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Reactions of 5-(arylimino)-4-chloro-5H-1,2,3-dithiazoles with alkylamines such as isopropylamine, 
piperidine, pyrrolidine, and diethylamine in methylene chloride a t  room temperature gave (aryliminol- 
cyanomethyl alkylamino disulfides (14-83 5% ) along with N'-aryl-N-alkylcyanoformamidines (0- 
88%). The yields of the latter increase and those of the former decrease with the concentration of 
the amine. In addition, some of the latter compounds were independently synthesized by treatment 
of the former with cyclic amines such as piperidine, pyrrolidine, and morpholine in methylene chloride 
a t  room temperature (22-97% 1. The results indicate that the former compounds are involved as 
intermediates in the formation of the latter in these reactions. However, when [ @-nitropheny1)- 
iminolcyanomethyl (pentane-1,5-diyl)amino disulfide was treated with sterically bulky amines such 
as tert-butyl- and diethylamines a t  reflux and room temperature, respectively, cyanoformamidines 
having a piperidine moiety rather than tert-butyl- and diethylamino groups were obtained as the 
only isolable products. Two pathways which involve initially either direct nucleophilic attack of 
alkylamines on the imino carbon or on the sulfur a to the amino group of (ary1imino)cyanomethyl 
alkylamino disulfides are proposed to rationalize the results. 

Introduct ion 

5- (Arylimino)-4-chloro-5H- 1,2,3-dithiazoles (l), which 
were prepared by the reaction of 4,5-dichloro-1,2,3- 
dithiazolium chloride with primary arylamines in meth- 
ylene chloride in the presence of pyridine a t  room 
temperature,' are an interesting class of heterocyclic 
compounds not only because of their usefulness as 
acaricide52 and herbicides2*3 but also because of their 
potential utility as synthetic intermediates.'*M However, 
analogous reactions with primary alkylamines were re- 
ported to be complicated and only two products were 
identified.' Surprisingly, heating of 4-chloro-5- [@-tolyl- 
sulfonyl)iminol-5H-1,2,3-dithiazole (2) in DMF for 30 min 
a t  reflux gave N'-@-tolylsulfonyl)-NJV-dimethylcyano- 
formamidine (3) (R = Me) in 64% yield. This result led 
us to investigate the reactions of 2 with various primary 
and secondary alkylamines which resulted in our reporting 
a new general synthetic method for N'-@-tolylsulfonyl)- 
N-alkyl- and N,N-dialkylcyanoformamidines (3) and 1,3- 
dialkyl-2-@-tolylsulfonyl)guanidines (4)4 as shown in 
Scheme I. 

The reactions were the first examples with a sulfonyl 
group a t  the imino nitrogen atom of cyanoformamidines 
and guanidines. Although synthesis of N'-aryl-N-alkyl- 
cyanoformamidines has been reported7 and various sul- 
famoyl guanidines were prepared from the aminolysis of 
the NJV-dialkyl-N-(chlorosulfony1)chloroformamidines 

Abstract published in Advance ACS Abstracts, October 15, 1993. 
(1) Appe1,R.; Janeeen, H.; S h y ,  M.; Knoch, F. Chem.Ber. 1985,118, 

(2) Moore, J. E. U.S. Patent 4059590 1977. Chem. Abatr. 1978, 88, 

(3) Mayer, R.; Foerater, E.; Matauechek, B. Ger. (E&) DD 212387, 

(4) Oh, K. C.; Lee, H.; Kim, K. Tetrahedron Lett. 1992,4963. 
(5) Rees, C. W. J.  Heterocycl. Chem. 1992,29, 639. 
(6) Folmer, J. J.; Weinreb, 5. M. Tetrahedron Lett. 1993, 2737. 
(7) Roe, A.; Teague, C. E., Jr. J. Am. Chem. SOC. 1949, 71,4019. 

1632. 

50874. 

1984. Chem. Abstr. 1985,102,113064s. 

Scheme I 

R2NH 
%NH: l o  and 2Oalkylaminer 

CH,CI,* b Me rrsyL7 R;NH: 20alkylminer 

with primary or secondary amines? compounds 3 and 4 
cannot be prepared by that method. The mechanism of 
formation of the cyanoformamidines 3 is, however, un- 
certain. One might envisage the direct nucleophilic attack 
of an amine on the imino carbon atom of 2 (path a, Scheme 
11), followed by elimination of SZ along with hydrogen 
chloride to give cyanoformamidine 39 (path a, Scheme 11). 
Formation of the nitrilium ion 5, followed by nucleophilic 
attack of the amine to give 3 (path b, Scheme 11) might 
be considered as in the proposed mechanism for the 
thermolysis of lc.5 However, i t  is unlikely on the following 
grounds: too low a reaction temperature performed (25 
OC) and the instability of the nitrilium ion 5, which has 
an electron-deficient center adjacent to a sulfonyl group 
known to be a strong electron-withdrawing group. On the 
other hand, nucleophilic attack of an amine on the sulfur 
atom a t  the position 2 to give @-tosy1imino)cyanomethyl 
alkylamino disulfides (6) (path c, Scheme 111, followed by 
nucleophilic attack of another molecule of the amine on 
the imino carbon of 6 might also give 3 after eliminations 
of sulfur and the amine bonded to sulfur as shown in 
Scheme 11. 

(8) Schroeder, H.; Fischer, E.; Michalik, M. J. h a k t .  Chem. 1988,390, 
900. 

(9) .The mechanism of formation of 3-cyanobenzoxazole from ther- 
molysis of 4-chloro-5- [(o-hydroxyphenyl)iminol-SH-1,2,3-dithiazole WBB 
proposed by intramolecular nucleophilic attack of the hydroxy group on 
the imino carbon, followed by elimination of Sa and chloride ion. Refer 
to ref 5. 
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In order to obtain the mechanistic information on the 
cleavage of dithiazole ring by alkylamines, reactions of 2 
with a variety of primary and secondary alkylamines were 
investigated a t  room temperature. However, the major 
products were always cyanoformamidines 3 and/or guani- 
dine derivatives 4 depending on the nature of the alkyl- 
amines. No compound of the type 6 was isolated. 
Therefore, we have studied the reactions of 1 with primary 
and secondary alkylamines under the various conditions. 
The results are described herein. 

