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melting points of the others agreed with that previ- 
ously reported.6 These ten compounds exhibited sim- 
ilar infrareds with characteristic peaks (KBr) a t  
3210-3250, 1610-1630, 1585-1608, and 1560-1575 
cm-l which are consistent with structure V. Exam- 
ination of the nmr of several of these compounds 
indicated that these were indeed in the enamine form 
rather than the ketimine form as reported by earlier 
workers.6s8 The enamine N-H and only six protons 
on the five-membered ring were observed. This 
assignment of the enamine structure V to these amides 
is consistent with the recent enamine assignment 
made to the related esters V1.l 

Hydrolysis of seven of these compounds gave near 
quantitative yields of the keto amides I only one of 
which (Table I) had not been previously reported.6 
In  addition, use of 3-methyl-4-fluoroaniline led only 
to the formation of I with no bis adduct being ob- 
tained. These eight keto amides exhibited consistent 
infrared spectra (KBr) : 3025-3100, 1700-1720, 1600- 
1648 (two peaks or peak and shoulder), and 1563-1592 
ern-'. 

This route to aza steroids is not being pursued 
further. 

Experimental Section* 

2-Keto-N-( 5'-isoquinolyl) cyclopentanecarboxyamide Methio- 
dide (II).-A mixture of 2.54 g (0.01 mole) of 2-keto-N-(5'-ko- 
quinolyl)cyclopentanecarboxyamide~ (Ib) in 30 ml of methanol 
containing 10 ml of methyl iodide was refluxed for 2 hr. The 
solutions waa concentrated to a volume of 10 ml and cooled. 
The light orange plates that separated were filtered, washed 
with ether, and dried to give 3.56 g (90%) of the crude product. 
A small portion was recrystallized from water, mp 206-207.5'. 

Anal. Calcd for C18H17NZOZI: C, 48.50; H, 4.33; N, 7.07; 
I, 32.03. Found: C, 48.24; H, 4.31; N, 6.98; I, 32.11. 

12-Keto-1,2,3,4,11,12,15,16-octahydro-3-methy1-3,1 I-diaza- 
cyclopenta[a]phenanthrene (IV).-A solution of 3.96 g (0.01 
mole) of 2-keto-N-(5'-isoquinolyl)cyclopentanecarboxyamide 
methiodide (11) in 30 ml of ethanol and 20 ml of water was 
shaken under 3 to 4 atm of hydrogen in the presence of 0.1 g of 
platinum oxide. After the uptake of hydrogen had ceaaed, the 
solution was filtered and the filtrate concentrated. The residue 
was taken up in water and treated with a concentrated potas- 
sium carbonate solution. The aqueous alkaline solution was 
extracted thoroughly with benzene. The benzene extracts were 
dried over anhydrous sodium sulfate and concentrated to give 
1.63 g (60%) of the intermediate reduced amide as a light 
brown oil. 

The intermediate reduced amide was added to 15 g of poly- 
phosphoric acid a t  100'. After 15 min, the reaction mixture 
was poured onto ice. The aqueous acidic solution was treated 
with dilute sodium hydroxide until alkaline and extracted with 
benzene. The benzene extracts were dried over anhydrous 
sodium sulfate and concentrated to give 0.29 g (19.7%) of the 
desired product as a light yellow solid. A portion was recrystal- 
lized from a mixture of ethanol-water, mp 197-200'. 

Anal. Calcd for C ~ ~ H I ~ N ~ O . O . ~ H Z O :  C, 72.97; H, 7.27; N, 
10.64. Found: C, 73.20; H, 7.42; N, 10.78. 

A portion of the same analytical sample was dried in vacuo 
a t  100". 

Anal. Calcd for C,IIHIBN1O: C, 75.56; H, 7.13. Found: 
C, 75.66; H, 7.09. 

2-Keto-N-( S'-quinoIyl) cgclopentanecarboxyamide (Id) .-To 
11.0 g (0.07 mole) of ethyl 2-ketocyclopentanecarboxylate 
heated to 150' was added 10.0 g (0.069 mole) of 5-aminoquino- 
line over a 5-min period. After the addition was complete, the 
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Mich. Melting points are corrected. 

temperature waa increased to 170-180' for 4 min. The mixture 
was cooled and triturated with ether; the solid that separated 
was filtered, giving 5.46 g (31%) of the desired product which 
gave a semicarbazone mp 204.5-206'. 

AnaE. Calcd for ClaHl,NsO,: C, 61.72; H, 5.50; N, 22.50. 
Found: C, 61.56; H, 5.61; N, 22.30. 

