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Condensation of 2-hydroxymethylene-l'ia-methyldihydrotestosterone with benzamidine hydrochloride gives 
Treatment of the same starting material with a variety of amines has led to the 

Certain rotational characteristics associated 
Treatment of 20-bromo-3-ketoandrostanes with either thioformamide or 

The biological activity in anaboliclandrogen 

a ring A4 fused pyrimidine. 
preparation of a number of 2-aminomethylene type compounds. 
with these compounds are noted. 
thioacetamide leads to the corresponding ring A fused thiazoles. 
assays of the above compounds is reported. 

Recently a number of papers have appeared con- 
cerned with the preparation of steroidally fused pyra- 
z01es,~ i s o x a ~ o l e s , ~ ~ ~  and thiazoles.2,6 In  addition to 
these examples which are involved with fusions to 
t'he -4-ring, heterocycle fusions at  C11: C12,' C I ~  : CI? 
and C20: C219 have been reported. The present paper 
reports a part'ial description of our work in this area.'" 

The condensations of p-diketones and related com- 
pounds with amidines to provide pyrimidines are well 
known reactions." In  t'he present case, t'he enol of 
such a system, namely, 2-hydroxymethylene-l7a- 
methyldihydrotestosterone (Ib) , 1 2  was allowed to react 
with benzamidine hydrochloride in the presence of 
ethanolic potassium hydroxide. By these means, 
moderate yields of 17P-hydroxy-17a-methyl-.!! a-andro- 
stane-2'-phenyl[2.3-e]pyrimidine (11) could be ob- 
tained. Oddly, repeated attempts to prepare the cor- 
responding 2'-methyl derivative by a similar reaction 
with acetamidine failed.13 

To prepare the thiazole analogs, the standard proce- 
dureI4 employing reaction of a-bromo ketones with 
thioacetamide or thioformamide was employed. Thus 
the 2-hydroxymethylene steroids Ia15 or Ib12 were first 
converted to their 2a-bromo derivatives IIIa and b by 
the sequence of bromination and mild alkaline hydrol- 
ysis.16 I n  general, the yields of thiazoles obtained by 
reaction of these bromo compounds with the thio- 
amides ranged from 20 to 40%.17 

(1) Paper CLXXXII.  F. A. Kincl, Endokrinologie, 42, 51 (1962). 
(2) For a preliminary communication see J. A. Zderic, 0. Halpern, H. 

Carpio, A. Ruiz, D. ChLvez L i m b  L. Magafia, H. Jimenez, A. Boners, 
and H. J. Ringold, Chem. Ind. (London), 1625 (1960). 
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(4) R. 0. Clinton, 4 .  J .  Manson, F. W. Stoner, H. C. Newman, R. G. 
Christiansen, R. L. Clarke, J. H. Ackerman, D. F. Page, J. W. Dean, W. B. 
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R.  C. Elderfield, Ed.. J. Wiley and Sons, Inc., New York, N. Y., 1957, p. 234. 
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(13) Private communication from A. Bowers. 
(14) R. H. Wiley, D. C. England and L. C. Behr. Org. Reactions, 6, 307 

(1951). 
(15) .J. Edwards and H. J. Ringold, J. Am. Chem. Soc.. 81, 5262 (19.59). 
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Srhneider, P. F. Beal and $1. Korman, .I. Am. Chem. Soc., 77,  4438 (1955). 

In  addition to the above compounds, a number of 
substituted and unsubstituted 2-(aminomethy1ene)- 
androstanes were prepared for the purpose of evaluating 
their biological properties. Compounds of this class 
were synthesized readily by treatment of the 2-hydroxy- 
methylene steroids Ia15 or Ibl* with the appropriate 
amine. The reaction conditions required varied ac- 
cording to the amine used. Recently several other 
laboratories1s-20 also have reported the preparation 
of certain 2-aminomethylene derivatives. The investi- 
gators in one of the latter groups*O have called attention 
to large rotational changes which they ascribed to the 
replacement of the 2-hydroxymethylene group by the 
2-RzNCH= function. 