Results and Discussion 
The reactions of 5-@-anisylimino)-4-chloro-5H-1,2,3- 

dithiazole (la) with 2 equiv of piperidine in methylene 

a, X = pM10 
b, X = pNO2 

16 

chloride a t  room temperature afforded @-anisy1imino)- 
cyanomethyl (pentane-1,5-diyl)amino disulfide (7a) and 
N'-@-anisyl)-N,N-(pentane-l,5-diyl)cyanoformamidine 
( l la )  in 53 and 32% yields, respectively. Treatment of 
la with 2 equiv of pyrrolidine under the same conditions 
afforded @-anisy1imino)cyanomethyl (butane-1,Cdiyl)- 
amino disulfide (8a) in 65 5% yield. No N'-@-anisy1)-NJV- 
(butane-1,Cdiyl)cyanoformamidine (12a) was detected. 
When 3.8 equiv of pyrrolidine was used, 12a was obtained 
in 88% yield. Similar treatment of la  with 2 equiv of 
isopropylamine, however, afforded @-anisy1imino)cya- 
nomethyl isopropylamino disulfide (9a) in 14 5% yield along 
with the recovery of la  in 55 5% yield. On the other hand, 
the reaction of la with 2 equiv of morpholine under the 
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Table I. Reactions of 
S-(pAnisylimino)-4-chloro-SH-1,2,3-dithiazole (la) with 

Primary and Secondary Alkylamines 
yielda ( ’7% ) 
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entry 
1 
2 
3 
4 
5 
6 

- 
la reaction 

(mM) amine (mM) time, h la 
1.95 piperidine (4.0) 1.5 
2.08 pyrrolidine (4.2) 1.5 

3.86 isopropylamine (7.8) 1.5 55 
1.97 morpholine (4.0) 1.5 50 

1.25 pyrrolidine (4.8) 1.0 

1.02 morpholine (4.6) 1.0 

disul- ami- 
fide dine 

7a (53) l l a  (32) 
8a (65) 

12a (88) 
9a (14) 

13a (23) 
13a (87) 

a Isolated yields. 

Table 11. Reactions of 
4-Chloro-S-(ptolylimino)-SH-l,2,3-dithiazole (la) with 

Primary and Secondary Alkylamines 
yielda ( % ) 

lb  reaction disul- ami- 
entry (mM) amine(mM) time,h lb fide dine 
1 1.08 piperidine (2.4) 1.0 7b (64) 
2 2.06 piperidine (6.1) 1.0 l l b  (49)b 
3 0.869 pyrrolidine (1.8) 1.5 8 8b(56) 12b(18) 

5 1.31 isopropylamine (2.9) 1.5 49 9b (23) 
6 2.31 morpholine (6.8) 2.5 13b (77) 
a Isolated yields. NJV-(Pentane-l,Sdiyl)-N’-@-tolyl)thiourea (16) 

(9 %) and an unknown compound were isolated. NJV-(Butane-1,4- 
diy1)-N’-@-toly1)thiourea (17a) (12%) was isolated. 

Table 111. Reactions of 
4-Chloro-S-[ (pnitrophenyl)imino]-SH-l,2,3-dithiazole (IC) 

with Primary and Secondary Alkylamines 

4 2.07 pyrrolidine (6.0) 0.5 12b (84)‘ 

yielda ( % ) 
I C  reaction disul- ami- 

entry (mM) amine(mM) time,h IC fide dine 
1 1.97 piperidine (4.0) 0.5 15 7c (83) 

3 0.902 pyrrolidine (2.0) 0.5 8c (47) 12c (18) 
4 1.87 diethylamine (3.8) 1.0 10 (36) 
5 2.02 ethylamine (16) 15 14 (48) 
6 1-08 isopropylamine (2.3) 1.5 47 
7 3.57 tert-butylamine (14) 2.0 14 
a Isolated yields. 

2 1.85 piperidine (7.6) 12 1 I C  (47) 

Table IV. Reactions o f .  
I-Chloro-S-[ (m-nitrophenyl)imino]-SH-l,2,3-dithiazole (la) 

with Piperidine 
yielda (% ) 

Id piperidine reaction disul- ami- 
entry (mM) (mM) time,h Id fide dine 

1 0.773 1.7 0.5 16 7d(80) 
2 2.19 8.7 4.0 l ld  (14) 
3 1.71 10 30 l ld  (26) 
a Isolated yields. 

same conditions gave no amino iminomethyl disulfide. 
Instead, N’- @-anisyl) -NJV- (3-oxapentane- 1 ,Bdiyl)cyano- 
formamidine (13a) and la  were isolated in 23 and 50% 
yields, respectively. When 4.5 equiv of morpholine was 
used, 13a was isolated in 86% yield. The reactions of 
4-chloro-5-@-tolylimino)- (lb), 4-chloro-5- [@-nitrophe- 
ny1)iminoI- (IC), and 4-chloro-5-[(m-nitrophenyl)iminol- 
5H-1,2,3-dithiazoles (Id) with alltylamines which were used 
for the reaction of la  proceeded in the similar manner 
under the same conditions. The results are summarized 
in Table I-IV. 

