + 58" (c 0.54) ; v,,,,. 
3308 (NH), 2216 (CN), 1629 (C=N), 1711, 1602, and 1585 
(OBz) cm:l; 6 0.717 (3H, s, 19-H), 0.917 (3H, s, 18-H), 
2.734 ( lH,  t ,  J 7 Hz, 2a-H), 3.834 (lH, s, 2'P-H), 4.034 (m, 
lH, cyclohexyl proton on the carbon adjacent t o  the 
nitrogen atom), 4.717 (lH, m, 17a-H), and 5.384br (lH, s, 
NH) p.p.m. (Found: C, 77.2; H, 8.95; N, 7.4. C,,H,,N,O, 
requires C, 77.6; H, 8.75; N, 7.75y0). Elution of the 
initial column with dichloromethane-methanol (25 : 1) gave 
material (0-82 g.) which was rechromatographed. Elution 
with dichloromethane and dichloromethane-methanol 
(100 : 1 and 50 : 1) yielded the 2'P-cyano-analogue (XVIIbj 
(0.395 g., 17y0), m.p. 266-268" (from dichloromethane- 
ether). A pure sample melts at 275-276", [0(ID2O 3-52" 
(G 0.21); Y,,,. 3306 (NH), 2215 (CN), 1629 (C=N), 1712, 
1602, and 1585 (OBz) cm.-l; 6 0.767 (3H, s,' 19-H), 0.917 
(3H, s, 18-H), 2.467 ( lH ,  m, 2c(-H), 4.000 ( lH,  m, cyclo- 
hexyl proton on the carbon adjacent to the nitrogen atom), 
4.334 (lH, d, J 6 Hz, 2'a-H), 4.817 ( lH,  m, 17a-H), and 
5.284br (lH, s, NH) p.p.m. (Found: C, 77.5; H, 8.9; N, 
7.75. C,,H,,N,O, requires C, 77.6; H, 8.75; N, 7875%). 

Hydvocyanation of N-(2-Cyclohexylidene-ethylidene)cyclo- 
hexylawine (XVIIIb) .-To the imine (XVIIIb) (2.423 g., 
0.0118 mole) in dry tetrahydrofuran (14 ml.) at -10" was 
added a solution of hydrogen cyanide (0.035 mole) and tri- 
ethylaluminium (0.059 mole) in tetrahydrofuran (30 ml.) . 
After 2.5 hr. at - 10' the mixture was poured into a mixture 
of 2~-sodium hydroxide (100 ml.) and ice-water (500 ml.), 
and extracted with dichloromethane. A mixture of the 
residue (3.0 g.) from the extracts, benzene (60 ml.), and 
5% oxalic acid (180 ml.) was refluxed with stirring for 70 
min. The benzene layer was separated, and the aqueous 
layer was extracted twice with ether. The neutral portion 
(1.19 8.) from the organic layers was dissolved in dimethyl- 
formamide (10 ml.) and to the solution were added 2,4-di- 
nitrophenylhydrazine (1-55 g.) in dimethylformamide (20 
ml.), concentrated hydrochloric acid (3  drops), and finally 
2~-hydrochloric acid until the product started to  crystallise. 
The crystals were filtered off, washed with cold methanol, 

and dried to give the 2,4-dini2rophenyZhydrazone of l-formyl- 
methylcyclohexanecarbonitrile (XIX) (1.536 g., 39%) , 
m.p. 143-146.5". A pure sample melts at  146-148", 
vmX. 3412 (NH), 2222 (CN), 1618 (C=N), 1597 (aromatic), 
1513, and 1336 (NO,) cm.-l (Found: C, 54.55; H, 5-45; 
N, 20.85. C18H1,N504 requires C, 54-35; H, 5-15; N, 
21.15%). The aqueous layer from the isolation of the 
neutral product was made alkaline with 2N-sodium hydr- 
oxide and extracted with dichloromethane. The basic 
product (1-13 g.) was crystallised from ether-pentane 
to give 2-cycZohexyZ-l-imino-2-azas~iro[4,5]decane-3-carbo- 
nitvile (XXa) (0.746 g., 24%), m.p. 115~5-117', vmX. 3320 
(NH), 2234 (CN), and 1630 (C=N) cm.-l (Found: C, 74.4; 
H, 9.7; N, 16.0. Cl,H,,N, requires C, 74.1; H, 9.7; N, 