Examination of the rotational data in Table I indi- 
cates that the large shifts noted by Clinton, et al., 
are not due solely to the above replacement reaction. 
Rather it may be seen that the sign and magnitude 
of the rotation of a 2-(aminomethylene)-3-keto-5a- 
steroid depends on the nature of the R substituents in 
the 2-R2SCH= function. In  those cases where pri- 
mary (Va) or secondary amines (Vb. c) are present, low 
positive rotations were observed. On the other hand 
when the amine is tertiary as in T'd-g, large negative 
rotations are found. 

TABLE I 
2-sUBSTITUTED 1'ia-hIETHYL-ja-.4NDROSTAXE 17&OL-3-ONE 

Ib 
Va 
Vb 
v c  
Vd 
Ve 
T'f 
Vg 
Vh 
Vi 

Substituent 

HOCH= 
H,P\'CH= 
(CH,),TCH,CH,KHCH= 
(CzHj)zSCH?CH2;\"CH= 
CjHi,NCH= 
(CH,)zSCH= 
( CzHj)?SCH= 
C,H,X( CH,)CH= 
CH,OCH= 
p-ClCeHaSCH= 

Specific rotations, 
[alD" 

+3812 
$35 (pyridine) 
+61 + 20 
- 255 
- 259 
- 190 
-399 
$48 7?' 
+ 62 

At first these results seem to suggest that the magni- 
tude of the rotation could be dependent upon the forma- 
tion of hydrogen bonds between the primary and 
secondary amines and their C-3 ketones. Inspection 

(17) Doorenbos and Dorne have claimed that  the physical constants for 
IVa and b are in error. Redeterminations employing a carefully calibrated 
thermometer have given values almost identical with those originally pub- 
lished.* For a further comparison, see the constants recorded for IIIb in 
the Experimental section as well as those in  ref. 28. 

(18) G .  destevens and A.  Halamandaris, J .  Ore. Chem., 26, 1614 (1961). 
(19) S. H. Burnstein and H. J. Ringold, ib id . ,  26, 3084 (1961). 
(20) R.  0. Clinton, A. J. RIanson, F. W. Stonner, R .  L. Clarke. I<. F. 

Jennings and  P. E. Shaw, ibid., 27, 1148 ( I R t , ? ) .  



of molecular models iiidicates that in the primary arid 
wcoiidary amines J-a-c, the S-H bond iq in fact 
f i t \  orably located to cntcr into hydrogen t~oiiding wit I t  
the> C-J ketotic. To  obtaiti widciicc for the prcsciicci 
of c.iicIi hoiidiiig. tlicl n.m r. spwtra of T 7 b  and \'r ncri. 
csamincd iii dr~~tcrioclilorofoi~m; attempt\ to  zimilarl\ 
 cord tlitx specitriim of \-a failc.rl diic. to it- i i i w l t i l ) i l ' t \ .  

-c thc S-E1 protoii sigrials IVEI'C located 
at 10 21 :tiid 10.8(i p.p m. downfield from tetrametliyl- 
silaiic. Such extreme dowiifeld shifts clearly iiidicate 
that hot11 compounds coiitaiii S-H protons iiivoli-td i i i  

hydrogrii h i i d 4  111 the r a w  of 1'11, tlic hiiigl(' 
roton slion.ed a doublet pattern at 6.rX) p.p.In. 
t h o  S- H protoii exhibited a quintet at 10 2 I 

te of this evideiice for liydrogeii tionding, it 
doc's iiot appear that this bonding provides a completc 
a n ~ n c ~  to the ohserved rotatioiial shifts. If it did tlicii 
it could he reasonably cixprcted that removal of tlic 
Iiytlrogcii 1)oiidiiig i n  111, [u ]n  $3" 11 oiilcl resiilt 
111 a iliift to a large negativcl rotatioil. (711 the C O I I -  

tray whcii 11) is coiivrrted either to its mc%liyl ether 
deriI-ativc \ V3 or to the p-chlorothiophenol derivative 
Vi low p o s i t i \ ~  rotatioils, [ L U ] I )  $48 i o  and 4-62', 
r c y x t i v c l y ,  still are obitm-ed. 

