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hydride was then destroyed by the addition of about 2 cc. of 
acetic acid followed by water until gas evolution ceased. 
The mixture was evaporated in a 50" bath, and the wet resi- 
due was distributed between methylene chloride and water. 
The organic phase was washed with water and saturated 
saline solution and was dried and evaporated. The residue 
was dissolved partially in 10 cc. of 50% acetic acid, and 
the stirred mixture was heated on the steani bath for 30 min. 
when all of the solid had dissolved. The solution was evap- 
orated and the residue was dissolved in methylene chloride 
and water. The organic phase was washed with a little 
water and was dried and evaporated. The residue was 
crystallized from ethyl acetate; 88 mg. (49y0), m.p. 190- 
192'. One recrystallization from ethyl acetate gave a sample 
with m.p. 218-219'; [aIz5~ f88.5" ( c  0.521); A,,, 2.87 p 
(m), 4.44 p (w), 5.96 p (9)  broad band, 6.16 p (m); A,= 
240 mp ( e  16,170) in methanol, 247 mp ( E  15,680) in base. 

Anal.  Calcd. for CZOH~~OZN:  C, 76.64; H, 8.63; N, 
4.43. Found: C, 76.18; H,8.80; N,4.44. 

16f-Cyanoestrone 3-Methyl Ether (XXIV).-The reaction 
of 1.7 g. (5.45 mmoles) of 16-hydroxymethyleneestrone 3- 
methyl ether (XV)22 with 1.22 g. of I1 in 54 cc. of benzene 
and 1.63 cc. of pyridine was carried out as described for the 
preparation of 111. The product was crystallized from 
ether to afford 1.16 g .  (69%), m.p. 149-153'. Several re- 
crvstallizations from methylene chloride-ether gave material 
with m.p. 138-148"; [CY]%D +189°(co.99); A,,.4.43 p(w),  
i .68p (s), 6 . 1 7 ~  (m), 6 . 3 2 ~  (w). 

Anal.  Calcd. for C ~ O H ~ ~ O Z X ~ ~ / ~ H ~ O :  C, 76.53; H, 7.54; 
N,4.46. Found: C, 76.64; H ,  7.90; N,4.90. 

16[-Cyanoestradiol3-Methyl Ether (XXV).-A solution of 
1.56 g. (5.05 mmoles) of XXIV in 150 cc. of tetrahydrofuran 
was reduced with 360 mg. of lithium borohydride for 3 hr. a t  
room temperature. Acetic acid was added carefully and 
then water until the solution was homogeneous. Removal of 
most of the solvents under reduced pressure left a residue 
which was triturated with water and filtered. The precipi- 
tate was washed with water and cvas dissolved in methylene 
chloride. The solution was washed with a little water and 
was dried and evaporated to afford 1.5 g. of product which 
was recrystallized from methylene chloride-ether; 1.17 g. 
(74%), m.p. 194-200". For analysis, a sample was recrys- 
tallized from ethyl acetate, m.p. 197-200'; [ c Y ] ~ ~ D  +54' ( c  
1.39); A,,, 2.86 p (s), 4.47 p (m),  no absorption in the car- 
bonyl region. 

Anal.  Calcd. for CZOHZ~OZN.~/'~HQO: C, 76.01; H, 8.14; 
N, 4.43; H20, 1.43. Found: C, 76.08; H,  8.30; S, 4.06; 
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The synthesis of several steroidal 17-spirolactams analogous to physiologically active spirolactones is described 

There are numerous examples of physiologically 
important compounds which contain a lactam 
moiety. Our experience with the steroidal spiro- 
lactones as aldosterone antagonists* suggested the 
investigation of the corresponding spiro-y-la~tams.~ 
The conventional method for converting ?-lac- 
tones to  r-lactams by treatment with an appro- 
priate amine was unsuccessful in our hands. Thus, 
the treatment of 3-methoxy-17a-(2-carboxyethyl)- 
17p-hydroxy-l,3,5 (10)-estratriene lactone2 with am- 
monia, methylamine, or aniline under forcing 
conditions yielded only the corresponding amides. 
We therefore chose the sequence of reactions 
shown on the following page. 

Smilagenin was degraded t o  3p-acetoxy-16- 
pregnen-20-one by the procedure of Mueller.4 
The reduced product was converted to the oxime 
which was subjected sequentially to Beckmann 
rearrangement and saponification t o  yield 3p- 

(1) Paper V, R. C Tweit, F. B. Colton, N L McNiven, and W. 
Klyne, J .  Oro. Chem., 27, 3325 (1962). 

