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Di(phthalimidomeliiyl) elhylenebisdithiocarbumale was pre-
pared from disodium ethylenebisdithiocarbamate: erude
yvield 92.59% (m.p. 188-101°).%2

Anal. Caled. for CaH N0 NL 1058608, 2417, Found 8:
N, 10.20: =, 24,20,

Phthalinddomethy!  dithiocarbamale
ammonium dithiocarbamate; erude yield 9347,
185°.21

Anal. Caled. for CrHgNoU28:: N, 1111 8, 25,42 Tound:
N, 10.71; 8, 2452,

Phthalimidomethyl  p-toluenethiolsul fonale  was
from  sodium  p-toluencthiolsulfonnte;  vield
158.5-160°.17

Anal, Caled, for CeHENOS: N, .03 8,
N, 3.96; 5, 18.56.

Ethyl  phthalimidomelhylnwercaploacelule  wus  prepared
from ethyl mercaptoacetate: yield 717: nip. 106- 109°.37

Anal. Caled. for CpHENOS: N, 502, 8, 1148, Found:
N, 5.08; 8, 11.36.

N-(p-Cldorophenylthionelhyl)phthalivide  wax  prepared
from p-chlorobenzencthiol; vield 570 wp. 99-101°.17

Anal. Caled. for CoHCINOS: N, 46108, 10,46, Found:
N, 4.55; 5, 10.45.

2-Phthalimidomethylmercaplobenzothinzole  wus  prepared
from 2-mercaptobenzothinzole; vield 864, mup. 138-140°.17

Anal. Caled, for CHnNLONe: N, 8640 =, 1077 Found:
8.46; N, 10.65.

wus  prepared  from

np. 182 -

prepared
S6C mup.

18.46. Found:
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(20) Attetnpts to reerystallize this produet resulted in
exeessive decomposition.

(21) Reervstallized from acetone and then from cthauol.
Further reervstallization from ethanol vielded a product
n.p. 184-186°, of lower sulfur analvsis (Found: N, 10.70:
N, 23.85).
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In the general method of preparation of isothio-
eyvanates from monosubstituted dithiocarbamates
and  alkyl chlorocarbonates,m# the intermediate
alkoxyearbouyl dithiocarbumatest were not isolated
heeause of theltr histability, The alkoxyvearbonyl
derivatives of  alkvlenebisdithioearbamice  aeids,
(CHY) ANTICSSCOOR). tivpe A), appeur o be
nore stable than those of the alkyvldithiocarbamice
acids, RZNHCSSCOOR (1ype B). Most alkoxyear-
bonyl monosubstituted dithiocarbamates reported

(1) For a general discussion and early referenees, see
Houben-Weyl. Methoden der opganischen Chewie, vol. 4,
P 870, George Theime Verlag, Stuttgart, 1955,

(2) For a general procedure, see Mo L. Moore and IS,
Crossley, Org. Synthescs, Coll. Vol. TII, 504 (1955).
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belong to the type A3 -7 and few of the type B have
ever been isolated in pure state and characterized.”
This paper reports the isolation of a solid ethoxy-
carbonyl B-(2-thioxo-1-imidazolidyl)ethyldithiocar-
bamate (IT) and its conversion to 3-(2-thioxo-1-
imidazolidyDethyl isothiocyanate (IT1).

?H‘F_NH CIC00C,H, ?Hz-ll\m
(,QQN /C=S CQQN /C':‘S
! |
CH,CH,NHCSSNa CH,;CH,NHCSSCOOC,H;
1 11
|
CH,CH,NCS
IT1

When sodium  g-(2-thioxo-1-imidazolidyl)ethyl-
dithiocarbamate (I) was allowed to react with
ethyl chlorocarbonate in the cold, compound II
was isolated as o erystalline solid. Decomposition
of II in boiling cthanol yielded ITT and carbon
oxysulfide which was identified by the formation
of eyclohexylammonium evelohexylthiocarbamate.
Reaction of T with other chlorocarbonates such as
2-chloroethyl, isopropy n-butyl chlorocarbonate, at
room temperature yielded IIT directly. The isothio-
cvanate ITTis a stable solid which can be recrystal-
lized from aleohol. Tt reacts normally with amines
to form the expected thioureas, The thiourea IV
obtained from ITT and aniline is identical with that
formed by the reaction of phenyl isothioeyanate and
I-B-uminoethyl-2-imidazolidinethione (V). Reaetion
of IIT with dimethylamine yielded 1-{8-(2-thioxo-
I-imidagzolidyl)ethyl]-3,3-dimethyl-2-thiourea (VI).

