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methyl-2-propylpropyl thiolcarbamate (18) and 2- 
met hyl-2-propylpropyl 1,3-bis (dithiocarbamate) (22), 
thio analogs of meprobamate. 

Derivatives of 3-Hydroxy-2-methyl-2-propylpropane- 
thiol.--htte~npts to prepare l-chloro-2-methyl-2- 
propyl-3-hydroxypropane by reaction of 2-methyl-2- 
propyl-l,3-propanediol (5 )  with 1 equiv. of thionyl 
chloride in pyridine resulted in formation of the cyclic 
sulfite 6 in 56y0 yield. 

Reaction of 5 with 1 equiv. of p-toluenesulfonyl chlo- 
ride and pyridine in ether a t  0”, afforded the mono- 
tosylate (7) in 95% yield. The desired hydroxythiol 
(17) was obtained from the monotosylate via reaction 
with potassium thiolacetate in dimethylformamide, 
followed by hydrolysis of the thiolacetate with alco- 
holic aqueous sodium hydroxide as described by Lud- 
wig, et aL5 Alternatively, 17 could be prepared by 
reaction of the monotosylate with sodium hydrosulfide 
in dimethylformamide. The former procedure af- 
forded the best yields of the hydroxythiol. 

An interesting aspect of the reaction between 7 and 
potassium thiolacetate was evidence that some intra- 
molecular transesterification of the hydroxythiolace- 
tate had occurred. The infrared absorption spectrum 
of the intermediate thiolester showed two carbonyl 
bands (5.75 and 5.90 p) indicating the presence of both 
0-ester and S-ester. Evidence of an SH band a t  3.86 
p suggested the presence of some 3-acetoxy-%methyl- 
2-propylpropanethiol. Hydrolysis of the mixture of 
esters would yield the same product. 
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Treatment of 17 with cyanic acid in the manner used 
by Ludwig, et u Z . , ~  yielded an analytical sample of the 
thio analog of meprobamate, 3-carbamoxy-2-methyl-2- 
propylpropyl thiolcarbamate (18). 

In order to obtain the unsymmetrically substituted 
carisoprodol analogs it was felt that a route through the 
cyclic carbonate intermediates would be best. The 
synthesis of 2-methyl-2-propyl-l,3-propanethiocar- 
bonate (24) was accomplished in low yield by the slow 
addition of a solution of 17 and phosgene in ethyl ace- 
tate to pyridine in ethyl acetate.6 

Refluxing of 17 with potassium thiocyanate in di- 
methylformamide, followed by treatment of the product 
with an ether solution of anhydrous HCl, yielded 2- 
methyl-2-propyl-l,3-propanethioiminocarbonate hydro- 
chloride (23). Treatment of 23 with aqueous sodium 
hydrogen carbonate also afforded 24. 

Selective ring opening of 24 with ammonia or iso- 
propylamine was not possible, thereby negating the use 
of 24 as an intermediate to the unsymmetrical cariso- 
prodol analogs. 

An alternate route to the carisoprodol analogs de- 
rived from 17 was then explored. It was found pos- 
sible to prepare 2-n~ethyl-2-propyl-3-tosyloxypropyl 
carbamate (9) by reaction of the monotosylate (7) with 
cyanic acid.5 Tosylation of 2-niethyl-2-propyl-3-hy- 
droxypropyl carbamate (8), obtained from ring opening 
S-methyl-5-propyl-2-m-dioxanone with animonia12 af- 
forded 9:in 65% yield. 

(6) D. D. Reynolds, J .  Am.  Chem. Soc.,  19,  4951 (1957). 
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(DMF)  was heated a t  95-100' under nitrogen with stirring for 
2 hr. after w$ich time the original blue color disappeared. After 
standing overnight under nitrogen, ether was added to the now 
almost solid mixture, and the salts were filtered. The ether was 
removed in vacuo, yjelding 7.8 g. (81%) of the crude thiolester; 
the infrared absorption spectrum showed the absence of tosylate 
(7.40 p ) .  

