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benzene to give 30 g. (29y0) of yellow needles melting sharply 
a t  69.7", and showing infrared absorption at  5.9 p 
3-Allyl-1,3-thiazane-2-thion-4-one.-Following the procedure 

of G r e ~ h a m , ~  20.5 g. (0.1 mole) of P-(allyldithiocarbamoy1)- 
propionic acid was dissolved in 25 ml. of acetic anhydride con- 
taining 2 drops of concentrated sulfuric acid, and the mixture 
stirred for 2 hr. a t  55-70', until the solution became clear. After 
filtering, the cooled clear solution was poured into 150 ml. of ice 
water, stirred, and let stand overnight. The oil which separated 
was extracted with ether, and, after drying over anhydrous sodium 
sulfate, the ether was removed. The resultant yellow oil, 
n z o D  1.6383, was collected between 145-147" a t  0.5 mni., and 
weighed 12 g. (64%). The presence of a peak at 5.9, but none at  
6.1-6.2 p ,  confirmed the assignment of amide and carbamoyl 
CO peaks in 3-allyl-1,3-thiazane-2,4-dione. 

Anal. Calcd. for GHgNOSz: C, 44.91; H, 4.81; K, 7.48; 
S, 34.20. Found: C, 45.05; H,  5.22: K, 7.06; S, 33.30. 

3-( ~-Acetylthiopropyl)-1,3-thiazane-Z,4-dione (I).-Thiol- 
acetic acid (22.8 g., 0.3 mole, Aldrich Chemical Co.) was added 
to 3-allyl-l,3-thiazane-2,4-dione (51 g., 0.3 mole) dissolved in 
carbon tetrachloride (120 ml.), and the mixture was refluxed 
over a ultraviolet lamp (140-w.) for 22 hr. under a nitrogen 
atmosphere in a quartz flask. Excess solvent was removed 
under reduced pressure; distillation of the crude product gave a 
forefraction boiling in the range of 60-116" (0.3-0.8 mm.) which 
wae discarded and a second fraction, boiling a t  195196' (0.4 mm.) 
which weighed 42 g. (60%). The infrared spectrum of this 
fraction showed the amide carbonyl peak at  5.84, carbonyl of 
the acetyl group a t  5.92, and the carbamoyl carbonyl peak a t  
6.05 to 6.07 p.  

A n d .  Calcd. for CgH13N03SZ: C, 43.70; H, 5.30; S, 25.90. 
Found: C, 43.57; H,5.44; S, 25.61. 

3-( y-Mercaptopropyl)-l,3-thiazane-2,4-dione (11) .-A mixture 
of I (18.4 9 . )  and 10% hydrochloric acid (300 ml.) was heated 
with stirring on a steam bath for 3 hr. under nitrogen. At  the 
end of 3 hr. the reaction mixture was cooled and extracted with 
ether. The ether extract was dried over anhydrous sodium 
sulfate. The solvent was removed under reduced pressure and 
the product distilled at  153-154" (1 mm.) as a pale yellow liquid 
weighing 11 g. (70%). The infrared spectrum showed thiol 
absorption at  3.9, amide carbonyl absorption at  5.9, and carbam- 
oyl carbonyl absorption a t  6.15 p.  

Anal. Calcd. for C~HIINOZSZ: C, 40.97; H, 5.37; N, 6.83; 
S, 31.22. Found: C, 40.69; H,  5.65; N, 6.68; S, 31.40. 
~-(3-Mercaptopropylthiocarbamoyl)propionic Acid (III).-A 

mixture of I (12.1 9.) and 107' hydrochloric acid (150-200 ml.) 
was heated with stirring on a steam bath for 7 hr. under nitrogen. 
The reaction mixture was cooled and extracted with ether, and 
the ether extract dried over anhydrous sodium sulfate. The 
solvent was removed under reduced pressure and the solid re- 
crystallized from benzene as colorless needles. It weighed 7 g. 
(64%) and melted a t  100". The infrared spectrum showed the 
shifted NH absorption a t  3.06,6 amide carbonyl absorption a t  
5.95, carbamoyl carbonyl absorption a t  6.18, and shifted C-N 
stretcha a t  6.6 p .  A very weak peak for thiol was present a t  
3.91 p .  The compound gave a positive potassium iodide-iodine 
solution test for free thiol. 