(3) For more recent work, see (a) M. (. Ettlinger and
J. ¥, Hodgking, J. Awm. Chem. Soc., 77, 1831 (1955); (h)
ML Gl Btthinger and J. IS0 Hodgkins, J. Org. Chem, 21,
204; 404 (1956); (¢) N. M. Bortnick, 1. 8. Luskin, M. D.
Hurwitz, and A, W. Ryting, J. .. Chem. Soc., 78, 1358
(1936); (d) G.J.o O'Neill and F. 1. M. Pattison, J. A
Chem. Soc., 79, 1056 (1957); (¢) A. F. MeKay, D, L. Gar-
maise, Ro Gandry, Ho AL Baker, G YL Parls, RO WL Kay,
G 1o Just, and R Scehwartz, J. cbe Chent. Soc., 81, 4328
(1959); (fy Gi. D). Thorn and B. Huston, Can. .J. Chem., 37,
2009 (1959).

(4) The alkoxyearbonyl dithiocarbamates  have  the
general structure of NHoOSSCOOR. According to Chemienl
Abstracts nomenelature these compounds should he named
as the thioanhvdrides of dithioearhamie acid and mono-
alkylearbonie aeid.

(3) A Y. Yakubovieh and V. AL Whimova, J. Gen, Chenr.
(USSR 9, 1777 (1939).

(6) 0. F. Williams, O H. Johnsgon, and J. R Grahan,
U, R, Pat. 2,796,376 (1957 ).

(7) C. P. Lo and W. I Craig, U, =,
(1958).

(8) For example: (a) methoxyearbonyl g-hydroxyethyl-
dithiocarbamate was reported by P. (i, Sergeev and S0 N,
tvanova, J. Gen. Chem. (U.SS.R.), 7, 1495 (1937) [Chenr.
Abstr., 32, 2534 (1238)]; (b) ethoxyvearbony! phenyvldithio-
carbamate by O, I, Schultz and 15, Barthold, el Phari.,
285, 267 (1052) [Chem. Abstr., 48, 5120 (1954)].
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Attempts to prepare VI by the reaction of di-
methylthiocarbamoyl chloride with V failed to give
the desired product, tetramethylthiuram mono-
sulfide being formed instead.
B-(2-Thioxo-~1-imidazolidyl)ethyl isothiocyanate
(ITI) is a potent fungicide.’ It has EDgy, values of
less than 5 ppm. when tested against A onilinia
Jructicola and Stemphylium sarcinaeforme by the
slide-germination method.! It also shows cxcellent
activity in controlling bean rust ({/romyces appends-
culatus) and tomato late blight (Phytophthora
tnfestans) in the greenhouse. The ethoxycarbonyl
#-(2-thioxo - 1 - imidazolidyl)ethyldithiocarbamate
also exhibits excellent in vitro fungitoxicity!* but its
instability prevents its practical application.

EXPERIMENTAL!2

Sodium  8-(2-thioxo-1-imidazolidyl)ethyldithiocarbamate
trihydrate (I) was prepared from 1-g-aminoethyl-2-imidazo-
lidinethione!® ! according to Croxall and Lo.!*

Ethoxycarbonyl B-(2-thioxo-1-imidazolidyl)ethyldithiocar-
bamate (1I). A solution of I (38.5 g.) in water (50 ml.) was
slowly added to a solution ot ethyl chlorocarbonate (13 g.)
in ethanol (100 ml.), the temperature being kept at 5-10°,
After the addition was completed the mixture was stirred
at room temperature for several hours. The white solid
formed was collected, washed with water and then with ether.
The air dried II weighed 16.5 g. (479) and melted at 74—
75°,

Anal. Caled. for CH;sN,0:8:: N, 14.3; 3, 32.8. Found: N,
14.1: 8, 32.5.

B~(2-Thiozxo-1-imidazolidyljethyl isothiocyanale (1I11). (A)
A mixture of II (10 g.), ethanol (50 ml.), and water (25
ml.) was heated under reflux on a steam bath. The gas
evelved was identified as carbon oxysulfide as follows: The
gas was passed into a solution of evclohexylamine (10 g.)
in acetone (100 ml.). The white solid formed was collected,
washed with acetone and air dried. It weighed 1.2 g. and
melted at 213-214°. A mixture of this and an authentic
sample of cyelohexylammonium eyelohexylthiocarbamate
(sce below) melted at 214-215°,

After 2 hr. of refluxing the reaction solution was cooled in
an ice bath. The solid which separated was worked up in
the usual manner to give 4.6 g. (729 of IIT melting at L31.5-
133.5°. After reerystallization from aqueous ethanol it
had a m.p. of 132-134°,

Anal. Caled. for CeHoN St N, 22,45 8, 34.2. Found: N,
22,05 8, 34.2.

