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CICHL'H~XCOCI- 
111. x = s, 0 

Anal. Calcd. for CzoH*2?rTpO~~HC1: C, 66.93; H,  6.46. 
Found: C, 66.77; H, 6.08. 

1-Acetylcarbazole.-A solution of 1.02 g. (0.0285 mole) 
of I V  hydrochloridc (see above) dissolved in 100 ml. of wat8er 
was treated with 4 ml. of 1 N aqueous sodium hydroxide and 
the base waa filtered off and washed with waijer. It was 
then dissolved in 50 ml. of ethanol and treated with 10 ml. 
of 6.5 N aqueous sodium hydroxide. The solution, which 
turned yellow immediately, was heated under reflux for 4 
hr., water was added to incipient turbidity, and the solution 
was filtered and cooled. The resulting long yellow needles 
weighrtl510 mg. (8691,) and had m.p. 128". Two recrystal- 

IV 

V 

HSR + CICH,CH,XCORR 

HOR 

lizations from ethanol-water gave material of m.p. 134- 
136" (lit.,1z m.p. 133-134"). 

Anal. Calcd. for CI4HllNO: C, 80.36; H, 5.30. Found: 
C, 80.30; H,  5.60. 
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Samuel W. Blackman and Mr. Charles R4arr 
of these laboratories for the elemental analyses 
for carbon and hydrogen. The nitrogen and 
sulfur analyses were done by Schmarzkopf llicro- 
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This paper describes the preparation, physical properties, and homopolymerization of several vinyl carbamates, vinyl 
thiolcarbamates, and vinyl thiolcarbonates. These monomers were prepared by the dehydrochlorination of the correspond- 
ing p-chloroethyl compounds which were prepared by the reaction of (A) p-chloroethyl chloroformate or p-chloroethyl 
chlorothiolformate with amines, alcohols, or mercaptans; (B) ethylene sulfide with chloroformates or chlorothiolformates; 
or (C) chlorothiolformates with p-chloroethylamines or N-substituted ethyleneimines. 

S-, 0-, and N-vinyl derivatives of carboxylic 
acids (I) are well known and are of scientific as well 
as commercial intereste3V4 

0 
II 

CHFGH-X-C-R 
I 

X = S, 0, NR 
0 
It 

CH,=CH-X-~-X-R 
I1 

Surprisingly, the analogous derivatives of car- 
bonic acid (11) have not yet been carefully investi- 
gated. The literat'ure describes a series of N-un- 
saturated carbonic acid derivatives, prepared by the 
reaction of vinyl- and isopropenylisocyanate with 
alcohols, mercaptans, and  amine^.^-^ Little work 
has been done in the field of vinyl thiolcarbonates 
and vinyl thiolcarbamat'es. Sauer published the 
synthesis of vinyl N, N-dialkyldit~hio~arbamates~ 

(1) This is the 24th in a series of papers concerned with the prepara- 
tion and properties of new monomers and polymers; for the previous 
paper in  this seriea see C. G. Overberger and J. J .  Ferraro, J .  01.0. 
Chem., 97, 3539 (1962); for the first paper in the subseries see ref. 10. 

(2) Postdoctoral Fellow, Polytechnic Insti tute of Brooklyn, 1960- 
62: present address, Institut ftir Polymere, Universitat Msrbiira, 
hlarburg/Lahn. West Germany. 

(3) W. Reppe. Ezperientia, 6 ,  93 (1949). 
(4) H. Hopff and B. Miihlethaler, Kunstsfofe,  4, 2.57 (1957). 
( 5 )  Y.  Iwakura,  &,I. Sato, T. Tamikado, and T. hlizogiichi, Chem. 

High Polymer8 (Japan), 13, 390 (1956). 
(6)(a) R. Har t  and A. van Dormael, Bull. SOC. chim. Belges, 66, 

671 (1956); (b) R.  Hart and D. Timmerman, Makromol. Chen,., 
31, 223 (1959); ( c )  R. Har t  and D. Timmerman, Bull. 80c. chim. Be lgeu ,  
67, 123 (19.58); (d) L. Ghovea and G. Smetz, J. Polymer Sei., 36, 215 
(lY 59). 