Anal. Calcd. for C7HlaN03SZ: C, 37.65; H, 5.83; il', 6.28; 
S, 28.70. Found: C, 37.96; H,  6.02; N, 6.27; S, 29.00. 
3-Allylthiazolidine-2,4-dione.-This compound was prepared 

according to the procedure described under 3-allyl-1,3-thiazane- 
2,4-dione using chloroacetic acid instead of 6-chloropropionic 
acid. It distilled a t  81-83' (0.7 mm.) and weighed 125 g. 
(79.6'%). E. V Vladzimirskayalo reporta b.p. 81-85' (0.7 
mm.). The infrared spectrum of the compound showed, by the 
presence of amide carbonyl peak at  5.75, the carbamoyl carbonyl 
peak at 6.0 p ,  and the absence of NH and C-N stretches, that 
the product was ring-closed thiazolidinedione. 3-Allylthiazoli- 
dine-2-thion-4-one (3-allylrhodanine, Aldrich) showed a single 
amide carbonyl peak a t  5.75 p,  thus confirming the hand assign- 
ments for amide and carbamoyl carbonyl peaks. 
3-(~-Acetylthiopropyl)thiazolidi;~e-2,4-dione (IV) -The reac- 

tion of the thiolacetic acid and '3-allylrhodanine was rarried out 
according to the procedure described for the preparation of I .  
The product (40 g., 57%) distilled as a yellow liquid boiling a t  
162-163" (0.5 mm.) and 168-171" (1 mm.). The infrared spec- 
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trum showed two peaks for carbonyl absorptions, one a t  5.7 and 
the other a broad peak a t  5.9 and 5.98 p .  The peak a t  5.7 is due 
to amide carbonyl of the thiazolidine ring, but the two carbonyl 
peaks of the acetyl and carbamoyl groups result in a single broad 
peak a t  5.9 to 5.98 p .  

Anal. Calcd. for CsHllNO3Sz: C, 41.20; H, 4.72; N, 6.01; 
S, 27.47. Found: C, 41.60; H,  4.96; N, 5.41; S, 27.59. 
3-( y-Mercaptopropyl)thiazolidine-2,4-dione (V).-A mixture 

of IV (23.3 9.) and 10% hydrochloric acid (350 ml.) was heated 
on a steam bath for 3 hr. while stirring under nitrogen. The 
reaction mixture was then cooled and extracted with three 100- 
ml. portions of ether. The combined ether extract was dried 
over anhydrous sodium sulfate and the solvent removed. The 
yellow liquid boiling a t  139-141" (1 mm.) was collected and 
weighed 13 g. (68%). The compound gave a positive potassium 
iodide-iodine solution test for thiol. The infrared spectruni 
showed the amide carbonyl absorption a t  5.7 and carbamoyl 
carbonyl absorption a t  5.95-6.0 p.  

