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STEROIDAL OXAZOLIDONES 

A. P. bTWICK* 

Department of Chemistry, Weizmatm Institute of Science, Rehovot, lsraelt 

(Received in the UK 11 July 1969; Acceptedforpubliuztion 5 August 1969) 

AMmct-Isocyanates have been reacted with steroidal 17a-hydroxy-20-ketopregnenes to give oxamli- 
dories. 

STEROIDS with spire ring systems at the C-17 position have produced compounds 
with interesting pharmacological properties.’ Various workers have synthesized 
such compounds where the spiro ring is a substituted oxazolidone moiety.‘* 3 In 
these cases, the parent compound has been a 17g-hydroxy-17aethynyl steroid. For 
comparison purposes in the present work, 3g,17l3dihydroxy-17aethynyl-androst-5- 
ene 3-acetate (I) was treated with phenyl isocyanate to give the 17g-carbamate ester 
(IIa), which on treatment with sodium hydroxide gave the oxaxolidone (IIIa). Acetyla- 
tion gave the 3 acetate (IIIb). The ethyl analogue (111~) was similarly prepared. 

The synthesis of the oxazolidone spiro system stereoisomeric at C-17 of the steroid 
nucleus, is now reported. 

38, 17a-Dihydroxy-pregn-5-en-2O-one 3 ‘formate (IV) was treated with an aryl 
isocyanate to produce the appropriate 17a-carbamate ester (Va-e). Treatment of these 
esters with sodium hydroxide gave the required oxazolidones (Via, d, c, g, f ; R’ = H) 
respectively, as high melting, crystalline solids with low solubility in most of the 
common organic solvents. Assignation of these structures was based on IR, NMR, and 
in some cases mass spectral results, together with analytical data. Selective acetylation 
produced the 3-acetates (Via, d, c, g, f; R = AC), which were then treated with 
phosphorus oxychloride in pyridine, to produce the required exocyclic methylene 
oxaxolidones (VI1a-d). Peculiarly, the m-tolyl derivative (VIf; R’ = AC) failed to 
react under these conditions. Comparison with the oxaxolidones (IIIa, b) shows that 
although many of the expected similarities in the physical data exist, differences also 
occur, for example, the NMR signal for the C-13 Me group in (VIIa) is at 94l8 r 
whereas in the stereoisomer (IIIb), the signal is at 8.93 r. Although the reaction sequence 
worked quite well for some aryl isocyanates, o-chlorophenyl, o-tolyl and a-naphthyl 
isocyanates failed to react. 

Reaction of the formate (IV) with aryl isocyanates in the presence of N-methyl- 
morpholine gave the oxaxolidones (Via, b, c, e, f, g, i; R’ = CHO). Under these 
conditions the reaction was successful for all the aryl isocyanates used, except p 
chlorophenyl isocyanate, where the reaction product was the oxazolidone carbamate 
ester (VIII). The alternative structure (IX), is less likely as the spectral data, particularly 
the IR, are not in agreement with that expected of such a structure.2 This would 

l Recipient of a Royal Society-Israel Academy of Scienad Fellowship 1967-1968. 
1 Present address: Dept. of Chemical Research, May and Raker Ltd. Dagenham, England. 
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indicate that in this particular case, the oxazolidone was first formed and further 
reacted with the pchlorophenyl isocyanate. 

Reaction occurred between lkhydroxy pregn4ene-3,204ione (Xl) and phenyl, 
o, m, and pchlorophenyl, and m-tolyl isocyanates, in the presence of N-methyl- 
morpholine. No reaction was observed in the cases of o and p tolyl, and a-naphthyl 
isocyanates. The products in the successful reactions were the exocyclic methylene 
oxazolidones XIIa-e). The spectral data were as expected for such compounds. 

Attention was then turned to alkyl isocyanates. Reaction of the formate (IV) with 
n-butyl and ally1 isocyanates without base as catalyst, gave the oxazolidones (VIIf 
and g, respectively). Under these conditions, ethyl isocyanate failed to react. With 
the addition of N-methylmorpholme, ethyl isocyanate reacted to give the carbamate 
ester (Vf). Treatment with sodium hydroxide gave VIh (R’ = H). which on acetylation 

*CO&~C~CO&;~,O$~” 

I II 111 

a:R = Ph a:R- Ph R’=H 
b:R = Et b: R = Pb R’ = AC 

c:R=Et R’=H 

IV V VI 
a:R Ph a:R = Ph 
b: R = p-chlorophcnyl b: R = o-cblorophcnyl 
c: R = m-chlorophcnyl c: R = m-chlorophcnyl 
d: R = gtolyl d: R = p-chlorophcnyl 
c: R = m-tolyl e: R = o-tolyl 
f: R = ethyl f: R - m-tolyl 

g : R = ptolyl 
h:R-Et 
i: R=naphtbyl 

R 0 
N-C 

+ a:R=Ph R’ = AC 

H2C ..:, 

& 

b: R = pcblorophcnyl R’ = AC 
c: R = m-chlorophcnyl R’ = AC 
d: R = ptolyl R’ - AC 
e:R-ethyl R’ = AC 
f: R = n-butyl R’ = CHO 
g: R = ally1 R’ = CHO 

R’O \ 
VII 



Steroidal oxamlidones 323 

gave VIh (R’ = AC). Reaction with phosphorus oxychloride in pyridine gave the 
required exocyclic methylene oxazolidone (We). As with the phenyl analogues, the 
NMR of this and of the hitherto known stereoisomeric system show characteristic 
differences. The NMR signal for the C-13 Me group in 111~ is at 9G2 r and in We, 
9.14 t. It can thus be seen that in both the phenyl and the ethyl examples, the C-13 Me 
group in the previously reported oxazolidone system, resonates at lower field. 