I ~irt l ier  cuamiiiatioii of  molecular models also indi- 
mte that 111 \?a-c tlir 13 fiuictioii i n  RSHCH- i4  
rapahlc of assuming almost any cwiiformation from oiic 
:ipproximatcly in the plaiie of the steroid ring system to 
oiie pcrpciidicdsr to that plane. Similar conforma- 
tions also may he achieved 1,- tlitl methyl ether T-h and 
t l i ~  p-chlorottiiopliciiol d c ~ i r  ati\-cl I?, On the other 
liaitcl \ \ I w i i  tc.rtinr> amiiies are prcwiit, az in  T'd-g. 
cc~vci'c <tt>ric i i i toractio~i~ cwst t)(xt\weii the methyl 
hj-drogriia (a. i t 1  \-c>) or tlic a-methylene hydrogen- 
ins in 1-(1. f ,  g) u i ~ d  the C-;; kctolie. 111 thest. cases. 
the steric. c>l'fccts 1x111 iiot permit the previously mcii- 
tioiicd planar coiiformatioii. ItsitEier tlic R groups in 
lZSSCTI= will h fo rcd  ton-ard cvnformatioiis roughly 
pc~rpendiciilar to the steroid plaiic. 

The possibility that tlic rotatory cliaiigcs may be due 
t o  these extreme conformation. n ith their attendant 
vffccts must t1c1 canderetl 

Several examples h a w  n1w tieen collected in Tab1r.s 
11 aiitl I11 to dcmoiistratc~ tliii cffect iii the 17-des- 
mcttiyl aiid A*-:J-krtoiir> Periei. 111 tlic. 1attc.r caw 
I\ h11v t I prim:uj- aiid scvoiidsry amine examples 
aIrcacly possess negative rotatioils very strong iiegativc~ 
<liifts arc. itill ot)c .c~v~d i i i  the tertiary amines 

Biological Data.- 'i'hc androgenic and myotrophic 
activiticxi of the cwmpoiuitl5 presented in Table IT' 
11 (w dc~tcrminetl in the immature., 21 -day old castrate 
mal(. i:rt . > I  I'or oral administration the compounds 
11 ere gi\-eR iii 0.5yo tragacanth. For subcutaneous 
administ ration, the material \vas suspeiided in CMC 

i l l )  *<<, 0 I ) i< lrh  and 11 11 I l i i ln i  J '!rn Chern hoc 84, 2691 
(IOIr2) 

( 2 2 )  \\ l ~ i l i x  t l i eae  sp l i t t i uz  iut te ins  die nulnidi  for the structiire of \ b  
tlie sprctiuiri uf V( seem% anoiiialoris IIere the olefinic proton appears as  
a singlrt a t  8 S i  j j  :I m nnd tiir C-H proton as a triplet a t  10 86 p p m. kt 
Tiresr.nt \\e rannot accoiint for  the diffrrence In the t \ \o  s ~ i l i t t i n ~  patterns 
nor rr in  U P  n r r o i r n t  for t h e  seerningly lilah d ~ p l  tnent o f  the olrfinic lrro- 
t l i l l  pi  iii I I I  I < 

( 2  > i ( 0 1 r  1)  I1 ililerri . tnd k l < < i \ i t i \  J IIurl I'tiorrri. ( 'hem , 6, 400 

1 2  1 11 I I h r fn i an  "\\lethods in  Fiuiinone Research," Yo1 11, 4rade1nli 
(l'if .!) 

f ' l tb, ,Lt . \ ,  Yorh u Y 1902 

solution [aqutxous solution of sodium chloride (0.5yo i , 
polysorbate 80 (0.4%), carbox~methylcelhilose (0.5%). 
and benzyl alcohol (0.5%)]. 

Androgenic .a 

v2 
1 0  

IO 
I O  

<: IO 
<IO 

Tlic androgenic activity was calculated from tlic 
weight iiicrezlse of the semiiial vesicles and veiiti~d 
prostate aiid is expressed as the mean value of the t v o .  
The increase in  the weight of the levator aiii miihcl(1 
has been used as the indication of anabolic activity. 
Each value represents at least t\vo different four poiiit 
assays, using five aiiimals per dose. Tht. activity waq 
estimated graphically arid the precision of tlie estimate 
i h  jiidged t o  he h50yc. 

ExperimentaP 
17~-Hydroxy-17~-methyl-5a-androstane-2-phenjI j3,Z-d 1 - 

pyrimidine (II).-To 10 g of I b  in 500 ml of ethanol \ )as atirk I 
9 4 g of benzamidine hytlrochloride*7 and 40 ml of 8C;; eth:tnolic* 
potassium hydroxide After 2 hr on a steam tmth, the solvent 
n-as allowed to evaporate arid the resitllle n as diliite.tl nith 250 

(25) R. I. Dorfman, 1;. i, Rinrl and  :I. . J .  Ringold, Endorvinologv,  i n  
press. 

