
MBRCH 195!) NOTES 43 1 

was then decanted. The oil was dissolved in ethyl acetate, 
and the extract was washed four times with water, treated 
with magnesium sulfate and activated carbon, filtered 
through diatomaceous earth, and evaporated to afford 5.0 
g. of glass (111) which would not crystallize. 

The above glass dissolved in 70 ml. of 50% aqueous acetic 
acid was heated on a steam bath for 1 hr., water was added 
and the mixture was cooled. Crude IV which separated was 
collected and recrystallized from acetone-petroleum ether 
to give 2.3 g. (55%) of IV, m.p. 147-150", which exhibited 
a positive Blue Tetrazolium test. A 300-mg. portion was 
crystallized three times from acetone-petroleum ether to 
give pure IV. m.p. 152.5-153.5'; [a]g  +125" (e ,  1.21, 
chloroform); X ~ ~ x 8 1 0  238-239 mp ( e  8,050). 

Anal .  Calcd. for C23H3004 (370.47): C, 74.56; H, 8.16. 
Found: C, 74.44; H, 8.34. 

1601~21 -Diacetoxy-l7a-hydroxy-9( 11 )-pregnene-S120-dione 
(Vb). To a solution of 2l-acetoxy-9( 11),16-pregnadiene-3,20- 
dione (IV) (2.22 g.) in benzene (30 ml.) and pyridine (1.0 
ml.) was added 1.75 g. of osmic acid, and the solution was 
allowed to stand at room temperature for 20 hr. To this was 
added 100 ml. of water, 50 ml. of methanol, and 10.5 g. each 
of sodium sulfite and potassium bicarbonate. After the mix- 
ture was stirred vigorously for 5 hr., 100 ml. of chloroform 
mas added and the mixture was filtered. The inorganic filter 
cake was washed with 200 ml. of hot chloroform. The organic 
layer was washed with water to neutral, treated with 
anhydrous sodium sulfate and activated carbon, filtered, 
and evaporated to afford a light brown glass. Crystallization 
from acetone-petroleum ether gave 1.03 g. of a light brown 
solid (Va), m p. 171-177' (dec.). 

The above material ( I  .03 9.) was dissolved in 10 ml. pyri- 
dine and 1.0 ml. acetic anhydride and the mixture was 
allowed to stand a t  room temperature for 64 hr. Evaporation 
of the solvents under reduced pressure gave a green oil which 
was dissolved in ethyl acetate, washed with dilute sulfuric 
acid, saturated sodium bicarbonate, and with water to 
neutral. Treatment with sodium sulfate and activated car- 
bon, filtration, and evaporation gave 900 mg. of green oil 
which resisted attempts to crystallize. Chromatography on 
45 g. of silica gel gave 700 mg. of glass by elution with 40y0 
ether in benzene. Three crystallizations from acetone- 
petroleum ether gave 275 mg. of Vb, m.p. 175-190'; [a]? 
f O o  (c, 1.09, chloroform). 

Anal. Calcd. for Cz6Hd1O7 (446.52): C, 67.23; H, 7.68. 
Found: C, 67.24; H, 7.88. 

In another run with 2.7 g. of IV there was obtained 1.7 g. 
(52y0) of Vb, m.p. 176-192". 

16aY,bl-Diacetoxy-1 7a-hydroxy-d19( 1 l)-pregnadiene-3,20- 
dione (VII). 7'0 a solution of 16a,21-diacetoxy-17a-hydroxy- 
9( 11 )-pregnerie-3,20-dione (Vb, 600 mg., 1.34 millimoles) 
in 2 ml. of dimethylformamide and 11 mg. of p-toluene- 
sulfonic acid monohydrate was added 4.0 ml. of a bromine 
solution (0.345X in dimethylformamide, 1.38 millimoles) 
dropwise over 5 hr. After this period, 50 ml. of water were 
added, the mixture was cooled, and 600 mg. of white glass 
(VI) was obtained. 