Reaction of the AIG-t-ButyliuninomethyZ Steroid (Ve) with 
Hydrogen Cyanide-Triethyla1uwiniuw.-Compound (Ve) 
(0-138 g., 0.347 mmole) in tetrahydrofuran (1.8 ml.) con- 
taining water (0.35 mmole) was treated with a solution of 
hydrogen cyanide (1.0 mmole) and triethylaluminium (1.7 
mmole) in tetrahydrofuran (1 ml.) a t  room temperature for 
1-5 hr. Work-up as described for the N-cyclohexylimino- 
analogue (Vd) followed by crystallisation from dichloro- 
methane-ether afforded the 16~-cyano- 17p-carbaldehyde 
(VI) (63 mg., 47y0), m.p. 209-211". The residue from the 
mother liquor was rechromatographed. Benzene eluted 
more (VI) (9 mg., 8%), m.p. 192-195". Fractions (31 mg.) 
eluted with dichloromethane and dichloromethane- 
methanol (98 : 2) had an  i.r. spectrum consistent with the 
iminopyrrolidine structure (VII ; N-But instead of N-C,H,,), 
but were not purified. 

Hydrocyanation of the A2-3-t-Butylimino-derivative (XVg) . 
-The imine (XVg) (0.366 g., 0.793 mmole) was hydro- 
cyanated, as described for the reaction of (Ve), for 2 hr. 
The product (0.37 g.) obtained after treatment with 5% 
oxalic acid was crystallised from dichloromethane-ether 
to  give the 2P-cyano-3P-formyl steroid (XVIb) (0.222 g., 
64%), m.p. 231-5-233". 

Hydrocyanation of N-( 2-Cyclohexylidene-ethylidene) - 
t-butylami+ze (XVIIIc) .-Cornpound (XVIIIc) (0.345 g., 
1.92 mmole) in dry tetrahydrofuran (1 ml.) was treated 
with hydrogen cyanide (5.8 mmoles) and triethylaluminium 
(9.6 mmoles) in tetrahydrofuran (4.5 ml.) a t  room tempera- 
ture for 30 min. Work-up as described for compound 
(XVIIIb) afforded a neutral portion (0.255 g.) and a basic 
portion (6 1 mg.) . Crystallisation of the neutral product 
from ether-pentane yielded l-fornzylrtzethylcyclohexanecarbo- 
nitrile (XIX) (0.158 g., 54y0), m.p. 37", v,,,. (CC1,) 2725, 
1736 (CHO), and 2216 (CN) cm.-l (Found: C, 71.3; H, 8-6; 
N, 9.4. C,H,,NO requires C, 71.5; H, 8.65; N, 9.25%). 
The residue (89 mg.) from the mother liquor was treated 
with 2,4-dinitrophenylhydrazine (1 17 mg.) as already de- 
scribed to give the 2,4-dinitrophenylhydrazone of (XIX) 
(0-114 g., ISYO), m.p. 146-148". The basic portion 
afforded l-imino-2-t-butyZ-2-azas~iro[4,5]decane-3-carbo- 
nitrile (XXb) (50 mg., 11%), m.p. 108-109" (from ether- 
pentane), vmax. (CC1,) 3303 (NH), 2216 (CN), and 1632 
( G N )  cm.-l (Found: C, 72.05; H, 9-9; N, 18.0. Cl,H,,N, 
requires C, 72-05; H, 9-95; N, 18.0%). 

2-PhenylsuccinaldelzydronitriZe (XXII) .-To N-( 2-benzyl- 
idene-ethy1idene)-t-butylamine (XXI) (1.026 g., 0.00548 
mole) in dry tetrahydrofuran (3 ml.) was added a solution 
of hydrogen cyanide (0.01 6 mole) and triethylaluminium 
(0-027 mole) in tetrahydrofuran (14 ml.). After 26 hr. a t  
room temperature the mixture was treated as described 

16.2%). 
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for compound (XVIIIb) to give a neutral portion (0-58 g.) 
as an oil and a basic portion (0.28 g . ) .  Distillation of the 
neutral product afforded the cyano-aldehyde (XXII) 
(0.474 g . ,  54%), b.p. 129-132"/6 mm.; vmx. (CCl,) 2723, 
1735 (CHO), and 2238 (CN) cm.-l (Found: C, 74-55; H, 
5.85; N, 8.65. CloH,NO requires C, 75.45; H, 5-7; N, 
&SO,/,). The 2,4-dinitrophenylhydrazone melted at 146- 
147" (from dichloromethane-methanol) ; vmz 3308 (NH), 
2236 (CN), 1620, 1598 (C=N and aromatic), 1512, and 1337 
(NO,) cm.-l. The basic portion was not examined further. 