(26 )  With the exception of Compouniia IVa and IVb, all melting points 
are uncorrected and were determined on a Fisher-Johns apparatus. Ail TI)- 

tations have been determined in chloroform unless otherwise noted. \Vr 
wish to express our  appreciation to  Dr. . J .  Rlatthews and his staff for t i l e  
recordina of all infrared and iiltraviolet spertra and rotations. The niiclrar 
iriagnetic resonance spectra were r~xaininrd in a Varian A - G O  spectron1rti.r 
usjng ~l~~utrrirrchloroform soliitiori with trtrarnetliylsiiarlr as an internal 
standard. 

( 2 i )  ,A.  If'. Dnx, Org. .5'1/n., Coll. Vol.  1. 5 (1941). 



March, 196.3 STEROIDS. CLXXXIII 197 

I a , R = H  
b , R = M e  

--+ 

N H  
11 

OH OH 

IIIa  R = H IVa, R1 = Me, Rz =Me 
b, R, = H, Rz = Me 
C ,  R, = Me, Rz = H 

b R = Me 

d, R1 = H, RZ = H 

R 
s H 

0 H 
VIa, R1 = NHz, RZ = Ac 

ml. of water. The solids were filtered and recrystallized from 
ethyl acetate-methanol t o  provide 2.4 g. of crystals, m.p. 241- 
243". Further purification from the same solvent pair gave the 
analytical sample, m.p. 244-246', [ " I D  +21', A=" 258 mp, 
log E 4.43, A",: 3.00 p, 6.35 p (m) and 6.46 p (ms). 

Anal. Calcd. for C ~ ~ H ~ ~ N Z O :  C, 80.72; H, 8.71; N, 6.73; 
0, 3.84. Found: 
2~-Bromo-5a-androstane-17p-ol-3-one (IIIa).-To 13 ml. of 

methanol containing 1.0 g. of Ia and 400 mg. of potassium acetate 
was added dropwise over a period of 1 hr. 2.5 ml. of carbon tetra- 
chloride containing 0.50 g. of bromine. The reaction mixture 
was maintained at 0" during the addition. N methanolic sodium 
methoxide (4 ml.) was then added and the mixture was heated a t  
reflux temperature for 10 min. After dilution with water (100 
ml.) the mixture was extracted wit,h ethyl acetate (3 X 25 ml.). 
The combined extracts t,hen were u-ashed with water, dried over 
sodium sulfate and evaporated to leave a gummy residue. This 
was chromatographed on 20 g. of neutral alumina whence elution 
with benzene-hexane (1 : 1) provided 300 mg. of crystals, m.p. 
160-165'. Several crystallizations from acetone-hexane pro- 
vided the pure sample, m.p. 175-177', [ a ] D  +51°.28 

Anal. Calcd. for C1sH29BrO?: C, 61.78; H, 7.91; Br, 21.63; 
0, 8.66. Found: C, 61.99; H, 7.71; Br, 21.47; 0, 8.95. 

2~-Rromo-17a-methyl-5a-androstane-17p-ol-3-one (IIIb).- 
Ry a procedure identical with that described for the preparation 
of IIIa, 23.0 g. of Ih gave after crystallizations from acetone- 
hexane 16.4 g. of IIIb, m.p. 196-198", [ a ] ~  -t19°.2g 

Anal. Calcd. for CZOH31BrO~: C, 62.66; H, 8.15; Br, 20.84. 
Found: 

Preparation of 2-Methylthiazoles.-A solution of ethanol (800 
ml,), 2a-bromosteroid (20 9,) and thioacetamide (20 g.) was 

C, 80.69; H, 8.64; E, 6.65; 0, 4.00. 

C, 62.43; H, 7.93; Br, 21.20. 

(28) 4 .  Butenandt. U. S. Patent 2.311.638, Chem Ahetr., 37, 4408 (19431, 
reports the preparation of IIIa by  direct bromination of dihydrotestosterone 
in the presence of hydrogen bromide, m.p. 180-181°. 