Anal. Calcd. for C6HgNOzSz: C, 37.70; H,  4.71; N,  7.33; 
S, 33.53. Found: C, 37.38; H, 4.83; N ,  7.14; S, 33.65. 
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The successful preparation of barban, 4-chloro-2- 
butynyl N-(3-chlorophenyl)carbamate (I), and appli- 
cation as a selective herbicide3, suggested the prepara- 
tion of the reverse carbamate of barban, 3-chlorophenyl 
N-(4-chloro-2-butynyl)carbamate (11), starting with 
4-amino-2-butyn-1-01. 
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Attempted reaction of 3-chlorophenyl chloroformate 
with 4-amino-2-butyn-1-01 to initiate the preparatioii 
of the reverse carbamate (11) failed when substituttion 
occurred a t  both amino and hydroxy groups yielding 
3-chlorophenyl N -  [4-(3-chlorophenylcarbonyldioxy)-2- 
butynyllcarbamate (111). Good yields of the )is- 
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substituted product, were obtained despite reactant 
ratio and solvent dilution favoring formation of the 
monosubstituted product. Selective hydrolysis of the 
carbonate group in compound I11 was accomplished by 
refluxing with aqueous alcoholic hydrochloric acid 
yielding 3-chlorophenyl N-(4-hydroxy-2-butynyl)- 
carbamate (IV) . Refluxing concentrated hydrochloric 
acid, in which the compound was insoluble, failed to 
hydrolyze the compound. Compound I11 showed a 
carbonyl peak a t  5.69 and one a t  5.90 p, while the 
hydrolyzed compound (IV) showed a carbonyl peak a t  
5.78 p.  

The hydroxy carbamate (IV) was converted to the 
reverse carbamate (11) of barban by treatment with 
thionyl chloride. The reverse carbamate does not 
show a broad region for associated hydroxyl in the 
infrared as shown by all of the other butynyl hydroxides 
studied here, but shows a sharp NH peak for NH 
stretching frequency of the carbamate: 

Experimental6 

Starting Material.-4-C:hloro-2-butyn-l-ol (51y0 yield of pure 
product) was synthesized by established procedures. 

4-Amino-2-butyn-1-01 Hydrochloride from 4-Chloro-Z-butyn-l- 
ol.-Chloro-2-butyn-l-ol (41.82 g., 0.4 mole) was mixed with 1400 
ml. of concentrated ammonium hydroxide and the homogeneous 
mixture was stirred overnight. The mixture was evaporated by 
stirring on a steam bath until no appreciable ammonia fumes 
were detectable. As the reaction cooled, the entire material 
formed a brown crystalline mass. Recrystallization from meth- 
anol yielded 30.4 g. (637, yield) of pure product, map. 177-178", 
with signs of sublimation just before melting. 

Anal. Calcd. for C4HsCINO: C, 39.52; H ,  6.63; C1, 
29.17. Found: C, 39.71. H ,  6.56; C1, 28.96. 
4-Amino-2-butyn-l-ol.-To 30.37 g. (0.25 mole) of 4-amino- 

2-butyn-1-01 hydrochloride was added 40 ml. of distilled water 
(not quite enough water to dissolve it). The mixture was 
neutralized to pH 13, which required about 25 ml. of 10 N 
sodium hydroxide, and was extracted with diethyl ether in a 
continuous extractor. A water layer formed below the ether 
layer. The water was removed from this layer by azeotropic 
distillation with benzene. The residue solidified as it cooled to 
room temperature. The crude materia1 was purified by crystal- 
lization from ethyl acetate. Last traces of solvent were removed 
under vacuum to avoid exposure to air. The yield was 13.5 g. 
(63.6%), m.p. 59-60'. The analytical sample was prepared by 
distillation, b.p. 121-123" (3 mm.), as a colorless liquid which 
solidified to white crystals with a slight yellow tinge, m.p. 60-61'. 

Anal. Calcd. for CIH7NO: C, 56.45; H ,  8.29; N, 16.46. 
Found: C, 56.58; H,  8.23; N, 16.57. 

N-3-Chlorophenyl-1%' '-4-hydroxy- 2 - butyny1urea.-4 - Amino - 2- 
butyn-1-01 (10.00 g., 0.118 mole) was dissolved in about 270-300 
ml. of dry ethyl acetate and kept at 40-50" to maintain solution. 
At this temperature, 18.1 g. (0.118 mole) of 3-chlorophenyliso- 
cyanate dissolved in 20 ml. of dry ethyl acetate was added drop- 
wise. The mixture was stirred a t  room temperature over the 
weekend. After collection and an ethyl acetate wash, the prod- 
uct, which was insoluble in dilute hydrochloric acid, melted a t  
126-127" and weighed 13.0 g. Two recrystallizations from 
ethanol yielded a product, m.p. 129-130°, which was analyzed. 