The above glass was dissolved in 8 ml. of dimethylform- 
amide containing 400 mg. of lithium chloride and was heated 
for 2.5 hr. a t  100" under an atmosphere of nitrogen. Addition 
of water gave a yellow paste, which was dissolved in ethyl 
acetate, washed three times with water, treated with mag- 
nesium sulfate and activated carbon, filtered, and evapo- 
ated to give 540 mg. of glass which would not lend itself 
readily to purification. 

Chromatography on 45 g. of silica gel gave 200 mg. of 
solid [eluted with ether-benzene (1 : l ) ] .  Two crystalliza- 
tions from acetone-petroleum ether gave 55 mg. of VII, 
m.p. 187-189"; 239 mp (E 14,200). One further crystal- 
lization from the same solvents gave 20 mg., m.p. 193-194'; 
[a]? +36" IC, 1.248). Infrared spectral analysis showed 
identity with an authentic sample of VII, and admixture 
melting point gave no depression. 
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Certain carbamates are used in human and 
veterinary medicine.' Ethyl carbamate has been 
used in the treatment of neoplastic diseases and 
as a mild hypnotic in man and animals. Meproba- 
mate, CHBC(n-CsH7) (CH20CONH&, is widely 
employed as a mild hypnotic and skeletal muscle 
relaxant. 

There is evidence that some, but not all, 0- 
alkyl substituted hydroxylamine derivatives pos- 
sess pharmacological properties similar to those 
of the related  amine^.^-^ 

In  the present work, ethyl hydroxycarbamate, 
HONHCOOC2H6, and a number of its 0-alkyl 
derivatives have been prepared and examined 
pharmacologically. Ethyl hydroxycarbamate has 
been synthesized by the method of JonesJ6 except 
that it has been possible to obtain the hydroxycar- 
hamate analytically pure by distillation in vucuo. 

The related compound, ethyl methoxythioiio- 
carbamate, CH30NHCSOC2HS, has been pre- 
pared by the following series of reactions:' 

C2H50CSSNa + CICHzCOONa + 
CHaONIIz 

C~H60CSSCHzCOOSa __ic 

CzHjOCSSHOCHj 

Various 2,2-dialkyl-1,3-propanediol bis(a,lkoxy- 
alkylcarbamates), R , R T  [CH,OCON(R") OR"'],, 
where R" = H or alkyl, have been prepared by the 
following series of reactions: 

(1) Osol-Farrar, U. S. Dispensatory, 25th ed., J. R. 
Lippincott Co., New York, N. Y., 1955, pp. 1477, 1861, 
2038. 

(2) L. W. Jones and R. T. Major, J .  Am. Chem. Soc., 49, 
1527 (1927). 

(3) E. F. Rogers, D. Bovet, V. G. Longo, and G. B. 
Marini-Bettolo, Expem'entia, 9, 260 (1953). 

(4) G. Palazzo, E. F. Rogers, and G. B. Rfarini-Bettolo, 
Gam. Chiin. ItaE., 84, 915 (1954). 
(5) R. T. Major and L. G. Peterson, J. Om. Cheni., 22, 

579 (1957). 
(6) L. W. Joritw, Am. Chem. J . ,  20, 40 (1898). 
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TABLE I 
2,2-DIALKYL-1,3-PROPANEDIOL BIS( CHLOROFORMATES) 

R,R‘C( CHzOCOC1)2 

R R’ B.P., “C. 
Calcd. Found 

Yield Formula C H C H 

CH? CH3 122-125 (17 mm.) 56% GHioC1zOk 36.70 4.40 36.69 4.62 
CPHS CzHs 153-155 (21 mm.) 64 70 CgHi~Clz04 42.04 5 49 41.73 5.54 
CzHs n-C411g 165-168 (20 mm.) 60 % CiiHi8C1z04 46.33 6.36 46.23 6.11 

TABLE I1 
R,R’C [CHzOCOX(R”)OR”’], -- 

Found - Method Calcd. 
R R’ R”  R”’ Used B.P., “C. Formula C H N C H S 

CH3 CH, I 
H CHy I 
ClHs CZHS I1 
H C2Hs I1 
CH? CH, I1 
CzHj CzHs I1 
CHI CHI I1 
CzHs CaH5 I1 

183-184 (20 mm.) 
194-195 ( I  mm.) 
136-138 (0 15 mm.) 
175-180 (0.5 mm.) 
163-165 (0 3 mm.) 
133-138 (0 1 mm.) 
166-169 (0 3 mm.) 
142-148 (0.2 mm.) 