Ethyl, n-butyl and ally1 isocyanates failed to react with 17a-hydroxy-pregn4 
ene-3,2Odione (XI) both with and without the addition of N-methylmorpholine. 

All attempts to affect reaction between either the formate (IV) or the hydroxy 
diketone (XI), with phenyl isothiocyanate failed. 

3~A&oxy-17a-cyano-androst-5ee-17&o1* (XIII) was treated with phenyl 
isocyanate, and the product was assigned structure XIV. The IR showed no CN 
absorption in the 2260-2240 cm-’ region, but showed absorption at 3250 (-NH), 
1550 (NH), and 1610 and 1505 (aromatic) cm-‘. The NMR showed aromatic reson- 
ance at 2.5-2.9 t, corresponding to 5 protons. Resonance at 3.12 T corresponded to one 
proton and this is possibly due to the presence of an =NH group. The mass spectrum 
showed that the substance had a molecular ion at an m/e value of 476, that expected 
for structure XIV. 

Some of these compounds have been submitted for investigation of their pharmaco- 
logical properties. 

CH 0 13/ 
C' 

a:R-Pb 
b: R = o-chlorophcnyl 
c: R = mhlorophcnyl 
d: R = pchlorophcnyl 
c: R = m-tolyl 
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EXPERIMENTAL 

AU m.ps were taken in open capillaries and are uncorrected. Where solubility permittal, UV spectra were 
determined in EtOH on a Cary 14 spectrophotometer. The IRgpectn were ncorded as Nujol mulls on a 
Perkin-Elmer Iofracord Optical rotations were recorded at 27O in pyridioc. NMR spectra were determined 
with a Varian A 60 spectrometer, using TMS as internal reference. Uoless otherwise stated, “parts” are 
by volume for liquids and by weight for solids. 

3&Acetoxy-l7a-ethynyl-androst-Sae-17~ol phenyl corbamate ester (IIa) 
A soln of 3~acetoxy-17a~thyny1-androst-5-encnt-17&01(1 g) in phenyl isocyanate (3.5 ml) was heated at 

100” for 4 hr. during which time a solid product separated. The mixture was cooled, filtezed, and the product 
washed successively with hexanc. Two crystallixations from CHsCl,-MeOH gave the phenyl carbamte 
ester (600 mg) as spears, m.p. 260-261”; [al,, -90”; &_ 235 mp, lo-” 8 = 15.2; v, 3314 3190, 1740, 
1705, 1605, 1540, 1500 cm-‘; T (CDCls) 2-6-2-8. 3.35, 7.33, 796,895, m relative areas 5:1:1:3:3:3. 
(Found : C, 7554; H, 7.77 ; N, 3.19. Cs0HS7NOSI requirea : C, 75.76; H, 7.84; N, 294%). 

3~Acetoxy-l7a-ethynyl-ondro&5-ene-17&01 ethyl carbranatc ester (IIb) 
A soln of 3@cetoxy-l7a-ethynyl-androst-5cnol7~o1 (500 mg) in ethyl isocyanate (3 ml) and N- 

metbylmorpholine (1 ml) was boiled under reflux for 50 hr. Evaporation of the solvents and chromatography 
of the residue on alumina (Grade V), elutioo with ether-pentane (1:4), and collection of the major fraction 
gave the required ethyl curbmute ester (300 mg) as spears, m-p. 191”; [ah -97” ; v,, 3400,3250,1740, 
1520 cm - 1 ; T (CDCls) 3.36, ca. 6.7,7.95,8*85 (tr, J = 7Qc/s), 895,912, relativeareas 1:2:3:3:3:3. (Found: 
C, 73.33 ; H, 865; N, 3.23. &H,,NO, requixw : C, 7303; H, 8.72; N, 3.28%). 

4’-Methylene-3’-phorylspiroC3ghydroxy-rm17,5’(1’B~oxazolidofiel2’-o (IHa) 
A soln of NaOH (200 mg) in water (2 ml) was added to a soln of IIa (500 mg) in MeOH (15 ml). The 

mixture was boiled under reflux for 4 hr, cooled and poured into water. The ppt was collected and crystal- 
liz.ed from CH#&-MeOH to give the required oxazolidone (400 mg) as needles, m.p. 213”; [a& - 129”; 
& 220 mp, 10e3 E = 12.3; v_ 3440, 1770, 1660, 1630, 1590. 1495 cm-‘; 7 (CD&) 2.5-2.7, 578 (AB 
pattern, A7 = 1@8 c/s, J, = 2.5 c/s), 894, relative areas 5 :2:6. (Found : C, 77.70; H, 895; N, 3.32. 
CIsHJ,NO, requires: C. 77.56; H, 8.14; N, 3.23%). 

4’-Methylenc-3’-phmyIspiroC3~acetoxy-rmdrost-517,5’(1’~~xazo/idineJ2’-on (IIIb) 
A soln of the above product (130 mg) in pyridine (2 ml) and Ac10 (05 ml) was heated at loo” for 1 hr. 

cooled, poured into water, and the ppt collected. Crystallixatioo from CH,C&-MeOH gave the acetate 
(170mg)asoeedles,m.p. 174”; [alo -119”;),219mp, lo-“& = 110; v, 1770,1730,1655,1590,1490 
cm-‘; z (CDCI,) 2+2.7,5-76 (AB pattern, AT = 916 c/s, Jm = 4c/s),794,892,rclativeatms5:2:3:6; 
mol. wt. 475 (from the mass spectrum). (Found: C, 75.96; H, 7.93; N, 30. C,,,H,,NO, requires: C. 7576; 
H, 7.84; N, 2.95%). 