Anal. Calcd. for CllHllC1N202: C, 55.35; H ,  4.65; C1, 
14.86; N, 11.74. Found: C, 55.30; H,  4.90; C1, 14.42; 
N, 11.46. 
N-Phenyl-N'4-hydroxy-2-butynylthiourea.-The above pro- 

cedure was followed through the addition step. In  this reaction, 
11.84 g. (0.088 mole) of phenyl isothiocyanate and 7.46 g. (0.088 
mole) of 4-amino-2-butyn-1-01 were used. The reaction mixture 
was refluxed for 4 hr. and filtered while hot. The filtered solu- 
tion was set in the ice box over the weekend to allow crystalliza- 
tion. The yield, after collection and an ethyl acetate wash, 
was 6.98 g., m.p. 150-151'. The product was insoluble in 
dilute hydrochloric acid. An analytical sample was prepared by 

~ 

( 5 )  All melting polnts are uncorrected. 

recrystallization from ethanol followed by sublimation a t  145' 
(1 mm.). 

Anal. Calcd. for CllH12N20S: C, 59.97; H,  5.49; N,  12.72. 
Found: C, 59.94; H, 5.25; N, 12.26. 

3-Chlorophenyl Chloroformate.-To 200 ml. of toluene about 
80 ml. of phosgene (0.60 mole) was added. 3-Chlorophenol, 76.8 
g. (0.60 mole) in 100 ml. of toluene, and then 47.4 g. (0.60 mole) 
of pyridine was added dropwise with stirring at  0-10". After 
the reaction mixture was hydrolyzed by slow addition of water, 
the product was extracted with toluene, and the toluene solution 
was then dried over anhydrous calcium chloride. The toluene 
solvent was removed, and the residue was then fractionated with 
a 1-ft. column yielding 77.4 g. (67.67,) of product, b.p. 98-100" 
(13 mm.). Infrared spectra was consistent for this compound. 
A middle fraction was analyzed. 

Anal. Calcd. for C7H4C1202: C, 44.01; H,  2.11; C1, 37.12. 
Found: C, 43.79; H, 2.22; C1, 36.89. 

3-Chlorophenyl Carbonate.-The residue from the preceding 
distillation solidified, m.p. 77-80'. This solid, 20.64 g., was 
crystallized from benzene, and the analytical sample was pre- 
pared by further recrystallization from ethanol to a constant 
m.p. 84-85'. The same carbonate (shown by mixture melting 
point and identical infrared spectra) was obtained on long ex- 
posure of a small sample of the previous 3-chlorophenyl chloro- 
formate to moist air or by treatment with queous sodium 
hydroxide. The infrared spectrum was consistent with that 
expected for the product. 

Anal. Calcd. for ClaHaClzOa: C, 55.15; H,  2.85; C1, 25.05. 
Found: C, 54.93; H,  2.65; C1, 25.10. 

3-Chlorophenyl N-[4-(3-Chlorophenylcarbonyldioxy)-2-buty- 
nyllcarbamate (111) .-To 30.0 g. (0.353 mole) of 4-amino-2- 
butyn-1-01, dissolved in 1400 ml. of ethyl acetate, 27.8 g. (0.353 
mole) of pyridine was added. 3-Chlorophenyl chloroformate 
(67.4 g., 0.353 mole) dissolved in 200 nil. of ethyl acetate wm 
added dropwise over a 2.5-hr. period. A white precipitate 
formed immediately. The pyridine hydrochloride (30.6 g., 
theoretical 40.8 g.) was removed by filtration. The ethyl acetate 
was removed from the filtrate by evaporation under slight vac- 
uum. The remaining oil was extracted with dry ether, and the 
product was precipitated by addition of hexane. Despite the 
fact that equimolar quantities of reactant, high dilution, and an 
order of addition providing excess 4-amino-2-butyn-1-01 were 
used, the bis-substituted compound (58 g., m.p. 73-74') was 
obtained. Recrystallization from ethanol gave a product melt- 
ing at  76-77'. Traces of 3-chlorophenyl carbonate, present in 
some runs, were removed by sublimation of the carbonate a t  55" 
(1 mm.) leaving analytically pure product, m.p. 78-79'. 