The strucutres of amino iminomethyl disulfides 7-10 
and cyanoformamidines 11-14 were assigned on the basis 
of the spectroscopic data and microanalyses. To our 

knowledge, the amino iminomethyl disulfides 7-10 have 
never been reported. Moreover, the isolation of the 
compounds 7-10 are indeed the first evidence for the 
mechanistic suggestion that nucleophiles might attack the 
sulfur atom a t  the position 2 among the possible nucleo- 
philic centers, S-1, 5-2, C-4, and C-5 of aromatic 1,2,3- 
dithiazole derivatives 1. When 2 equiv of alkylamines were 
used, the major product of each reaction wa8 amino 
iminomethyl disulfide 7-10 (14-83% ) except for the 
reactions with isopropylamine and morpholine. From the 
reactions of la, lb, and IC with 2 equiv of isopropylamine 
were recovered la, lb, and IC in 55% (Table I, entry 4), 
49% (Table 11, entry 51, and 47% (Table 111, entry 6) 
yields and the amino iminomethyl disulfides 9a and 9b 
were isolated as minor products from the reactions of l a  
and lb in 14% (Table I, entry 4) and 23% (Table 11, entry 
5) yields, respectively. However, no amino iminomethyl 
disulfide was isolated from the reaction of IC (Table 111, 
entry6). The recovery of approximately half of the starting 
material might be due to the steric hindrance by the bulky 
isopropyl group. The fact that the reaction of IC with 4 
equiv of tert-butylamine did not afford the amino imi- 
nomethyl disulfide can be explained on the same ground 
(Table 111, entry 7). 

On the other hand, the reactions of either la  or l b  with 
morpholine did not give the corresponding amino imi- 
nomethyl disulfide. Cyanoformamidines 13a and 13b were 
isolated, respectively (Table I, entries 5,6; Table 11, entry 
6). 

The reaction of IC with an excess of ethylamine also 
gave N’-@-nitrophenyll-N-ethylcyanoformamidine (14), 
whereas the same reaction with diethylamine afforded the 
amino iminomethyl disulfide 10 without the formation of 
the corresponding cyanoformamidine (Table 111, entries 
4, 5). The failure for even the detection of the corre- 
sponding amino iminomethyl disulfides in the reactions 
of la  and lb  with morpholine or in the reaction with 
ethylamine might be due to the rapid transformation of 
the amino iminomethyl disulfides into the cyanoforma- 
midines by the nucleophilic attack of the amines present 
in excess. This view is supported by the results in which 
more than 2 equiv of cyclic amines are used; the yields of 
cyanoformamidines increase a t  the expense of those of 
the corresponding amino iminomethyl disulfides. 

To  confirm the intermediacy of the amino iminomethyl 
disulfides during the course of the formation of cyano- 
formamidines, the selected compounds 7a, 7c, and7d were 
treated with primary and secondary alkylamines in 
methylene chloride either at  room or reflux temperature. 
From the reactions were isolated the expected cyanoforma- 
midines, the yields of which depended on the substituent 
on N-aryl group of the amino iminomethyl disulfides 7a, 
7c, and 7d and the structures of the amines used. The 
results are summarized in Table V. 

The reactions of 7a with a large excess of pyrrolidine a t  
room temperature proceeded smoothly to give cyanoforma- 
midine 12a in excellent yield (Table V, entry 11, whereas 
the reaction with isopropylamine under the same condi- 
tions did not proceed a t  room temperature. Surprisingly, 
N’-@-anisyl)-N,N-(pentane-l,5-diyl)cyanoformamidine 
(1 la) was obtained in 26 % yield a t  reflux (Table V, entry 
2). The compound 1 la  ought to have been formed by the 
reaction of 7a with piperidine. The expected compound, 
N’-@-anisy1)-N-isopropylcyanoformamidine (15a), how- 
ever, was prepared from the reaction of isopropylamine 
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Table V. Preparation of N ’ - A r y l - N - a l k y l c y a n o f o ~ ~ i ~ e s  from (Ary1imino)cyanomethyl N~-(Pentcme-l,S-diyl)amino 
Dirulfides (?a. 7c. 7d) 

entry 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

commund (mM) 
7a (0.163) 
7a (0.621) 
7~ ci.soj 
7c  (0.822) 
7c  (1.12) 
7c  (0.372) 
7c  (0.828) 
7c  (1.52) 
7d (0.599) 
7d (1.46) 

amine (mM) 
pyrrolidine (1.2) 
isopropylamine (4.7) 
piperidine (5.6) 
pyrrolidine (6.0) 
ethylamine (13) 
isopropylamine (4.7) 
tert-butylamine (7.5) 
diethylamine (5.8) 
piperidine (3.0) 
morpholine (8.1) 

reaction time, h reaction temp 
1.5 rt 
3.0 reflux 
12 rt 
1.5 rt 
15 rt 
5.0 reflux 
5.0 reflux 
24 rt 
30 rt 
0.5 rt 

a Isolated yields. b N,N-(Butane-l,4-diyl)-N’-@-nitrophenyl)thiourea (17b) was isolated in 48% yield. 

Scheme I11 

18 151 
I. 

with N-@-anisy1)cyanoimidoyl chloride (18) in 97% yield 
as shown in Scheme 111. 

In the meantime, the reaction of 7c with 3 equiv of 
piperidine and 7 equiv of pyrrolidine under the similar 
conditions as with 7a, afforded N’-@-nitropheny1)-N,N- 
(pentane-1,5-diyl)cyanoformamidine (1 IC) and N’-@- 
nitrophenyl)-N,N-(butane-l,4-diyl)cyanoformamidine 
(12~1, respectively, as expected (Table V, entries 3, 4). 
Noteworthy observation was the isolation of a thiourea 
derivative 17b from the reaction with pyrrolidine (Table 
V, entry 4). 

Reaction of 7c with ethylamine a t  room temperature 
afforded the cyanoformamidine 14 in 25 % yield concom- 
itant with llc in 5% yield. The latter should be formed 
by the reaction of 7c with piperidine. The yield of l lc 
increased to 44, 49, and 22% when 7c was reacted with 
isopropyl- and tert-butylamines a t  reflux and diethylamine 
a t  room temperature, respectively (Table V, entries 6 ,7 ,  
8). In particular, the reaction with tert-butylamine, which 
is much bulkier than isopropylamine, did not afford the 
expected cyanoformamidine having a tert-butyl group a t  
all (Table V, entry 7). The reaction with diethylamine, 
which is bulkier than ethylamine, gave l l c  a t  room 
temperature in 22 7% yield together with complex mixtures 
(Table V, entry 8). I t  is interesting to compare a t  this 
juncture the result obtained from the reaction with a cyclic 
amine, pyrrolidine (Table V, entry 4), with that of the 
reaction with the corresponding acyclic amine, diethyl- 
amine (Table V, entry 8). I t  has been known that 
pyrrolidine is a stronger nucleophile than diethylamine 
simply because the former has a pair of extruded electrons 
on nitrogen whereas the latter has the corresponding 
electrons which are shielded substantially by the two floppy 
ethyl groups. Hence, i t  is to be expected that the sterically 
less-hindered pyrrolidine reacts with 7c to give the 
expected cyanoformamidine 12c and the reaction with 
the sterically more-bulky diethylamine does not give the 
cyanoformamidine having a diethyl group. 