(29) Doorenbos and Dorn report' m.p. 185-187' whereas R. E. Counsell, 
P. D. Klirnstra and F. B. Colton, J. Org. Chem., 27, 248 (1962), report 1n.p. 
203-206' dec., [ a ] ~  +Zoo.  

heated at  reflux temperature for 3 hr. The mixture then was 
evaporated to dryness, diluted with water (1 I.) and extracted 
with ethyl acetate (5 X 200 ml.). The combined extracts were 
washed with water, dried over sodium sulfate and evaporated. 
The residue was piirified by chromatography or direct crystalliza- 
tion; a number of thiazoles were prepared. 

17p-Hydroxy-17a-Methyl-5a-androstane-2'-methyl[3,2-d] - 
thiazole (IVa) prepared from IIIb and recrystallized from acetone- 
hexane, m.p. 210-212", [ a ] D  +47", +42", +42", +44", 
Amax 254 mp, log e 3.76 3.07 p (ms), 6.39 p (w);  lit.e m.p. 

Anal. Calcd. for Cz2H33NOS: C, 73.49; H, 9.25; N, 3.90; 
0, 4.45; S, 8.90. Found: C, 73.48; H, 9.22; N, 3.60; 0; 
4.73; S, 8.86. 

17p-Hydroxy-5a-androstane-2'-methyl-(3,2,-d)thiazole (IVc). 
-From IIIa: recrystallized from metbylene chloride-hexane, 
m.p. 230-232", [ a ] ~  +64", XEt,"," 254 mp, log B 3.74, 3.06 
p and 6.40 p (ms). 

Anal. Calcd. for C Z ~ H ~ ~ N O S :  C, 72.99; H, 9.04; N, 4.05; 
0, 4.63; S, 9.28. Found: C, 73.05; H, 9.07; N, 4.11; 0, 

Unsubstituted Thiazoles.-The general procedure reported 
above was employed with the evception that an ethereal solution 
of thioformamidew (30 ml.) was used for 500 mg. of 2o-bromo 
steroid. 

17p-Hydroxy-17~-methyl-5~-androstane(3,2-d) thiazole (IVb). 
-Prepared from IIIb and recrystallized from acetone-hexane, 
m.p. 192-193", [ a ] ~  +33", +37", +37", A::" 252 mp, 
log e 3.61, A::: 3.01 p and 6.47 p (very-short); lit.,B m.p. 177-179", 

Anal. Calcd. for CZ~H~,NOS: C,73.00; H, 9.04; S, 9.27. Found: 
C, 73.15; H, 8.78; S, 9.24. 

178-Hydroxy-5a-androstane [3,2-d] thiazole (IVd).-Prepared 
from IIIa  and recrystallized from acetone, m.p. 245-246", 

Anal. Calcd. for CZoHZgNOS: C, 72.46; H, 8.81; N, 4.22; 
S, 9.67. Found: C, 72.51; H, 9.06; E, 4.23; S, 9.73. 

2- (Aminomethylene)-17~-methyl-5~-androstane-l7p-o~-3-one 
(Va).-Ten grams of Ib in 250 ml. of dioxane was saturated with 
a rapid current of dry ammonia gas during a period of 1 hr. 
After 2 days a t  room temperature, the reaction mixture was 
filtered to give 2.0 g. of crystals, m.p. 283-286'. Four crystal- 
lizations from methanol gave the analytical sample, m.p. 288- 
290°, [ a ] D  4-35" (pyridine), 316 mp, log e 4.20, AE: 3.06 
p, 3.17 p (sh), 6.07 and 6.75 p. 

Anal. Calcd. for C ~ , H ~ ~ N O Z :  C, 76.09; H, 10.03; K, 4.23. 
Found: 

2- (Aminomethylene) -5a-androstane-17p-oI-3-one 17-Acetate 
(VIa).-By the procedure described for Va, 1.0 g. of 2-hydroxy- 
methvlene-5a-androstane-17~-ol-3-one 17-acetateIg gave 100 mg. 
of VIa, purified by recrystallization from acetone-water, m.p. 

-4nal. Calcd. for C Z ~ H ~ O ~ . H ? O :  C, 69.99; H, 9.34; N, 
3.71. Found: C, 69.56; H, 9.17; N, 3.85. 

