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Carbamate Derivatives Related to Meprobamate 

A series of 2-substituted 1,3-propanediol dicarbamates, related chemically to meprobamate, has been prepared 
for central riervoiis system pharmacological investigation. The Y-uiisubstitiited propaiiediol dicarbamates were 
obtained by an ester-exchange reaction bet~ween the corresponding diol niid nrethan, by phosgenation of the 
diol followed by amnioiiiatiori of the bis(ch1orocarboriate) derivative, by the reaction of the diol with cyanic acid, 
2nd bl- nnimoniatioii of the bie(pheny1carbonate) derivative of the appropriate diol. The synrnetrically 3,"- 
siibstitut,ed propanediol dicarbamates were synthesized by direct ctarbamoylatioii of the propariediols, and the 
iinsymnietrically biibstitrited derivatives by stepwise carbamoylation cia the in-dioxanone and hydroxypropyl 
cwbamate intermediates using similar carbamoylation reactions. In addition to the preparation and physical 
properties of these compounds, the muscle paralyzing activity, ariticonviilsant activit,y, and toxicity of these 
carbamates aiid marly of the intermediates employed iri their syrit,hesiv are presented. Striict,ure-activity re- 
lationships among these compounds are discussed. 

.\ Irprobamate, 2-methyl-2-i)ropyl-l,~-propar~ediol di- 
c:irbamat e, was first synthesized by Ludwig arid I'iech 
in l%jl.' These workers prepared a series of nine di- 
carbamate5 of 2,2-disubstituted lJ3-propanediols a. 
put  of :i program to  modify chemically a. variety of 
wbstituted propanediolb and glycerol ethers. Of thc 
r:irb:im:ite derivatives prepared. '2-methyl-2-propyl- 
1 .S-prop:tnediol dicarbaniate way unusual in possessing 
pronounced muscle relaxant and anticonvulsant activit y 
and in exerting a marked taming effect ofi monkeys.? 
Ileplacemeiit of one or inore of the hydrogen:, of the 
carbamate iiitrogens of propariediol dicarbamates r(1- 
wlted I I I  compounds possesing central muwle IV- 

1:txniit action different from that of the parent carha- 
imitei. Compounds in which only one of the carba- 
mat e hydrogens wab replaced by a -hurt-chain alhyl 
group were found to possebs potent muxle-relaxant 
:tctivity. Carisoprodol, S-isopropyl-2-methyl-'l-proI,?.l- 
I .:i-prop:triediol dic:irbnmate. w a ~  found to he the  com- 
pound of choice :mong theie derivatives. 

'l'hi. paper describes the  preparation of :I t;erie> of 
S-uiiiuhstituted sind S-substituted 1,3-propanediol 
dicarhitmates related to meprob:imnt c ttiid carisoprodol 
:~iid compares their m u d ( >  par:dyzing :Iction. anti- 
convulsaiit activity, : i d  toxicity. Thc activities of 
t hv prop:Liiediol. from which they Lire derived m d  ninny 
of I hc intermediate compounds obt:uried iri the iyii- 

of the dictrh:tiiiate conipouiid:, :ire ii1-o presented. 
tart i ig m:Lterial\ i n  

t hc prejxmrtioii of both thc prop:iiiediol T-unsub- 
ititutecl and S+ubstituted dicarbniiiateh were obt:tinrd 
from commercial ;sources or hy I,,iH reduction of t he  
:ippropri:ite imlonltt e\. 

The procedure.; employed for the coii~~ersioii of thehe 
diols to the various S-urisubbtituted :id S-.;ubetituted 
c:irb:miate c.steri are outlined in Scheme I. Of greatest 
coiivciiicnce for the preparation of X-unsubstituted 
( I  I )  ;ind bymmetrically S-wbstituted dicarbamates 
(111, l V )  was the method described by Ludwig m d  
I'iech. who used low-t eniperut lire phosgenation in t hc 

l.:l-propuIiediol~ (I) iised : 

(I) B. J .  L u d w i g  and  E. C .  l ' iech, J .  . tm.  Chem. Soc.,  73, 3 T i Y  (19.51). 
12) l.'or a drscsiption of the pharmacological propertira of meprobamate and  

h i i n i t s  of the rrlated carbamate coinpounds desciibed here, see (a) b'. 31. Berger, 
.1. I'hnrmacul. E x p .  T i t e r . ,  104, 229 ( IKi2 ) ;  (b) I:. AI. Berger, ibid., 112, 413 
I l ! j . X ) :  (c) 1 3 ' .  AI. Hrrgrr, C .  D Hendlej-, €3. -1. Ludnig and T .  E. Lyner, ibid., 
116, :%jT (1930); (d) b', AI. Bergrr, Z n t e r r , .  R e c .  .\led., 169, 184 (1936). 

I:{) (a) F. 31. Brrger and B. J. Ludwip, U. Y. Patent 2,937,119 (1960); (I.) 
1:. 31. Berger, 31. Kletzkin, B. J. Ludwig, 6.  Llargolin, and L. S. Powell, J .  
Pharmacol. Etp.  Ther., 127. 66 (1959). 

presence of a tertiary amine as acid acceptor to  obtain 
the correhpondirig- chlorocarbonate, generally in good 
yield (method 1). Tetrahydrofuran also served as ail 
excellent medium for conducting this phosgeriatioii . 4  

The bis(ch1orocnrbotiates) could be readily isolated and 
purified by distillation under reduced pressure, but for 
most purposes they were advantageously ammoniated 
or aminated without isolation. 

A1o.t S-unsubstitutcd dicarbamates could also be 
fornied from the diol through an ester-exchange re- 
action with i~ low molecular weight alcohol carbamate 
.uch :is urethaii (method B). The application of this 
method for the preparation of benzyl carbamate \+-a\ 
first described by Kraft.] When used in the prepara- 
tion of propnnediol dicarhamates, the ethanol con- 
tained in 2 mole:, of urethan is replaced by the diol to  
give the dcsirrd dic:irbamate in excellent yield.6 
-1 third method n-hich proved effective for the coil- 

version oi diols to  S-unsubqtituted dicarbamates w:t\ 
the iiw of cytiiic acid formed L I L  situ by the action of  
dry HCl oil -odium cyanate iuspended in chloroform 
or trichloroetliylerie :it 0" (method C).7 Loev and 
liormentlyx have reported the advantageous use of 
trifluoroncetic. acid in phce  of HC1 in this reaction. 

A41teriiatr methods for the formation of S-unsub- 
qtituted dicarb:unat CAS of substituted propanediols h a w  
also been explored. Reaction of the diol with urea :it 
controlled e1ev:itetl temperatures usually gave lorn 
yields of t h e  deiired carbamates whose work-up w:ts 
complicated by the prcserice in the reaction mixture of 
iire:~ conderisatiurt products arid high molecular weight 
by-product..' The conwrsion of diols t o  their pheriyl- 
ciirbonate cbstrrs using phenylchloroforniatc in the 
presence of :in :icid acceptor, followed hy :tmmonolysis, 
produced good yield5 of dicarbamates (method D). 
Thi. mor(' lerigthy procedure proved to  be especially 
witable when applied to secondary and tertiary car- 
binols. ~ I c l m ~ o r e ,  et found this procedure of 
viilue in the hytithesis of unsaturated tertiary carbinol 

( 4 )  (J) AI I u t z  ,ind C I, \fhlt tbe(ktI  U. S Patent 2,787,630 (1037). 
(b) 1 0 Qeisler and AI i Spielman, U S Patent 2 806,063 ( 1 9 5 i ) .  

( 7 )  Ft 31 Kraft. J i m  Chem S o c ,  70, 3369 (1948) 
((1) F AI Bergtr  i n d  H J I.odaig r > Patent 3,039,022 (1962) 

(8) H Loev d i d  .\I l- Koiiriendi J Or0 Chem , 28, 3421 (1963) 
('1) C I'errari Chirn I n d  (311lan) 40, 1J [1958), Y. I,l\rsrhlto, B7dI R e , .  

Cowz(71 I \ r a d ,  I ,  81 (1074) fniplo>rd this method to  obtain h u h  ~ l e l d i  of 
tienz>l Labamate  

(10) W. hl. AlcLarnore b I. P'sn, and A. Bavlra, J. Org.  Chem., 20, 
1379 11955).  

7 )  I.epet1t b I, 1 h\\lu'. 1'atPnt J"l26 (1962) 
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SCHEME I 
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IV 

XNCO 
E \ 

I XCOCI, NaN, / 
F 

, CH,OCONX'Y' 
COClz, NHX'Y' 

J RR'C 
\ CH,OCONXY 

VIIC 
R, R'= H, alkyl, aryl; X, X', Y, Y' =alkyl, aryl 

carbamates. We were unsuccessful, however, in pre- 
paring the dicarbamate of 2-t-amyl-l,3-propanediol 
using this method, probably because of the hindering 
effect of the tertiary amyl group. 