The reaction of 7d with piperidine proceeded smoothly 
a t  room temperature to give N’-(m-nitropheny1)-N,N- 
(pentane-l,5-diyl)cyanoformamidine ( l ld)  as in the re- 
action of Id with the same amine (Table IV, entries 2,3), 
albeit in low yields. A similar result was obtained from 
the reaction of 7d with morpholine (Table V, entry 10). 

The results indicate that the amino iminomethyl 
disulfides of the type 7 can act as intermediates in the 
course of the formation of cyanoformamidines. The 

yieldo ( % ) amidine 
12a (97) 
l la  (26) 
l lc (43) 
12c (24)b 
14 (25), l lc (5) 
16b (451, l lc (44) 
llc (49) 
1 IC (22) 
l l d  (22) 
13c (77) 

mechanismsof the reaction of 1 with alkylamines proposed 
are outlined in Scheme IV. 

Nucleophilic attack of piperidine a t  5-2 of 5-(arylimino)- 
4-chloro-5H-1,2,3-dithiazoles (1) followed by elimination 
of hydrogen chloride affords (arylimin0)cyanomethyl 
(pentane-1,Bdiyl)amino disulfides 7, which are attacked 
by alkylamines in two ways depending on the steric 
bulkiness of the amines. Cyclic amines with a pair of 
protruded electrons such as pyrrolidine, piperidine, and 
morpholine attack directly a t  the imino carbon of the amino 
iminomethyl disulfides 7 followed by eliminations of sulfur 
and piperidine in a concerted manner to give cyanoforma- 
midines (1 1-16) (path a). Whereas, the sterically hindered 
amine such as tert-butylamine might attack a t  the sulfur 
atom a to the nitrogen atom of the piperidine ring to give 
N-arylcyanothioformamides 19 and bisamino sulfides 20, 
which decompose to generate piperidine (path b). The 
piperidine generated by path b is in turn involved in the 
formation of cyanoformamidine 1 IC according to path a. 
Although no N-arylcyanothioformamides 19 could be 
isolated during the course of these reactions, the assump- 
tion that the compounds 19 are involved as intermediates 
is very useful to explain the mechanism of formation of 
thiourea derivatives in the reaction of 7c with pyrrolidine 
(Table V, entry 4) as well as in the reaction of l b  with 
piperidine or pyrrolidine (Table 11, entries 2,4). That is, 
elimination of hydrogen cyanide from 19 by an amine 
present in excess yields aryl isothiocyanates 21, and further 
reaction of 21 with the amine resulting in thiourea 
derivatives 16 and 17. Alternatively, addition of the amine 
to N-arylcyanothioformamide 19 gives the intermediate 
22, which can eliminate either hydrogen cyanide to give 
eventually thiourea derivatives 16 and 17 or hydrogen 
sulfide to give cyanoformamidines l lb ,  12b, and 12c. 
N-Arylcyanothioformamides 19 are good dipolaro- 

philed0 and are useful in the synthesis of a variety of 
heterocyclic compounds.lOdp*J1 I t  has been reported that 
treatment of 19 (X = 0-C1, o-Br, p-I) with ammonia gas, 
followed by hydrogen sulfide in e thanol  gave N- 
ary1dithiooxamides.l2 However, no study with amines has 
appeared in the literature. In order to ascertain the 
stability of N-arylcyanothioformamides 19, compounds 
19a, 19c, and 19e were treated with alkylamines. The 
results are summarized in Table VI. 

(10) (a) Friedrich, K.; Zamkanei, M. Chem. Ber. 1979,112,1873. (b) 
Ketcham, R. Synthesis 1980, 869. (c) Khatlak, 1.; Ketcham, R.; 
Schaumann, E.; Adiwidjaja, G. J. Org. Chem. 198S,50,3431. (d) Friedrich, 
K.; Zamkanei, M. Tetrahedron Lett. 1977, 2139. (e) Friedrich, K.; 
Zamkanei, M. Chem. Ber. 1979, 112, 1867. (f) Friedrich, J. D. J. Org. 
Chem. 1987,52,2442. (g) Huang, J.; Graves, M. D. J. Heterocycl. Chem. 
1987.24. 1781. 

(11) Kumelj,B.; Tieler, M. Vestn. Slou. kem. Druet. 19S8,5,69. Chem. 

(12) Grabenko, A. D.; Pel’kis, P. S. Zhur. Obshchei Khim. 1961, 30, 
Abstr. l960,54,22426f. 

1222. Chem. Abstr. 1961,55, 1484f. 
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Scheme IV 

22 21 

Y f !  XaN-C-NR1 - 
Table VI. Reactions of N-Arylcyanothioforddes (19a, 19c, 19e) with Alkylamines 

yielda ( % 
entry compound (mM) amine (mM) reaction time, min reaction temp amidine thiourea 

1 190 (0.624) pyrrolidine (3.0) 
2 19c (1.06) Dimridme (2.0) 
3 19c (1.07) &propylamine (3.6) 
4 19c (0.444) tert-butylamine (1.9) 
5 19c (0.874) pyrrolidine (4.2) 
6 19e (0.862) pyrrolidine (4.8) 

a Isolated yields. * Unidentifiable complex mixtures. 