47.47 7.97 10.07 47.05 7.97 9.84 
43.19 7.25 11.20 42 87 6.93 - 
53.87 9.04 8.38 54.43 9.06 8.07 
47.47 7.97 10.07 47.47 7.95 10.04 
51.00 8.55 9.14 51.05 8.22 8.56 
56.33 9.45 7.73 56.32 9.25 7.89 
53.87 9.04 8.38 53.83 8.89 8.52 
58.43 9.81 - 58.62 9.63 - 

COClP 2 Rf‘NHOR“’ 

toluene KiCOa 
R,R‘C(CHZOH), + R,R’C(CHZOCOCl)z w 

R,R’C [CHzOCOX(R”)OR”’]~ 

The chloroformates needed in thir synthesis were 
prepared by the method of Ludwig and Piecha; 
the biscarbamates were produced from these inter- 
mediates in 60-8G% yield. 

Dr. Donald d. Clarke of the Sloan-Kettering 
Institute for Cancer Research, Kew York, N. Y., 
has tested the following compounds in tlivo for 
Sarcoma 180 inhibition : ethyl hydroxycarbamate6; 
ethyl metho~ycarbamate~; ethyl ethoxycarbam- 
ateY; ethyl methoxythionocarbamate; 2,2-di- 
methyl-l,&propanediol bis(meth0xycarbamate) 
and bis(eth0xycarbamate) ; and 2-ethyl-2-n-butyl- 
1,3-propanediol bis(methoxymethy1carbamate). 
None of these compounds inhibited Sarcoma 180 at  
nontoxic doses. 

Dr. C. A. Stone of the hlerck Institute for Ther- 
apeutic, Research, West Point, Pa., has examined 
the pharmacological properties of many of the com- 
pounds described in this paper. He has reported 
that ethyl ethoxycarbamates showed little effect 
in mice when administered intraperitoneally in 
Mazola, oil in doses below the toxic level of 441 mg. 
per kg. Ethyl etho~yethylcarbamate~ produced 
depression in mice in doses a t  or near the lethal 
level of 1069 mg. per kg. administered intraperi- 
toneally. However, a 1% suspension of this com- 
pound in tragacanth abolished the corneal reflex 

(7) W. Davies and J. A. Maclaren, J .  Chem. Soc. 
(London),  1434 (1951) 
(8) (a) B. J. Ludwig and E. C. Piech, J .  Am. Chem. SOC., 

73, 5770 (1951); (b)  I;. S. Patent 2,724,720; (c) R. E. 
OesDer. IT. Broker. FF’. A. Cook. J .  -4nt. Chein. Soc.. 47. 

, I  

2606 (1925). 

1479 (1928). 
(9) R. T. 1Iajor and E. E. Fleck, J .  Ani. Chem. Soc., 50, 

for 18 min. when instilled into the rabbit eye. The 
biscarbamates with the structure R,R’C [CH2- 
OCOK(R”)OR”’]2, where R,R”R”,R”’ = CHB; 
R,R’ = CH3, R ”  = H and R”’ = C2Hs; R,R‘ = 
CH3 and R”, R”’ = CSHS; R,R’ = C2H5 and 
R”, R”’ = CH3; and R = C2H5, R’  = n-ChH9 
and R”,R’” = CHI, were inactive in tests designed 
to evaluate their meprobamate-like activity in 
mice. 

EXPERIMENTAL 

-411 melting points and boiling points are uncorrected. 
Ethyl hydroxycarbamate. To a stirred mixture of 195 g. 

