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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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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). 
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The isochromans required for the purpose were 
prepared from the homophthalates as the starting 
materials. Warnell and Shriner6 obtained iso- 
chroman in nearly quantitative yield by vacuum 
distillation of homophthalyl alcohol with traces 
of concentrated sulfuric acid. Since substituted 
homophthalates are accessible, the corresponding 
homophthalyl alcohols were readily prepared by 
reduction with lithium aluminum hydride. The 
use of concentrated sulfuric acid for cyclodehydra- 
tion of substituted homophthalyl alcohols into 
isochromans was precluded as it led to extensive 
decomposition. Phosphorus pentoxide in benzene 
was used initially with success only in one instance, 
but the reagent gave intractable products with 
other cases. Siegel and Coburn6 used fused po- 
tassium acid sulfate for dehydration of homo- 
phthalyl alcohol to isochroman in rather lorn yield. 
Application of their procedure with some modifica- 
tion, however, proved to be a good method for the 
preparation of the isochromans in general. 

Finally, the dihydroisocoumarins were trans- 
formed into isocoumarins with the aid of E-bromo- 
succinimide. In  two out of the four cases, N- 
bromosuccinimide in the presence of benzoyl perox- 
ide dehydrogenated the dihydroisocoumarins di- 
rectly into isocoumarins whereas, in the other two 
instances, 4bromodihydroisocoumarins mere ob- 
tained. Such formulation of the bromo compounds 
is logical, since the only vulnerable point of attack 
under the condition is the 4-position of the &lac- 
tone ring. Moreover, it finds a close analogy with 
the work of Blair and his as~ociates,~ who have 
shown that the phthalide, meconin, is exclusively 
brominated with N-bromosuccinimide at  the 3- 
position of the y-lactone ring in spite of the avail- 
able activated 4-position in the benzene nucleus. 
The 4-bromodihydroisocoumarins were smoothly 
dehydrobrominated with triethylamine to the 
isocoumarins and thus lends further support to 
the structural assignment of the intermediate 
bromo compounds. 

Kamal, et aLJ8 attempted to develop a general 
method for the synthesis of isocoumarins from 
homophthalates as the starting material. Con- 
densation with methyl formate followed by Dieck- 
mann-Lleiser cyclization of the resulting hydroxy- 
methylene compounds furnished the intermediates, 
4-carbomethoxyisocoumarins; elimination of the 
ester group by hydrolysis and decarboxylation gave 
the isocoumarins in some instances, but such elim- 
ination could not be effected in a number of cases. 
However, using the same starting materials, the 
homophthalates, our route to  isocoumarin syn- 
thesis, via the intermediate dihydroisocoumarins, 

(5) J. L. Warnell and R. L. Shriner, J .  Am.  Chem. Soc.,  79, 3165 

(6) S. Siegel and 9. Coburn, ibid.. 73, 5494 (1951). 
(7) J. Blair, W. R. Logan, and 0. T. Newbold. J .  Chem. SOC., 2443 

(8 )  .\. Kaiiinl. .\. Rnhertnnn, and E. Tit,tensnr, illid., 3375 (1950). 

(1957). 

(1956). 

holds promise for a general method for the prepara- 
tion of isocoumarins. The reaction sequence is 
as in I - VI. An important feature of this route 
is easy preparations and good yields a t  almost all 
stages. 

CHiOH 
+ 

CH2COOCHS CHzCHzOH 
I I1 

0 

Br 
V V I  

Ia, IIa. R = 4,S-di-OCHa 

IC, IIc. R = 5.6-di-OCHa 
Ib, IIb. R = 4CHa-6-OCHS 

Id; IId. R = 4;5-02CHz 
IIIa. IVa. VIa. R = 6.7-di-OCH- 
IIIb,’ IVb; VIb. R = 5:0cHi-7-CH3 