Reaction of 8-Aminoquinoline and Ethyl 2-Ketocyclopentane- 
carboxylate.-In a similar manner these two compounds gave 
2-keto-N-( 8'-quinoly1)cyclopentanecarboxyamide (Ia), mp 100- 
102' (lit.' mp 100-102"), and asmall amount of bis condensation 
product@(V): mp21&219'frornethanol;nmr (CDC1a)t -2.20 
(enamine NH), 0.22 (amide NH), 7.93 (splitting 6.5 cpe, 
cyclopentene 4-CHz). 

Anal. Calcd for ClrH,oN,O: C, 75.80; H, 5.28; N, 14.72. 
Found: C, 75.55; H, 5.38; N, 14.85. 

Reaction of Simple Aromatic Amines with Ethyl 2-Ketocyclo- 
pentanecarboxylate.-Ethyl 2-ketocyclopentanecarboxylate (6 
g) was heated to 150' and 3 g of the aniline was added. The 
temperature waa raised to 180' and kept there for 24 hr. After 
cooling the product crystallized in 20-70% yield. New com- 
pounds are included in Table I. The infrared data is included 
in the discussion. The nmr (CDCla) data follow: p-chloro- 
aniline product, t -0.45 (enamine NH), 8.07 (cyclopentene 
4-CHa) ; 2-methyl-4-fluoroaniline product, 0.08 (enamine NH), 
2.22 (amide NH), 7.97 (cyclopentene 4-CH2) (in DMSO-& the 
NH were a t  -0.13 and 1.83); p-fluoroaniline product, -0.28 
(enamine NH), 2.03 (amide NH). 

A mixture of 2 g of the above products (V), 250 ml of 80% 
methanol, and 10 ml of 5% hydrochloric acid was stirred at 
room temperature for 48 hr to give a near quantitative yield 
of I. The infrared data is included in the discussion. The 
nmr (CDCIt) data follow: p-chloroaniline product, t 1.27 
(amide NH), 6.87 (t) (CH on cyclopentane ring attached to  
carbonyl); p-fluoroaniline product, 1.18 (amide NH), 6.83 (t) 
(CH on cyclopentane ring attached to carbonyl). 

Registry No.-Ethyl 2-ketocyclopentanecarboxylate, 
611-10-9; Id, 14901-52-1; I (Ar = p-FC&-), 14796- 

14796-16-8; IV, 14796-17-9; V (Ar = o-FCaIfr-), 
14796-18-0; V (Ar = p-FC&-), 14901-53-2; V 
(Ar = 2,3-(CN&CaH3-), 14789-52-7; V (Ar = 2- 

10-2; I (& = 3-CH&FCaH3-), 14796-15-7; 11, 

CH&FCaHr), 14789-53-8. 
(9) Thin compound WIM first prepared at the Univemity of Miami by 

8. Roth and F. D. Popp. 
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Although halohydrins are known to undergo re- 
arrangement in the presence of metal ions'e2 including 
ring contraction in the case of cyclic compounds,8 the 
reaction has not been used for the preparation of ring 
nor steroids. Steroidal a-halo ketones, particularly 
bromo ketones, are readily available and can be reduced 
to the halohydrins. In addition, the point of carbo- 
nium ion generation can be controlled by using, for ex- 
ample, silver salts, which then will determine the course 
of the subsequent rearrangement. In this manner 
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difficulties such as migration of angular methyl groups, 
encountered in the pinacol rearrangement of 5,6diols,’ 
can be avoided. 

The compound chosen for study was 2a-bromo-5a- 
cholestan-38-01 (1)6 which was prepared in 70% yield 
by reduction of 2a-bromo-5a-cholestan-3-one with 
lithium aluminum tri-t-butoxy hydride. In this 
bromohydrin the equatorial 2a-bromine atom and the 
4-carbon atom are trans and coplanar. Backside 
attack of the 4-carbon atom on the incipient carbonium 
ion at  the 2-carbon atom is therefore feasible, and ring 
contraction should occur to give A-nor-5a-cholestan- 
Zcarboxaldehyde (2). In  fact, when the bromo- 
hydrin was treated with boiling alcoholic silver 
nitrate solution, the aldehyde was not obtained, but 
rather the corresponding diethylacetal (3) in 63% 
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yield. The nmr spectrum showed a one-proton 
doublet at 4.17 ppm for the proton on the aldehyde 
carbon and a quartet (four protons) a t  3.51 ppm for 
the methylene groups of the ethyl groups in the acetal. 