(2.80 mole) of hydroxylamine hydrochloride and 380 g. 
(2.75 mole) of anhydrous potassium carbonate, both 
finely powdered, \\ith I500 ml. of ether TTas added 20 ml. of 
water. Subsequently, with ice cooling 300 g. (2.77 mole) of 
ethyl chloroformate was added to the stirred mixture within 
about 1 hr. Carbon dioxide was evolved immediately. After 
the addition was completed the mixture \vas stirred over- 
night at room temperature, the potassium chloride was 
removed by filtration, and the filtrate was evaporated under 
a slight vacuum. The remaining colorless oil had an ester- 
like odor. Distillation through a 15-cm. Vigreaux column 
afforded 193 g. (667,) of ethyl hydroxycarbamate, b.p. 113- 
llSO( 3 mm.), as a slightly hygroscopic odorless oil, which 
gave a deep purple color v-ith aqueous ferric chloride. 

Anal. Calcd. for CiH?SO : C, 34.28; II, 6.72; N, 13.33. 
Found: C, 34.47; H, 6.49; K, 13.72. 

Ethyl nzethox?lthzonocnrbamate. An aqiieous solution of 
0.30 mole sodium ethyl yanthate was prepared according to 
Davies and Maclaren.? To this IT as added an ice cold solution 
of sodium chloroacetate prepared hy slowly neutralizing 39 
g. (0.42 mole) of chloroacetic acid n-ith 17 g. (0.42 mole) of 
sodium hydroxide in 180 ml. of cold water. After having 
stood overnight this mixture \vas evaporated to about 150 
ml. on a water bath a t  reduced pressure. Rlethoq-amine (21 
g., 0.45 mole) was added and the mixture kept a t  room tem- 
perature overnight. After being neutralized with acetic acid, 
it  nas  extracted 11-ith ether. After the extract had hem dried 
over sodium sulfate and the ether removed by evaporation 
at  room temperature, a low melting solid remained; yield 37 
g. (66%). Upon recrystallization from petroleum ether (30- 
60°), long needles were obtained, m.p. 33-36”. 
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Anal.  Calcd. for CIHQNOG~: C, 35.53; H, 6.72. Found: 
C, 35.27; H, 6.87. 

d,d-Dialkyl-l J-propanediol bis( chlorofornzates).8 See Table I. 
d,b-Dimethyl-l,3-propanedioE bzs(ch1oroformate). To a stirred 
solution of 16.0 g. (1.17 mole) freshly distilled phosgene in 
400 ml. of drv toluene was slowly added a solution of 220 
g. (1.17 mole) of antipyrine and 70 g. (0.53 mole) of 2,2- 
dimethyl-1,3-propanediol in 500 ml. of chloroform. The 
temperature was kept between -10' and 0" with an ice 
salt mixture. After the addition was completed, the mixture 
\\as warmed to room temperature and was stirred overnight. 
The antipyrine hydrochloride was filtered (yield nearly 
theoretical), washed with ether, and the combiaed filtrates 
evaporated in  uacuo. Distillation of the yellon- oily residue 
famished 86 g. (56%) of pure 2,2-dimethyl-1,3-propanediol 
bis(chloroformate), b.p. 122-125" (17 mm.). 

d,2-Dialk~l-l,3-propanediol bis(nlkoxyalky1carbamates). See 
Table 11. Met hod I ,3,2-Dan~ethyl-l,6propanediol bis(?nethoxy 
~nethylcaibamate). To a stirred mixture of 3.0 g. (0.05 mole) 
S-meth~xymetliylamine~ in 30 ml. of absolute ether and 5.0 
g. (0.04 mol?) of powdered anhydrous potassium carbonate 
was added with ice cooling 5.0 g. (0.025 mole) of 2,2-dimethyl- 
1,3-propanediol bis(ch1oroformate). Carbon dioxide was 
evolved slowly. The mixture n-as stirred at  room tempera- 
ture for 24 hr., following uhich the ether vas evaporated 
and the residue was dissolved in 25 ml. of water. An oil 
separated and was extracted with ether. Upon evaporation 
of the dried fdxact, the crude biscarbamate remained as an 
oil. It mis purified by distillation, yield 5.0 g. (86%), b.p 
183-184" (21) mm.). The microanalytical data are recorded 
in Table 11. 