2-Me~~ylsucccinaZdehydro~~itri~e.--To N-(2-butenylidene)- 
t-butylamine (XXIII) (1.90 g., 0.0152 mole) in dry tetra- 
hydrofuran was added a solution of hydrogen cyanide 
(0.046 mole) and triethylaluminium (0.076 mole) in tetra- 
hydrofuraii (36 ml.) a t  0". After 1 hr. a t  0' the mixture 
was poured into a mixture of 2~-sodium hydroxide (400 ml.) 
and ice, and extracted with ether. The residue (2.42 g.) 
from the extracts was heated with 10% oxalic acid (100 ml.) 
a t  60" for 1 hr. under nitrogen. The mixture was cooled, 
salted out, and extracted with dichloromethane. The 
combined extracts were washed with water, dried, and 
divided into two equal portions. Each was distilled 
through a Vigreux column below 75" to remove the bulk 
of the dichloromethane, and the residue was evaporated at  
25'120 mm. The resulting oil showed vmLx (CCl,) 2726, 
1732 (CHO), and 2247 (CN) cmrl, consistent with 
structure (XXIV). The product (0.265 g . )  from one portion 
in dimethylformainide (1 ml.) was treated with 2,4-dinitro- 
phenylhydrazine (0.54 g.) in diinethylformamide (5-4 ml.) 
to give the 2,4-dinitrophenylhydrazone of the P-cyano-alde- 
hyde (XXIV) (0.321 g., 15%), m.p. 125-127". Recrystall- 
isation from dichloromethane-methanol afforded a pure 
sample, m.p. 127-128.5", v,, 3308 (NH), 2240 (CN), 
1620, 1597 (C=N and aromatic), and 1510 and 1340 (NO,) 
crn.-l (Found: C, 47-65; H, 4.0; N, 24.95. Cl,HllN,O, 
requires C ,  47.65; H, 4.0; N, 25025%). To the crude 
compound (XXIV) (0.215 g.) from the other portion in 
ethanol (3 ml.) was added a hot solution of thiosemicarb- 
azide (0.20 g.) in water (4 ml.), and the resulting turbid 
mixture was set aside for 2 weeks. The crystals formed 
were washed with cold ethanol, and dried to  give the tlzio- 
sernicarbazone of (XXIV) (0.131 g., lo%) ,  m.p. 151.5-153". 
A sample obtained by recrystallisation from dichloro- 
methane-methanol melted at  151-5-152.0°; vmX. (Nujol) 
3423, 3262 (NH, NH,), 2232 (CN), 1616, 1602, and 1550 
(C=N, and thioamide) crn.-l (Found: C,  42.55; H, 6.1; N, 
3245; S, 18.45. C,H,,N,S requires C, 42-35: H, 5.9;' N, 
32.9; S, 18-85y0). The oxalic acid layer from the isolation 
of the p-cyano-aldehyde (XXIV) was made alkaline with 
2~-sodium hydroxide and extracted with dichloromethane 
to give a basic product (0.76 g., 28%), which was not ex- 
amined further. 

3P-Acetoxy-BOE, 2 l-dihydroxyfiregn-5-ene- 1 6a-carbonitrile 
(XXVII) .--Sodium borohydride (29 mg.) was added to 
3~-acetoxy-21-hydroxy-20-oxopregn-5-ene-l6cc-carbonitrile 
(XXVI) (0.20 g.) in methanol (15 ml.). The mixture was 
stirred at  room temperature for 25 inin., mixed with acetic 
acid (3 drops), poured into water, and extracted with chloro- 
form. The product (0.22 g.) afforded the 20,21-diol 
(XXVII) (0,143 g.), m.p. 238-240" (from acetone-meth- 
anol), [a]D22 -70" (c 1.05); v,, 3615, 3559 (OH), 2244 
(CN), and 1736 (OAc) cm.-l (Found: C, 71.05; H, 8-45; N, 
3.55. C,4H,5N0, requires C, 71.8; H, 8.8; N, 3.5%). 

3p-Acetoxy- 16a-cyanoandrost-5-ene-17P-carbaldehyde (VI) . 
-Periodic acid dihydrate (0.1 g.) in water (0.3 ml.) was added 
to the 20,21-diol (XXVII) (0.079 g.) in methanol (45 ml.), 
and the mixture was kept a t  room tempeIature for 80 min. 
The crystals deposited were filtered off, washed with water, 
and dried to give the 16~-cyano-17P-formyl steroid (VI) 
(0.070 g., 96%), m.p. 200-203". Recrystallisation from 
dichloromethane-ether afforded a sample, m.p. 206-210", 
identical with the samples of (VI) prepared from the enal 
(Vb) and the iinines (Vd) and (Ve). 