10 
30 
10 
10 
10 
5 

rt 1211 (66) 
reflux b 
rt b 
rt b 
rt 12c (14) 17b (39) 
rt 17c (96) 

The reaction of 19c with 2 equiv of piperidine resulted 
in a complex mixture of producta from which only two 
compounds whose structures have not been determined 
could be isolated. Similar treatment of 19c with either 
isopropyl- or tert-butylamine a t  room temperature af- 
forded complex mixtures, too. On the other hand, the 
reaction of 19c with pyrrolidine a t  room temperature 
afforded the cyanoformamidine 12c and a thiourea de- 
rivative 17b in 14 and 39% yields, respectively. The 
reaction of 19a with pyrrolidine under the same condition 
as with 19c afforded only the corresponding cyanoform- 
amidine 12a in 66% yield. Similar reaction of 1% with 
pyrrolidine, however, afforded only the thiourea derivative 
17c in 95% yield. These resulta indicate that either 
cyanoformamides or thioureas or both can be formed from 
the reactions of N-arylcyanothioformamides 19 with 
alkylamines depending on the N-aryl group substituent 
of 19 and the alkylamines as proposed in Scheme IV. 
However, further details of the reactions should be 
investigated. 

Attempts to isolate bisamino sulfides 20, which were 
presumably formed from the reactions of 1 or 7 with 
alkylamines according to path b, failed. Instead, bis- 
(piperidin0)trisulfide (23) was isolated as shown in Table 
VII. 

Table VII. Yields of Bis(piperidin0) Trisulfide (23) 
Isolated from the Reaction of IC, Id, 713, and 7d with 

Piperidine 
compound (mM) piperidine (mM) yielda ( 7% ) 23 

IC (1.86) 7.6 
10 Id (1.71) 

70 (1.80) 6.6 
7d (0.599) 3.0 

62 
43 
61 
26 

a Isolated yields, 

The structure of 23 was determined baaed on the 
spectroscopic and mass spectral data and by comparison 
of ita melting point with that reported in the literature.13 
Since bis(dialky1amino) sulfides such as bis(diethy1amino) 
sulfide and bis(dimethylamino1 sulfide are reported to 
be more sensitive to moisture than bis[(rl-oxapentane- 
1,S-diy1)aminoI and furthermore, unsymmetrical 
bis(dialkylamino) sulfides are known to undergo ready 
disproportionation reactions to give the symmetrical 
counterparta,16 it is expected that the unsymmetrical bis- 
(dialkylamino) sulfides 20 are unstable enough to undergo 
decomposition. In fact, the reactions of either 1 or amino 

(13) Levi, T. G. Cazz. Chim. Ztal. lSll,61,286. Chem. Ab&. 1981, 

(14) Kutatsladze, G.; Kice, J. L.; Kutabladze, A. G.; Zefuov, N. 9.; 

(15) Harpp, D. N.; Back, T. G. Tetrahedron Lett 1972,1481. 

25,4863. 

Zuk, N. V. J.  Org. Chem. 1991,56,5236. 
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iminomethyl disulfides 7-1 1 with alkylamines gave always 
mixtures corresponding to bisamino sulfides, R2N-SZ-NR'2 
( x  = 1,2,3, etc.) according to 1H NMR and mass spectral 
data. The separation of the mixtures by either column 
chromatography or HPLC was occasionally successful in 
the cases listed in Table VII. At present it is rather difficult 
to elucidate the fate of 20 under the reaction conditions. 

Lee and Kim 

Experimental Section 
The lH NMR spectra were recorded at 60 MHz in CDCla 

solution containing Me4Si as an internal standard, unless 
otherwise specified. IR spectra were recorded in KBr or thin 
films on KBr plates. HPLC waa performed using Waters Model 
510 equipped with a C-18 column (pBondapak C18,lO pm, 7.8 
X 300 mm i.d.) and differential refractometer, using CHaCN as 
eluant (flow rate = 0.8 mllmin). Mass spectra were obtained on 
a Varian Mat 711. Elemental analyses were determined by Korea 
Basic Science Center. Column chromatography was performed 
using silica gel (70-230 mesh, Merck). Melting points are 
uncorrected. 

5-(Arylimino)-4-chloro-SR-1,2,3-dithiazoles (1). Dithia- 
zoles 1 were prepared by the literature method.' 
5-(pAnisylimino)-4-chloro-SH-l,2,3-dithiazole (la): mp 

86-88 OC (1it.l mp 89 OC). 
4-(Chloro-S-[ (pnitrophenyl)imino]-SH-l,2,3-dithiazole 

(IC): mp 166-168 OC (1it.l mp 160 "C). 
4-Chloro-S-(ptolylimino)-SB-l,2,3-dithiazole (lb): mp 71- 

72 O C ;  lH NMR 6 2.42 (a, 3H, Me), 7.24 (8, 4H, Ar); IR (KBr) 
1580,1570,1500,1220,1137,860,818,790,758 cm-l; MS (mlz) 
242 (M+). Anal. Calcd for CSH~CIN~S~: C, 44.53; H, 2.19; N, 
11.54; S, 26.42. Found C, 44.33; H, 2.11; N, 11.47; S, 27.01. 

4-Chloro-S-[ (m-nitrophenyl)imino]-SH- 1,%,3-dithiazole 
(ld): mp 125.5-126 OC; lH NMR 6 7.48-7.86 (m, 2H, Ar), 8.00- 
8.25 (m, 2H, Ar); IR (KBr) 1585,1510,1355,1225,1150,896,868, 
828, 800, 781, 738, 705, 680 cm-l; MS (mlz) 273 (M+). Anal. 
Calcd for CJ-I~CIN~OZSZ: C, 35.11; H, 1.47; N, 15.35; S, 23.43. 
Found C, 35.05; H, 1.43; N, 15.21; S, 24.35. 