The thiolester was hydrolyzed with 3.8 g. of NaOH, 25 ml. 
of water, and 60 ml. of ethanol by stirring for 3 hr. in a stoppered 
flask. The clear, yellow solution was chilled, acidified with 6 
N HCl, and extracted with ether. The extracts were washed 
with water and dried (MgSO4), and the product was distilled. 
A fraction boiling a t  76-80' (0.5-0.6 mm.) weighed 3.65 g. 
(497,); 1 2 2 6 ~  1.4875; A:: 2.95 (OH), 3.40 (CH), 3.90 (SH), 

Anal. Found: 
C, 56.9; H, 10.9: S, 21.4. 

Refluxing the monotosylate with potassium thiolacetate in 
DMF overnight, as in the preparation of the dithiol,6 gave evi- 
dence that some 3-methyl-3-propylthietane was being formed 
(absorption a t  8.55 p in the infrared). 

B. Using Sodium Hydrosulfide.--il solution of 10 g. (35  
mmoles) of crude 2-methyl-2-prop~l-3-tosyloxypropanol (7) in  
75 ml. of Dl IF  was added to 130 ninioles of anhydrous sodium 
hydrosulfide prepared from sodium in absolute ethanol by satu- 
rating the solution with H,S. The mixture turned blue upon 
addition of 7, and after stirring and heating a t  110-138' for 1.5 
hr., the color disappeared. The mixture was diluted with 100 ml. 
of water, acidified with 6 N HCI, and extracted with ether. The 
ether extracts were washed with water, dried (lIgSO4), and con- 
centrated in vucuo to yield 4.0 g. of crude product whose infrared 
absorption spectrum showed the absence of a tosyl band (7.40 
p ) .  This crude liquid was fractionated to yield 1.48 g. (29%) 
of 3-hydroxy-2-methyl-2-propylpropanethiol, b.p. 66-68' 
(0.4 mm.). The infrared absorption spectrum was identical with 
that of the analytical sample, except for a weak band a t  6.50 p. 

3-Carbamoxy-2-methyl-2-propylpropyl Thiolcarbamate 
(18).-To a mixture of 2.6 g. (17.5 mmoles) of 3-hydroxy-2- 
methyl-2-propylpropanethiol (17), 15 g. of 8 mesh "Drierite," 
100 ml. of anhydrous, alcohol-free chloroform, and 3.2 g. (49 
mmoles) of sodium cyanate cooled to +5' was added anhydrous 
HC1 for 5 hr. while stirring. The slurry was filtered and con- 
centrated under vacuum. The clear oily residue was dissolved 
in trichloroethylene, and a crude product melting a t  60-66" 
was precipitated, using petroleum ether (b.p. 30-60'). After 
recrystallizing twice from chloroform-petroleum ether, a whit'e 
solid resulted; m.p. 74-75'; A:::"' 2.95, 3.10 (KHl), 5.i2, 5.85 
(C=O, carbamate), 6.00 (C=O, thiolcarbamate), 7.08 (C-S), 
9.12, 9.25 p (C-0-C). 

Anal. Calcd. for C ~ H ~ ~ N Z O ~ S :  C, 46.1; H, i.68; S, 11.9. 
Found: C,46.0; H, 7.43; T, 11.6. 

A larger scale preparation from 3.8 g. of 17 afforded 18 in 43y0 
yield. 