IIIc, IVc, Vc, VIc. R = 5,6-di-OCH3 
IIId, IVd, Vd, VId. R = 6,7-02CHz 

The homophthalates, (Ia),* (Ib),9 (IC), and (Id) 
were reduced to homophthalyl alcohols, (Ira), 
(IIb), (IIc), and (IId), with lithium aluminum 
hydride, respectively. I Ia  with phosphorus pentox- 
ide in boiling benzene gave the isochroman (IIIa), 
which mas also alternatively obtained by chloro- 
methylation of 3,4-dirnethoxyphenethyl alcohol. 
The other isochromans, (IIIb), (IIIc), and (IIId) 
were obtained by vacuum distillation with fused 
potassium acid sulfate of the corresponding 
homophthalyl alcohols, (IIb), (IIc), and (IId). 
I I Ia  and I I Ib  were oxidized with selenium dioxide 
in boiling xylene to  the respective dihydroiso- 
coumarins, (IVa)2 and (IVb) whereas chromium 
trioxide oxidation of IIIc and IIId furnished the 
dihydroisocoumarins (IVc) and (IVd) , respectively. 
IVa and IVb, on interaction with K-bromosuccini- 
mide in the presence of benzoyl peroxide, were de- 
hydrogenated and gave the previously reported 
isocoumarins (VIa)B and (VIb),8 respectively, but 
IVc and IVd under the same condition afforded the 
corresponding 4-bromodihydroisocoumarins (Vc) 
and (Vd) ; the latter were smoothly dehydrobro- 
minated with triethylamine to the isocoumarins 
(VIc) and (VId) , respectively. 

The synthesis of other isocoumarins by this route 
is in progress in this laboratory. 

(9) E . R e r n r r , z h d ,  1052 (1010). 



Experimentallo 
2-Hydroxymethyl-4,5-dimethoxyphenethyl Alcohol 

(IIa).-To a stirred slurry of lithium aluminum hydride 
(1.5 9.) in dry ether (100 ml.) was added, a t  such a rate 
as to maintain reflux, a solution of methyl 2-carbometh- 
oxy-4,5-dimethoxyphenylacetate* (4 g.) in dry ether (50 
ml.). After refluxing for 2 hr., water WFLY added cautiously 
with stirring, followed by 2 N sulfuric acid to produce a clear 
solution. It WFLY extracted with ethyl acetate (5 X 50 nil.), 
the extract dried over anhydrous sodium sulfate, and the 
solvent removed. The residue was recrystallized from ethyl 
acetate-petroleum ether to give IIa a8 plates (2.2 g.; 707,), 
m.p. 113-114'. 

Anal. Calcd. for C11HlgOc: C, 62.3; H ,  7.5. Found: 
C, 62.6; H, 7.7. 

6.7-Dimethoxvisochroman (IIIa) .-Phos~horus pentoxide 
(5 9.) was added in portions to  a 'solution bf IIa (1.5 g.) in 
boiling anhydrous benzene and the mixture refluxed for 45 
min. The benzene solution was decanted, combined with 
several benzene extracts of the pasty residue, washed with 
2 '2; sodium carbonate, and then water, dried over fused 
calcium chloride. Evaporation of the solvent left a yellow 
solid which on vacuum sublimation a t  100-105'/1 mm. 
afforded IIIa as white Drismatic needles (1 E . ;  74%), - 
m.p. 82-83'. 

Anal. Calcd. for CnHuOs: C, 68.0; H ,  7.2. Found: 
C, 67.7; H, 6,9. 

Alternatively, IIIa was prepared by chloromethylation of 
3,4-dimethoxyphenethyl alcohol.ll To a solution of the al- 
cohol (3 g.), formalin (3 ml.; 37%), and concentrated hydro- 
chloric acid (1.5 ml.) in dioxane, dry hydrogen chloride was 
bubbled at such a rate m to ensure a temperature of 55-60', 
for 0.5 hr. without external heating. The cooled reaction 
mixture wss poured into ice-water, extracted with ether 
(3 x 20 ml.), the extract washed with water, dried over 
anhydrous sodium sulfate, and evaporated. The residue 
was sublimed under vacuum at 100-105"/mm. to give the 
isochroman (IIIa) as tiny prismatic needles (1.6 g.; 50%), 
m.p. 80-82', undepressed on admixture with the authentic 
specimen prepared by the other route above. 
3,4-Dihydro-6,7-dimethoxyisocoumain (IVa).--A solu- 

tion of I I Ia  (1.6 9.) in xylene (20 ml.) was treated with 
selenium dioxide (1.3 9.) and refluxed for 5 hr. At the end 
of that period, selenium dioxide (0.6 g.) was again added and 
after continuing the reflux for a further period of 5 hr., the 
xylene solution was filtered from selenium and evaporated to 
dryness under reduced pressure. The solid residue (1.2 g.) 
was dissolved in a few milliliters of benzene and chromato- 
graphed by passage through a column of Brockmann alu- 
mina (30 8.) which was eluted with the same solvent. Evap- 
oration of benzene left an almost colorless solid which on 
crystallizations from ethyl acetate-petroleum ether afforded 
IVa as colorless needles (1 g.; 64.7%), m.p. 140-141°, 
undepressed on admixture with an authentic specimen 
prepared earlier2 by a different route. 
6,7-Demethoxyisocoumarin (ma).-A mixture of IVa 