A soln of NaOH (200 mg) in water (2 ml) was added to a soln of IIb (400 mg) in MeOH (20 ml). The 
mixture was boiled under rellux for 7 hr, cooled, poured into water, and isolated with ether. Crystallization 
of the residue from acetooahexane gave the oxuzolidorte (200 mg) as needles, mp. 182” ; [a]o - 159” ; 
L224mblO-“e= 11~4;~_3050,1770,1660cm~~;r(CDC1,)5~80(ABpattern,A7= ll6c/s,J,=3 
(c/s), ca 65 (multiplet), 8+30 (trt, J = 79 c/s), 896, 9% relative areas 2 :2 :3 :3 :3. (Found: C, 7466; I-I, 8.76; 
N. 3.67. C&,H,,NO, requires: C, 74.76, H, 915; N, 3.63%). 

3&Fomoxy-l7a-hydroxy-pregn-5-ene-2O-one corbamote esters. General method of preporotion 
A soln of 3~,17adihydroxy-pregn-5-en&O-ooe 3-formate(2 parts) in aryl isocyanate (7 parts) was heated 

at 100” for 15 hr. during which time crystals separated. The mixture was cooled, lilti and the crystals 
washed successively with hexane. purification was achieved by crystallization from a suitable solvent system. 
Yields were in the region of 50-70”/.. 

3~Fomwxy-17a-hydroxy-pregn-5-ene-2O-one phenyl co&mote (Va), crystaUixcd from MeOH in 
needlea, m.p. 253-254”; [a],, -77”; & 228 mp, 10e5 e = 8.1; v, 3200,1710,1600,1550, lso0 cm-‘; 
7 (Cm,) 192,2+2-g, 3.1.7&l, 895,931, relative areas 1:5:1:3:3:3. (Found: C, 71.74; H, 7.88; N, 3.16. 
Cz9H,,N0,+ MeOH requires: C, 71.5; H, 7.88; N, 283%). 
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3~Fomwxy-17a-hydroxy-~q7n-5-ene-2O-orte pchlorophmyl co&mote (Vb), erystalbzed from CHzClz- 
MeOH in needles, mp. 248-249”; v, 3250, 1705, 1605, 1540, 1490 cm-‘; 7 (CDCI,) l-92, 2.67-2.74. 
307,784,895,931,relativearean 1:4:1:3:3:3. (Found: C.67.70; H.695; N,262;Cl,7.2. CzPHSe.NO,Cl 
requires : C, 67.75 ; H, 7% ; N, 2.73 ; Cl, 692%). 

3f3-Formoxy-17a-hydrox~pregn-kne-2O-one ptolyl corhomotc (Vd), crystal&d from CHzClz-MeOH 
inneedles,m.p.W;[a 

5 

-92”;A_236mplO-‘e= 15.8;~~ 3309 1714 1604 1530cm-‘;7(CDcI,~ 

1.91, 26-2.9, 3.14 @road 7.67, 7.82, 895, 9.31 relative arc88 1:4: 1:3:3:3:3. (Found: C, 72.89; H, 7.81; 
N. 3.16. CzcHz,NO, rquires: C, 7299; H, 796; N, 284%). 

3~Formoxy-17a-hydroxy-pregn-5-cne-2@one m-tolyl corbomotc (Veb crystallized from CHzClz-MeOH 
in needles, m.p 256”; [a$, - 107”; & 236 rnb lo-’ E = 11.85; v, 3300, 1720, 170, 1620, 1600, 1545, 
1490 (iection) cm-t; r (CD&) 190, 255-2.8, 3.14 (broad), 767, 782 895, 9.31 relative areas 
1:4:1:3:3:3:3. (Found: C 73.13; H, 7.76; N, 280. C,,,H,,NO, requires C, 7299; H, 796; N, 2.84%). 

3f3-Fornwxy-17a-hydroxy-pregn-5-cnc-2O-onc mshlorophenyl corhomore (Vc) 
A soln of 3f3.17adibydroxy-pregn-5+en&O-one 3 formate (500 mg) in m-cblorophenyl isocyanate (1 ml) 

and benzene (1 ml) was boikd under reflux for 40 br, during which time a solid product separated. The 
mixture was cooled, filtered, and the product was washed successively with hexane. Two crysmllizations 
from CHzClz-MeOH gave the mshforophenyl co&more e&r (637 mg) as needks, m.p. 247-248”; [a]n 
-71”; L,_ 237 mp, lo-” E = 11.25; v, 32a0, 1720,1595,1530, 1475 (infkxion) cm-‘; 7 (CDCl,) l-90, 
2*7-2.85,3+X, 7*82,894,931 relative intemdties 1:4:1:3:3:3. (Found: C, 6768; H, 680; N, 2.58; Cl, 7.1. 
Cz9H,,N0,Cl requires: C. 67.75; H, 7ti; N, 2.73; Cl, 692%). 