Acid hydrolysis of the acetal gave the free aldehyde 
as a solid which could not be recrystallized, and which 
was changed to a new, unidentified, substance on 
chromatography on neutral alumina. However, chro- 
matography on silica gel gave the pure aldehyde whose 
nmr spectrum showed a doublet at 9.60 ppm for the 
aldehyde proton. Satisfactory analytical data could 
not be obtained for the aldehyde, which appeared to 
decompose on standing. However, the 2,4dinitro- 
phenylhydrazine derivative did give satisfactory 
analytical results. 

It was suggesteds that 2j3,3P-oxidocholestane might 
be an intermediate in the rearrangement reaction. 
The oxido compound was prepared and when treated 
with nonacidified alcoholic silver nitrate gave no 
reaction. However, treatment with alcoholic silver 
nitrate containing 1 equiv of nitric acid gave a mixture 
of starting material and what appeared to be choles- 
tane-2,3-diol 3-nitrate ester. The mass spectrum of 

(4) L. F. Fieser and M. Fieser, “Steroids,” Reinhold Publishing Corp., 

(6) J. Faikos, Chem. Lirty, 64, 2134 (1958); Chem. Ab&+., 6S, 5344 (1959). 
(6) Private communication from Dr. H. J. Ringold. 

New York, N. Y., 1959. p 325. 

the mixture showed a parent peak at  m/e 449 (nitrate 
ester) and major peaks at  432 (nitrate ester minus 
hydroxyl group) and 386 (parent peak of the oxide). 
The absence of peaks at m/e 458 and 103 confirmed the 
fact that no A-norcholestane-2-carboxaldehyde diethyl 
acetal was present in the product mixture. Also, the 
lack of any carbonyl absorption in the infrared spec- 
trum of the product mixture indicated the absence of 
A-norcholestane-2-carboxaldehyde itself. It thus ap- 
pears that the oxide is not an intermediate in the 
rearrangement reaction under the conditions used. 

Jones oxidation7 of the crude aldehyde gave a solid 
carboxylic acid whose infrared spectrum was nearly 
identical with that of an authentic sample of A-nor- 
cholestane-2a-carboxylic acid (4) .* The mass spectra 
of the two samples were also nearly identical. How- 
ever, attempted recrystallization of the crude acid was 
unsuccessful, suggesting that the material was a mix- 
ture of two isomers. 

The acidic material was esterified with methanolic 
hydrogen chloride and from the product a pure 
crystalline sample of methyl A-norcholestane-2a- 
carboxylate (5) was obtained, its melting point almost 
identical with that of authentic materiaLg 

The mother liquors gave more crystalline material 
which proved to be a mixture of the a- and j3-methyl 
esters, as shown by the presence of two C-19 methyl 
peaks in the nmr spectrum, one at  7 9.35 for the a 
isomer and one a t  9.20 for the j3 isomer (both in 
benzene). The peak areas indicated that the mixture 
contained 54% of the a ester and 46% of the j3 ester. 
These assignments are based on the work of Cava, 
Weintraub, and Glamkowski9 who obtained the same 
two esters from a different source. 

Although it is difficult to state with certainty at 
which point the second isomer appeared, the acetal 
appeared to be a single isomer. Isomerization could 
occur via the enol during the acid hydrolysis of the 
acetal, or in the Jones oxidation step, which also 
involved the aldehyde and strong acid. However, 
the crude 2,4-dinitrophenylhydrazone1 prepared from 
crude aldehyde, showed only one spot on tlc on 
alumina, indicating that both the acetal and the 
aldehyde consisted of a single isomer. It seems most 
likely therefore that the isomerization occurred in the 
Jones oxidation step. 

Experimental Section10 
2a-Bromo-5a-cholestan-3j3-ol (I).-The bromohydrin was 

obtained in 70% yield by reduction of 2.0 g (4.3 mmoles) of the 
bromo ketone with 4.0 g of lithium aluminum tri-t-butoxy 
hydride according to the procedure of Fajkos6 and had mp 
105-107° (lit. mp 112-113’). 