(2) J. A. Cella, E. A. Brown, and R. R. Burtner, i b t d . ,  24, 743 
(1989). 

(3) The lactams and certain intermediates described herein are 
the subject of U.S. Patent 3,001,986 issued September 26, 1961, to 
R. R. Burtner and Leonard Nysted. 

(4) G. P. blueller, Nature, 181, 771 (1958). 

hydroxy- 17p-amino-5p-androst ane (Ib) . Selective 
monoacetylation and oxidation afforded the 1 i -  
nitro compoiind which condensed smoothly with 
methyl acrylate in the prescnce of tttramethyl- 
guanidine. I t  should be noted that when either 
Triton B or sodium alkoxidc, \vas i i spd  the yield 
was only 10%. 

The configuration of the Michael adduct is 
based upon the following: 

(1) Oxidation of the lip-amino group under 
acidic conditions should produce the lip-nitro 
derivative. (2) Because of the flatness of the 
aci-nitro anion, approach from the rear by an CII-  

tering group should be favored. Only one adduct 
was found. (3) The 0.r.d. curves are similar and 
positive for the l7p-nitro compouiid (IIb) and the 
Michael adduct (ITIb). This would not be true 
had inversion occurred during addition. 

Catalytic hydrogenation afforded the spirolactam 
(IVb) which was saponified and oxidized to  the 
ketone (VIb). Bromination followed by dehydro- 
bromination with the lithium bromide-dimethyl- 
formamide method gave the desired 17a-(2- 

(5)  German Patent 871,010 (1953); Chem. Zentt., 6938 (1953); J .  
Schmidt-ThomB, Ber.. 88, 895 (1955). 
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Starting with :lP-acetoxy- ti~-ari~iiio-jcr-aiidro- 
stitne (Ib, ;a) the same seqiiciiw was followed to 
produce 17a- (2-carboxyethyl)-lip-aniiiio-&-aiidro- 
stan-3-one lactam (VIa). -411 attempt to ponvert 
T'Ia to  the 1,4-dieiie by bromiiiatioii and dehydro- 
bromination was iuisuccessful. Reduction of the 
lactam (IT'a) with lithium aliimiiium hydride gave 
the pyrrolidioe deriyative (VIII). 

The aldost eroiie mtagoiiixiiig properties of thesc 
conipoiuids were studied by Dr. Charles I<agaw-a 
aiid Mr. Robert Jacobs of our Biological Research 
Departmeiit. They will publish thcir results 
clsewhcrc . 

(VII). 

Experimental6 
3~-Acetoxy-17~-amino-Sp-androstane ( Ib )  .--A solution of 

4.<5 p.  of ~ ~ ~ - h ~ d ~ ~ J ~ ~ - ~ ~ ~ - ~ ~ l ~ l l ~ J - ~ ~ - a I l d ~ ~ S ~ ~ l l ~ 5  (Is) in 22 
1111. of arctic. acid arid 3 nil. of 12 -I[ hydrochloric acid was 
t reatcd wit,h 14.5 g. of acsetic anhJ-dride (cooliiig). After 
the solut,ion was stirred for 24 hr. a t  room temperature, the 
aretic acid was removed under vacuum. The residue was 
tiissolved in water and this solution was washed several 
times with ether. Addition of an excess of 5% sodiuni hy- _- ~- 

(6) Melting points H ?re deterinined oil a Fisher-Johns block an<{ 
a r p  r e p o r t d  i inccrwvtc , , i .  11-r arc indrhlrti t o  T)r. Robert  1)illon and 
Ilia aasociatcs of tlirac IiiiJoritroxirs for tlic niicroitiialyscs and optical 
detcrtninatioiis. 

droxide liberated the base which was taken up in ether, 
washed with water, and dried. Removal of the solvent 
under nitrogen gave 4.1 g. of a crystalline product (Ib), m.p. 
115-118", 5.78, 7.95, and 8.05 p. This product was 
oxidized to I Ib  without further purification. 