(7) G. Welzel and G. Greber, Makromol. Chem., 31, 230 (19.59). 
( 8 )  R. C. Schulz and H. Hartman, Monatsh., 92, 303 (1961). 
(9) .T. C. Sailer, J .  Org.  Chem., a4, 1592 (lene). 

( I O )  €1. R i n g s d ~ f  and c'. Q. Overberaer, . lfnkromol. Cliem., S 1 ,  
280 (1959). 

(11) C. G. Overberger, R. .4vchen, and 11. Ringsdorf. Abstract of 
the 141st National Meeting of the .4merican Chemical Society, Wash- 
ington. D. C., March, 1902. 

(12)  .J. I. .TonPn. J .  Chem. Snr. .  2735 (1957). 
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The reactions were carried out either in ether 
with one equivalent of triethylamine or under 
interfacial conditions (water-ether) with one equiv- 
alent of sodium hydroxide. 

(B) Reaction of ethylene sulfide (VII) with 
chloroformates and chlorothiolformates. 

fi 
/"\ R--S-CO-C1--3 

CH,-CH~( 
R-0- CO-Cl+ 

VI I Cl-CH2-CHZ-S-CO-S- R 
VI11 

Cl-CHZ-CHZ-S- CO-0-R 
IX 

Ethylene sulfide is highly reactive13 and the ring 
opening with chloroformates occurs readily.IO 
In most cases the reaction is exothermic and cooling 
or the use of an inert solvent (ether) is necessary, 
particularly if a catalyst (e.g. tertiary amines) is 
added, 

(C) Reaction of chlorothiolformates with P- 
chloroethyl amines or N-substituted ethylene- 
imines, I4 

ClCHzCHzNHR' 

1 Hd' f XI 

The chlorothiolformates (X) react vigorously 
with cyclic imines. An ether solution of the 
imines was usually added to the acid chlorides in 
ether. The P-chloroethylamines and the chloro- 
thiolformates reacted under interfacial conditions. 

The methods of preparation, yields, and physical 
properties of the 0-chloroethyl compounds are 
given in Tables I, 11, 111, and IV. The 0- 
chloroethyl dithiolcarbonates are vesicants and 
should be handled with care. 

The 8-chloroethyl compounds were dehydro- 
halogenated with potassium &butoxide in absolute 
t-butyl alcohol or in tetrahydrofuran at  50-80'. 
Side products obtained in dehydrochlorination were 
0-&butyl carbonates (XIV) , ethylene sulfide, 
dithiane (XV) ,15 and polyethylene sulfide.l6 These 
side products were due to partial transesterification 
a,nd were most frequently obtained in the reaction 
of thiol- and dithiolcarbonates (XII). 

The highest yields were found in the case of vinyl 
N,N-dialkylthiolcarbamates. Attempts to use ter- 
triary amines as dehydrohalogenation agents failed. 

(13) A. Schanberg, "Houben-Weyl. Methoden der Organischen 
Chemie," Vol. 9, E. Muller, ed.,  Georg Thieme Verlag, Stuttgart. 
1955, p. 149. 

(14) H. Bestian, "Houben-Weyl. Methoden der Organiachen 
Chemie," Vol. 9, Pt. 2, E. Muller, ed., George Thieme Verlag, Stuttgart, 
1958, p. 249. 

(15) M. Delepine, Compl. rend.. 171, 36 (1920). 
(16) G. hl. Bennett and W. A.  Berry, J .  Chcm. Sac., 117, 910 

(1925). 

0 

XII. x = 0,s 1 
- I KOC(CHdr 

0 

XI11 XIV 

1 1  
0 

(CH3)xCO- d -X-R 
II  

CH2=CH- S-C-X-R 

+ 
and/or 

S 
H2C--S-CHz 

XV 
Hs&'CH2 H,A--S-&H, 

Reactions with sodium methoxide and ethoxide 
yielded the saturated esters exclusively. The 
yields and physical properties of these vinyl com- 
pounds are given in Tables V, VI, and VII. 

The polymerization of the unsaturated carbonic 
acid derivatives led to a series of new polymers. 