5-[ (*Carbet hoxyphenyl)imino]-4-chloro-SH- 1,2,3-dit hi- 
azole (le): lH NMR 6 1.35 (t, J = 7 Hz, 3H, Me), 4.35 (9, J = 
7 Hz, 2H, OCHz), 6.95-7.86 (m, 4H, Ar); IR (neat) 1708 (C=O), 
1590,1471,1440,1386,1290,1246,1215,1150,1130,1080,857, 
760, 705, 675 cm-1; MS (mlz) 300 (M+). Anal. Calcd for 
C11H&IN20& C, 43.93; H, 3.02; N, 9.31; S, 21.32. Found: C, 
43.83; H, 3.00; N, 9.30; S, 22.42. 

General Procedure for the Reactions of 1 with Alkyl- 
amines. To a solution of 1 in CHZClz was added an excess amount 
of an alkylamine, which waa stirred for an appropriate time at 
either room temperature or reflux temperature (refer to Table 
I-IV). After removal of the solvent under vacuo, the residue was 
chromatographed on a silica gel column (1.0 X 15 cm) using a 
series of the solvents. The bp of petroleum ether used was 30-70 
OC. 
(pAnisy1imino)cyanomethyl (Pentane1,bdiyl)amino Di- 

sulfide (7a). The reaction of 506 mg (1.95 mmol) of 5-@- 
anisylimino)-4-chloro-5H-1,2,3-dithiazole (la) with 0.40 mL (4.0 
mmol) of piperidine in 30 mL of CHzClz, followed by chroma- 
tography using a mixture of petroleum ether and CHzClz (1:3) 
afforded 465 mg of a crude compound 7a, which was analyzed 
on HPLC yielding 320 mg (1.04 mmol, 53% ) of la. The compound 
7a waa recrystallized from n-hexane, mp 66-67 "C; lH NMR 6 
1.32-1.93 (m, 6H, ~CHZ) ,  2.75-3.26 (m, 4H, CHZNCHZ), 3.83 (8,  
3H, OMe), 6.80-7.47 (m, 4H, Ar); IR (neat) 2225 (C=N) cm-1; 
MS ( m l ~ )  307 (M+). Anal. Calcd for CiJ&NaOSz: C, 54.70; H, 
5.57; N, 13.67; S, 20.86. Found C, 54.52; H, 5.49; N, 13.70; S, 
21.32. Elution next with CHzC12 gave 23 mg of a mixture of 
unknown compounds and 152 mg (0.624 mmol, 32%) of N'-@- 
anisyl)-N,N-(pentane-1,5-diyl)cyanoformamidine (118) as a 
liquid lH NMR 6 1.60-1.90 (m, 6H, 3CH2), 3.50-3.95 (m, 7H, 
OMe, CH~NCHZ), 6.95 (8, 4H, Ar); IR (neat) 2226 (CrN)  cm-1; 
MS (mlz) 243 (M+). Anal. Calcd for C14H17NaO: C, 69.11; H, 
7.04; N, 17.27. Found: C, 69.10; H, 6.99; N, 17.30. 
(pToly1imino)cyanomethyl (Pentane-1,s-diy1)amino Di- 

sulfide (7b). The reaction of 262 mg (1.08 mmol) of 4-ChlOrO- 
5-@-tolylimino)-5H-l,2,3-dithiazole (lb) with 0.24mL (2.4 mmol) 
of piperidine in 30 mL of CH2C12, followed by chromatography 

using a mixture of petroleum ether and CH2Clz (1:3), gave 276 
mg of a mixture, which was analyzed on HPLC yielding 201 mg 
(0.690 mmol, 64%) of 7b as a liquid: lH NMR 6 1.10-1.95 (m, 
6H,3CH~),2.40(~,3H,Me),2.80-3.33 (m,4H,CHzNCHz),6.97- 
7.50 (m, 4H, Ar); IR (neat) 2220 (CzN) cm-l; MS (mlz) 291 
(M+). Anal. Calcd for C14H17NaSz: C, 57.70; H, 5.88, N, 14.42; 
S, 22.00. Found C, 57.53; H, 5.75; N, 14.23; S, 22.49. 
(pNitropheny1imino)cyanomethyl (Pentane-1,s-diy1)- 

amino Disulfide (7c). The reaction of 539 mg (1.97 mmol) of 
4-chloro-5-[ @-nitrophenyl)imino]-SH-l,2,3-dithiazole (IC) with 
0.40 mL (4.0 mmol) of piperidine in 50 mL of CHzClZ, followed 
by chromatography using CHzClz afforded 625 mg of a mixture, 
which was recrystallized from a mixture of CHCh and n-hexane 
to give 82 mg (0.302 mmol, 15%) of IC. Concentration of the 
filtrate, followed by recrystallization from n-hexane gave 525 mg 
(1.64 mmol, 83%) of 70: mp 76-77 OC; lH NMR 6 1.05-2.10 (m, 
6H, 3CHz), 2.85-3.33 (m, 4H, CHzNCHz), 7.02-7.42 (m, 2H, Ar), 
8.42 (d, J = 9 H, 2H, Ar); IR (neat) 2220 (CeN) cm-1; MS (m/z) 
322 (M+). Anal. Calcd for ClaHuN40zSz: C, 48.43; H, 4.38; N, 
17.38; S, 19.89. Found C, 48.21; H, 4.35; N, 17.40; S, 20.31. 

[ (m-Nitrophenyl)imino]cyanomethyl (Pentane-1,s-diy1)- 
amino Disulfide (7d). The reaction of 212 mg (0.773 mmol) of 
4-chloro-5-[ (m-nitrophenyl)imino]-5H-l,2,3-dithiazole (Id) with 
0.17 mL (1.7 mmol) of piperidine in 20 mL of CHZCl2, followed 
by chromatography using CH2C12, afforded 244 mg of a mixture, 
which was analyzed on HPLC yielding 33 mg (0.121 mmol, 16 %) 
of Id, and 200 mg (0.620 mmol, 80%) of 7d which waa 
recrystallized from n-hexane; mp 46-47 OC; lH NMR 6 1.13-2.06 
(m, 6H, 3CHz), 2.75-3.40 (m, 4H, CHzNCHz), 7.26-8.45 (m, 4H, 
Ar); IR (neat) 2220 (C=N) cm-l; MS (mlz) 322 (M+). Anal. Calcd 
for CiaHlrN402S2: C, 48.43; H, 4.38; N, 17.38; S, 19.89. Found 
C, 48.25; H, 4.30; N, 17.37; S, 20.40. 
(pAnisy1imino)cyanomethyl (Butane-1,4-diyl)amino Di- 