3f3-F~xy-17a-hydroxy-pref7n-k2O-onc ethyl corhomorc (Vf) 
A S&I of 3~17adibydroxy-pregn-5+ne-2O-one 3 formate (1 g) in ethyl isocyanate (3 ml) and N-metbyl- 

morpholine (1 ml) was boiled under reflux for 30 br, during which time a solid product separated. Tbe 
mixture was cooled, filtered, and tire product was washed successively with hexane. Two crystallirations 
from CHzClz-MeOH 8nve the ethyl carbomate ester (650 mg) as prisms, mp. 218-219”; [a]n -52”; 
v, 3w), 1720,154O em-’ ; 7 (CDCl,) 193, at. 6.7 (multiplet), 7-90,8*81 (tr. J = c/s), 895,9*34 relative areas 
1:2:3:3:3:3. (Found: C, 69.76; H. 869; N, 3.38. C,,H,,NO, requires: C, W57; H, 864; N, 3.25%). 

Y-Hydroxy, r-mcthyb3’-raylspfro[3~hyd~x~~o~-~l7,5’(l’a~~o~~~]-~~ 
General method of preporotfoa A soln of NaOH (@2 parts) in water (2 parts) was added to a soln of the 

steroidal 17auubamate ester (04 parts) in MeOH (10 parts). Tbe mixture was boiled under reflux for 3 br, 
cooled, poured into cold dil HCI, and filtered. The ppt was wasbed with water, dried and purified by 
crystallization to give the required oxazolidone. Yields were in the region of 7095%. 

4’-Hydroxy,4’-methyl-3’-phmylspiro[3~-hydroxy-~ro~-5-~17,5’(1’a)o*azolidine]-2’-one (Via; R’ = 
H), crystallized from CHzClz-MeOH in needles, m.p. 255-256”; [a], -71”; 1,222 mp, 10e3 E = 6.2; 
v, 3230, 1725, 1600, 15QOcm-‘; 7 (pyridine) 8.32,881,892 relative areas 1: 1: 1. (Found: C, 7446; H, 
8.26; N, 3.22 CzzHz,NO. requires: C, 74.47; H. 826; N, 3.100/,). 

4’-Hydroxy,4’-methyl-3’-m-chlorophoylsp~o~3~-hydroxy-~rost-5-e~-17.5’(l’a)-oxazolidine~-~-one 
(WC; R’ = H), crystallized from CHzClz-MeOH in plates, m.p. 263”; [a&, -66”; d_ 227 mp; 10e3 
e = 5.74; v- 3230,1705,1601,1580,1480cm-‘; r@ykline)8~31.8~82,893, relativeareas 1 :l :l. (Found: 
C, 68m; H. 7.31. C,,H,cNO&l+ MeOH requires: C, 68.2; H, 7.58%). 

4’-Hydroxy,Y-methyl-3’-p-chlorophenylspiro[38-hydroxy-androst-5-me-17,5’(lta) oxazolidinel-r-one 
(Vld; R’ = H), crystallized from CHzClz-MeOH in plates, m.p. 248”; [a]n -51”; &_ 224 mp, lo-’ 
e = 68; v, 3300, 1715, 1603, 1500 cm-t; 7 (pyridine) 8.32,8.82,894 relative ereas 1: 1: 1. (Found: C, 
66.7; H, 76; N, 3a). Cz,H,,NO,Cl. MeOH requires: C, 67.2; H, 7.7; N, 2.7Q. 

4’-Hydroxy,4’-methyl-3’-m-tofylzpiro[3~hyd~xyMdrost-5-me17,5’(1’a~oxazo~idi~]-2’-o~ (vlf; R = 
H), crystallized from CHzClz-MeOH in plates, mp. 260-261”; [a&, -69”; L 223 mp; v-3250. 1715, 
1615, 1585, 149Ocn1-~; 7 (pyridine) 7.80, 830, 8.79, 892, relative dress 1:l:l. (Found: C, 71.5; H, 85; 
N, 29. Cz9H,,N0.*f MeOH rquires: C, 71.2; H, 865; N. 2.82%). 

4’-Hydroxy,4’-methyl-3’p-tolylspiro[3B_hydroxyandrost-5-me-l7,5’(1’a)_oxuzolidine]-2’~~ (Vlg; R’ = 
H), erystalliz.ed from CHzClz-MeOH in platea, m.p. 225”; [a 

+I 
-61”; &. 220 mu. lo-” E = 6.98: I’,,, 

(KBr disc) 3250,1710,1620,1520 cm- ’ ; 7 (pyridine) 7.768.31, 80,891, relative ereas 1: 1: 1: 1. (Found: 
C, 71.9; H, 8.3; N, 2.9. Cz,H,,NO,* 

t 
MeOH requires: C, 71.2; H, 865; N. 2.82%). 

Y.Hydroxy.4’~methyl-3’-ethylspiro 3g-hydroxy-ondrosi-5-me-17,5’(1’a)-oxozolidine]-2’-onc (Vlb; 



326 A. P. LKITWCK 

R’ = H) was similarly prepared and ayWllizod from CH,Cl,-McOH in n&lea, mp. 270-271”; [a]u 
- 126”; v, 3250. 1700 cm- *; T (pyridine) 655 (mt, probably a quh 830, 8.78 (tr J = 7 c/s), 889, 899, 
relative arcaa 2: 3 :3 :3:3. (Found: C, 68.7; II, 914; N. 352. C,,H,,NO,McdH requirm: C. 690; II, 9.27; 
N. 322X). 

4’-Hydroxy,4’-methyl-~~y&p~[3Boccto 
General method of prepuratioa A soln of the appropriate 3~hydrory steroid (1 part) in pyridine (10 

parts) and Ac,O (4 parts) wae left at 27’ for 15 hr. Tbc soln was poured into water, and the ppt &ected 
and washed with water. Purification was by ctystallization to give tbe required 3~acotate3. Yklds were in 
the region of WA. 