CHe=CH +CHz-CH-)- 
I 

X 

&-O X = S , O , N R  

I 

=o + 
2 R. 

I I 
I x X 

I I 
R R 
I1 XVI 

All monomers were successfully polymerized in 
bulk at 60-65' with 2,2'-azobisisobutyronitrile or 
benzoyl peroxide as catalyst, Attempts to initiate 
the reaction with Friedel-Crafts catalyst failed. 
The polymers prepared by radical initiation are 
white solids; a few are fiber-forming. The soften- 
ing points (taken on a Fisher-Johns melting block), 
viscosities and solubilities of the polymers prepared 
under comparable conditions are given in Tables 
VI11 and IX. 

The poly(S-vinyl thiolcarbamates) (XVII. X 
= NR) as well as the poly(S-vinyl thiolcarbonates) 
and the poly (S-vinyl dithiolcarbonates) (XVII. 
X=S, 0) were hydrolyzed to yield polyvinyl 
mercaptans (XVIII). l7 The poly (S-vinyl carba- 
mates) hydrolyze slower than the other polymers 
studied or poly(viny1 thiolacetate) .lS The hydroly- 
sis of 0-chloroethyl carbonate derivatives as a side 
reaction in the monomer preparation also followed 
this order. 

+CH*-CH+ 
1 

I methanol I 

S 

A=O - +CH,-CH+ 

XR 6oo SH 

KOH 

xvrr. x = s, 0, NR XVIII 

(17) M. M. Brubaker. U. S. Patents 2,378,635 and 2,378,636 (1945). 
(18) C. G. Overberger, J. J. Perrsro, and F. W. Orttung, J .  Orp. 

Chem., 86, 3458 (1961). 
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Copolymers of S- and N-vinylcarbonic acid de- 
rivatives have been prepared. The copolymrrs, 
which may hydrolyze under physiological conditions 
to release amino and thiol groups, will be tested as 
potential radiation prophylactics. These investi- 
gations as well as the copolymerization studies will 
he reported elsewhere. 

Experimental l9 

Materials.-The N-alkylaziridines were purchased from 
the Borden Chemical Corp., Philadelphia 24, Pennsylvania; 
the alkyl chloroformates from the Matheson Co., Inc., 
East Rutherford, New Jersey; and the alkyl chlorothiol- 
formates from Stauffer Chemical Co., New York 17, N. Y. 

Ethylene Sulfide.m-The cyclic sulfide was prepared by 
reaction of ethylene oxide with potassium thiocyanate in 
water; yield 50-70%, b.p. 53-56 (b.p. 55-56'). 

S-p-Chloroethyl Chlorothiolformate.m-To a stirred solu- 
tion of 99.1 g. (1  mole) of phosgene and a few drops of pyri- 
dine in a flask fitted with a thermometer and a Dry Ice 
condenser there was added dropwise 60.1 g. (1 mole) of 
ethylene sulfide while maintaining the temperature at 0-5".  
I t  is advisable to make sure that the exothermic reaction 
has started before larger quantities of the cyclic sulfide are 
added. After the addition was completed (1-2 hr.), the 
solution waa gradually heated to 50" and kept at this 
temperature for 2 hr. After cooling, the Dry Ice-acetone 
condenser was removed and nitrogen was bubbled through 
the product until the weight waa constant. On fractional 
distillation the mixture afforded S-8-chloroethyl chlorothiol- 
formate 105 g. (66%) b.p. 59-60"/5 mm., and 21 g. (11%) 
of S ,S-bis-p-chloroethyl dithiolcarbonate ,IO b .p. 96-97 " /0.8 
mm. The chlorothiolformate is a lachrymator and a vesi- 
cant. 