Jlethod 11 .ne 8.2-Diethiil-1 3-orooanediol bid nzethoxzimethul- 
" I  

carbamate). To 25.7 g (0.1 mo1e)'of 2,2-diethyl-lI3-propane- 
diol bis(ch1oroformate) in 150 ml. of absolute ether was 
added dropwise 30.5 g. (0.5 mole) of N-methoxymethyl- 
amine with shaking and cooling. The hydrochloride of -\-- 
methoxymethylamiiie separated immediately and was fil- 
tered after the mixture had stood overnight a t  room tem- 
perature. The filtrate was mashed with 25 ml. of water, dried 
over sodium sulfate, and the solvents evaporated. The oily 
residue furnished upon distillation 18.0 g. (60'7,) of biscar- 
hamate, b.p. 163-165' (0.3 mni.). The microanalytical data 
are recorded in Table 11. 
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A synthesis of coprostane-3a,7a1120c-triol (I), 
coprostane-3a,7a,l2a-triol-24-one (11), and co- 

(1) This work was done during the tenure of an Estab- 
lished Investigatorship of the American Heart Association. 

prostane-3~~,7a,l2c,24-( tetrol (111) labeled a t  
C27 with carbon-14 was required for studies of their 
metabolism and possible role as intermediates in 
the enzymatic conversion of cholesterol to cholic 
acid. Two methods of synthesizing I have been 
r e p ~ r t e d ~ - ~  These procedures were found to be un- 
suitable for the purpose intended because a large 
excess of relatively inaccessible carbon-14 inter- 
mediate was required or yields proved to be very 
poor in our hands. Cole and JuliaiQ have reported 
an elegant method for the synthesis of steroid 
compounds with a ketonic group in the side chain. 
We have applied this procedure to prepare I1 using 
triformylcholyl chloride and diisopropylcadmiuni 
as the starting materials. 

A preliminary report on the synthesis has already 
been given.6 

ll I 

m 
Figure 1. 

EXPERIMENTAL 

JPaterials. Triformylcholyl chloride was prepared from 
cholic acid by the method of Cortese and Bauman.' By modi- 
fying their crystallization procedure using benzene-petro- 
leum ether (b.p. 60-80") as solvent, triformylcholic acid was 
obtained as crystalline solid with m.p. 209-211'. This r a s  
converted to the acid chloride by treatment with oxalyl 
chloride. 2-Pr0panol-1,3-C1~ 8 (specific activity 1.0 milli- 
curie per millimole) %-as diluted twenty-fold m ith unlabeled 
2-propanol and then converted to 2-bromopropanel ,3-C1* 
by reaction with phosphorus tribromide on a semimicro 
scale. 

Cop~ostane-Sol,7~~,12a-triol-,94-onr-27-C~~. ,4 Grignard rp -  

(2 )  T. Bazuno and A. Mori, Proc. Japan h a d ,  30, 486 

(3) S. Bergstrorn, K. Paabo, and J. A. Rumpf, Acta 

(4) H. Seno, Proc. Japan, Acad., 30, 887 (1954). 
(5) IT. Cole and P. L. Julian, J .  Am. Chein Soc., 67, 1369 

(6) E Staple and 31. W. IThitehonse, Federation, Proc., 

( 7 )  F. Cortese and L. Bauman, J. Am. Chtrn. S O C ,  57, 

( 8 )  Obtained from Piuclear Instrument and Chemical 

(1954). 

Chem. Scand., 8, 1109 (1954). 
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16, 254 (1957). 

1393 (1935). 

Corp., Chicago, Ill. 