(0.7 g.), N-bromosuccinimide (0.68 g.), and benzoyl per- 
oxide (0.02 9.) in carbon tetrachloride (25  ml.) was refluxed, 
the reaction flask being kept close to an illuminated 60-watt 
lamp. The yellow color of the reaction mixture, which 
developed in the beginning disappeared after a 1.5-hr. 
reflux when benzoyl peroxide (0.02 g.) was again added and 
the reflux continued further for 1 hr. The cooled solution 
waa filtered from succinimide and concentrated to a small 
bulk (copious evolution of hydrogen bromide). On the 
next day, the deposited solid was collected, almost dissolved 
in ethyl acetate, and filtered from a little insoluble unidenti- 
fied compound, m.p. 237-238". Most of the ethyl acetate 

(IO) All melting points are uncorrected. T h e  petroleum ether u s p d  
Microanalyses by Drs. Weiler and Straiiss, Oxford, 

( 1  1 )  F, 11. lIriwP11 nnrl T). . A ,  FT. TRYIOI., J .  C ~ P T ~ .  JSor..  1252 (1956). 

had b.p. 60-80°. 
and Dr. Gorp, Bomhay University. 

was distilled (hydrogen bromide evolved) and petroleum 
ether added to give a paste of colorless crystals, m.p. 118- 
120'. Recrystallizations from ethyl acetate-petroleum 
ether gave VIa as needles (0.5 g.; 72%), m.p. 122-123' 
(lit,,* m.p. 121-122'). Since the pure isocoumarin gave 
positive Beilstein test, several crystallizations were neces- 
sary to obtain an analytical specimen, the melting point 
remaining unchanged. 

Anal. Calcd. for C1lHloOa: C, 64.07; H, 4.8 Found: 
U,  64.2; H, 4.6. 

Methyl 2-carbomethoxy-6-methoxy-4-methylphenylace- 
tate (Ib) was prepared from 7-acetyl-6-methylisocoumara- 
none-4,5-dicarboxylic acid anhydride by way of 6-methyl- 
isocoumaranone-4-carboxylic acid as recorded previously,S 
but with following modifications: When the acid anhydride 
(10 9.) was boiled with hydroiodic acid (120 ml.; d 1.7) 
and red phosphorus (3 9.) for 7 hr., the cooled mixture de- 
posited 6-methylisocoumaranone-4-carboxylic acid mixed 
with red phosphorus. On isolation with the aid of 2 N 
sodium carbonate the acid separated from ethanol in tiny 
crystals (6.5 g.)> m.p. 259'. Methylation was then effected 
by simultaneous, but separate, dropwise addition of di- 
methyl sulfate (40 ml.) and 25% aqueous sodium hydroxide 
(50 ml.) to a well stirred solution of the acid (10 8.) in 2501, 
sodium hydroxide solution (50 ml.) a t  such rates that there 
was a considerable rise of temperature and the mixture 
always remained strongly basic. After 1 hr. a t  room tem- 
perature it was refluxed for 2 hr., cooled, andfiltered. Acid- 
ification of the filtrate preripitated the methoxy acid which 
Crystallized from water in needles (9 g.), m.p. 208'. Esteri- 
fied quantitatively with excess ethereal diazomethane, it 
furnished methyl 2-carbomethoxy-6-methoxy-4methyl- 
phenylacetate (9.2 g . ) ,  m.p. 82" (lit.,O m.p. 82'). 