2- [2'-(N,N-dimethylarnino)ethylaminomethylene] -170-methyl 
5~-androstane-17p-ol-3-one (Vb).-Dry benzene (1 1.) contain- 
ing 50 g. of I b  and 120 ml. of N,N-dimetkylethylenediamine was 
heated at reflux temperature for 48 hr. using a Dean-Stark 
water separator. The solvent then was removed by distillation 
at  reduced pressure and the residue was diluted with water. 
After eutraction with ethyl acetate (3 X 200 ml,), the combined 
extracts were washed with water until neutral, dried over sodium 
sulfate, and evaporated to lc9ave a crystalline mass which %-as 
triturated with ether. By these means, there was obtained 44.6 
g. of crystals, m.p. 165-166', which upon recrystallization from 
acetone gave 35.3 g. of compound, m.p. 169-171'. Further 
crystallization from the same solvent gave the analytical sample, 
m p .  170-171", [ a ] D  +61", ~ : 2 ~  328 mp, log e 4.28, A",: 2.93 
p, 3.05 p, 6.08 p, and 6.39 p. 

Anal. Calcd. for CZjH42N2O2: C, 74.58; H, 10.52; 0, 7.95. 
Found: 

2-[2 '-(N,N-diethylamino)ethylaminomethylene] -17wmethyl- 
5ay-androstane-17p-ol-3-one (Vc).-A solution of N,N-diethyl- 
ethylenediamine (90 ml.) and 20 g. of Ib  was stirred a t  room 
temperature for 20 hr. and then poured into 1 1. of water. After 

EtOH 

198-199.5", [ a ] D  +35.6', 254 mu, log e 3.72. 

4.43; S, 9.37. 

[ a ] D  +48.8", A=" 251 mp, log e 3.61. 

[ a ] D  $91", A::" 252 mp, log E 3.69. 

C, 75.84; H, 10.36; N, 4.27. 

209-210", [ a ] D  +27", XFz 314-316 mp, log E 4.17. 

C, 74.24; H, 10.35; 0, 8.44. 

(30) S. Gabriel, Be,. ,  49, 1110 (1916). 



estr:articin v\ith methylene chloride (4 X 250 ml.), the combined 
estr:ai.ts were wshed 15 times \\-it11 200 ml. of \vater. The re- 
siiltant solution was dried over sodium sulfate and evaporated 
t o  dryness. The residue upon crystallization from ether- 
litwine gave 3.5 g. of vrystals, m.p. 195-200". Five rrc.rystitlliza- 
tions from rneth:tnol led to  the pure sample, m.p.  200-210", 
[ @ ] I )  +no", A:,':" XP-MO nip, log t 4.18, A:':: :3.02, 6 .17  :it i iI  

0.51 p .  
drinl .  Calcd. for Cy,Hp&d&: (1. 75.30; H, 10.77: S ,  6.51. 

Found: C, 75.06; H, 10.80; S, 6 
2- (2'-N,N-Diethylaminoethy inomethylenei -5a-andro- 

stane-17p-ol-3-one 17-Acetate (VIc).-By treat,meiit of 2-hytlrosy- 
ni~tlr~-1ene-5ol-:tntfr1~staiie-1 ?'@-1~1-3-ijne 17-:icaet:itel!' :is descrilwl 
For the prep:trution of t'v, tlicare \r:ts iiIit:~iii~l 1)irrc VIi ,  :titer w- 
cyvstnIIization from hcs:tncl, n1.p. I?+I ?:8'! [ c Y ] u  +H", x,T;;'::" 
:%28--3:30 nip, log t 4,:3:3. 

- 1  nu/ .  Calrd. for C?,H46N&s: 
0, 10.47. FCIUII~: C, iS.2S;  H, 

2- (N-Piperidylmethylene)-17a- 
%one (Vd).-To 20 ml. of dry benzene :tiid 1.0 g. of Ih \vas adtletl 
1 .O nil. of piperidine. The solution \viis then heated rm a steam 
t u t l i  arid after 10min. all  ofthe Iierizeiie \vas evaporated. Crystal- 
lizntiorr of the residiie from herizeiie gave 980 my. of r.rystals, 
in.1). 230--235", raised 1 ) ~ -  4 rec~r~~st:illiz:itions 
Ylllverlt t o  r11.p. 242-244", jol ] I >  - 2 5 5 " ,  

, I 5  uiid 6 . G  h ;  l i t , . ' y  n i . ~ ) .  
I l l p ,  c 2 1,100. 