3~-Acetoxy-17p-amino-5a-androstane (Ib,5a).-3p-Ace- 
toxy-5a-andro83tan-17-one (50 g.)  and 140 g. of ammonium 
acetate were dissolved in 900 ml. of 95% alcohol and then 
shaken with 25 g. of 10% palladium on charcoal under hydro- 
gen a t  atmospheric pressure for 24 hr. After removal of the 
catalyst and vacuum dist,illation of the solvent, the solid res- 
idue was suspended in 1 1. of water and made strongly alka- 
line with sodium hydroxide. The mixture was extracted 
with a total of 1500 ml. of ether, and the extract was washed 
with water and dried. Evaporation of the solvent gave the 
crude amine which was dissolved in 500 ml. of hexane and 
then treated with 12 ml. of acetic acid. The precipitated 
acetate, m.p. 225-230", of Ib  was collected on a funnel, 
rinsed with hexane, and dried. This material was converted 
to the nitro compound (IIa) without further purification. 
The yield of crude product was 46 g. 

The amine base melted a t  122-125". 
Anal. Ca,lcd. for C?,HB5X0~: C, 75.63; H, 10.58. 

Found: C, 75.52; H, 10.42. 
3p-Acetox~r-17p-nitro-5p-androstane (IIb).--A solution of 

288 ml. of 1.24 N perbenzoic acid in benzene was added a t  
room temperature during a 2-hr. period to a stirred suspen- 
sion of 20.5 g. of the amine (Ib)  in 150 ml. of redistilled 
ethylene dichloride. The mixture was heated and stirred a t  
1 0  for 1.5 hr. and then diluted to 1 1. with ether. This 
solution was washed successively with 3% sodium sulfite, 
5% potassium bicarbonate, 3% hydrochloric acid, 5% potas- 
sium carbonate, and water. Vacuum evaporation of the 
dried solution yielded the crude nitro compound ( I Ib)  
which, after crystallization from a mixture of ethanol and 
hexane, weighed 10.7 g. and melted a t  194-196", A::: 5.75, 
6.47, 8.0, and 9. i5  p. 

Anal. Calcd. for C?1H33S0,: C, 69.33; H, 9.12; S, 
3.82. Found: C, 69.61; H, 9.14; S,  3.90. 

The 5a-isomer ( I Ia )  prepared in the same niaiiiier mcJltcd 
at, 189-191 O and exhibited infrared spectrum rongrurnt with 
t,hat of the 5p-isomer. 

Anal. Calcd. for C2,H,&04: C, 69.33; 11, !J.l2; S ,  
3.82. Found: C, (39.41; H, 8.99; X, 4.02. 

3p-Acetoxy-l7a-( 2-carbomethoxyethy1)- 17,&nitro-5p-an- 
drostane (IIIb).--A mixture of 7.5 g. of the nitro strroitl 
( I Ib) ,  50 ml. of redistilled methyl acr\.lat,e, and 5 mi. of tcbtra- 
methylguanidine in 150 ml. of benzene was stored at rooin 
temperature for 5 days. The pale yellow solution was d ( a -  
canted from a small amount of oil which had separated, and 
the latter was washed with a small amount of l ~ c ~ i i z o n c ~ .  
The combined benzene solutions werc rvapnratcd i t1  vacuum 
to an oil which was diluted with water and furthrr tlieiill(d 
to remove residual benzene. The residual white solid iv:i:j 

cwllccted on a funnel, dricd, and recrystallized from :t i l l is-  

ture of c~ther and hcxanc, i o  yiclti 7.8 g. of condi~ii~.:ttic~ii 
product (1111)) melting at 113-115', At:: 5.73, 5.78, 6.50, 
7.8, and 8.02 p. 

Anal.  Calcd. for C.jH:lgSOC: C, (i(j.79; 13, S. i4 ;  S ,  
3.12. Found: C, 66.69; H, 8 . i 6 ;  S,  3.08. 

The 5,-isomer (IIIa)  was ul)tained in thc saiw niaiiiwr 
aiid melted a t  156-158". I ts  infrared spectrum (KUr) \vas 
almost indistinguishahle from that, of the 5/3-isomrr. 

Anal. Calcd. for CrjH3,NOG: C ,  66.79; H, 8.74; K, 
3.12. Found: C, 66.73; H, 8.70; S,  3.03. 