2-Hydroxymethyl-6-methoxy-4-methylphenethyl Alcohol 
(IIb).-A solution of Ib (5.5 9.)  in dry ether (100 ml.) was 
reduced with lithium aluminum hydride (2  g.) in dry ether 
(75 ml.) according to the procedure described above for the 
preparation of IIa. It was worked up by adding cautiously 
just enough water to the stirred reaction mixture to cause 
precipitation of a granular white solid which was filtered off 
and washed with dry ether. The combined filtrate and the 
washings was dried over anhydrous sodium sulfate and the 
ether evaporated to leave a white solid residue. Recrystal- 
lizations from ethyl acetate-petroleum ether furnished the 
alcohol (IIb) in colorless rectangular prisms (4 g.; 93%), 
m.p. 119'. 

Anal. Calcd. for CIIHla03: C, 67.3; H,  8.2. Found: 
C, 67.5; H, 7.9. 

~7-Methyl-5-methoxyisochro1nan (IIIb).--Sn intimate mix- 
ture of I Ib  (4 g , )  and freshly fused potassium acid sulfate 
( 5  g,) wm heated for 1 hr. in an oil bath a t  130-140". the 
system being connected to an efficient water pump when 
most of the water distilled. The residue was next distilled 
under vacuum to yield II Ib as a colorless distillate (3 g.; 
83%), b.p. 106-108°/0.5 mm; n Z 6 ~  1.5447. 

Anal. Calcd. for CllH1102: C, 74.15; H, 7.86. Found: 
C, 74.5; H, 7.5. 

3,4-Dihydro-7-methyl-5-methoxyisocoumarin (IVb).- 
IIIb (1.5 g.) in xylene (20 ml.) was oxidized with selenium 
dioxide (1.5 9.) according to the procedure described above 
for the preparation of IVa. After chromatography, the 
benzene solution on evaporation left a mixture of oily 
unchanged material and yellow crystalline solid, which when 
washed with petroleum ether removed the oil. The solid 
residue was sublimed in vucuo (bath temp. 105-110'/1.25 
mm.) to yield a colorless crystalline sublimate, m.p. 
78-80', which was recrystallized from ethyl acetate-petro- 
leum ether to furnish IVb in cubes (0.5 g.; 31.3%), m.p. 
50". 

Anal. Calcd. for CllH1203: C, 68.7; H, 6.25. Found: 
C, 68.4; H, 5.8.  

The unchanged isochroman (IIIb) (0.5 9.) was recovered 
from thr petroleum rthcr aatshings. 
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7-Methyl-5-methoxyisocoumarin (VIb) .-A mixture of 
IVb (0.22 g.), N-bromosuccinimide (0.22 g.), and benzoyl 
peroxide (0.002 g.) in carbon tetrachloride (6 ml.) was re- 
fluxed, the reaction flask being kept close to an illuminated 
60-watt lamp as detailed above for the preparation of VIa. 
The yellow color, in this caae, disappeared after 45 min. 
when more benzoyl peroxide (0.002 8.) was added and the 
reflux continued for a further period of 15 min. Succinimide 
was filtered off from the cooled solution and the filtrate evap- 
orated (copious evo1ut)ion of hydrogen bromide) to a thick 
oily residue, which from ethyl acetate-petroleum ether 
(ice chest) furnished VIb (0.17 g , ;  78%) as colorless needles, 
m.p. 105-108". A few recrystallinstions from the tiame 
solvent gave the pure ieocoumarin, m.p. 109' (lit.,& m a ,  
108'). It can also be purified by vacuum sublimation. 

Anal. Calcd. for CllHloOl: C, 69.5; H, 5.3, Found: C, 
69.7; H, 5.1. 

Demethylation of a Bample of VIR with hydroiodic acid at 
130-140'/0,5 hr, and isolation in the usual way gave a 
product which WM purified by v&cuum sublimation to yield 
5-hydroxy-7-methylisocoumarin, m.p, 162' (Ut.,8 m,p. 
163Q). 
2-Hydroxymethyld,6-dimetholryphenethgl Alcohol (IIc). 

-2-C&rboxy5,6dimethoxyphenylacetic acid13 (10 g.) ww 
esterified with excees ethereal diazomethane (from 25 g. of 
N-nitrosomethyluree) in the usual way to give methyl 2- 
carbemethoxy-5,6-dimethoxypheny~acetate (IC), which was 
purified by crystallizations from ethyl acetate-petroleum 
ether in coIorless rectangular prisms (0.8 g.; 89%), m.p. 
79'. 