2-Methyl-2-propyl-l,3-propanethiocarbonate (24).-To a solu- 
tion of 3.0 g. (30.6 mmoles) of phosgene in 1.6 g. of ethyl acetate 
cooled to - 15' was added 6 g. (40.6 mmoles) of freshly distilled 
3-hydroxy-2-methyl-2-propylpropanethiol. This solution was 
added dropwise to a mixture of 4.83 g. (60.6 mmoles) of 
pyridine and 1.8 g. (20 nimoles) of ethyl acetate. The tem- 
perature was kept between 18-22" for 25 min. The slurry was 
then heated a t  30-35' for 25 min., and then poured into 55 ml. 
(60 mmoles) of dilute HCl. The ethyl acetate solution was 
separated, washed with water, and dried ( Na2S04). Concentra- 
tion in  vacuo yielded 4.8 g. of a light yellow oil. This material 
was nitroprusside positive and Beilstein negative. 

Column chromatography on Woelm neutral A1203 (activity 1 ) 
afforded an analytical sample of 24 as a colorless oil in 18C;b yield, 
after elution of the column with benzene, following prior elution 
with petroleum ether(b.p. 30-6O0)-benzene (1 : 1). Gas- 
liquid chromatography on silicone gum rubber (methyl) GE-SE- 
30 a t  75-250' gave one peak; n26D 1.4982; Xz2'absence of SH 
(3.95), 3.38(CH), 5.92(C=O), 6.80, 7.16, 7.26p(CH1). 

Anal. Calcd. for CsH1,OzS: C, 55.1; H, 5.03; S, 18.4. 
Found: 

2-Methyl-2-propyl-l,3-propanethioiminocarbonate Hydro- 
chloride (23).-To a solution of 2.4 g. (8.4 mmoles) of 2-methyl- 
2-propyl-3-tosyloxypropanol (7) in 50 ml. of D M F  and a 
catalytic amount of potassium iodide was added 1.6 g. (10.8 
mmoles) of potassium thiocyanate. This mixture was heated a t  
reflux under nitrogen for 4.5 hr.; the solution was cooled to 

6.85 (CH3), 7.30 (CH,), 9.75 (C-OH), 10.7 p (SH). 
Calcd. for C7HlsOS: C, 56.7; H, 10.9; S, 21.6. 

C, 54.7; H, 8.38; S, 18.3. 

room temperature, poured into 500 ml. of water, and extracted 
with three 200-ml. portions of ether. The ether extracts were 
washed with water, dried (Na2SO4), and concentrated in vacuo 
to an oil (1.1 g.). This was exposed for 10 min. in an ice bath 
to anhydrous HC1, ether was added, and more HCl was passed 
through the solution. Addition of more ether gave a semisolid 
upon scratching the flask. Recrystallization from ethanol- 
ether yielded a solid: m.p. 127-129'; A:::' 3.30 (SHz+),  6.30 

Anal. Calcd. for C8H&lSOS: C, 45.8; H, 7.63; S, 6.68. 
Found: C,45. i ;  H, 7.57; S,6.70. 

It was found that by suspension of 23 in ether and treatment 
with a saturated aqueous solution of S a H C 0 3  hydrolysis to 2- 
methyl-2-propyl-1,3-propanethiocarbonate (24) occurred. 

2-Methyl-2-propyl-3-tosyloxypropyl Carbamate (9). A. 
Preparation from 2-Methyl-2-propyl-3-tosyloxypropanol.- 
Anhydrous HC1 was passed through a stirred solution of 4.8 g. 
(16.8 mmoles) of 2-methyl-2-propyl-3-tosyloxypropanol (7) 
in 50 ml. of methylene chloride containing 3 g. of 8 mesh "Drier- 
ite" and 1.27 g. (19.5 mmoles) of sodium cyanate for 2.5 hr. a t  0". 
The solution was capped and stirred overnight a t  room tempera- 
h r e .  The mixture was filtered and the filtrate was concentrated 
in vacuo to yield a white solid which was recrystallized from ethyl 
acetate-petroleum ether (b.p. 30-60"), yield 787;, m.p. 116.5- 
117.5'. 

Anal. Calcd. for C16H?3SOSS: C, 54.8; H, 6.98; S, 4.27. 
Found: C, 54.5; H, 7.05; N,4.64. 