The forpation of dicarbamates symmetrically sub- 
stituted but bearing only a single substituent on each 
nitrogen (IV) was also accomplished by treating the 
diol with 2 equiv of alkyl or aryl isocyanate (method E). 
It is of interest that the ester-exchange method, ex- 
tremely useful in preparing N-unsubstituted dicarba- 
mates, fails when the urethan used to effect the ex- 
change bears a nitrogen substituent. An attempted 
interchange between N-methylurethan arid a hydroxy- 
propyl carbamate, using aluminum isopropoxide as 
catalyst, failed to give the desired N-methylcarbamate 
but led to  a disproportionation of the monocarbamate 
to  the corresponding dicarbamate and the diol. Al- 
though the precise role of aluminum isopropoxide in 
this exchange reaction was not thoroughly explored, 
the ability of this catalyst to promote this dispropor- 
tionation was confirmed in separate experiments. 

Symmetrical K-monoalkylated dicarbamates of this 
type were also prepared by utilizing the Curtius re- 
action to obtain a solution of the required acyl azide 
which, when slowly added to a refluxing solution of the 
diol, is converted i n  situ to the isocyanate which in 
turn reacts with the diol to give the dicarbamate 
(method F)." 

llonocarbamates of substituted 1,3-propanediols 
(VI) have been successfully prepared by controlled 
phosgenation of the diol followed by amidation.' Be- 
cause of the difficulty sometimes encountered in working 
up the product resulting from the action of SH,  or 
amines on this phosgenation reaction mixture, the 
hydroxypropyl carbamates were usually more readily 
obtained via the intermediate cyclic carbonate ester 
(m-dioxanone) . However, the phosgene method proved 
to be the only means available for the preparation of 
the monocarbamate of 2-phenyl-1, 3-propanediol. We 
were unable to convert this diol to its cyclic carbonate 
by the usual ester-exchange method. 

The cyclic carbonates (V) were readily obtained by 
heating the diol in xylene with a slight excess of di- 
ethyl carbonate and a catalytic amount of SaO;\Ie3" 

(11) L. S. Powell, U. S. Patent 3,092,836 (10G3). 

(method G). The carbonates were converted to the 
desired monocarbamates by reaction with aqueous or 
anhydrous NH3 or amine (method H). The cyclic 
carbonates were $Is0 found to react with hydrazine in a 
similar manner to give the corresponding carbazates. 

S-Substituted monocarbarnates bearing one S sub- 
stituent (VI, Y = H) were in some instances obtain- 
able by the reaction of 2 moles of diol with 1 mole of 
alkyl or aryl isocyanate. 

The unsymmetrical S-substituted dicarbamates 
(VIIa, VIIb, VIIc) were prepared from the K-unsub- 
stituted or 3-hydroxypropyl S-substituted carbamates 
by carbamoylation, using ester interchange (method 
I), phosgenation-amidation (method J), isocyanation 
(method I<), phenyl chloroformate-amidation (method 
L) , cyanic acid (method 11) , or by the Curtius reaction 
described earlier (method K),  the key intermediate in 
each case being the appropriate 2-substituted 3-hy- 
droxypropyl carbamate (VI). 

In  addition to the numerous K-alkyl- and S-aryl- 
carbamate derivatives prepared in this study, a riuniber 
of S-acyl derivatives were synthesized for pharmaco- 
logical evaluation (method 0). Additional 1,3-propane- 
diol dicarbamates having miscellaneous substituents 
attached to the carbamate nitrogens were also syn- 
thesized for evaluation. The preparation of repre- 
sentative compounds of these types is included in the 
Experimental Section. 

The majority of the compounds prepared in these 
studies are relatively low-melting, stable crystalline 
solids. Many of the 1,3-propanediols were obtained as 
high-boiling liquids. The solubility of these diols in 
water ranged from about 5% downward. The hy- 
droxypropyl carbamates are usually more water soluble 
than their dicarbamate counterparts. The noncrystal- 
lizable members of this group could be readily purified 
by distillation under reduced pressure. The 1,3- 
propanediol E-unsubstituted dicarbamates are crystal- 
line solids having a limited solubility in water (0.17, 
or less). l\'-Alkyl substitution resulted in decreased 
water solubility and usually gave noncrystalline com- 
pounds which were purified by molecular distillation. 
Where acylation of these liquid derivatives is possible, 
readily crystallizable solids are obtained. 

The mater solubility of compound 62, the tricarba- 
mate of 2-methyl-2-@-hydroxypropyl-1,3-propanediol, 



i:, of inteiezt The dic:tiharn:ite froin which thih tri- 
c:irb:iiii:itc i i  derived, 1-'-methyl-"-~-hydros\.propvl- 
1.3-i)rop:iiiedioi dicarb:m:ite. i- the iiiii,joi' nic1t:ibolit ( b  

€3otli thr. liietabohtc , t ~ i d  I t -  f l i l l>  

tivc d l w l v ( '  I l l  \\:iter 111 e\( 
ot 10% :md 2ll'f' bntinlly devoid of p1i:ii~inacolug 

IC' .ollthility of this tric:irtl:iiniit(~ 
comp:ircd to t h:it of iiicpiuhani:Lt (1 wppoi't - tht. 

poztulatv thut the l ~ ~ ~ - ~ ~ r o ~ ~ : ~ t i ~ ~ ~ l i o l  S-iiii.ubztituted (11- 
carh:iin:ttes ow' thcii limited w,~tc i  solubility t o  intc~i~i,tl 

1 hc 1 ,:3-propaii~'tliol tiiorio- : i i i d  c l ic~tr t~: tni , i t~~-  i i i i -  

itutcd or sub5tituttd :it t ho  ,iiiiidc iiitrogm po-I- 

of i~ieI.)robaili:itc.'~ 

I i y d r ~ g ~ i i  boiidirig hct \\ eel1 tlir c:irI):i~ii:~te ilioiet i~ 
r ,  

urd haii :tiid 4niiliir ulhyl iiioiioc;irb:iiiiate 
pourids require exteri-ivr i d u x i i i g  i i i  iniiiwil acid or 
5troiig alkali to effclct complet(. Iiydroly3i.. 

The physical coiistarits, analytical datu, aiid phar- 
iiiacological screening data for the  riiirnerous carbamatc 
compounds arid for the prupaiicdiols :ind wrious inter- 
mediates employed in their :,yiithcscs :ir(' suniiiiarized 
in Tables I-TrI. 

Pharmacology.-'l'lie most ciiaracteristic uncl 1x.t 
kiio~vri pharm:icological 1,ropei t y  of these compourids 
is their ability to  produce reluxation of tlie voluritary 
inusclcs. This effect is produced by uii :tction on  thc 
criitral iierroiis system :ind coIncs about by inhibition 
of tlie interncuroils. The conipouiid.: of this study 
have no qignificarit peripheral nctioii nrid (lo iiot inter- 
fere with neuromuscular trnnsinibsioii in the myo- 
neuronnl junction. Because inuscul:ir rclns:ttiori is 
difficult to ev:tluate yuantitativcly. IT e iiieamu.ed iii- 
strad the paralyziiig effect of thesic cornpoiirid3. 1':i- 
rxlysis produced by these coiiipoiiiids 1- completely 
reversible. It is :in exti cine form of inuscular relax- 
ation :tiid can  be evaluated objectively by iiieasuriiig 
thc iucidence arid duratioii of thv lobs of righting refley 
resulting froiii the iiit1;tpcritoiie:iI ,~dmiiiistratiori of 

With thi5 tcchiiicliie gradrd doses of the, 
drugs are given intraperitoiicnlly to groiipz of mice 
aiid the dose that produced ;I loss of righting reflex 
for a d u r h o i i  of more than 1 niin in 305; of the animals 
1s determined. The mort :ility c~ccurring 7 d:tys :if tcir 
:Idniinistration of the compourids 11 :i$ iised i i i  cnlciilatiiig 
the LD,, closc. 