4’-Hydroxy,~-mcthyl-3’-phmy~~o[3~-occtoxy-rmdrost-5-mr-17,S(l’a)-o~ol~]-YY-onc (Via; 
R’ - AC), crydlized from CHICII-MeOH in tree&s, lap. 262”; &.= 226 mp; v_ 3230.1725.1705.1600, 
1MOcm~‘;r(CDC1,)7~,8~32,~8~9~reiativeareas1:1:1:1;mo1.wt.493(Ctomthemasespactrum). 
(Found: C, 73.15; H, 794; N, 309. C,,H,,NO, rcquircs: C, 7299; II, 7%; N, 284%). 

4’-Hydroxy,4’-methyl-3’-m-chlotophny~~[3~-oectoxy-~~-5-eru-17$’(l’a)-oxazolldbre]-~-one 
(VIc; R’ = AC), crystal&d from CH,Cl,-MeOH in n&k+ mp. 276”; [ab -69”; v, 3XlQ174Q 1700, 
1595.1574 1480, cm-‘; r (pyridine) 792,8*32,882,8+X? (Found: C, 68.3; H, 70; N, 2.8. C,,H,,NO,Cl 
requires : C, 68.25 ; H, 7.2 ; N, 265%). 

4’-Hydroxy,Y-methyl-3’-p-chlorophonylspiro[3$-acetoxy-Mdrost-5-ene-l7,S(l’a)-oxazolidine]-2’-one 
(YId; II’ = Ach uystallizcd from CH,Cl,-MeOH in plates, mp. 268”; [a 

Is 
-60”; II, 224 mp; v, 

(KBr disc) 3200, 1730, 1705, 1599 (very weak), cm-‘; T (ppidinc) 793, 8 3, 8.82, 899 relative arcas 
1:l :l:l; mole wt. 527 (from tbc mass spectrum). (Found: C, 6811; II, 716; N, 272 CWHIeNO,Cl 

rcquircs : C, 68.23 ; H, 7.25 ; N, 265%). 
4’-Hydroxy.4’-merhy~-3’-m-lo~y~spiro[3~acetoxymdrosr-5-el7.S(l’a~oxazalhi~]-2’~~ (VIf; R’ = 

AC), crystalbred from CH,CI,-MeOH in plates, mp 275-276”; [a& -73”; Ih, 224 mu; v, (KBr disc) 
3250. 1730.1710, 1615.1604 1490 cm-‘; r (pyridine) 7.84 792,8*3Q 8.84 8% relative arcas 1: 1: 1: 1: 1. 
(Found: C, 73.37; II, 7.83; N, 3.10. C,rH,,NOs requires: C, 73.34; II, 8.14; N, 276%). 

4’-Hydroxy.4’-methyl-3’-p-tolylspiro[3~-aceto~ymdrost-5-el7,5’(1’a)-oxazolidino]-2’-one (YIg; R’ = 
Aoj, crystallized from CH,CI,-MeOH in ncedlcs, mp 266“; [a], -61”; &, 227 mp; v, 3319 1725. 
1715. 1614 1524 1480 (intkxion) cm-‘; 7 @y-dine) 7.75, 793, 8.32, 8.81. 899, relative arcas 1: 1: 1: 1: 1. 
(Found: C, 7367; II, 8(n; N, 284. C,,H,,NO, requires: C, 73.34; II, 8.14; N, 2.76%). 

U-Hy&oxy,4’-methy1-3’-cthylrpitoc3B-occto-mdrost-5-cnr-17,5’(1’a)-oxazo1~]-2’-onc (VIb; 
R’ = AC), was similarly prepared and crystallized from CH&l,McOH in rbombs, mp. 282”; [a],, 
- 124.5”; v_ 3250, 1730, 1710 cm-‘;.I (@dine) 797, g-328.78 (tr, J = 7 c/a), 8*89,9(K) rclativc areas 
1: 1: 1: 1: 1. (Found: C, 7002; H, 8899; N. 3ll3. Cr,H,,NOs requires: C, 708; II, 8.82; N, 3.14%). 

General method of prepararion A soln of the Y-hydroxy.Y-methyl oxaxolidone steroid (1 part) in pyridinc 
(15 parts) and POCl, (2 parts) was kft at 27” for 15 hr. Tbc mixture was poured into ice/water and liltcrcd. 
Tbc ppt was washed witb water, dried and purifkd by crystallization to give the required 4’-metbykne 
compound Yields were in tbc region of WA. 

4’-Methylene-3’-phmy~p~o[3~etox~~o~-5~176’(1’a~xatol~]-2’-one (VIIa), cryetallk.ad 
from CH&l,-McOH in nccdlcs, m.p. 208”; [a]u -20”; L 217 mp, lo-’ e = 15.7; v,, l775,1725,168Q 
1650, 1590, 1490 cm-‘; T (CDCld 24-2-7, 574 (AB pattern, AT = 916 c/s, JU = 3 c/s) 7% 894.9.09, 
relative areas 5 :2: 3:3:3; mol. wt. 475 (gem tbe mass spectrum). (Found: C, 7592; H. 763; N, 3%. 
C,,,H,,NO* requires: C, 75.76; II, 784; N. 295%). 