(7) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. Weedon, J .  
Chcm. Soc., 39 (1946). 
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Reaction of the Bromohydrin with Silver Nitrate.-A mixture 
of 1.0 g (2.1 mmoles) of the bromohydrin and 80 ml of a 2% 
solution of silver nitrate in absolute ethanol wm boiled under 
reflux for 30 min and then allowed to cool to room temperature. 
The liquid phase was decanted and the silver bromide residue 
was rinsed several times with small portions of ether, which 
were then added to the alcohol. More ether was then added 
to bring the total ether volume to 125 ml and then the organic 
layer was washed with 500 ml of water in portions. The com- 
bined water wash was washed with a small volume of ether, 
which was added to the organic layer. This was dried over 
anhydrous sodium sulfate and evaporated to dryness under 
reduced pressure. The residue was crystallized from 150 ml 
of absolute methanol to give 610 mg (63%) of white crystals, 
mp 49-50'. Tlc on Eastman Chromatogram sheets with 1:l 
benzene-pentane gave two spots after development with a 
solution of 2,4-dinitrophenylhydrazine in ethanol containing 
hydrochloric acid. The major spot had Rf 0.65 and the minor 
spot Rr 0.15, possibly due to some nitrate ester as indicated by 
a small peak at 1645 cm-1 in the infrared spectrum. Four 
recrystallizations from methanol gave the analytical sample 
of the acetal 3: mp 52.5-53.5"; Rf 0.65; vC,c,!' 2950, 1480, 1385, 
1128, 1062, and 1012 om-'; nmr, methyl peaks a t  0.66, 0.69, 
0.83, 0.92 and 1.15 ppm, a four-proton quartet a t  3.51, and a 
one-proton doublet a t  4.17 ppm. The mass spectrum exhibited 
a molecular ion peak at m/e 458 (only under high amplification), 
and major peaks at  103 (diethyl acetal side chain), 414 (steroid 
nucleus minus an ethoxy radical), and 29 (ethyl ion). 

Anal. Calcd for Ca&&2: C, 81.15; H, 12.08. Found: C, 
80.89; C, 12.18. 
A-Nor-5~-cholestane-2-carboxaldehyde (2).-A crude, non- 

crystallized sample of the acetal, obtained from the reaction as 
above of 1.0 g of bromohydrin was dissolved in a mixture of 
80 ml of acetone and 15 ml of 10% hydrochloric acid and the 
solution was boiled under reflux for 1 hr, then cooled, and 
poured into 100 ml of water. The resulting mixture was 
extracted once with 100 ml and once with about 25 ml of ether 
and the combined extract was washed with three 100-ml por- 
tions of water, and then dried over anhydrous sodium sulfate. 
The ether was evaporated to yield a solid, nearly white product 
which could not be recrystallized. Chromatography on neutral 
alumina (Fluka AG Buchs SG) gave a new unidentified com- 
pound: mp 134.5-136'; vC,C.1: 3620,3525,2930,1720,1470,1380, 
1173, and 1037 cm-1; nmr (10% CCl,), 3.28 (doublet), and 
2.30 (singlet) ppm. 

However, chromatography of 200 mg of the crude aldehyde 
on 8 g of silica gel (Baker Analyzed Reagent) and elution with 
25-ml portions of 1 : 1 benzene-hexane gave 173.5 mg of A-nor- 
cholestan-2-carhoxaldehyde from the second fraction: mp 70- 
71'; vg2,C.t: 2945, 2715, and 1735 cm-l; nmr (10% Cch) ,  0.65 
(singlet), 0.81 (singlet), 0.90 (singlet), and 9.60 (doublet, alde- 
hyde proton) ppm; ORD (C  0.08, hexane 20"), -65", 

Anal. Calcd for C~iH460: C, 83.86; H, 11.99. Found: C, 
82.08; H, 11.90, 

The aldehyde appeared to decompose slowly on standing 
which accounts for the analytical results. 

The 2,4-dinitrophenylhydrazine derivative was prepared by 
adding a solution of 542 mg of crude aldehyde to a solution of 
400 mg of 2,4-dinitrophenylhydrazine in 2 ml of concentrated 
sulfuric acid, 3 ml of water, and 10 ml of ethanol. The reaction 
was allowed to proceed for 1 hr and was then cooled in ice for 
1 hr. The resulting precipitate was recrystallized from a mix- 
ture of 25 ml of ethanol and 8 ml of ethyl acetate to yield 559 
mg (75%) of product, mp 118.7-121'dec. Tlc on alumina with 
1 : 1 benzene-pentane gave only one spot. Four more recrystal- 
lizations from the same solvent gave the analytical sample, mp 

Anal. Calcd for CsjHsoN404: C, 69.93; H, 8.89; N, 9.89. 
Found: C, 70.10; H, 8.86; N, 10.01. 

2p,3p-Oxidocholestane ( 6 )  .-The compound was prepared 
from 2a-bromo-3~-hydroxy-5a-cholestane by the method of Alt 
and Barton" and had mp 86-88' (MeOH); infrared bands 
appeared a t  vF2;' 3650, 812, and 805 cm-1. A mass spectrum 
showed the parent peak (strong) a t  m/e 386. 