Saponification of I I Ia  gave SB-hydrosy-lia-(.'-c.Rrl,o. 
cthyl)-17P-nitro-5o-aiidrostane, ni.1). 290-205", aftw (*r  
tallieation from methylene chloride-ethaiiol, 2 AS,  

- - 0  

3.6-3.9, 5.79, 6.48, and"8.2 p. 
.Znal. Calcd. fo r  C,,H1,SO,:  <'. 67.66; 11, 8 . 2 % .  Fouiitl: 

(', 67.39; T I ,  8.61. 
licetylatii~ii of this acid (350 iiig.) w i t h  acetic ac~itl ( 2 5  

1111.) saturatcd with hydrogen chloride a t  room temperat 11 r c  
afforclcd the :bmoiioacetoxy derivative (290 nig.) incltiiig at 
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221-223" when crystallized from a mixture of ether and 
hexane. 

Anal. Calcd. for C24H3iXOc: C, 66.17; H, 8.10. Found: 
C, 66.00; H,  8.32. 

3P-Acetoxy-l7a-( 2-carboxyethy1)- 17,9-amino-5p-andro- 
stane Lactam (IVb).--I solution of 7.5 g. of the nitro deriva- 
tive (I I Ib)  in 100 ml. of ethanol was treated with hydrogen 
at  1000 p.s.i. and 100" in the presence of 1.0 g. of W-5 Raney 
nickel catalysti for 5 hr. After removal of catalyst and 
stripping of solvent the residue was crystallized from a mix- 
ture of ethanol and water, yielding 5.2 g. of the lactam, m.p. 
230-233', Ai:: 3.01, 3.2, 5.74, 5.84, and 8.0 M .  

The 5,-isomer (IVa) similarly obtained melted a t  308- 
312' and exhibited congruent infrared spectrum. 

Anal. Calcd. for C Z ~ H ~ ~ N O ~ :  C,  74.32; H, 9.64. Found: 
C, 74.17; H ,  9.42. 

3p-Hydroxy-l7a-( P-carboxyethyl)-17p-amino-5p-andro- 
stane Lactam (Vb).-A solution of 1.5 g. of the acetate (IVb) 
and 2.0 g. of potassium carbonate in 80 ml. of methanol and 
20 ml. of water was stirred a t  room temperature for 24 hr. 
Addition of 200 ml. of water and collection of the solid pre- 
cinitate on a funnel gave 1.3 g. of Vb melting a t  224-230", 
At:: 2.9-3.1, 3.2, 5.83 with a shoulder a t  5.9 p .  

Anal. Calcd. for C?~H&OZ: C, 76.47; H, 10.21. 
Found: C,  76.36; H ,  10.25. 

The 5a-isomer (Va) possessed an infrared spectrum es- 
sentially identical with the above and melted at  330-335'. 

17a-( 2-Carboxyethyl)-l7p-amino-5,9-androstan-3-one 
(VIb).--A rapidly stirred solution of 2.0 g. of the alcohol 
(Vb) in 50 ml. of acetic acid was treated during a 2-min. 
period with 1.6 ml. of 8 M chromic acid in aqueous sulfuric 
arid. After an additional 2 min., 5 ml. of isopropyl alcohol 
was added and then the acetic acid was distilled in vacuum. 
A suspension of the residue in 120 ml. of 10% sodium hy- 
droxide wa9 extracted with chloroform and the extract was 
washed with water. Removal of the solvent and crystal- 
lization of the residue from a mixture of chloroform and 
hexane afforded 1.8 g. of the ketone (VIb), m.p. %5!3-261°, 
XKR' 

,nljlj 3.15, 3.25, 5.85, and 5.90 p. 

(7) Subseqiient experiments have shown tliis rcdiirtion to 11,. 
q u a l l y  sriccessful uiien conducted a t  roolil t r l ~ i l ~ c ~ a t u r e  and a t l l i u y -  

p lwric  Ilrrssiire using T-1 Raney nickrl ab the catalyst. 

Anal. Calcd. for C22H33N02: C, 76.92; H, 9.68. Found: 
C, 76.74; H, 9.44. 

The 5,-isomer (VIa) melted a t  310-320' and exhibited 
infrared spectrum similar to that of the 58-derivative. 

Anal. Calcd. for CnH,,N02: C, 76.92; H,  9.68. Found: 
C, 76.72; H,  9.69. 

17~-(2-Carboxyethyl)-l7p-aminoandrost-4-en-3-one Lac- 
tam (VII).-A stirred solution of 1.75 g. of the ketone (VIb) 
in 40 ml. of acetic acid was treated with 5 ml. of I *V hydro- 
bromic acid in acetic acid. Water (5 ml.) was added to dis- 
solve the precipitate which formed. Bromine (1.8 9.)  in 18 
ml. of acetic acid was added dropwise during a 10-min. 
period. Dilution with 150 ml. of water gave a solid which 
was collected and crystallized from a mixture of methanol 
and water. The 4-bromo ketone weighed 1.1 g. and melted 
a t  202-204', Xz:i3.0,5.75-5.95 p (doublet). 