The :ititiconvulsaiit activity of the  compounds \I ds 

ineasured tiy determining thc dosc which ~ipoi i  oral 
:idmiiiistr:ition prevents the appc:w:irice of the extensor 
tonic phatse of electroshock seizures iii 30c, of inice.14 

2-Substituted 1,3-Propanediols. --'l'he most effective 
puralyziiig ngerit of this type with a siiigle suhstit- 
iicnt w i q  1-'-(l-methylbiityl)-l.~Z-~~ropniiedio1 (5). Coni- 
po ind-  with :I ihorter or differently branched chniii 
\ \we lesh active. S o n e  of the singly substituted com- 
1)ouiidz producrd reinurlciblc aiiticotivulsmt action. 
Scveid of the ~ , ~ - d i a l l ~ y l - l , : ~ - ~ ) r o ~ ) : ~ i i e d i o l ~  showed 
good par:tlysiiig nctivity, mid this nppe:irccl to be 
gicute.t lien oiic of the buhstitiieiits \\-:is methyl and 
thc  otlicr :i 3-:ill,yl (17-20). \Theii oiie of the sub- 
stituents w:is ethyl, mtxiiiiiiiii activity i t  :is obtained 

(12) H J I , i ~ d n i i :  I 1 1)o i i  I - l ' o ~ t l l  \ I  \ I t \ i i  i i i r i l  \ I  I3rigt.i 

(I,]) ( I )  I \ I  i3eIget q i id  I i d l i ~  h'~ z l  J J'iraiimr,I 1, LO , f I ' l 4 l i  
I l l r d  f'hainr Ciirrri 3 , 3  [ 

i l l )  I 11 l l r i g i t  i n  \Ietliod. i i i  DIU.' Fvalui t iot i  ' I' 31riit 
I l ' i ~ c ~ i i i i i i  E 1  , Uorth-HollLiiid 1 ' u t ~ I i . l ~ i i w  C o \ m i t t i d  i t i i  1 ~ 1 0 1 ~  I 

9 ,  L I I ~ 1 0 4 0 1  
(14) 1 c I' I o l r l I I ,  I: 
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No. R 
1 H  
2 H  
3 H  
4 H  
5 H  
6 H  
7 H  

9 H  
10 H 
11 €1 
12 H 
13 M e  
14 h l e  
15 hIe 
16 M e  
17 M e  
18 M e  
19 M e  
20k hIe 
21 M e  
22 h l e  
23' E t  
Nrn Et  
25 E t  
26 Et 
27 E t  
28 Et  
2gk E t  
30 E t  
31 E t  
32' E t  
33' Et 
34P E t  
35' E t  
36' P r  
37 P r  
38' p-Tolyl 

8~ 

R1 

i-Pr 
i-Bu 
t-Bu 
Am 
1-Methylbutyl 
3-Methylbutyl 
I-Ethylpropyl 
2-Cyclopentenyl 
C&ia 
Cyclohexyl 
p-Tolyl 
3-Phenylpropyl 
Allyl 
2-Propynyl 
i-Bu 
t-Bu 
A m  
1-.\Iethylbutyl 
3-Methylbutyl 
1-Ethylpropyl 
Cvclohexvl 

Pr 
see-Bu 

.1 m 
3-Methylbutyl 
1-Ethylpropyl 
Cyclohexyl 
PhO 
P-N 01Ph 
p-HnNPh 
p-CIPh 

i-nu 

p-Butylmercaptophenyl 
Dimethylaminomethyl 
I-Ethylpropyl 
p-Tolyl 

Yield, 
70 

60 
87 
59 
73 
T O  
81 
41 
70 
63 
80 
34 
80 
82 
71 
82 
75 
50 
90 
i 8  
70 
87 
67 

9 
74 
84 
83 
i 7  
75 
87 
60 
80 
35 
53 
41 

92 
38 

TABLE I 
2-SUBSTITUTED 1,3-PROP.\K12DIOLSa 

RRiC ( CHZOH)~ 
h l p  or bp (mm), 

OC 
80-83 (0 .5)  
82-86 (0.3) 
59-61 

100-106 (0.2) 
95-98 ( 0 . 5 )  

104-106 (0.4) 
82-85 (0.02) 
3 8 , 5 4 0  
30-32 
90-92 
55.5-56 
43-44 

119-120 (10) 
68.5-69.5 
87-92 (0.3) 

192.5-194 
51-52.5 

150-151 (14) 
68-70.5 
45-48 
79-80 
67-68 
65.5-66 
37-39 
90-91 (0.08) 
95-97 (0.1) 
91-94 ( 0 . 0 2 5 )  
41-42 
76-77 (0.02) 
59.5-61 
51-53 
98-100 

97-99 
64-65 
95-97 (0.02) 
86-88 (0 .02)  

188-190 dec' 

119-120 

nZ5D 

1.4482 
1,4470 

1.4506 
1 4560 
1 .  4482 
1.4545 

1,4649 

1,4665 
1.4598 
1.4685 

1 4643 

1 4637 
1.4666 

.Analyses 

C, H 
C,  HC 
C, H 
C ;  Hd 
C; H e  
c, H 
H ;  C '  
H ;  c g  
C ;  HI1 
C,  H 
C, H 
C, H 
C, H 
C ,  H 
H ;  C '  
C ,  H 
C ,  H 
H ;  C i  
C,  H 

C ,  H 
C, H 
c1 

C, H 
C ,  H 
c, H 
c ,  H 

C, 11 
H :  C n  
N 
Br 
C, H 
C, H, S 
S 
H ;  Cq 
C,  H 

_--- Dose, rng/kg"-- 
PDso 
>620 
>280 
> 280 

225 
180 
280 
280 

>420 

>280 
355 

> 180 
> 280 
>A20 

310 
355 
130 
120 
149 
147 

185 
120 
150 
280 

>280 
138 
230 

340 
>620 

212 
>620 

325 
212 

>280 

EDso 
> 280 
>420 
<420 
>420 

6 i O  
280 (ip) 

> 180 (ip) 
355 (ip) 

355 (ip) 
> 620 
> 280 
>420 

490 
346 
550 
375 
389 
295 

296 
330 
510 

>280 
>280 

280 
> 180 (ip) 

2 2 5  
280 (ip) 

>620 

>280 

LDso 
>620 
> 280 
>280 

360 
570 

>280 
>280 

>250 
>a20 
>280 
>280 
>420 

780 
570 
260 
390 

> 280 
>280 

550 
420 
250 

>280 
>280 
>280 
>280 

>420 
>620 

680 
>620 

325 
810 

> 280 
Prepared from corresponding malonate unless otherwise noted. * The PD;, is the dose that produces a loss of righting reflex for a 

duration of more than 1 min in 5070 of the animals. The ED,, is the oral dose prevent,irig the appearance of the extensor tonic 
phase of electroshock seizures in  SOY0 of the animals. The LD;, was calculated by the mortality occurring 7 days after the adminis- 
tration of compounds. See the text for more information. C: calcd, 63.60; forind, 64.49. H :  calcd, 12.20; found, 11.63. H :  
calcd, 12.41; found, 11.93. e H :  calcd, 12.41; found, 11.90. f C: calcd, 63.71; found, 66.47. y C: calcd, 67.57; found, 66.23. 
* H: calcd, 12.58; found, 12.09. i C: calcd, 65.71; found, 64.99. j C: calcd, 67.45; foiind, 67.88. F. 11. Berger and B. J. Ludwig, 
U. S. Patent 3,059,022 (1962). 'See Experimental Section. mSee ref 3a. C: calcd, 67.32; found, 68.19. o H B ~  salt. ~ P r e -  
pared by the crossed Cannizzaro reaction of a-p-chlorophenylbutyraldehyde and HCHO by the method of F. C. Whitmore, A. H. 
Popkin, H. I. Bernstein, and J. P. Wilkins, J .  Am. Chem. SOC., 63, 124 (1941). * C: calcd, 70.16; found, 71.34. 

single alkyl group on each S failed to yield compounds 
of significant effectiveness. The use of bulky groups 
such as xanthyl (285, 286) likewise did not increase 
effectiveness. Introduction of three or four alkyl 
substituents attached to the carbamate nitrogens as a 
rule did not yield compounds having interesting activi- 
ties, with the exception of a tetramethyl derivative 
(304) which showed good paralyzing activity. X- 
Acylated derivatives of N-unsubstituted and S-sub- 
stituted dicarbamate compounds were invariably in- 
active. Compounds wherein the carbamate IY was 
substituted with a carboxy-, hydroxy-, or haloalkyl 
possessed insignificant activity, and, with the exception 
of the isopropylcarbazates (315, 319), none of the X- 
amino-, S-alkoxy-, I';-hydroxy-, S-carbamyl-, N- 
nitro-, or S-sulfonylcarbamates displayed interesting 
paralyzing or anticonvulsant activity. 

Experimental Section's 
All melting points were determined on a Thomas-Hoover 

Boiling 
Where analyses are indicated only by 

capillary melting point apparatus and are uncorrected. 
points are uncorrected. 

(15) Microanalyses were performed by Schwarekopf .1Iicroanalytical Laho- 
atory, Woodside, N. Y.,  and Galbraith Laboratorie?, Inc., Knoxville, Tenn. 

symbols of the elements analytical results obtained for those 
elements weye within ~k0 .47 ,  of the theoretical values. 