crystal&d from CH,Cl,-MeOH in spears, lap. 285”; [a& -4”; &= 215 mp; v, (KBr disc) 178Q173Q 
16&l, 1500 cm- I ; r (CDCl,) 26&28Q 5.77 (AB pattern, A7 = 8.5 c/s, Jm = 3 c/s) 7% 8*95.9*10. nlative 
artas4:2:3:3:3.(Found:C,7031;H,7QS;N,2~.CloH,~NO*rtquircs:C,7~64;H,7.11;N,2.75%~ 

Y-Methyk~-3’-ptoly~p~~o[3~~~oxy-rmd PIId), crystallized 
from CH,Cl,-McOH in prisms, m.p. 282”; [a]u +@6”; v, 1775. 1744 1650, 1520 cm-‘; T (CDCl,) 
2-7-2.8, 5.77 (AB pattcm, AT = 8.1 c/s, JIu = 25 c/s), 7.60, 795, 894, 910, relative areas 4:2:3:3:3:3. 
(Found: C, 75.93; H, 780; N, 299. C,,H,,NO, requires: C. 76-04; II, 8a3; N, 286%). 

J -~Uethylene-3’-m-chrophenylrpirol3B4ec (VIIc). The 
crude product was cbromtatographal on silica, and clution with bcnzcne-cbloroform (1: l), colkction of 

the main band, evaporation of solvents, and crystallization of the residue from C&Cl,-MeOH gave the 



Steroidal oxawlidones 327 

required m-cbloropbenyl oxazolidone as ncuiks, m.p. 184-185”; [a]n - 15”; &_,, 214 mp, 10e3 e = 21.4; 
v, 1800,1760,1695,1620.1605,1500 cm-‘; r (CDCl,) 2+63-273.5.72 (AB pattern A7 = 85 c/s, JU = 3 
c/s), 795,894,9.09, relative areas 4:2:3:3:3. (Found: C, 7061; H, 704; N, 2-61; Cl, 6-85. Cs,Hs,NO,CI 
requircs:C,7064;H,7~11;N,2~75;Cl,~50/.). 

~-Mcthylnc-3’-cihy~~~3~x~~t-5-~-17,S(l’a~~l~~]-~~ (We), was similarly 
prepared and crystaIlkd from CH&l,-MeOH in spears, m.p. 198-1W ; [a&, - 12.5”; Ib, 222 mp, 
lo-’ e = 15.8; v, 1770, 1740, 1690, 1650 cm- ’ ; t (CDCl,) 5.78 (AR pattern, A7 = 10 c/s, J, = 2.5 c/s), 
6.5 (mt), 794.8-82, 896,914 relative areas 2:2:3:3:3:3. (Found: C, 73.13; H, 862; N, 3.15. t&H1,NO* 
requires : C, 7303 ; H, 8.72 ; N, 3*280/,). 

4’-H~xy-4’-mcthy&~-~y~p~o[3~f~x~o~-~~17,5’(1’a)-ourzolidine]-2’-one 
General method of prepuration. A soln of 3~,17adibydroxypregn-5-ene-2O-one 3 formate (1 part) in aryl 

iscqnnate (4 parts) and N-methylmorpholinc (1 part) was heated to 100” for 3 br. during wbicb time 
crystals sepnrated. Tbe mixture was cooled and liked. The solid product was wasbed witb hcxane and 
purilled by crystallkation to give the required oxazolidone. Yields were usually in the region of 60-Wk. 

4’-Hydroxy,~-methyC3’-phcnylsplroc3Bf ormoxy-undro&-en17,5’(1’a)-oxuzolidine]-2’-one (Via; R’ = 
CHObcry~fromCH,CI,-MeOHinplates,mp.252”;[a], -78”;v_3300,1710,1610,1500cm-‘; 
r (pyridine) 8*39,8-85.902 relative areas 1: 1: 1. (Found: C, 72.25; H, 7.71; N, 2.74. CI,H,,NOs requires : 
C. 72.62 ; H, 7.78 ; N, 292yJ. 

4’-Hy&oxy,4’-methyl-3’-o-cMofop~y~pi~[3~-fonnoxy-muirost-5-ene-17,5’(1’a)-oxazolid~]-2’-one 
(VIb; R’ = CHO), crystalked from CH,Cl&kOH in needles, m.p. 264”; [a]o -56”; v, 32CQl740, 
160(al~cm-‘;s@~)8~39,8~82,~nlativcareasl:l:l.(Found:C,67~52;H,~90;N,2~;CI, 
724. CtPHsINOsCl requires: C, 67.76; H, 706; N, 2.73; Cl, 6WA). 

4’-Hydroxy,4’-methyl-3’-m-chkwophenyfspiro[3~-f ot7noxy-androst-5-ene-17,5’-(1’a)-oxazolidine]2’sne 
(WC; R’ = CHO), cry+tallkd from C&Cl,-MeOH in platea, m.p. 262-263”; [a],, -77”; J,_ 230 mp; 
v, 3250,17X, 1605,1590,1490 cm-‘; 7 @yridine) 8.31,8.81,9Q2, relative areas f: 1: 1. (Found: C, 67.18; 
H. 678; N, 2.71; Cl, 7.11. CzPH,,NO,Cl requires: C, 67-76; H, 7ti; N, 2.73; C& 6Wk) 

u-~ydroxy,~-mcthyl-3’-o-toly&p~o[3~f o~xy-ondrost-5-ml7.5’(1a~~oIidine]-2’-one We; 
R’ = CHO), crystal&d from CH,Cl,-MeOH in plates, m.p. 274-275”; [a]n - 76” ; v, 3200,1730,1605, 
1590,1500cm-‘;r@yridint)7~56,8~46,8~8~91)1rclativcartas1:1:1:1.(Found:C,72~;~791;N,274. 
C,,Hs9N0, requires: C., 7299; Ii, 796; N. 2.84%). 