B. Preparation from 2-Methyl-2-propyl-3-hydroxypropyl Car- 
bamate.-To a solution of 10.1 g. (58 mmoleu) of 2-methyl-2- 
propyl-3-hydroxypropyl carbamate (8) in 100 ml. of pyridine 
cooled to  0" was added 11 g. (58 mmoles) of tosyl chloride dis- 
solved in 50 ml. of pyridine. The solution was allowed to stand 
overnight a t  room temperature and poured into 200 ml. of ice 
containing 170 ml. of concentrated HCI. The mixture was ex- 
tracted with chloroform, the extracts were washed with 1 N HCl, 
water, saturated bicarbonate solution, water again, and dried 
(MgSO,). The chloroform solution was concentrated in vacuo and 
afforded 12.4 g. (6570) of a white solid. Recrystallization of the 
solid from ethyl acetate-petroleum ether (b.p. 30-60") yielded a 
white solid, m.p. 116-117". 

2-Methyl-2-propyl-3-tosyloxypropyl N-Isopropylcarbam- 
ate (ll).-This compound was prepared by the second 
method used for 2-methyl-2-propyl-3-tosyloxypropyl carbam- 
ate (9). Compound 11 was a colorless sirup obtained in 707, 
crude yield. An analytical sample was obtained by column 
chromatography on Schlesinger silica gel. The crude material 
was put on the column with petroleum ether-benzene (1 : 1)  
and eluted with that' solvent mixture. Sothing was eluted with 
petroleum ether-benzene (1 : 1) or benzene, but benzene-ether 
(1 : 1)  elution yielded a colorless sirup after removal of the sol- 
vent, n Z 3 ~  1.4980. 

Anal. Calcd. for C18HY9?;05P: C, 58 .2 ;  H, 7.87; S, 3,;s; 
S, 8.63. 

Thin layer chromatography was performed on silica gel G in 
ether-benzene ( 5 5 :  80) as solvent; starting material, Ri 0.30; 
compound 11, Ri 0.63. 
3-Carbamoxy-2-methyl-2-propylpropanethioI (19).-A solution 

of 6 g. (18.3 mmoles) of 2-methy1-2-propyl-3-togyloxypropyl car- 
bamate (9) in 50 ml. of dimethylformaniide containing 4.15 g. 
(36.5 mmoles) of potassium thiolacetate was heated a t  125" for 
2 hr. The solution was poured into 500 ml. of water and ex- 
tract,ed with chloroform. The chloroform extracts were dried 
(,llgSOd) and concentrated in vacuo to yield 4.5 g. of crude thiol- 
acetate (free from tosyl band in the infrared absorption spec- 
trum). The thiolacetate, without further purification, was dis- 
solved in 150 ml. of methanol, and anhydrous HC1 was passed 
through the solution for 2 hr. while under reflux. The solution 
was concentrated in z~acuo, dissolved in ether, washed free of 
chloride ions with water, dried (lIgSOd), and concentrated in 
vacuo to afford 2 g. (57yo) of a colorless liquid. The infrared ab- 
sorption spectrum showed the presence of an SH band a t  3.90 p 
and abetnee of a thiolacetate band a t  5.95 p. 

The crude product was chromatographed on 20 g. of Schlesinger 
silica gel (90-200 mesh) by eluting the product from the column 
with petroleum ether(b.p. 30-60")-benzene (1 : l), benzene, 
benzene-ether (1 : l), and finally ether. An analytical sample of 
19 was isolated as a colorless oil (247,) from the ether eluate. 
Earlier eluates contained 3-hydroxy-2-methyl-2-propylpro- 
panethiol formed by hydrolysis of the carbamate grouping. 

Thin layer chromatography of the various eluted products on 

(C=Sz+), 8 . 8 8 ~  (C-0-C). 

Found: C, 58.2:  H, 7.80; K, 3.68; S, 8.60. 