sulfide (Sa). The reaction of 537 mg (2.08 mmol) of la with0.35 
mL (4.2 mmol) of pyrrolidine in 30 mL of CH2C12, followed by 
chromatography using a mixture of petroleum ether and CHzClz 
(1:3), afforded 530 mg of a mixture, which waa analyzed on HPLC 
yielding 400 mg (1.35 mmol, 65%) of 8a as a liquid lH NMR 
6 1.58-2.15 (m, 4H, ~CHZ) ,  2.88-3.06 (m, 4H, CHZNCHZ), 3.89 (8,  
3H, OMe), 6.86-7.53 (m, 4H, Ar); IR (neat) 2220 (CEN) cm-l: 
MS (mlz) 293 (M+). Anal. Calcd for C18HlaNaOSz: C, 53.22; H, 
5.15; N, 14.32; S, 21.85. Found: C, 53.15; H, 5.11; N, 14.30; S, 
22.67. 
(pToly1imino)cyanomethyl (Butane-1,4-diyl)amino Di- 

sulfide (8b). The reaction of 211 mg (0.869 mmol) of l b  with 
0.15 mL (1.8 mmol) of pyrrolidine in 30 mL of CHZCl2, followed 
by chromatography using a mixture of petroleum ether and CH2- 
Clz (1:2), afforded 193 mg of a mixture, which waa analyzed on 
HPLC yielding 16 mg (0.487 mmol, 8%) of l b  and 135 mg (0.487 
"01, 56%) of 8b as a liquid lH NMR 6 1.60-2.05 (m, 4H, 
2CH2),2.43 (s,3H,Me),2.90-3.40 (m,4H,CHzNCHz),6.90-7.54 
(m, 4H, Ar); IR (neat) 2210 (C=N) cm-'; MS (42) 277 (M+). 
Anal. Calcd for ClaHlaN&: C, 56.29; H, 5.45; N, 15.15; S, 23.11. 
Found C, 56.04; H, 5.32; N, 15.01; S, 23.63. Elution next with 
CH2C12 afforded 34 mg (0.160 mmol, 18%) of N'-@-tolyl)-NJV- 
(butane-1,4-diyl)cyanoformamidine (12b) that was recrystallized 
from n-hexane, mp 67-69 OC. 

[ (pNitrophenyl)imino]cyanomethyl (Butane-1,Cdiyl)- 
amino Disulfide (8c). The reaction of 247 mg (0.902 mmol) of 
IC with 0.17 mL (2.0 mmol) of pyrrolidine in 30 mL of CHZClz, 
followed by chromatography using a mixture of petroleum ether 
and CHzClz (1:l) afforded an unknown mixture (20 mg). Elution 
with the same solvent mixture (2:3) afforded 187 mg of a mixture 
which was analyzed on HPLC yielding 130 mg (0.423 mmo1,47 % ) 
of 8c as a liquid 1H NMR 6 1.60-2.26 (m, 4H, 2CHz), 2.97-3.50 
(m, 4H, CHZNCH~), 7.10-7.60 (m, 2H, Ar), 8.59 (d, J = 9 Hz, 2H, 
Ar);IR (neat) 2220 (C=N) cm-1; MS (m/z) 308 (M+). Anal. Calcd 
for Cl~HlpN4OzS2: C, 46.74; H, 3.92; N, 18.17; S, 20.79. Found 
C, 46.59; H, 3.85; N, 18.14; S, 21.31. Elution with CH2Clzafforded 
39 mg (0.158 mmol, 18%) of N'-@-nitrophenyl)-Nfl-(butane- 
1,4-diyl)cyanoformamidine (12c) as a liquid 1H NMR 6 1.85- 
2.35 (m, 4H, 2CH2), 3.42-4.17 (m, 4H, CHgNCHz), 7.25 (d, J = 
9 Hz, 2H, Ar), 8.49 (d, J = 9 Hz, 2H, Ar); IR (neat) 2240 (C=N) 
cm-1; MS (m/z) 244 (M+). Anal. Calcd for C ~ Z H ~ Z N ~ O ~ :  C, 59.01; 
H, 4.91; N, 22.94. Found: C, 58.99; H, 4.87; N, 22.90. 

(pAnisy1imino)cyanomethyl Isopropylamino Disulfide 
(9a). The reaction of 1.00 g (3.86 mmol) of la with 0.66 mL (7.8 
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mmol) of isopropylamine in 50 mL of CHzC12, followed by 
chromatography using a mixture of petroleum ether and CH2C12 
(1:l) afforded 365 mg (1.41 mmol, 37 % ) of la. Continuous elution 
with the same solvent mixture (1:l) afforded 381 mg of a mixture, 
which was analyzed on HPLC yielding 184 mg (0.711 mmol, 18% ) 
of la, and 156 mg (0.556 mmol,14 % ) of 9a as a liquid 1H NMR 
6 1.17 (d, J= 7 Hz, 6H, CMe2), 2.89-3.45 (m, lH, CH), 3.55-4.07 
(m, 4H, NH, OMe), 6.75-7.46 (m, 4H, Ar); IR (neat) 3310 (N-HI, 
2218 (C=N) cm-l; MS (mlz)  281 (M+). Anal. Calcd for 
C12HlaNsOS2: C, 51.22; H, 5.37; N, 14.93; S, 22.79. Found: C, 
51.19; H, 5.32; N, 14.87; S, 23.60. 
(pToly1imino)cyanomethyl Isopropylamino Disulfide 