Reaction of the Oxide with Silver Nitrate.-A solution of 
20 mg (0.05 mmole) of 2~,3~-oxidocholestane in 3 ml of a 2% 
solution of silver nitrate in ethyl alcohol was boiled under 

[+I128 -3,854", [$Is17 -3,586', [ + ] z i z  +9,962', [+I245 9,438'. 

137-139'. 

(11) G. H. Alt rind D. II. R. Barton, J .  Chem. Soc., 4284 (1954). 

reflux on a steam bath for 20 min. No precipitate formed 
during the heating period. The solution was filtered into a 
separatory funnel, diluted with 12 ml of ether, and washed 
twice with distilled water. The organic layer was separated, 
dried over anhydrous sodium sulfate, and evaporated to dry- 
ness under reduced pressure to yield 20.1 mg of damp solid. 
The infrared spectrum of this crude material (dried) showed 
no carbonyl stretching. A mass spectrum of the sample was 
nearly identical with that of the starting material and showed 
no increase in intensity of the m/e 103 (diethyl acetal side 
chain) peak relative to the background. 

Reaction of the Oxide with Silver Nitrate and Dilute Nitric 
Acid.-The procedure was essentially that of the previous reac- 
tion except that 1 ml of 0.05 M nitric acid in ethyl alcohol was 
added to the mixture containing 20 mg (0.05 mmole) of 2&3p- 
oxidocholestane. No precipitate formed during the heating 
period. The same work-up yielded 19.5 mg of white crystal- 
line solid. The infrared spectrum (CC1, solution) showed no 
carbonyl stretching, but exhibited peaks a t  3650, 1645, 1270, 
1090, and 1010 cm-1. The mass spectrum showed strong peaks 
a t  m/e 449 (molecular weight of 2,3-cholestanediol-3-nitrate 
ester), 432 (nitrate ester minus a hydroxyl group), and 386 
(oxide). No increase in the intensity of tLe m/e 103 peak 
(relative to background) was observed. 
A-Nor-5~-cholestane-2-carboxylic Acid (4) .-To a solution 

of 243 mg (0.60 mmole) of the crude aldehyde in 10 ml of 
acetone was added 7 drops of Jones oxidation' solution and 
the resulting mixture was allowed to stand a t  room tempera- 
ture until the precipitation of green chromate salts ceased 
(about 10 min). The mixture was then filtered and the 
filtrate diluted with 80 ml of water and extracted twice with 
ether. The ether extract was washed three times with water, 
dried over anhydrous sodium sulfate, and evaporated under 
reduced pressure to give a white, solid residue. The infrared 
and mass spectra of this solid were nearly identical with those 
of an authentic sample of A-nor-5a-cholestane-2a-carboxylic 
acid. The nmr spectrum (5% solution in CCI,) showed peaks 
a t  0.66 (C-18 methyl), 0.71 (C-19 methyl), and 2.82 ppm (br). 

Methyl A-Nor-5a-cholestane-2a-carboxylate (5).-A solu- 
tion of 100 mg (0.20 mmole) of crude A-nor acid in 50 ml of 10% 
methanolic hydrogen chloride was allowed to stand a t  room 
temperature for 45 hr. At the end of this time the precipitate 
was collected to yield 26.6 mg of methyl A-nor-5a-cholestane-2a- 
carboxylate: mp 95-97' (lit.12 mp 97.5-98'); vC,c.1:2940, 1735, 
1165, and 1035 cm-1; nmr (3% in CC14 0.67 (C-18); 0.70 (C-19), 
2.84 (broad, proton on C-2), and 3.62 pprn (methyl protons of 
ester group, singlet). 

The filtrate was allowed to stand a t  0" for 24 hr and then 
the precipitate was collected to give 51.4 mg of crystalline 
material melting over a broad range up to 75'. The infrared 
spectrum was nearly identical with that of methyl A-nor-5a- 
cholestane-2a-carboxylate. However, the nmr spectrum, de- 
termined in 5% benzene solution showed two C-19 methyl 
resonances a t  I 9.20 (26 ester) and 9.35 (2a ester) and the 
relative areas indicated that the mixture contained 54% of the 
2a and 46% of the @ ester. These assignments are based on 
the results of Cava, Weintraub, and Glamkowski,g who obtained 
the same two esters from a different source. 
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Though considerable work has been reported' on 
the preparation of hydroxamic and carboxylic acids 

(1) (a) V. Meyer and C. Wurster, Ber., 6, 1168 (1873); (b) E. Bamberger 
and E. Rust, ibid., 86, 45 (1902); (0) 5. B. Lippincott and H. B. Hass, Ind. 
Enp. Chem., 81, 118 (1939). 