Preparation of Substituted 1,3-Propanediols (I).-The diols 
obtained from commercial sources were used without further 
purification. Most of the diols used in this study, including 
those not previously described, were prepared by LAH reduction 
of the corresponding malonate esters.16 The crossed Cannizzaro 
reaction of the appropriate aldehyde with HCHO was also em- 
ployed." The preparation of those diols requiring special meth- 
ods is described individually. Table I lists the diols prepared for 
this study which are unreported in the literature. 
2-Ethyl-2-p-nitrophenyl-1,3-propanediol (32).-The diacetate 

of 2-ethyl-2-phenyl-l,3-propaiiediol was prepared by refluxing the 
diol for 20 min with excess AciO containing a trace of H2S04; bp 
132-134' (0.1 mm), TPD 1.4973. Sitration of this ester according 
to the method of Bousquet and A4dams18 gave 2-ethyl-2-p-nitro- 
phenyl-1,3-propanediol diacetate which was hydrolyzed to the 
corresponding diol by refluxing in  an excess of 10Tc HC1 for 1.5 hr. 
The prodiict waa purified by crl-stallization (CsH,). 
2-Ethyl-2-p-aminophenyl-1,3-propanediol (33).-2-Ethyl-Z-p- 

nitrophenyl-1,3-propanediol diacetate was redriced at 2 atm of Hz 
ilsing PtO, catalyst. The piodrlct was saponified without isola- 
tion by refluxing with aqueous KOH for 5 hr t'o obtain the amine 
which was isolated as the HBr salt. 

2-Ethyl-2-(p-n-butylmercaptophenyl)-1,3-propanedio~ (35).- 

(16) IT. G. Brown, 0r.g. Reactions, 6 ,  469 (1931). 
(17) R. W. Shortridge, R.  A .  Craig, K. IT. Greenlee, J. 11. Derfer, and 

(18) E .  If-. Bousquet and R.  Adams, ib id . ,  52 ,  224 (1930). 
C. E .  Boord. J .  Am. Chem. Soc., 70, 046 (1948). 
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TABLE I11 
2-SUUSTI'TUTED 3-IIYDROXYPROPYL CARBAMATES" 

RRIC(CH~OH)(CH~OCONR~R~) 

No. R 
106 €I 
107 I i  
108 I1 
109 ]I 
110 H 
l l l C  €~ 
112 M e  
113 M e  

115 ,\le 
116 Ale 
117 Ale 
lBd M e  
119d h f e  
120d Ale 
121d rite 
12zd .\le 
123d Ale 
124 M e  
125d M e  
126 i u e  
127 M e  
128 Me  
129 h l e  
130C M e  
131 l l e  

133e 3 I e  
134 Ale 
135 M e  
136 .\le 

137 h l e  
138d Me 
139 h l e  

114d nre 

132 hfe  

140d iwe 
141d nIe 
142 M e  
143d M e  
144d Ale 
145d .\le 
146d M e  
147 M e  
148 AIe 
149 M e  
l5OC Et 
151 Et 
152 Et 
153 Et 
154d Et 
155d E t  
156 Et 
157d Et 
158 Et 
159 Et 
160 Et 
161h Ph  
162' Ph  
163 Ph  
164 Ph  
16,5 P h  
166 p-Tolyl 
167 p-Tolyl 

Ri 
Et 
Et 
E t  
Et 
I3u 
Pi1 
Ale 
M e  
E t  
Et 
Et 
Pr 
Pr 
P r  
P r  
PI 
Pr 
Pr 
P r  
PI 
P r  
P r  
P r  
P r  
P r  
P I  
P r  
P r  
P r  
P r  
Pr 

P r  
o-Pr 
i-Pr 
Bu 
Bu 
sec-Bu 
see-Bu 
sec-Bu 
sec-Bu 
sec-Bu 
sec-Bu 
a-Bu 
Ph 
ClCHz 
Et 
Et 
P r  
P r  
Bu 
Bu 
i-Pr 
Bu 
Ph  
P h O  
Ph 
P h  
Ph  
P h  
Ph  
p-Tolyl 
p-Tolyl 

R? Ita 
€ I  H 
H i u e  
Me RIe 
H  Ph 
H H  
11 II 
H nie 
AI6 Ale 
H I€ 
H i v e  
H P r  
H nIe 
H  E t  
H  PI 
H i-PI 
H  Allyl 
€1 2-Propynyl 
H 13u 
H sec-Bu 
II  2-Bu 
€1 2-Uutenyl 
€1 2-hlethylallyl 
H  Pentyl 
€I 3-Nethylbutyl 
H  Ph 
11 PhCHz 
H p-HOzCPh 
>le  M e  
Et Et 

-(CHz)?O(CHz)r 
nf e 

Bu 
H  
H 
H 
H 
€1 
H 
€I 
I€ 
H 
H 
H 
H 
H 
H 
H 
H 
II 
H 
H 
H 
H 
h le  
H 
H 
H 
H 
H 
H 
H 
H 

l-Phenyl-2- 
v o w l  

DU 
H 
hf e 
H 
nl e 
H 
P r  
l - P T  

Allyl 
2-Propynyl 
Bu 
H  
H 
€ I  
Et 
Ph 
H 
i-Pr 
M e  
Et 
H  
Pr 
h l e  
H  
H 
iVf e 
E t  
Pr 
t-Pr 
H  
h l  e 

Yield, 
% 
95 
60 
68 
40 
80 
16 
30 
74 
60 
83  
72 
75 
55 
80 
55 
86 
30 
88 
30 
61 
73 
21 
68 
72 
84 
25 
40 
72 
75 
i o  
55 

CO 
i o  
42 
64 
03 
6 5  
80 
71 
71 
50 
88 
71 
55 
38 
68 
80 
60 
81 
81 
70 
58 
79 
60 
15 
6 5  
93 
64 
86 
70 
90 
70 

h f p  or bp (mm), 

105-112 (0.02) 
96-97 (0.06) 
72-75 (0.02) 

132-136 (0.01) 
74-75 
73-75 
89-90 (0.04) 
6-8 (0.06) 
43-45 

104-107 (0.04) 
107-112 (0.04) 
112-115 (0.3) 
115-120 (0.3) 
114-117 (0.02) 
86-88 (0.01) 

102-104 (0.05) 
120-125 (0.06) 
107-108 (0.01) 
104-105 (0.01) 
118-119 (0.06) 
120-130 (0.04) 
115-116 (0.06) 
144-146 (0.07) 
130-136 (0.07) 
85-86 

173-175 (0.02) 
183-185 
78-80 (0.02) 

112-116 (0.03) 
102-104 (0.02) 
160-162 (0.07) 

114-115 (0.01) 
73-74 

101-103 (0.07) 
65-66 
06-99 (0.04) 
35-37 

127-132 (0.07) 
126-128 (0.07) 
147-148 (0.07) 
123-126 (0.04) 
145-147 (0.07) 
122-127 (0.2) 

" C  

f 
86-87 

73-74 
71-73 

109-110 (0.1) 

130-132 (0.5) 
128-130 (0.06) 
104-106 (0.03) 

132-136 (0.01) 
127-128 (0.06) 
98-100 

121-122 
87-89 
f 

90-91 
112-1 15 
133-136 
106-107 

58-60 

7 P D  

1.4663 
1,4548 
1.4522 
1.5346 

1.4548 
1.4486 

1.4594 
1.4590 
1.4594 
1.4589 
1.4579 
1.4543 
1.4683 
1.4663 
1.4579 
1.4556 
1.4586 
1.4710 
1.4654 
1.4591 
1.4580 

1.5032 

1.4542 
1.4491 
1.4726 
1.5008 

1.4546 

1.4655 

1.4592 

1.4655 
1.4631 
1,4742 
1.4790 
1.4650 
1.4652 
1.5465 

1,4624 

1.4619 
1.4645 
1.4627 

1.4625 
1.5235 

Analyses 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 

N 

N 
N 
N 
N 
N 
N 
N 

N 
N 
N 

C, H  

N 

N 

N 
N 
N 
N 
N' 
N 
N 

N 

N 
C, H 
C ,  H 

C, H 
n; ci 
N 
H;  Ck 
C; H' 

7 

PDm 
>620 
>420 

482 
>420 

235 
35 3 

>420 

> 620 
225 
255 
280 
201 

>420 
149 
355 
171 
280 
246 
355 
355 
620 
620 

>420 
420 

1185 
238 
280 

>280 
1345 

>420 
520 

>420 
193 

182 

235 

280 

,120 
210 

>420 
138 

215 
250 

420 
185 
4 82 
720 
168 
155 
420 
630 

> 1400 

-Dose m-/keb-- 
EDso LDso 

510 
>420 (ip) 

>626 
355 (ip) >420 

580 
: 54 >420 

>420 

420 (ip) 
235 (ip) 
341 >620 

>280 > 280 
355 900 
420 (ip) >420 
230 (ip) 

500 900 
355(ip) >420 

>280 (ip) 800 
355 (ip) 
280 (ip) 420 
420 > 620 
520 (ip) 

>420 
180 (ip) >420 

1180 
230 (ip) 650 

<420 
> 280 
2050 

>420 >420 
280 (ip) 1550 

>2EO 
319 520 

>420 

>280 

440 

480 

420 (ip) 
280 (ip) 
280(ip) >420 
212 710 

280 (ip) 
180(ip) 950 

>420 
340 680 

>620 
152 1400 
210 1280 
318(ip) 180 
280 (ip) >420 

>2100 

> 1400 > 1400 
a Prepared from the corresponding dioxanone (method H )  unless otherwise noted. 