A mixture of 500 mg. of the 4-bromo ketone and 500 mg. 
of lithium bromide in 15 ml. of dimethylformamide was 
heated a t  100" for 2 hr. Water was added slowly to the 
point of crystallization and the solid was collected. Re- 
crystallization from a mixture of chloroform and ethyl ace- 
tate vielded 240 mg. of the conjugated ketone (VII)  melting 
at  286-290", Xi:: 3.1, 3.22, 5.8, 5.92, 6.17 p ,  X ~ ~ ~ o H  241 
mp, 15,500. 

Anal. Calcd. for C2&?rTo~: C, 77.37; H, 9.15. Found: 
C, 77.23; H,  9.20. 

3,9-Hydroxy-5~androstan-17-spiro-2'-pyrrolidine-( 178-N) 
Hydrochloride (VIII).--A solution of 2.5 g. of the lactam 
(IVa) in 50 ml. of tetrahydrofuran (THF) was added drop- 
wise to a refluxing suspension of 4.0 g. of lithium aluminum 
hydride in 200 ml. of THF.  After a 5-hr. reflux period, 4 
ml. of water, 8 ml. of 20% sodium hydroxide, and finally 
14 ml. of water were added successively. The precipitate 
was suspended in 200 nil. of a 1 : 1 solution of THF in ether 
and the insoluble material was removed by filtration. The 
dried amine weighed 2.0 g. Crude amine (1 9.) dissolved in 
the minimum volume of methanol was treated with one 
equivalent of methanolic hydrogen chloride. The warm 
solution was diluted with ether until crystallization began. 
The crystalline hydrochloride (VIII)  was washed well with 
ether and dried in vacuum. It weighed 0.75 g. and melted 
above 300°, A",: 2.91, :3 6-4.1, 6.28 1.1. 

Anal. Calcd. for C&&lNO: C, 71.80; H, 10.41. 
Found: C, 72.20; H, 10.45. 

Cyclizations Leading to 3-Anilinohydantoin' 

L)epartt / ieut oJ C'hcui istry,  ll'nshiriqton Stccte ['ti ioersity.  I '~ t l / i~ in t i ,  IVtrshirqtou 

lieceiced . I p i i l  2, 1!/62 

:~-AIiiliIi~li~(iaiitoiii is foriiwtl i n  t h  base-caatalyzed cyclization of d-l)eii~yltliioc.:trt)oxyglycille phenylhydrazide, c:arhoelli- 
Carboethoxyglycine phenylhydrazidd re- 

The evidence in- 
osyglycine phenylhydrazide, and S-carboxyphenylhydrazidoglycine ethyl ester. 
acts with alcoholic potassium hydroxide to give the potassium salt of N-carboxyphenylhydrazidoglycine. 
dicates that this rc:trrangement proceeds though an 5-anilinohydantoin intermediatc. 

:~-Aiiiliriohydaiitoiii is formed in thc base-csata- 
lyzed cyclizat'ions of S-benzylthiocarboxyglycine 
phenylhydrazide, carboethoxyglycine phenylhydra- 
zidc, and N-carboxyphenylhydrazidoglycine ethyl 

(1) This investigation was supported in part by a research grant 
(R.G. 5259) from the U. S. Public Health Service. Presented in part 
a t  the 140th Meeting of the American Chemical Society, Chicago, 
Illinois, September, 1961. 

( 2 )  Portion of a thesis presented by I h a n e  W. Fish in partial ful- 
fillment of the retluirenients for the degree of Doctor of Philosophy, 
Washington State University. 

ester. Carboethoxyglycinc phciiylhydrazidr, 1.cac.t s 
with alcoholic potassium hydroxide to give thc 
potassium salt of N-carboxyphenylhydrazidogly- 
cinc. The evidence indicates that this rearrange- 
ment proceeds through an 3-anilinohydantoill 
intermediate. 

We recently reported a reaction in which S- 
benzylthiocarboxyglycine phenylhydra~ide~ (I) was 

(3) H. B. AIiIne, S L. Rasnlak, It. P. Bayer. and D. \I-. Visli, J .  A rn. 
Chcm. Soc., 82, 4582 (1960). 