. I , t u / .  C:tlctl. for  C26H41S02: C', 78.14: H, 10.:34: N, 3 .e51;  
0,  S.0I .  1:iiuIid:  C, ih.5S; I%. 10.36; S ,  :3.45; 0,  7.5)s. 

2-~N-Piperidylmethylene~l-5a-androstane-l7@-ol-3-one (VIb). 
--8t:irtiiig from I:L, this substanre WLS prepared in the same 
iii:~iiiier :is V t l .  I t  ~ r a s  rec*ryst:illized from acetone and had 
i i i , j i ,  2l+22to ,  [ o l ] ~ )  -256", A:::' :%34-X30 nip, log E 4.41. 

:1 nul. Calcd. for CsSHayNOn: <', 7737:  H, 10.20: S, 3.63; 
0, S.:HJ. Found: (7, 78.17; H, 10.42: S ,  :$.XR; 0, 8.10. 

2- i2'-N,N-Dimethylaminomethylene~-17~-methyl-5~-andro- 
stane-17~?-ol-3-one iVe).-Diosarie (20 ml.) r~cintainiiig 1 .0 g. 
of 111, 2.5 g. of dimethylamine hjdroc:hloride and 2.5 g. of sodiiiin 
Iiic~arboniite was stirred fiJr 32 hr. at rooni temperature. After 
c.v:tporatiori < J f  the solvent. \rater (50 in1.j W:LS added ctnd t,he 
aqueous inixture wis filtered. The collected precipitat'e xas re- 
crystallized once from methylene chloride-hexane :md 3 tinies 
f rum inethylene chloride-acetone to give cu. 400 mg. of crystals, 

?,!E p ,  6.08 p, :tnd fj.4S p. 

I l l , ] , .  3229-2310, [.]I, -2590, A::::" x34 nip, log e 4.25, A::: 

.4 d. (hlcd. for C2:IHa7S02: (', i(i H, 10.87; S ,  3.90: 

2-1 2'-N,N;.Diethylaminomethylene I -17a-methyI-5~andro- 
0,  %.!lo. b'lJUlld: (:, 76.41; 15, 10.24; s, :1.911 0, 8.80. 

~~ ~. ~. .~ 
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Steroids. CCXIII.* Synthesis of Some 6-Chlorotestosterone Derivatives 

'The syntheses of 6a- and 6~-c~hlorotestosterone acetate are desc~ibetl. A l t t en~p t s  to prepare Ga-chlortr-17u- 
Nuclear magnetic. resonance syecqtral 

Ga-Chlorotesto,sterone shows :I favorahle separation of :iii:tI)c)lic~ 
methyltestosterone resulted in a Wagner-hreernein rearrangement 
studies support the structural assignments. 
and androgenic activities. 

Although the preparatiolis of G-fluoro-? and (i- 
1,romotcstostProiies~ have beell report,ed, the synthesis 
of the 6-chloro analogs has so Car not been described.3.5 

( 1 )  Strroiils CC'XII, R .  I. 1)orfinan and F. .4. Kinrl, .4rtn E i i d o r n n . ,  ill 

4. Bowery and 11. . I .  Ringold. ?' 
( t i )  Ch. hIeystre and A. Wettstein. 

usai, C. Kosenkranz, J .  Romo, St.  Raufniann, and J .  Pataki, .I. A m .  Chrni. 
,Cut., 72, 4534 (1950). 

, 1) c'. Ujeraysi. J .  Osiecki, R. Hinikrr ,  and €3. Rinikrr. ib id . ,  80, 12 I l i  
I 1!)58!. tiBYe rec01'iiwi tlie optiral TOtatOry disurrsion d:lt3 f o r  t,hr fj&l'!!l,ro- 
r w t o < i v t u i w  ~ ~ ! t ~ l i ~ i i w I  i n  tlir Syntvx I : i h~ ia tu i i r~ .  

Syntheses of testosterones bearing a Ga- and Wchloro 
aubstitueiit \vert' uiidertakeii therefore, in vicw of thr 
established tnhaiicemmt of biological activity due to 
the introduction of a halogen at  position G- of the 
steroid nucleus.' 

The enol ether o f  t&osteroiie acetate (Ia)7 was van- 
verted through thc agency of ,"\;-chlorosuccinimide i n  