(B) 2-Chloroethyl chloroearbonate (28.6 g.) wus slowly
added to a suspension of I (48.6 g.) in acetone (250 ml.)
with stirring, The mixture was stirred at roomn temperature
overnight, The solution was filtered from the sodium chloride
and coneentrated under reduced pressure. The solid residue
wag recrystallized from chloroform to give 27 g. (729%) of
ITI, m.p. and mixture m.p. with above, 132-1:34°.

Similar results were obtained when isopropyl and n-butyl
chlorocarbonate were used in the above reaction.

(4) P Lo, UL S, Pat. 2,829,083 (1958).

(10) Published by the  American Phytopathologieal
Noelety, Phytopathology, 33, 627 (1943).

(11) EDg value 5-10 p.p.m. against both 3/, fructicola
S, sarcinacforme.

(12) All melting points are uncorrected.

(13) M. D. Hurwitz and R, W. Aaten, Ul
211 (1952).

(L) WO Croxall and C. P Lo, UL S,
(1951).
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1-B3-2-Thioro-1-tmidacolidyl\ethylV-8-phenyl-2-thioureq
(IV). (A) A mixture of III (4.5 g.), aniline (3 g.), and buta-
nol-1 (15 ml.) was heated on a steam bath. The solid which
separated was collected and recrystallized from butanol-1.
The colorless IV had & m.p. of 176.5-177.5° and weighed
48 g. (719).

Anal. Caled. for CHN,S: N, 26.0; 8, 22.8 . Found: N.
10.9: 8, 22.5.

(B) A mixture of phenyl isothiocvanate (13.5 g.), (8-
aminoethyl)-2-imidazolidinethione (14.5 g.), and water (200
ml.) was stirred at room temperature for 24 hr. There was
obtained 26 g (93¢7) of 1V, m.p. and mixture m.p. with
ahove 176-177°. Recrvstallization from butanol-1 did not
raise its m.p.

1-18-(2- Thioro-1-imidazol idul el hiyl]-3,3-d melh yl-2-thio-
ureq (VI). A mixture of 111 (5 g.), 409 dimethylamine solu-
tion (10 ml), and water (10 ml.) was heated under reflux
on a steam bath for 2 hr. The solid formed was colleeted
and reerystallized from aqueous acctone (1:1) to give 5.8
g. (93%) of VI, m.p. 160-161°. Reervstallization from
ethanol did not change the melting point.

Ange. Caled. for CiHigNgSz: N, 24.2; 8, 27.6. Found: N,
24.1; 8, 27.3.

Reuction of dimethylthiocarbamor { chloride with 1-(g-amino-
ethyl)-2-imidazolidinethione (V). A solution of V (35 g.) in
water (100 ml.) was slowly added to a solution of dimethyl-
thioearbamoy! chloride (12.4 g.) in carbon tetrachloride
(100 ml.). The mixture was stirred at room temperature for
4 hr. The carbon tetrachloride layer was separated and con-
centrated under reduced pressure. The residue was recrystal-
lized from butanol-1 to give 11.5 g. of a yellow solid, m.p.
107-109°.% This was identified as tetramethylthiuram
monosulfide by analysis and mixture m.p. with an authentic
sample.

Anal. Caled. for CsHNS;: N, 13.4; §, 46.2. Found: N,
13.3; 8, 46.3.

Cyclohexylammoniwm cyclohexylthiocarbamate. Carbon oxy-
sulfide from a eylinder'® was passed into a cooled and stirred
solution containing cyelohexyvlamine (99 g¢.) and acetone
(800 ml.) until no precipitate was formed (about 1 hr.).
The solid was colleeted, washed with acetone and air dried.
The evelohexylammonium evelohexylthiocarbamate  thus
obtained weighed 116 g. (9095) and had a m.p. of 214--215°."7

Anal. Caled. for Ci3HpeN,03: N, 10.8; 8, 124, Found: N,
107, 5, 121,

Cyclohexylammonium . yclohexyldithiocarbamale. Replace-
ment of carbon oxvsultide Ly earbon disalfide (76 ml) in
the above reaction gave a quantitative vield (137 g of
evelohexviammonium evelohexyidithiocarbamate, mop. 1734~
174°.% (The product melted at 139-140° when the bath
was prebented to 12000
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{15 The wens of tetrametheithivram monosudfide was
reported as 1617, J. von Braun and F.o Stechele, B0 36,
D2TH 100

i) Obtained from Matheson Co,, Ine.

Ty S Pareod, Compt. rend., 234, 1062 (1952) reported
thus compound huat gave 1o nup.

CIRy AL Rkita and H. Relfes. Ber., 53, 1242 (1920
reported 4 np. of 160°, We have observed that the melting
point of evelohexslammoning evelohexvidithiocarbamate
veried with the rate of heativg, This indicates that it might
have converted durng the slow heating into 1,3-dievelo-
hesyvi-2-thiourea which had a m.p. of 180-181°.