General Procedures. S- and 0-p-Chloroethyl Carba- 
mates (Tables I and IV).-To a stirred solution of 2 moles of 
the dialkylamine in 200 ml. of ether at 0", a solution of 1 
mole of S-B-chloroethyl chlorothiolformate or O-p-chloro- 
ethyl chloroformate in 100 ml. of ether was added over a 
period of 30-60 min. The white precipitate of the amine 
salt waa formed immediately. After completion of the ad- 
dition, the slurry waa stirred a t  30-40" for 2 hr. The amine 
salt waa filtered; the ether solution waa washed with dilute 
sulfuric acid and water, and dried over magnesium sulfate. 
The ether was removed and the residue vacuum distilled or 
recrystallized. The infrared spectra of these compounds 
show absorption maximum characteristic of the carbonyl 
group between 1640 em.-' and 1660 cm.-1.21 The yields, 
boiling points, indices of refraction, and analysis of these 
compounds are given in Tables I and IV. 

S-8-Chloroethyl S-Isopropyl Dithiolcarbonate .-S-,9-Chlo- 
roethyl chlorothiolformate, 104.0 g. (0.657 mole), in 100 
ml. of ether was added to 50 g. (0.657 mole) of isopropyl 
mercaptan and 67.4 g. (0.657 mole) of triethylamine in 400 
ml. of ether a t  such a rate as to  maintain moderate reflux- 
ing. After the addition was completed, the slurry waa 
stirred and refluxed for 2 hr. The salt was filtered and the 
ether layer was washed with dilute sulfuric acid and water. 
The ether was removed and the residue vacuum distilled. 
The yield, physical properties, and analysis appear in Table 
11. The same procedure was used for the preparation of 
S-p-chloroethyl 0-t-butyl thiolcarbonate. The yield, physi- 
cal properties, and analysis of this compound appear in 
Table 111. 

(19) All melting points are uncorrected: Analysis by  Alfred Bern- 
hardt, Mikroanalytisches Laboratorium in Max-Planok-Institnt fiir 
Kohlenforschung, Mulheim (Ruhr), West Germany. 

(20) Ref. 13, p. 154. 
(21) R. A. Nyquist and W. J. Potts, Spectrochim. Acto. 17, G79 

(1961). 
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6-Chloroethyl Carbonates and S-8-Chloroethyl Thiolcarbo- 
nates (Tables II and III).-Ethylene sulfide (1 mole) waa 
slowly added to 1 mole of alkyl chloroformate or alkyl 
chlorothiolformate containing a few drops of pyridine while 
maintaining the reaction mixture a t  10-20°. After the 
addition waa completed, the temperature waa slowly raised 
to 80' and the solution waa stirred for 2 hr. The crude 
products were vacuum distilled. The infrared spectra 
showed carbonyl absorption between 1640 em.-' and 1670 
cm.-' (-S-CO-S-)21 and between 1720 em.-' and 1740 
cm. -l (-O-CO-S-).21 The yields, analysis, boiling 
points, and the indices of refraction of these compounds are 
given in Tables I1 and 111. 

S-Ethyl N-p-Chloroethyl-N-methyl Thiolcarbamate (Ta- 
ble w).-A solution of 50 g. (0.875 mole) of N-methylazi- 
ridine in 150 ml. of ether waa added to a solution of 111.5 g. 
(0.875 mole) of ethyl chlorothiolformate in 250 ml. of ether 
at a rate sufficient to maintain moderate refluxing. After 
the addition waa complete, the turbid solution was refluxed 
for 2 hr. The reaction mixture waa filtered and washed 
with dilute sulfuric acid and water. The ether waa removed 
and the residue vacuum distilled. The same procedure waa 
used to prepare p-chloroethyl N-p-chloroethyl-N-methyl- 
carbamate. The yield, physical properties, and analysis 
of these compounds (15) and (16), respectively, appear in 
Table IV. 

S-, 0-, and N-Vinyl Carbonic Acid Derivatives.-The p- 
chloroethyl compounds (0.5 mole) were dissolved in I00 ml. 
of absolute t-butyl alcohol and added dropwise to a freshly 
prepared solution of 0.5 mole of potassium t-butoxide in 30C- 
400 ml. of absolute t-butyl alcohol. The temperature was 
kept a t  50-70" during the reaction. After the addition was 
completed, the slurry was stirred for a t  least 1-2 hr., usually 
until the reaction mixture waa neutral or only weakly basic. 
The reaction mixture was cooled, neutralized with glacial 
acetic acid, and 100 ml. of ether were added to complete 
the precipitation of the salt. The slurry w'aa filtered, the 
solvent evaporated, and the residue vacuum distilled. The 
analysis, yields, and physical properties of the monomers 
are reported in Tables V, VI, and VII. 