N :  calcd, 6.89; found, 7.34. 

See footnote b in Table I. c See Experimental 
f Compound was purified by short-path distillation a t  100-120" bath temperature (0.001 mm). 

E F. M. Berger and B. J. Ludwig, 
Section. 

F. &I. Berger and B. J. Ludwig, U. S. Patent 2,636,378 (1953). 
U. S. Patent 3,222,392 (1963). C: calcd, 72.82; found, 73.24. C: calcd, 72.22; found, 71.56. H: calcd, 7.40; found, 6.84. 

See ref 3a. e See ref 11. 

2 moles of n-HrtBr in EtOH in the presence of 1 mole of SaOhTe. 
Recrystallization (CH,ClL-pentane) gave a yield of purified 
compound. 
2-Chloromethyl-2-ethyl-l,3-propanediol (23).-3-Ethyl-3-oxe- 

tanemethanol, prepared by the method of Pattison,*O was treated 
in CHC1, with an excess of dry HC1 a t  0" for 4 hr. The excess 
IICl was removed by aspiration, and the product was distilled a t  
92-102' (0.02 mm). It was purified by tecrystalliaation (PUIe ) .  
2-Propyl-2-diethylaminomethyl-1,3-propanediol (36) was pre- 

pared by the hlannich condensation of 0.3 mole of diethyl propyl- 
malonate, 0.3 mole of Et*", and 0.33 mole of 37Yc HCHO in 200 
- -~ 

(20) D B. Pattison, J. .im Chen SOC., 79, 3433 (1957). 

ml of EtOH. Vacriiim distillation of the crude product gave the 
desired malonate in 80yc yield, bp 87-88' (0.04 mm). Reduction 
of the malonate with LAH afforded the corresponding diol in 8170 
yield. 
2,2-Di(p-tolyl)-1,3-propanediol(38).-A mixture of 0.41 mole of 

4,4'-dimethylhydrobenzoin and 500 ml of 907, HCO,H was re- 
fluxed for 4 hr. The H2O and excess acid were removed under 
reduced pressure, the residue, dissolved in Et20, was washed 
(saturated NaHC03, saturated KaCl), and the solvent was r b  
moved. The crude 2,2-di-p-tolylacetaldehyde was added to 300 
ml of 3776 HCHO coiitainirig 30.3 g of KLCO~.  This mixttire was 
refluxed for 22 hr during which tirile sufficient EtOH was added to 



A l e  
PI. 
Pli 
\ l e  
Pr 
Pi1 
Ale 
Et 
Pi. 
i-Pr 
Allyi 
2-Propynyl 
Ill1 

P h  
A I  e 
E t  
Vinyl 
2-  I1 OCH?CI12 
COAIr 
I'r 
i-Pr 
Allyl 
2-Propynyi 
Cyclopropyl 
Bii 

iec-13ii 
i-Bu 
2-Butenyl 
2-Alethylaliyl 
?-Fury1 
Pentyl 
3-Alethylbutyi 
l.l-Dimethyl-2- 

propynyl 
PI1 
PhCH? 
PllcoclI, 
3-PyridyI 
AIe 
PI. 
i-Pr 
Allyl 
2-Propynyl 
B 11 
Pll 
.\le 
Et, 
Pr 
,-l+ 
' ~ l l y l  
2-Propvnyl 
I 3 1 1  

I'll 
Pr 
i-Pr 
.Illy1 
2-Propynyl 
UU 
2-Propyny 1 
Pr 
2-Propynyl 
P I ,  
E i, 
Pr 
i -Pr  
.illy1 
2-Proljynyl 
1311 
P 11 
i -PT 
i-Pr 
>I e 
E: 
P r  
2-Propynyl 
PI1  
l', t 

\lethod 
I 
Ii 
I< 
I 
.I 
.I 
I< 
\I 
I< 
I< 
A I  
J> 
AI 
I i  
I, 
L 
I\ 
I\ 
I 
I 
N 
J 
fi 
I J  
I 
I 
I 
.J 
I 
I 
I 
1 
I 
s 
AI 
I 
.J 

1C 
I 
h 
J 
A1 
I< 
.I 
J 
I 
3 

11 
J 
Ii 
L 
I 
I 
J 
I< 
A I  
>I 
AI 
A I  
11 
J 
%J 
I 
I< 
1 
1 
.J 
L 
.J 
J 
li 
11 
J 
I 
I 
1 
I 
I i  
L 

r i  

110. j-11 I 
99-94 

118-119 
81-82 
!16-$28.: 
58-62 

14i-148.5 
88-91 

110-1 1:; 
112-111 

:x-7<1,5 
RT-S!) 
7 1 .  R-73.3 
86-88 
,51->2 

I 

88-00 
1-18-130 (0.06) 
134-156 ( 0 . 0 5 )  

120-140 ( 0 . 0 2 )  

144-1.4; (0 .02)  

110-1:30 (0.0251 

40-92 

88-81 

89-91,5 

!4-1 -<It% 
7!)-81 

100-110 (0.01, 
88-89 
64-63 
84-81? 
79-81 

323-12.5 (0.01) 

98-99 
1.31-132 
116-118 
1 :36-1:38' 

Cl 
28-60 
58 

120-125 ( 0 . 0 2 )  
.! 

ti:j-65 
96-98 
75-77 
Lj1~92 
62-64 
i i - 7 6 . 5  
62-63 _ _  - .>,,-.>, 
54- i; 

11 2-11 :: 
61-83 
$9-!10 

,! 

/ 
,4i-4% 

113-1 1 I 

113-114 
111-113 
83-84 
91-9:i 
84-85 
75-78 
62-64 
98.5-100 
82-84 
72-74 
74-75.5 
TO-81 
81.5-83 
01-64 

128-1:10.5 
69-71 

120-125 (0.01) 

I 

1 ,4998 
1 ,4682 

I .  4662 
1 4677 

I .  &SO!i 

I . 4fS1 i 

1. I;W 

1 ,  464: 

1 , -1664 
1.4771 

I ,  1750 

1.1821 
J 1872 

1 ,4830 
1.4862 
1 , 4 i I i  

1 , 5-40!1 

PD5" 
>420 

236 
>420 
.:420 

355 
,306 

>620 
>620 

I 2 0  
>420 

.-do 
2:;n 
165 
1x0 
180 
310 
1.363 
,520 
29.7 
170  
180 

> a 0  
21:; 
1'16 
15;; 
I l l  
1 7 2  
1: iX 
( 9 4 0  

>420 - _  

.150 
ti20 
240 

> I 2 0  
> 1.100 

;110 
210 
.-2[l 
2:i t i  
1:30 
IO7 
.>.>? 

l t i i l  
> I 2 0  

1 60 
"25 
1 1 -1 
10" 
136 

- - *  

1!l3 
!I2 

10" 
171 
!20 
:103 
280 
330 
,720 
53Cl 
147 
130 
"03 
3 0 .; 
2 5 5  
510 
225 
120 
'170 
238 

420 
1.53 

>420 
"80 
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TABLE 11- (Continued) 
Yield, Mp or bp (mm), 

No. R Ri R. Method % O C  nZ5D Formu a" PDao EDao LD 0 

249 Ph  Ph  R I  c M 30 103-105k C1sHz~N.04 >620 >G20 >c20 

--Dose, mg/k$'- 

248 Et PI1 Ph  K SO 137-138 C ~ Q H ~ O N  01 >620 >620 >620 

132-135 
250 Ph  Ph  P r  K 83 145-146 CzoH24N204 >420 >420 >420 
251 Ph  Ph  Ph K 90 201-202 5 C23H d ~ O 4  >420 >420 >420 

a All previously unreported compounds were analyzed for N. 
e Polymerizes on heating a t  melting point or on standing a t  50". 
ger, 11. Kletzkin, and S. Margolin, Med. Ezp., 10, 327 (1964). 
phenylacetyl chloride. HCl salt. 7 N :  calcd, 12.06; found, 11.50. Dimorphic crystalline forms. 