4’-Hydroxy,4’-rmthyl-3’-m-~lylspiro[3~-fonnoxy-cmdroJt-5-enc-17,5’(1’a)-oxozolid~]-2’-one (VIF; 
R’ = CHO), crystalked from CH&l,-MeOH in needles, m.p. 267” ; [ah -76” ; A_ 224 mp ; v, 3200, 
1730, 1605, 1690, 1495 cm- * ; r (pyridine) 7.80, 8.31, 881, 9QO relative areas 1 :l :l :l. (Found: C, 72.71; 
H, 7.75 ; N. 2.70. Cs,,H,9N0, requirea : C. 7299 ; H, 796; N, 2.84%). 

4’-Hydroxy,‘-mthyl-3’-p-tolylrpirol3B-f ormoxy-androst-5-efw-17,5’(1’a)--oxuzolidine]-~-one (vIg; 
R’ = CHO), crystalked from CH$l,-Me-OH in plates, m.p. 2r12-243”; [ah -67.5”; J__ 219 mp; v, 
3200, 1720, 1690, 1600.1505 cm-‘; T @yridine) 7.77,8*32,8*81, Wl, relative areas 1: 1: 1: 1. (Found: C, 
73.16; N. 776; N, 307. C,,Hs,NO, require-s: C, 7299; H, 796; N, 2.84%). 

4’-Hydroxy,4’-m&hyC3’-a-naphrhylspiro[3~f onnoxpmuirost-5-ene-17.5’-(1’a)-oxozolid~]-2’~one (Vii; 
R’ = CHO), crystalked from CH,Cl,-MeOH in plates, m.p. 263”; [alo -68.5”; & 222 (strong), 271, 
280 (weak) mk dLnnolbo 290 mp ; v, 3250,1730,1720,1640,1605 cm-’ ; T (pyridine 8.45.8.80.8.98 relative 

areas 1: 1: 1. (Found: C, 7492; H, 7.22; N, 2.79. Cs,H,,,NO, requirea: C, 74.83; H, 7.42; N, 264%). 

~-Hydroxy,r-mcthyC3’-pchlorophnyLcpiro ormoxy-wfrost-5-ene-l7.5’(1’a)-oxuzol#ine]-2’-one 4-p 
chlorophenyl a&mute (VIII) 

A soln of 3p,17adihydroxy-preg-5cne-Mane 3 formate (500 mg) in p-chlorophcnyl isocyanate (2 ml) 
and N-axthylmorpholinc (05 ml) was heated at 100” for 5 br, during whid~ time crystals separated. The 
mixture was cooled, Wered, and the ~ystals washed witb hexane. Three qstalkations from CH,Cl,- 
MeOH gave the oxuzolidone cmbomotc ew, (300 mg) as needka, mp. 232”; [ab -72”; v, 3200,1740, 
1720, 1605, 1540, lso0 cm-‘; T (pyridine 769,9Q5,938. r (CDCl,) 190,2*39,2-53-2.83.785,904,944 
relative areas 1:1:8:3:3:3; moL wt (from mass spectrum) 666. (Found: C, W12; li, 576; N, 404; Cl, 
1103. C,,H,,N,O,Cl, requires: C, 64.11; H, 615; N, 4.27; Cl, 1@82%). 

4’-Methylene-3’-n-by~p~o[3~formoxy-mdros,-~me-l7,5’(1’a~ouuolidine]-2’-one (VIlf) 
A soln of 3~,17adihydroxy-pregn-5-ene-2&one 3 formate (1 g) in n-butyl isocyanate (3 ml) was heated at 
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loo” for 24 hr. cookd, and allowed to stand at 27” for 44 hr, during which time crystals separated. The mix- 
ture was Bltered and the uystals washed with hexane. Two aystaWations from aqueous MeOH gave the 
exocyclic methylcue oxozolidone (400 mg) as plates, m.p. 152-153”; [a]n - 16”; Ib, 222 mp, lo-) e = 193 ; 
v_ 1775, 1725, 1680, 1640 cm-‘; r (CD&) 1.93, 5.79 (AB pattern AT = 10 c/s JAB = 25 c/s), 896, 9.15 
relative areas 1:2:3:3. (Found: C, 73.23; H, 8.97; N, 3.30. C27H39N0. re@es: C, 73.43; H, 890; N, 
3.17%). 

~-Mer~ylene-~-nlIyIspirol3Bformoxy-and-l7.5’(1’a)-oxatolidfne]-2’-one (VIIg) 
A soln of 3g.17a-dihydroxy-pregn-5-ene&?O-one 3 formate (1 g) in ally1 isocyanate (7 ml) was boikd 

under reflux for 15 hr, cooled and poured into hexane. The resultant gum was washed by deeantation, 
titurated with EtOH and the solid product colketed by f&ration. Three ctystallimtions from aqueous 
MeOH gave the exocyciic merhyicne oxozolidone (42 mg) as plates, mp. 178”; [u]o - 11”; a=,,, 220 mu, 
10-s e = 121; v, 1770, 1725, 1690, 1655 cm-‘; x (CDCl,) l-94, 580 (AB pattern AT = 10 c/s, 

JAB= 3 c/s) 8.96.9.14 relative areas 1: 2 : 3 : 3. (Found : C, 73Q3 ; H, 8.25 ; N, 354. C,,Ha,NO, requires : 
C. 7398; H. 829: N, 3.29%). 