Anal. Calcd. for ClsH13C12N05: C,  54.84; H,  3.32; N,  
3.55; C1, 17.99. Found: C, 54.76; H,  3.42; Tu', 3.52; C1, 
17.95. 

3-Chlorophenyl N-(4-Hydroxy-2-butynyl)carbamate (IV) .-Se- 
lective hydrolysis of 3.94 g. (0.01 mole) of 3-chlorophenyl IV- 
[4- (3-chlorophenylcarbonyldioxy-2-butynyl)] carbamate was ac- 
complished by a 0.5-hr. reflux with 40 ml. of concentrated hydro- 
chloric acid to which was added 78.8 ml. of ethanol to solubilize 
the mixture. After refluxing, water and hydrochloric acid were 
removed by azeotropic distillation with benzene. The benzene 
solution was concentrated to 20-30 ml. The product was sepa- 
rated as a light orange oil (possibly a supercooled liquid) by addi- 
tion of 200 ml. of hexane. The mixture was allowed to stand 
overnight to complete the separation, and the mixed solvent was 
then decanted. After drying for 3 hr. a t  50" (1 mm.), the prod- 
uct (2.87 g., 67y0) was obtained. The infrared spectrum of the 
product taken on a Model 137 Infracord showed only one car- 
bonyl peak at  5.78 as opposed to two carbonyl peaks 5.69 and 
5.90 M ,  for the carbonate-carbamate compound (111). 

Anal. Calcd. for C1lH&lNOB: C, 55.13; H, 4.21. Found: 
C, 55.16, 55.40; H,  4.40, 4.31. 

3-Chlorophenyl N-(4-Chloro-2-butynyl)carbamate (11) from 
3-Chlorophenyl X- (4-Hydroxy-2-butyny1)carbamate (IV) .-The 
dropwise addition of 0.75 g. (0.0063 mole) of thionyl chloride, in 
5 ml. of benzene, to 1.3 g. (0.0054 mole) of 3-chlorophenyl LV- 
(4-hydroxy-2-butynyl)carbamate was completed in a 15-20-min. 
period. The temperature was then maintained between 58-62" 
for 4 hr. The product was separated by addition of about 50 ml. 
of hexane. After removal of trace amounts of solvent a t  re- 
duced pressure (1 mm.), 0.89 g. (647, yield) of product was ob- 
tained. The same yields were obtained using larger runs. 
Analysis of this crude product indicated at  least 9570 content of 

The pure material melted a t  154-156'. 
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halogenated product (11), on the bases of lncreased chlorine per- 
centage. A small sample was placed in a microevaporative 
still. After stand- 
ing overnight the oil crystallized to a white solid which was 
washed with hexane leaving the analytical sample, m.p. 69-70'. 
Alternatively, chromatography on activated alumina with a 
hexane-ether eluent gave 80% recovery of an oil which required 
several weeks to crystallize. The infrared spectrum of the 
compound showed a sharp peak a t  2.8 p with disappearance of 
the broad 0-H band found in the starting material. 