* See footnote b in Table I. 
See ref 11. 

See ref 3a. See footnote f, Table 111. 
Tybamate; see F. AI. Ber- 

Prepared by the reaction of meprobamate and NaH in  D M F  with 
f Carisoprodol; see ref 3b. 

maintain the reactants in solution. The solvents and excew 
HCHO were removed under reduced pressure and the residrie was 
heated on the steam bath with 10yG NaOH for 5 hr. The mixtiire 
was extracted into Et20 and the crude product obtained iipoii r e  
moval of the solvent was purified by recrystallizat,ion (PhLle). 

Preparation of 2-Substituted 1,3-Propanediol Dicarbamates 
(II).-The majority of the %substituted 1,3-propanediol dicar- 
bamates listed in Table I1 were prepared by either the phosgena- 
tion procediire' (met'hod 9) or the ester-exchange method6 
(method B) previously described. Other methods employed for 
this purpose were as follows. 

Sodium cyanate procedure (method C)  is illustrated by the 
preparation of 2-allyl-2-ethyl-1,3-propanediol dicarbamate (84). 
.4 mixture of 18.7 g (0.13 mole) of the diol, 18.8 g (0.29 mole) of 
anhydronx NaOCS, and 400 nil of dry CHC1, was stirred and 
maintained at 0' while dry HC1 was passed into the mixtine for a 
period of 6 hr. The mixture was allowed to warm to room tem- 
peratiire and to rtaiid overnight, and the HC1 aiid the CHCI, were 
removed by dist,illat,ion iuider reduced pressure. Recrystalliza- 
tion of the residue (H&) yielded 24.4 g (85%) of purified product. 

Phenyl Chlorocarbonate Procedure (Method D).-The use of 
the intermediate phenyl carbonate in the synthesis of dicar- 
bamates is illiistrated by the preparation of 2,2-diphenyl-1,3- 
propanediol diearbamate (99). 2,2-l)iphenyl-1,3-propanediol*l 
120 g, 0.088 mole) was dissolved in  100 ml of CHC1, to which 40 g 
(0.5 mole) of pyridine had been added. To this was then added 
31.2 g (0.2 mole) of phenyl chlorocarbonate in 50 ml of CHCI,. 
The reaction mixture was refluxed for 1 hr and then poured into 
ice water. The CHCI, layer was washed (10% HCl, 10CT 
XaOH, H20) and the CHCI, was distilled. The crude 2,2-di- 
phenyl-1,3-propanediol bis(pheny1carbonate) was added to 200 ml 
of N H 4 0 H  and 50 nil of EtOH. This mixture was treated with 
NH, for 2 hr iuider reflux aiid then poured into 300 ml of H20. 
The solid which separated was recrystallized from 3 I. of 90% 
A\Ie2C0 and yielded 21 g (76%) of white crystalline product. 

Condensation with Urea.-tVe were imable to obtain yields 
comparable to those of Paqiiinz2 who reported 78% of l,3-butyl- 
ene glycol dicarbaniate from the glycol, using urea and Z n ( 0 - 4 ~ ) ~  
catalyst at 175-18;1". When 66 g (O..? mole) of 2-methyl-2- 
propyl-1,3-propaiiediol, 120 g (2.0 mole) of urea, and 6 g of Zn- 
(OAc)? were stirred and heated at an internal temperatrire of 130' 
for 7.3 hr, a 2.57; yield of meprobamate was obtained. Several 
variations in the ratio of reactants, time, temperatiire, and choice 
of catalyst failed to improve the yield. The isolation of the 
product obtained in this manner was complicated by the presence 
in the reaction mixture of urea decomposition prodricts. 

Cyclic Carbonates (V ,  Method G).-The cyclic carbonate 
esters used as intermediates in the synthesis of the monocar- 
bamates were obtained substantially by the procediire of Berger 
and Litdwig.3a 

Previously undescribed 3-substituted vi-dioxanones prepared by 
1 his method were 5-ethyl-rn-dioxanone, bp 80-83" (0.02 mm), 
n Z 6 ~  1.4*523: .?-butyl-, 178-180" (0.3 mm), 1.4448; 3-methyl-5- 
isobiityl-, 114-117" (0.02 mm), 1.4358; .i-methyl-.i-phenyl-, mp 
07-!18" : and 5,5-di-p-tolyl-, mp 168-171'. 

1,3-Propanediol Monocarbamates (VI).-The N-imsubsti- 
t rited-8-hydroxypropyl carbamates and most of the N-alkyl(aly1) 
monocarbamates described in Table I11 were produced from the 
corresponding m-dioxaiione and NH, or the appropriate amine by 
the method described earlier3& (method H). Procedures for t,he 
preparation of other compounds of this type requiring special 
methods are as follows. 

2-Ethyl-2-chloromethyl-3-hydroxypropyl carbamate (150) was 
formed along with 2-ethyl-2-chloromethyl-l,3-propa1lediol dicar- 

(21) D. G .  M a r k ~ c s  atid A.  Burger, J .  A m .  Chem. Sac.,  71,  2081 (1'34'3) 
(22) A .  AI. I'aquin, z. Nalurforsch., 1. 318 (1'346) 

bamate and 2-ethyl-2-chloromethyl-1,3-propanediol when 1 mole 
of 3-ethyl-3-oxetanemethanolZo Fas treated in CHC13 with 1 
mole of NaOCX and excess dry HC1. The 2-ethyl-2-chloro- 
methyl-l,3-propanediol dicarbamate (38%) remained insoluble iii 

the CHC1, and was filtered off. The filtrate was distilled and 
separated into two fractions. Fraction 1, bp 92-100" (0.02 mm), 
was recrystallized (CHYClP) to a constant melting point of 65.5-66" 
and proved to be 2-ethyl-2-chloromethyl-l,3-propanediol (24c:). 
Fraction 2, bp 102-150" (0.02 mm), after recrystallixatioir 
(CH2C12) melted at 86-87'. $nalysis showed it to be 2-ethyl-2- 
chloromethyl-3-hydroxypropyl carbamate (385). 

2-Phenyl-3-hydroxypropyl Carbamate (Ill).-Since the cyclic 
carbonate of 2-phenyl-1,3-propanediol could not be obtained by 
method G, the desired monocarbamate was prepared by an a'ter- 
nate route. 2-Phenyl-1,3-propaneliol (0.4 mole) in 500 ml of 
T H F  was treated at room temperature with 0.42 m d e  of COC12 in 
100 ml of THF.  The reaction mixture was htirred 2 hr and then 
poured with cooling into 230 ml of concentrated NHIOH. The 
T H F  layer was separated arid the solvent was removed by distil- 
lation. The residue was dissolved in  Et20 and the solution was 
washed (10% HCI, H20). After removal of the EtnO, the residue 
was recrystallized IlIepCO-CHC13). The dicarbamate of 2- 
phenyl-1,3-propanediol, which also formed in the reaction, 
rrystallized out first (mp 148-150°), and by adding petroleum 
ether to the filtrate the monocarbamate was obtained, mp 71- 
74". After recrystallization (Phhfe), the monocarbamate melted 
a t  73-75'. 

N-Phenyl-2-methyl-2-propyl-2-hydrcxypropyI Carbamate 
(130).-A solution of 26.4 g (0.2 mole) of 2-methyl-2-propyl-l,3- 
propanediol in 400 ml of dry CjH6 was heated to reflux and 11.8 g 
(0.1 mole) of phenl-1 isocyanate in dry C6Hs was added slowly with 
stirring over a period of 1 hr. The C6H6 was then removed and 
the residue was distilled. Giireacted diol (12 g), bp 80" (0.1 
mm), was obtained. The residue was recrystallized from hep- 
tane; yield 20.7 g (84cc). 

1,3-Propanediol N-Monosubstituted Dicarbamates (VIIa, 
Y = H, Table IV).-The urethan-exchange method (method I), 
the phosgenation-amidation procedure (method J), and the 
cyanic acid reaction (method 11) were employed in the synthesis 
of these compoiinds.3x 

2-Substituted 1,3-Propanediol N,N'-Di-, -Tri- and -Tetrasub- 
stituted Dicarbamates (IV, VIIa, VIIb, VIIc, Table V).  2- 
Methyl-2-propyl-l,3-propanediol N-(3-Methylbutyl)-Nf-butyldi- 
carbamate (279, Method K).-A mixture of 24.3 g (0.1 mole) 
of 2-niethy1-2-propyl-3-hydroxypropyl 9-(:3-methylb~it?-l)carba- 
mate arid 11 g (0.11 mole) of butyl isocyanate in 100 ml of dry 
C6Hs was refluxed for 6 hr and then concentrated to an oil. The 
residue was distilled at 165-170" (0.0015 mm) to  yield 30.5 g 
(88C;) of a viscous liqiiid. 