Ami. Calcd. for CIIIH,.O,: C, 58.20; H, 5.97. Found: ~. .- . . . .  
C, 58.5; H, 6.2. 
A solution of IC (9 g.) in dry ether (100 ml.) WBCL reduced 

with lithium aluminum hvdride (2.5 E.) in anhydrous ether 
(75 ml.) and worked up &cording to  &e procedke described 
above for the preparation of IIb. Recrystallizations from 
ethyl acetate-petroleum ether afforded IIc (7 g.; 96%) as a 
mass of felted needles, m.p. 106'. 

Anal. Calcd. for CllHl~O,: C, 02.26; H, 7.5. Found: 
C, 62.6; H, 7.1. 
5,6-Dimethoxyisochroman (IIIc).-An intimate mixture 

of IIIc (4 g.) and freshly fused potaasium acid sulfate (4 g.) 
waa heated for 1 hr. in an oil bath at 120', the system being 
connected to an efficient water pump to remove most of 
the water formed during the reaction. Subsequent distilla- 
tion in vacuo gave a colorless oil (3.1 g.; 89%), b.p. 
120-125'/1.5 mm., which soon solidified to a mass of pris- 
matic needlee, m.p. 61-62'. A sample purified by vacuum 
sublimation melted at 62". 

A d .  Calcd. for ClIH140s: C, 68.0; H, 7.2. Found: 
C, 68.3; H, 7.6. 

3,4-Dihydro-S,6-dimetho~socoumarin (IVc) .-A solu- 
tion of chromium trioxide (4.8 9. )  in water (4 ml.) and glacial 
acetic acid (16 ml.) was added dropwise with stirring to  
IIIc (2.9 g.) dissolved in glacial acetic acid (87 ml.), main- 
tained a t  30-35' by occasional external cooling the exo- 
thermic reaction with ice-water. After stirring for 1 hr. 
at room temperature, it waa treated with an equal volume of 
water, extracted with chloroform (3 X 75 ml.), the extract 
washed with N sodium carbonate solution and water, and 
dried over anhydrous sodium sulphate. Evaporation of the 
chloroform left a residue of yellow needles which was puri- 
fied by recrystallization from ethyl acetate-petroleum ether 
to yield IVc colorless rectangular prisms (1.5 g.), m.p. 
72-73'. An additional quantity (1.1 g.) of pure IVC 
was recovered by working up the mother liquor (total yield 
2.6 g.; 81%). 

Anal. Calcd. for CI1Hl2O4: C, 63.4; H, 5.7. Found: 
C, 63.1; H, 5.5. 

4-Bromo-3,4-dihydro-5,6-dimethoxyisocoumarh (Vc).- 
A mixture of IVc (1 g.), N-bromosuccinimide (0.98 g.), and 

(12) M. Swsminsthsn and 9. N. Chskravsrti, J .  Indian. Chsm. 
Soc., XI, 101 (1934). 

benzoyl peroxide (0.01 9.) in carbon tetrachloride (25 ml.) 
was refluxed for 1 hr., close to an illuminated 60-watt lamp. 
More benzoyl peroxide (0.01 g.) was added and the reflux 
continued for a further period of 3 hr. The yellow color, 
which developed in the beginning, was not discharged at the 
end of the reaction. The cooled solution wm filtered from 
succinimide which wm wmhed with carbon tetrachloride, 
and the filtrate and the washings were combined and avapo- 
rated. Recryata%imtions of the solid residue from ethyl 
acetate-petroleum ether furnished Vc (1.25 g.; 96%) 
as colorlesa irregular prisms, map. 128-129'. 

Anal. Calcd. for CIIHIIOdBr: C, 45.9; H, 3.8; Br, 27.8. 
Found: 

5,6-Dimethoxyisacauin (VIc).--Ye (0.6 g,) in tri- 
ethylamine (10 ml.) wa8 refluxed for 15 hr. snd the solid 
residue left after the evaporation of triethylamine, was trit- 
urated repeatedly with ice-cold 2 N hydrochloric acid 
followed by water. It was purified by vacuum sublimation 
(bath temp. 100-105'/1,5 mm,) and subsequent recrystal- 
liaatione from ethyl acetate-petroleum ether to yield pure 
VIc &s long fine needles (028 g.; 80%), m.p. 90'. 