Anal. Calcd. for CIIHpC12N02: C, 51.19; H, 3.52. Found: 
C, 51.30; H,  3.72. 
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We wish to report that both dihydrolanosterol, 3p- 
hydroxy-5a-lanost-8-ene, and dihydroagnosterol, 3p- 
hydroxy-5a-lanost-7 : 8,9 : 11-diene, acetates are hy- 
drogenated to an easily separable mixture of the satu- 
rated acetate, 3/3-acetoxy-5a-lanostane (67% yield), 
and saturated ether, 3p-ethoxy-5cy-lanostane (24% 
yield). The identity of these products was established 
by a comparison of their melting points and mixture 
melting points, specific rotation, and infrared spectra 
with authentic samples.2 

The hydrogenations proceed slowly at atmospheric 
pressure, when relatively large amounts of Adams, 
catalyst (Pt02) are employed and a few drops of 
perchloric acid have been added to the solvent, acetic 
acid. These findings are in contrast to the numerous 
reports concerning the nonhydrogenability, under a 
variety of conditions, of either the A7- or A8-lanosten- 
3-01, and dihydroagnosterol. The hydrogenation of 
the 9 : l l  double bond of 3p-acetoxy-5a-lanost-9-ene 
has been accomplished4 (PtOz, acetic acid, SO0), albeit 
with some difficulty. The stereochemistry of the 
hydrogens a t  C-8 and C-9, p and CY, for both the 
saturated acetate and the saturated ether has been 
established. 4-7 These observations coupled with the 
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known stabilitp of the 9:11 double bond as contrasted 
to the ready intrac~nvertibility~ of the 7:8 and 8 :9  
double bond isomers of 38-acetoxy-5a-lanostene under 
acid conditions indicate that addition of hydrogen to 
the 9:11 and 7:8 double bonds take place at  the CY 

and ,L? faces, respectively, and, in fact, it is the 
isomer (7 : 8-ene) derived from dihydrolanosterol which 
is hydrogenated. lo The last consideration follows 
from the steric course of the hydrogenation of dihy- 
drolanosterol. The relative rates of saturation of the 
double bonds has not as yet been investigated. 

The catalytic reduction of an ester to an ether under 
the conditions employed is striking. The recently 
reported" catalytic hydrogenation of succinic anhy- 
dride to butyrolactone and butyric acid bears a formal 
resemblance to our findings. The role of the solvent 
and acidity as well &s possible intermediates in the con- 
version of the acetate to an ether remains to be eluci- 
dated. 

Experimental12 

3@-Acetoxy-5a-lanost-8-ene, dihydrolanosteryl acetate, m.p. 
120-121", lit.I4 m.p. 120-121', prepared by hydrogenation, 
over PtO2, of crude lanosteryl acetate dissolved in ethyl acetate- 
acetic acid mixture, was recrystallized from methanol-petroleum 
ether (b.p. 30-60"). 3@-Acetoxy-5a-lanost-7: 8,9 : 11-diene, dihy- 
droagnosteryl acetate [m.p. 164-165"; Xmsx 236 mr ( e  12,500), 
244 (14,830), and 252 (9800)], was prepared by oxidation of 
dihydrolanosteryl acetate with N-bromosuccinimide, according 
to Doree, et a1.,I6 and recrystallized several times from acetone 
and methanol (lit.a m.p. 168-169'). 

3@-Acetoxy-Sa-lanostane and 3p-Ethoxy-5a-lanostane, A,- 
Dihydroagnosteryl acetate (340 mg.) dissolved in glacial acetic 
acid (200 ml.) containing 12 drops of perchloric acid (70%) was 
hydrogenated, at atmospheric pressure and room temperature in 
the presence of PtOz (300 mg.). After 48 hr. fresh catalyst (200 
mg.) was added and the hydrogenation continued for ca. an 
additional 48 hr.I7 After removal of spent catalyst, the hydro- 
genation mixture was poured into ice-water, and the precipitated 
solid collected by filtration and dried in vacuo over phosphorus 
pentoxide. The dried material, dissolved in petroleum ether 
(b.p. 30-60°), waa chromatographed on Woelm alumina (34 g.). 
The alumina, initially of activity I, had been partially deacti- 
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