General method ofpreparation. A soln of 17a-hydroxy-pregn4en+3,2Odione (1 part) in aryl isoqanate 
(3 parts) and N-methylmorpholine (06 parts) was heated at 100“ for 15 hr. The mixture was cooled, filtered, 
and the colkcted solid was washed with hexane to give the aocyclic methykne oxazolidone. Yields were in 
the region of MA. 

4’-Mcthylcn&‘-phenyrppiro rmdrost-4-ene-17,5’(l’a~~l~i~2’$ @Ha), uysmlhxed from 
CHsCl,-MeOH in cubes, m.p. 308”; [a&, + 153”; 2_ 233 mp; v_ 1770,1660,1610,1590,1490 cm-r; 
z (CDt&) 25-2.7. 5.71 (AB pattern AT = 9.5 c/s Jm = 3 c/s), e77.904 relative areas 5 : 2 : 3 : 3. (Found : 
C, 77.26; N, 7.62; N, 3.58. C,,H,,NO, requires: C, 77.92; II, 7.71; N, 3.25%). 
4’-Methylene-3’-o-chlorophenylspiro[rmdrost4ene-l7,5’(1’a)-oxarolidine]-2’~dione (XIIb), crystallized 
from CH,Cl,-McOH in noedlts, rap. 274”; [a&, + 164”; &_ 216 mp, lo-’ 6 - 2365, Ib, 237 mp, lo-’ 
E = 18.7; v_ 1780,1675,1640,1605.1490 cm-‘; z (CDCl,) 2&2.70,5-78 (tr, J = 3 c/s), 6a (tr. J = 3 
c/s), 8~78,9-O4relative areas4:l :1:3:3.(Found: C, 72.13; H, 671; N, 29O;Cl, 744. C$.,H,&lNO, requires: 
c, 72.16; H, 692; N, 3M); Cl, 762%). 

4’-Methylene-3’-m-chlorophenyLFpiro[androst-rlene-l7,5’(1’a)-oxarolidfne]-2:3dione (XIIc), crystallized 

from CH,CI+kOH in cubes, m.p. 28WS4”; [ab + 143”; II. 216,234 mp; v_ 1770,1675,1630,1600, 
1490 cm - ’ ; T (CDCI,) 2*47-2*70,565 (AB pattern AZ = 9-5 c/s J, = 3c/s),8~77,9G6relativearcas4:2:3:3. 
(Found: C, 72.18; H, 6*85; N, 293; CI, 7.73. C,aH,&lNOs requirea: C, 72.16; H, 692; N. 301; Cl, 7.61%). 

~-Merhylene-~-pch~rophenylFpiro[rmrir (XIII) was only ob- 
tamed in a crude state r (CDCl,) 5.73 (AB pattern A7 = 8c/sJI, = 2~5c/s),880,9%rektiveateas4:3:3. 

~-M~hylene-~-m-toly~p~o[~o~~l7~(l’a~~ol~]-~~~~ (KIIe), crystal&d from 
CH,CI,-MeOHinneedks,m.p.2tXX!61”;[a~+159”;~210~10-5e - 176,232mp,10-“s - lg2; 
v, 1770, 1675,162O. 16OLj1495 cm-‘; z (CDCIJ 2.70-284.5-76 (AB pattern As = 8 c/s J, = 2.5 c/s) 
7.58,8-77,9a5. relative areas4:2:3:3:3. (Found: C, 77.4; H, 795; N, 3.28. Cs,H,,NOs requires: C, 78.17; 
II, 782; N, 3.14%). 

3B,17~Dihy&oxy-l7a-cyano-eftdrost-5-cne 3 acetat& (XIII) 
A soln of KCN (25 mg) in aoetone eyanohydrin (7.5 ml) and water (1 drop) was added to a soln of 38 

aeetoxy-androst-5-ene-17-one (25 g) in EtOH (125 ml) at 0”. The mixture was stirred at 0” for 4 hr. poured 
into water and extracted with EtOAc. The organic phase was washed with water, dried and evaporated to 
a small volume. Addition of hexane causad aystallixation, and the product was collected by hltration. 
NMR showed this product (1 g) to be the 17Bhydroxy isomer. T (CDCI,) 794,895,911 relative amas 1: 1: 1. 
The product was kft as such for the next stage. Evaporation of solvents gave a solid residue, shown by IUMR 
to be a mixture of the 170 and 17Bhydroxy isomers. 

4’-Imino-~-pheny&piroC3gacetoxy-mrctro17,S(1’~~xaEolidinc]-2’~ (XIV) 
A soln of 3g,17fl-dihydroxy-17a-eyano-androst-5cnc 3 acetate (500 me) in phenyl isoeyanate (2.5 ml) 

was heated at loo” for 15 hr. The mixture was cookd, poured into hexane, and filtered. The solid was washed 
with heexane and crysmlhxed from aqueous MeOH to give the imino oxuxoiidone (630 mg) as needles, mp. 
208-209”; [a& - 157”; v,, 3250.1740, 1724 1630,1610,1550,1505 cm-‘; 7 (CDCl,) 25-29,3.13,795. 
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895,9Q5 relative areas 5 : 1: 3 : 3 : 3 ; mol. wt. 476 (from mass spcctrum~ (Found : C, 7207 ; H, 7.20 ; N, 6-03. 
Cz9H,N,0,-f McOH requires: C, 719; H, 7.20; N, 5.70%). 
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