C, 63.94; H, 438. 
Z-Hydroxymefbyl-4,5-methylenebio;ggpheoethyl AIeohol 

(IId) ,-p-Toluenesulfonyl chloride ( 16 g. } WM added in 
portions with stirring to 2-isonitroao-4,5-methylened~~x~- 
inden-l-onel* (9 g.) in 10% sodium hydroxide solution (160 
ml,) at 40-45' &nd the solution maintained at that tempera- 
ture for 30 min. It was then heated on water bath for 20 
min,, filtered from a little insoluble impurities, 10% aqueous 
sodium hydroxide (100 ml.) added, and refluxed for 10 hr. 
The cooled solution was acidified and the precipitate on 
recrystallization from a large volume of hot water furnished 
2-carboxy-4,5-methylenedioxyphenylacetic acid (6 g. ), m.p. 
234' (fit.,l* m.p. 236'). 

The acid (6 g.) was esterified with excess ethereal diazo- 
methane (from 15 g. of N-nitrosomethylurea) in the usual 
way to yield methyl 2-carbomethoxy-4,5-methylenedioxy- 
phenylacetate (Id), which was recrystallized from ethyl 
acetate in colorless irregular prisms (5.4 g.; 80W), m.p. 
95-96". 

Anal. Calcd. for CloHlaO6: C, 57.14; H, 4.76. Found: 
C, 57.4; H, 4.9. 

A solution of Id (4 g.) in dry ether (100 ml.) was reduced 
with lithium aluminum hydride (1.2 g.) in anhydrous ether 
(75 ml.) and worked up as described above far the prepara- 
tion of IIb. Recrystallizations from ethyl acetate-petro- 
leum ether afforded IId (2.2 g.; 73%) in colorless prisms, 
m.p. 73". 

And.  Calcd. for CloH190,: C, 61.2; H, 6.12. Found: 

0,46.38; H, 3.84; Br, 28.20. 

Ami. CalCd. for CuHmOa: C, 04.07; H, 4.8, Found: 

C, 61.5; H, 5.8. 
6.7-Methvlenedio~isochromlln (IIId) .-An intimate mix- 

ture of IId i3.2 9.) and freshly fused potassium acid sulfate 
(4 g.) was heated on water bath for 1 hr., the system being 
connected to an efficient water pump. Vacuum distillation 
of the residue yielded a colorless oil (b.p. 117-118"/1 mm.) 
which immediately solidified to a mass of tiny prismatic 
needles (2.8 g.; 94%), m.p. 87-88". 

Anal. Calcd. for ClOHloOI: C, 67.1; H, 5.6. Found: 
C, 67.4; H, 5.2. 

3,4-Dihydro-6,7 methylenedioxpisocoumarh (IVd).-A 
solution of IIId (2 g.) in glacial acetic acid (60 ml.) was oxi- 
dized with chromium trioxide (3.2 g.) dissolved in water 
(1.4 ml.) and glacial acetic acid (5.6 ml.) at 30-35' ac- 
cording to the procedure described above for the preparation 
of IVc. The solid residue left after evaporation of the 
chloroform extract, on crystallizations from ethyl acetate- 
petroleum ether gave IVd as colorless prisms (1.2 g.; 56%), 
m.p. 127". It can also be purified by vacuum eublimation. 

Anal. Calcd. for CloHaOI: C, 62.5; H ,  4.16. Found: 
C, 62.8; H. 3.8. 

(13) W. H. Perkin and R. Robinson, J .  Chem. Soc., 1084 (1907). 
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4-Bromo-3,4-dihgdro-6,7-methylenedioxyisocoumarin 
(Vd).-After refluxing for 1 hr. a mixture of IVd (0.54 g.), 
N-bromosuccinimide (0.54 g.), and benzoyl peroxide (0.005 
g,) in carbon tetrachloride (15 ml.), benzoyl peroxide (0.005 
g.) was again added and the reflux continued for 2 hr. The 
mixture worked up as detailed above for the preparation of 
Vc. Recrystallizations of the product from ethyl acetate- 
petroleum ether (ice chest) yielded Vd in rosettes of needles 
(0.5 g.: 65961, m.p. 129'. 