Reaction of the 5a-Cyano-6P~o~~~~.1.l23/kB-nor-s~er~~d (XI) with 
Methyhzagnesiunz Iodide.-Compound (XI) (82 mg.) in 
tetrahydrofuran (8 ml.) was treated with an ethereal solu- 
tion of methylmagnesium iodide (3 mol.) a t  0" for 35 min. 
The mixture was poured into a mixture of 2~-hydrochloric 
acid and ice, and extracted with dichloromethane. Pre- 
parative t.1.c. of the product as reported previously 3b 

afforded two types of crystal, m.p. 185*5-186.0" (21 mg.) 
and m.p. 189-191" (8 mg.), identical with samples of the 
two epimeric 3 p-hydroxy-6@-( lE-hydroxyethyl-~-nor-5~- 
androstane-5-carbonitriles (XXVIIIa and b) .3b 

Conversion of the 3a-Cyano-2a-fornzyZ Derivative (XIIIb) 
into 17~-Benzoylo~y-3a-cyano-5a-androstane-2~-ca~~oxylic 
Acid (XXIXa) and the 17-Hydroxy- (XXIXb) and 17-Acet- 
oxy-analogues (XXIXc).-To the aldehyde (XIIIb) (0.217 
g.) in acetone (50 ml.) cooled in ice was added Jones reagent 
(0.2 ml.). The mixture was stirred a t  0" for 30 min., then 
poured into ice-water and extracted with dichloromethane. 
Crystallisation of the product from dichloromethane- 
methanol afforded the acid (XXIXa) (0.17 g., 767'), m.p. 
274-275.5", + 110" (c 1.02 in pyridine) ; v,, (KBr) 
2228 (CN), 3400, 1755 (C02H), and 1716 (OBz) cm.-l 
(Found: C, 75.05; H, 7-85: N, 3.15. C2&&&04 requires 
C, 74.8; H, 7.85; N, 3.1%). 

A mixture of compound (XXIXa) (0.15 g.), potassium 
carbonate (0.3 g.), methanol (25 ml.), and water (4.4 ml.) 
was refluxed for 5 hr., cooled, poured into 2~-hydrochloric 
acid, and extracted with dichloromethane-methanol(20 : 1).  
The crystalline product (0.143 g.) gave the 3a-cyano- 
17P-hydroxy-2a-carboxylic acid (XXIXb) (0.105 g., 92%), 
m.p. 253-254.5" (from dichloromethane-methanol), [aID22 
+SS" (c 0.98 in pyridine); v,,, (KBr) 3447 (OH), 2230 
(CN), and 1736 (C02H) cm.-l (Found: C, 72.9; H, 9.2; N, 
4-35. 

Acetylation of compound (XXIXb) with acetic anhydride 
in pyridine yielded the acetate (XXIXc), m.p. 268-27O0, 
identical with an authentic sample.1 

3cc-Cyano- 17-oxo-5~-and~ostane-2a-cnrboxyEic Acid 
(XXIXd) .-(a) From the 2ol-forwzyl-l7@-ol (XXIXb). Com- 
pound (XXIXb) (35 mg.) was treated with Jones reagent 
as just described and the product (30 mg.) was chromato- 
graphed on alumina. Elution with dichloroniethane- 
methanol-ethyl acetate (4.5 : 1 : 4.5) containing acetic acid 
(1%) afforded the keto-acid (XXIXd) (10 mg.), m.p. 33G- 
238" (from dichloromethane-methanol-ether) , + 122" 
(c 0.88 in pyridine); vnlax. (KBr) 2220 (CN), 3400, 1735 
(CO,H), and 1712 ( G O )  cm.-l (Found: C, 73.65; H, 8.6; 
N, 4.35. 

(b) From the 2a-formyl-17-ketone (XIIIa) , Compound 
(XIIIa) (20 mg.) was treated with Jones reagent. The 
product (20 ing.) afforded crystals, m.p. 242-243", identical 
with the keto-acid (XXIXd) obtained in (a). 
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C2,H3,N0, requires C, 73.0; H, 9-05: N, 445%). 

C,,H,,NO, requires C, 73-45; H, 8-5 ;  K, 41%). 
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