Polyethylene sulfide's and/or 1,4-dithiane16 were isolated 
aa side products in dehydrohalogenation reactions. Both 
compounds were identified by analysis, infrared spectrum, 
and melting point. 1,4-Dithiane, m.p. 112-113 (m.p. 
113), usually complicated the vacuum distillation by its 
tendency to sublime. 

Anal. Calcd. for polyethylene sulfide (C2H4S)%; C, 40.01; 
H,  6.61; S, 53.38. Found: C,39.98; H, 6.80; S, 53.37. 

Polymerization of the Monomers.-The monomers were 
polymerized in bulk with 0.3 wt. yo of 2,2'-azobisisobutyrc- 
nitrile aa initiator in glass tubes sealed under nitrogen. The 
polymers were isolated by precipitation from pentane or 
methanol and puf ied  by reprecipitation from tetrahydro- 
furan and pentane. The polymerization conditions, the 
viscosities, the softening points, and the solubilities of the 
polymer are given in Tables VI11 and IX. 

Hydrolysis of Poly( S-vinyl Thiolcarbamates) and Poly( S- 
vinyl Thiolcarbonates).-The polymers were hydrolyzed by 
heating under reflux in an atmosphere of prepurified nitrogen 
with 10% sodium hydroxide in water-alcohol until a clear 
solution waa obtained.18 For the case of poly(S-vinyl S- 
isopropyl dithiolcarbonates) the hydrolysis waa completed 
after 5 hr. The polyvinylmercaptan waa precipitated with 
2 N hydrochloric acid, filtered, waahed with water, and 
dried. After isolation, the polymer waa insoluble in base due 
t o  oxidative cross-linking. The infrared spectrum of the 
polymer did not show any carbonyl absorption. Contrary 
to this poly(S-vinyl N,N-diethyl thiolcarbonate) did not 
go into solution before 20 hr. of refluxing. The infrared 
spectrum of the precipitated polyvinyl mercaptan still 
showed a weak carbonyl absorption at 1655 em.-'. 
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Dihydroisocoumarins. IV. Reaction with N-Bromosuccinimide. 
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Starting from appropriate homophthalates, 6,7-dimethoxy-, 5-methoxy-7-methyl-, 5,6-dimethoxy-, and 6,7-1nethylene- 
dioxyisochroman were synthesized and oxidized to the corresponding dihydroisocoumarins. These mere converted into 
the isocoumarins with the aid of N-bromosuccinimide. 

Previous studies1-a from this laboratory on the 
syntheses of dihydroisocoumarins involve the 
formation of the hetero ring from appropriate o- 
aminophenethyl alcohols; the amino group is 
transformed into carboxyl which lactoniees with 
the o-hydroxyethyl group to form the dihydro- 
isocoumarins. This route, however, depends on 
the availability of such starting materials as o- 
nitrophenylacetates and o-nitrophenethyl alcohols, 

(1) P. K. Banerjee and D. N. Chaudhury, J .  Ore. Chsm., 26, 4344 
(1961). 

(2) J. N. Srivastrtva and D. N. Chaudhury, J .  Indian.  Chem. Sac., 
38.998 (1961). 

(3) P. K. Banerjee and D. N. Chaudhury, ibid., 89,243 (1962). 

very few of which are readily accessible. There- 
fore, the alternative method based on the oxidation4 
of isochromans with selenium dioxide was adopted 
for the preparation of the dihydroisocoumarins. 
The oxidation with selenium dioxide, though pro- 
ceeding normally in one case, gave dark gummy 
products in the other instances which required 
extensive purification for the isolation of the di- 
hydroisocoumarins and consequently the yields 
mere lowered. Subsequently, chromium trioxide 
proved to be a superior reagent for oxidation as the 
products were purer and the yields were higher. 

(4) P. Maitte, Ann.  Chim., (xii). 9,473 (1954). 