AnaE. Calcd. fer CloHT0,Br: C, 44.2; H, 2.6; Br, 
29.5. Found: C,44.5; H, 3.0; Br, 29.8. 
6,7-Methylenedioxideisocoumarin (VId).-Dehydrobro- 

mination of Vd (0.2 g.) with triethylamine (5 ml.), 

according to the procedure described above for the prepara- 
tion of VIC, gave the product which on vacuum sublimation 
(bath temp., 150°/0.8 mm.) yielded white sublimate. 
Recrystallizations from ethyl acetate followed by methanol 
furnished pure VIc in rectangular prisms (0.1 g.; 71%), 
m.p. 168-169". 

Anal. Calcd. for CloHaOl: C, 63.15; H, 3.16. Found: 
C, 63.13; H, 3.42. 
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The possible preparation of unsymmetrical ureas by the reaction of carbon, monoxide, sulfur, and mixtures of amines 
The procedure may be most successfully used in the synthesis of l,l-dialkyl-3-arylureas, and a has been investigated. 

series of these compounds waa prepared and characterized. 

An extension of a new method for the synthesis 
of urea from ammonia, carbon monoxide, and 
sulfura to  the preparation of symmetrical disub- 
stituted ureas in high yields from aliphatic and 
aromatic amines was described r e ~ e n t l y . ~ ~ ~  The 
same procedure has proved to  be satisfactory for 
the preparation of 1 ,l-dialkyl-3-arylureas, but is 
less advantageous for other classes of unsym- 
metrical ureas. 

On the basis of experimental evidence, a mech- 
anism has been proposed for the formation of urea 
from carbon monoxide, sulfur, and ammonia which 
involves the following steps3: initial formation of 
carbonyl sulfide from carbon monoxide and sulfur; 
condensation of carbonyl sulfide with ammonia to  
yield ammonium thiolcarbamate; decomposition 
of ammonium thiolcarbamate to cyanic acid and 
ammonium bisulfide; and the subsequent conden- 
sation of cyanic acid with ammonia to give urea. 
The recent isolation of thiolcarbamates from the 
reaction of dialkylamines with carbon monoxide 
and sulfur offers additional evidence for this mech- 
anisme6 If a mixture of two amines, for example, a 
primary and a secondary amine, were substituted 
for ammonia, the process could be represented by 
the following sequence: 

(1) Monsanto Chemical Co. 
(2) Midwest Research Institute. 
(3) R. A. Franz and F. Applegath, J .  Org. Chem.. 26, 3304 (1961). 
(4) R. A. Franz, F. Applegath, P. V. Morriss, and 17. Baiocclii, 

(5) R. A. Franc. F. Applegath, F. V. Morriss, F. Baiocchi. and C. 

(0) D. W. Grisley, Jr., and J. A. Stephens, ibid., 26, 3568 (1961). 

ibid. ,  16, 3306 (1961). 

Boize. ibid., 26, 3309 (1961). 

s + c o ~ c o s  (1) 

RzNH + COS R2NCOSH.RzNH (2) 

RNHz + COS ," RNHCOSH.RNH2 1_ 
RNCO + RNHz*HZS (3) 

RNCO + RNHe -C- RNHCONHR (4) 

RNCO + R2NH + RiNCONHR ( 5 )  

Because in this case the isocyanate intermediate 
can only be produced from the primary amine used 
in the reaction mixture, the possible urea products 
are the symmetrical disubstituted urea formed in 
(4) and the unsymmetrical trisubstituted urea ob- 
tained in (5). At the temperatures used in these 
syntheses, the equilibria in (4) and ( 5 )  favor the 
urea; therefore, the proportions of the two ureas 
in the product will be determined by the relative 
rates of reactions 4 and 5 .  The yield of the tri- 
substituted urea will be expected to be influenced 
by the nucleophilic character of the secondary 
amine, in comparison to that of the primary amine, 
and the presence or absence of steric hindrance in 
the secondary amine. 

The situation becomes more complicated in the 
preparation of monosubstituted ureas when the 
mixed amines are a primary amine and ammonia. 
Both an organo isocyanate and cyanic acid may be 
considered as intermediates, each competing for the 
two amines. Attempts to  prepare monosubstituted 
ureas from primary amines, ammonia, sulfur, and 
carbon monoxide led to mixtures containing the 
three possible products. Some of these results are 
summarized in Table I. 