1,3-Propanediol N,N'-Alkyl( ary1)dicarbamates. Isocyanate 
Procedure (Method E).-The w e  of alkyl or aryl isocyanates in 
the preparation of symmetrically S,S'-substituted dicarbamates 
is illustrated in the preparation of 2-methyl-2-propyl-l,3-propane- 
diol N,N'-diphenyldicarbamate (281). 2-lIethyl-2-propyl-1,:3- 
propanediol (10 g) was mixed with 95% of the theoretical qrian- 
tity of phenyl isocyanate (17.1 g) and the mixture was warmed. 
A vigorous reaction took place and, after subsiding, the mixtiire 
set to a viscoiis giim. Crystallization of the prodiict (EtOH- 
H2O) gave 17.2 g (79y0) of purified compoiind. 

Acyl Azide Procedure (Method F).l1-This method, usefnl for 
the laboratory preparation of selected N-substituted dicar- 
bamates, is illustrated by t,he preparation of 2-methyl-2-propyl- 
1,3-propanediol N,N'-diisopropyldicarbamate (271). A solution 
of 26.8 g (0.25 mole) of isobiityryl chloride in P h l l e  160 ml) was 
added to a stirred solution of 18.8 g (0.29 mole) of NaNs in 50 ml 
of HnO maintained at 0-10'. The mixture was stirred rapidly for 
0.5 hr atid their the P h l l e  layer was removed atid washed 



I{ 3 

11 
l i  
11 

I 1  
I 1  
H 
tI 
1% 
I t  
I1 
I1  

tl 
11 

I 1  

I1 

I f  

I1 
I1 
11 

11 

Ii 
11 
t1 
11 
I1  

H 

I1 
If 

H 
H 
I1 
El 

II 
H 
H 
€1 
ir 
ir 
I 1  
61 
€1 
I3 
H 
€1 

I1 
I1 
I1  

I f  

11 
I 1  

IT 

. \If  

ir  



May 1969 CAEB.4ML4TES RELATED TO hIEPROBAMbTE 47 1 

TABLE 1' (Continued) 
---Dose. mg/kga-- 

No. R RI RL K3 nt ns Method % (mm). O C  n * b  Formula Analyses PDao EDso LDso 
309 Me Pr -( C H d  j- -(CH:)s- A 60 158-160 1.4858 C I I H ~ ~ N S O ~  N > 420 > 420 

310 Et Et Et Et Et Et A 40 129-132 CITHUNIO~ C ;  H" 810 i 2 0  

Yield, hlp or bp 

(0.02) 

(0.5) 

a See footnote b in Table I. 

3Ionoammonium salt. 

H. .L\dkins and H. R .  Billica [ J .  .Ani .  Chem. Soc., 70, 3121 (1948)] reported mp 68-70". See footnote j' 
Table 111. Dimorphic crystalline forms: mp 125-126.5" from EtOH-HzO, mp 135-136" from Ph l l e .  e See Experimental Section. 

Pharmacological properties reported by R. Inoki, K. Otori, and I .  Komura, Folia Pharmacol. .lapon., 57. 
280 (1961). See ref 11. H :  calcd, 9.40: found, 9.88. See footnote h, Table 11.. k Prepared from 2-nieth?.l-%-prop?.I-l,3-propanediol 
K-isopropyldicarbamate, EtZNH, and 37:: HCHO. * H :  calcd, 
10.37; found, 9.74. 

?;: calcd, 10.21; found, 10.68. CI: calcd, 30.29; found, 29.87. 

(NarC03, HzO). The toluene solutio11 was dried (CaCL) at  5 "  for 
1 hr and was added slowly to 13.2 g (0.1 mole) of 2-methyl-2- 
propy1-1,3-propanediol dissolved in 100 ml of anhydrous Ph3le. 
The solution was heated at  reflux during the addition and for an 
additional 8 hr. P h l l e  was removed under reduced pressure and 
the residue was crystallized from hexane; yield 26.3 g (87y0), mp 

The unsymmetrical 1,3-propanediol N,N'-tri- and -tetrasub- 
st,ituted dicarbamates listed in Table T' were prepared from the 
appropriate 3-hydroxypropyl N-substituted carbamates using the 
various carbamoylation reactions described earlier. 
2-Methyl-2-propyl-l,3-propanediol N,Nr-bis(2,2,2-trichlorohy- 

droxyethy1)dicarbamate (270) was prepared in 82'j& yield by 
stirring a mixture of 0.1 mole of 2-methyl-2-propyl-l,3-propane- 
diol dicarbamate and 0.25 mole of chloral on the steam bath for 1 
hr. The reaction product was recrystallized (C6H6),* mp 105- 
107". 
2-Methyl-2-propyI-l,3-propanedioI N,N'-Bis(9-xanthy1)dicar- 

bamate (286).-Following the procedure of Sawicki and O l i v e r i ~ , ~ ~  
2.75 g of 2-methyl-2-propyl-l,3-propanediol dicarbamate was dis- 
solved in 15 ml of EtOH-AcOH ( 1 : l )  and mixed with 5 g of 
xanthydrol dissolved in 15 ml of the same solvent. The solution 
was warmed and allowed to stand overnight. The product (4.5 g)  
was recrystallized (PhMe), mp 184-184.3". 

The monoxanthyl derivative of 2-methyl-2-propyl-l,3-pro- 
panediol N-isopropyldicarbamate (285) also prepared by this 
method was obtained in crystalline form in low yield. 

2-Methyl-2-propyl-l,3-propanediol N,N'-bis(carboxymethy1)- 
dicarbamate monoammonium salt (268) was prepared by treating 
1 mole of 2-methyl-2-propyl-l,3-propanediol with 2 moles of 
carbethoxymethyl isocyanate in C,H,. The reactants were re- 
fluxed for 3 days, the solvent was removed by distillation, and the 
residue was distilled in a molecular still. The fraction distilling at  
162-187" (0.001 mm) was collected, n Z 5 ~  1.4652. This inter- 
mediate, 2-methyl-2-propyl-l,3-propanediol N,N'-bis(carbeth- 
oxymethy1)dicarbamate (278) was saponified by refluxing 1 
hr with excess XaOlIe  in EtOH. The EtOH was removed by 
distillation, and t,he residue was taken up in HQO and extracted 
with EtQO, discarding the Et20 extracts. The aqueous solution 
was acidified with HCI, the product was extracted into EtlO, and 
the solntion was dried (CaS04) and distilled to dryness to give a 
viscous residue. The product was isolated as the monoammo- 
nium salt by dissolving the gum in anhydrous i-Pr20 and introdiic- 
ing TH3. It was crystallized from i-PrOH saturated with XH3, 
mp 133-140". 

2-Methyl-2-propyl-l,3-propanediol N,N,N',N'-tetramethyldi- 
carbamate (304) was prepared by the reaction of 1 mole of the 
diol with 2 moles of dimethylcarbamoyl chloride in Ph l l e ,  using 
2.5 moles of pyridine as the acid acceptor. The reaction mixture 
was refluxed for 20 hr and then poured into ice H20. Et20 was 
added and the Et20 layer was washed with dilute HC1, dried, and 
concentrated. Distillation of the residue gave a fraction boiling 
a t  114-118' (0.06 mm), n Z 5 ~  1.4561, in a yield of 58%. 

1,3-Propanediol N-Acylated Dicarbamates (Method O).-The 
diacyl derivativm of N-unsubstituted and N-monosubstituted 
dicarbamates were prepared by treating 1 part of dicarbamate 
with 2 parts of the appropriate acid anhydride to which a trace of 
concentrated HzSO4 had been added. After 0.5 hr, the reaction 
mixture was poured into excess H20 and the diacyl derivative was 
collected and recrystallized from dilute alcohol or other solvent. 
The acyl derivatives requiring special methods are described 
individually. 

2-MethyI-2-propyI-l,3-propanediol N-Acetyldicarbamate (190). 

72-73 '. 

(23) E. Sawicki m d  V. T. Oliverio, J .  Oig. Chem., 21, 183 (1956). 

-One mole of acetyl isocyanate, prepared by the method of Hill 
and I)egnan,24 was t,reated with 1 mole of 2-methyl-2-propyl-3- 
hydroxypropyl carbamate dissolved in anhrdroiis C6H6. The 
product, insoluble in C&, was crystallized (HQO); nip 88-89", 
yield 80%. 

2-MethyI-2-propyI-l,3-pr6panediol N,N'-Bis( p-bromopropio- 
ny1)dicarbamate (276).-One mole of 6-bromopropionyl iso- 
cyanate, prepared by the method of Johnson,26 was mixed with 
0.5 mole of 2-methyl-2-propyl-l,3-propanediol in CHCL. The 
reaction mixture was heated at  reflux for 2 hr and then the solvent 
was removed by distillation under reduced pressure. A 70'& 
yield of product, mp 138-139", was obtained; after recrystalliza- 
tion (EtOH), mp 140-141'. 

2-MethyI-2-propyl-l,3-propanediol N,N'-diacryoyldicarba- 
mate (274) was prepared in 30Tc yield from the above compound 
by dehydrohalogenation with excess Et3N in Phhle. The mix- 
ture was warmed on the steam bath and allowed to stand 1 hr. 
The amine.HBr was separated by filtration and the excess Et3N 
was removed by warming. The product crystallized on cooling. 
Repeated crystallization (EtOH-Hz0) gave a product melting at  

The preparation of the miscellaneous ?J-substit,uted dicarba- 
mates appearing in Table 1-1 which required special procedures are 
given below. 
2,2-Diethyl-3-hydroxypropyl allophanate (328) was prepared 

in low yield by treating a dioxane solution of the diol with HOCN, 
obtained by the thermal depolymerization of cyanuric acid. I t  
was isolated by diluting the dioxane solution with HQO and was 
crystallized from EtOH, mp 154.5-136'. The 2,2-dimethyl 
analog (327) was also prepared by this method. 
2,2-Diethyl-1,3-propanedioI diallophanate (338) was prepared 

in 66% yield by treat,ing 1 mole of the diol bis(ch1orocarbonate) 
Kith 2 moles of urea in C& solution. A trace of HzSO, was added 
and the mixtiire was refluxed for 18 hr. The product was crystal- 
lized from EtOH, mp 191-193". The 2-methyl-2-propyl analog 
(337) was prepared in a similar manner. 
2,2-DiethyI-1,3-propanediol N,N'-Dinitro-N,N'-diethyldicar- 

bamate (334).-Followhig the method of Curry and lIason,*6 
2,2-die thyl- 1,3-propanediol K, N '-diethyldicarbamat,e was ni- 
trated using a mixt,ure of 90% fuming HNOs and A4cp0 (1 :3), pre- 
pared at  0-10". The dicarbamate was added to this mixture a t  
such a rate as to maintain its temperature under 10". After 
stirring for 0.5 hr, the mixture was poured into excess H2O to 
precipitate t'he dinitro derivative. It was recrystallized from 
EtOH, mp 43.5-44.5'. The same procedure was employed to 
prepare 2-methyl-2-propyl-l,3-propanediol N,N'-dinitrodicar- 
bamate (333). 

The preparation of 2-substituted 3-hydroxypropyl carbazates 
(method H )  is illustrated by the preparation of 2-methyl-2-propyl- 
3-hydroxypropyl carbazate (311). One mole of 5-methyl-5- 
propyl-2-m-dioxanone was treated at  room temperature with 1 
mole of hydrazine (8553 hydrazine hydrate) for 12 hr. The 
product was crystallized from CHC13, mp 75-7i0 (60y0). 

2-Methyl-2-propyl-l,3-propanediol Dicarbazate (321).-2- 
I\lethy1-2-propyl-1,3-propanediol bis(methy1carbonate) was pre- 
pared by reaction of 2 moles of MeOH with 0.5 mole of 2-methyl- 
2-propyl-1,3-propanediol his( chlorocarbonate) in 2 moles of 
pyridine. The mixture was warmed on t,he steam bath for 3 hr 
and the upper layer, containing the carbonate, was combined with 
the Et20 extract of the acidified lower layer. The Et,*O solution 

170-171". 

(24) A. J .  Hill and X-. >I. Degnan, J .  .Im. Chem. Soc., 62. 1395 (1940). 
(25) H. W. Johnson, Jr.. R .  E. Lovins, and M. Reintjes, J. Org. Chem., 24, 

(26) H. >I. Curry and J. 1'. .\lason, J. . lm .  Chem. Soc., 73, 3043 (1931). 
1391 (1959). 
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IICI, I$&), dried (NapSOc), and distilled. The 
8" (0.07 mm), weighed 92.4 g ( i . j f L ) .  Thir 

ciirbiltiate was converted to the desii,ed dicarbazate by treating it 
with 2 eqriiv of hydrazine hydrate for 16 hr at room ieinperatiire. 
I t  x'iis ibolated as the sillfate by treating the i-PrOH d u t i o n  of 
the base with a blight excess of H&,. Crystallizatioii frorii 
EtOIT-H?O gave a prodLict, inp 228-22!)". 

The N-alkylene- and S-:ilkylcarbazates libted iii TdAe IT wei'e 
prep:ired from the corresponding carbazates by treatment with 
the appropriate aldehyde or ketone followed by catalytic reduc- 
t io i i .  Typiral esamples of the preparation of these cornpoiids 

2-Methyl-2-propyl-l,3-propanediol N,N'-bis(isopropy1iminoj- 
dicarbamate (325) vias obt,ained by treating the corresponding 
:tnii i io roriipo~ind with 31e2C0. The two materials Tvere ivarmed 

bath for a short time and then diluted (FIIO). 
lizat,ion (EtOAc), the product melted at. 180-182". 
propyl-1,3-propanediol N,N'-Bis(isopropy1amino)- 

dicarbamate (324).--The corresponding imino cornpoiind wxs 
hydrogeriateci in EtOH iising PtO, caatalyst at :i atni of 1 3 2 .  It 
\vas isolated as the €-IC1 salt and recry~tallixed from dioxane 

2-Methyl-2-propyl-l,3-propanediol N,N '-bis( benzy1imino)di- 
carbamate (326) was readily formed when the corresponding 
tfi:inii:io cornpourid w d with benzaldehyde in the presence 
of a t,race llf  IIc;1. ized from EtOH, mp 195-196". 

Thc i:orrespoiiditig bazxle 313 vias obtained iii a similar 
~i i : i t i i ie i '  I)y the reaction of 2-me1 hy1-2-propyl-:5-hydroxypropy1 
r.:irIi:urrte R-ith benzaldehyde, and 314, 315 and 319 by reaction 
of the rnonocarbazate with 31erC0 followed by catalytic redric- 
iiiin. 

2-Methyl-2-propyl-l,3-propanediol N-Hydroxydicarbamate 

:Ire a d  fOll<JWS. 

l':tO,lc. (1 : n), rnp 191-192". 

It I 

resiciiial oil was dib~olved i i i  I-:tOIl aiid rediiced a~ 2 atni ~f I l l  
i i s i i ig  5( I"?. 'rhc prcdrtc-t, T V ~ C  iso1:ited as : i t1  riil by i ~ e n ~ ~ ~ v : i l  

iii-iiig E ~ O A ~ ,  mp 72-74". . 
Attemoted Transesterification Reaction Using an N-Substituted - 

Urethan.----2-~iethyl-2-p~o~~y1-3-h~drriuypri~pyl c~arbam:~tc~ f 17.: 
g, 0.1 mole) aiid ?j-rrieth!-liirethaii 11 1.:; g, 0.11 mole) W ~ I ' R  di,+ 
solved i n  exres.: PhlIe. m w:v tiyied t>>- the dis t i l la t i~~t~ 
of :I srnall anioiuit, of  P d i o  rooni tenigeratril,e: 2 g ( i f  

idiiniinrirn iiopropositle and distillat ion \v~i* (.orit i i i w t l .  
After heal itig for 11 hr. only 3.0 1111 of I.:tOH had distilled, whic~h i* 
:tpprosiniarely the voltiriie whirl1 r i t l i  he libenit rd from i l i ?  
aluiniiirini isopropoxide eniplo~-eti. The I 'PRC~ ioti niistiirr bva-  

worked iip in the risiial nianiier atid 6 p ( i f  i i ~ i  oily prod1ic.t w:is 1)11- 

taiiiecl. Fractional distillaiioti (O.Ot--().O2 nini 1 gave two  fr:rI,- 
', ( 2 )  120-180°. From 1 there  \v:i, oh- 
,tallirie 2-nieth~-l-2-pr~oy~yl-l,:(-1,1.c,pali~il, 
inistiire meltiiig pijiiit x i th  :in aiitheiitic: 

.ample of this mafri*inl. From 2 there \vah obtained 3 I$ of 2- 
niet hy1-2-prcipyl-l,4-prti1)ailediol dirarhamate, also identified I)y 
ir and niixture melting 1ioiiiL with an antheirtic. sample. Fractioli 2 
also yielded a small I~llalItity (1  g) of iinchanged nioriocarbania(?.. 
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