(9b). The reaction of 318 mg (1.31 mmol) of l b  with 0.25 mL 
(2.9 "01) of isopropylamine in 30 mL of CHzClz, followed by 
chromatography using a mixture of petroleum ether and CHzClz 
(1:2) afforded 280 mg of a mixture, which was rechromatographed 
using the same solvent mixture (2:l) to give 156 mg (0.643 mmol, 
49%) of lb. Continuous elution with the same solvent mixture 
(1:l) gave 81 mg (0.305 mmol, 23%) of 9b as a liquid: lH NMR 
6 1.20 (d, J = 7 Hz, 6H, CMeZ), 2.43 (a, 3H, Me), 3.05-4.07 (m, 
2H, NH, CH), 6.84-7.56 (m, 4H, Ar); IR (neat) 3325 (N-H), 2220 
(C=N) cm-l; MS (mlz) 265 (M+). Anal. Calcd for C12HlaNsSz: 
C, 54.31; H, 5.70; N, 15.83; S, 24.16. Found C, 54.23; H, 5.59; 
N, 15.58; S, 24.61. 
(pNitrophenylimino)cyanomethyl Diethylamino Disul- 

fide (10). The reaction of 511 mg (1.87 mmol) of IC with 0.25 
mL (3.8 mmol) of diethylamine in 30 mL of CHzClZ, followed by 
chromatography using a mixture of petroleum ether and CHzClz 
(1:3) afforded 254 mg of a mixture which was analyzed on HPLC 
yielding 210 mg (0.677 mmol, 36%) of 10 as a liquid: lH NMR 
(80 MHz) 6 1.22 (t, J = 7 Hz, 6H, 2Me), 3.10 (q, J = 7 Hz, 4H, 
CH2NCH2), 6.90-7.25 (m, 2H, Ar), 8.29 (d, J = 9 Hz, 2H, Ar); IR 
(neat) 2227 (C=N) cm-l; MS (mlz)  310 (M+). Anal. Calcd for 

45.32; H, 4.54; N, 18.01; S, 21.23. 
W-(pToly1)-N,N-( pentane- 1,5-diyl)cyanoformamidine 

(llb). The reaction of 500 mg (2.06 mmol) of l b  with 0.60 mL 
(6.1 mmol) of piperidine in 20 mL of CHzClZ, followed by 
chromatography using a mixture of petroleum ether and CHzClz 
(3:l) gave 303 mg of complex mixtures. Elution next with CHz- 
Cl2 afforded 203 mg (1.00 mmol, 49%) of l l b  as a liquid: 1H 
NMR 6 1.42-1.95 (m, 6H, 3CH2), 2.35 (a, 3H, Me), 3.50-4.00 (m, 

Ar); IR (neat) 2220 (GIN) cm-l; MS (m/z) 227 (M+). Anal. Calcd 
for Cl4H1,Na: C, 73.98; H, 7.54; N, 18.49. Found C, 73.91; H, 
7.52; N, 18.57. Finally, elution with a mixture of CHzC12 and 
ethyl ether (51) afforded 45 mg (0.192 mmol, 9%) of N f l -  
(pentane-l,5-diyl)-N'-@-tolyl)thiourea (16) which was recrys- 
tallized from a mixture of petroleum ether and CHzC12: mp 132- 
133 "C; 1H NMR (80 MHz) 6 1.45-1.80 (m, 6H, 3CH2), 2.31 ( 8 ,  
3H, Me), 3.60-3.90 (m, 4H, CHZNCHZ), 6.90-7.25 (m, 5H, Ar, 
NH); IR (KBr) 3200 (N-H) cm-l; MS (mlz) 220 (M+). Anal. 
Calcd for C12HleN2S: C, 65.42; H, 7.32; N, 12.71; S, 14.55. 
Found: C, 65.35; H, 7.27; N, 12.37; S, 15.01. 
M-(pNitropheny1)-N,iV-(pentane- 1,Cdiyl)cyanoforma- 

midine (llc). (i) The reaction of 505 mg (1.85 mmol) of IC with 
0.75 mL (7.6 mmol) of piperidine in 40 mL of CHzClz, followed 
by chromatography using a mixture of petroleum ether and CH2- 
Clz (2:1), gave 200 mg (0.757 mmol, 62%) of bis(piperidin0) 
trisulfide (23), which was recrystallized from methanol: mp 74- 
74.5 "C (lit.la mp 74 "C). Elution next with the same solvent 
mixture (1:l) afforded 225 mg (0.871 mmol, 47%) of l lc,  which 
was recrystallized from n-hexane: mp 113-114 "C; lH NMR 6 
1.50-2.05 (m, 6H, ~CHZ) ,  3.55-4.03 (m, 4H, CH~NCHZ), 7.20 (d, 
J = 9 Hz, 2H, Ar), 8.43 (d, J = 9 Hz, 2H, Ar); IR (KBr) 2220 
(CEN) cm-I; MS (mlz) 258 (M+). Anal. Calcd for ClaHlrN40z: 
C, 60.45; H, 5.46; N, 21.69. Found C, 60.31; H, 5.48; N, 21.72. 
(ii) The solution of 581 mg (1.80 mmol) of 7c and 0.55 mL (5.6 
mmol) of piperidine in 30 mL of CH2Clz was stirred for 12 h at 
room temperature. Chromatography of the reaction mixture as 
in the case of i gave 193 mg (0.730 mmol, 61 %) of 23 and 201 mg 
(0.778 mmol, 43%) of llc. (iii) The solution of 120 mg (0.372 
mmol) of 7c and 0.40 mL (4.7 mmol) of isopropylamine in 30 mL 
of CHzCl2 was refluxed for 5 h. Chromatography usinga mixture 
of petroleum ether and CH2Clz (1:2) gave 42 mg (0.164 mmol, 
44%) of llc. Elution next with CHzClz afforded 39 mg (0.167 
mmol, 45 % ) of N'- @-nitropheny1)-N-isopropylcyanoformami- 

C12HlrN402S2: C, 46.44; H, 4.55; N, 18.05; S, 20.66. Found C, 

4H, CHtNCHz), 7.03 (d, J = 8 Hz, 2H, Ar), 7.36 (d, J = 8 Hz, 2H, 
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dine (lSb), which was recrystallized from n-hexane: mp 87-89 
OC; 1H NMR 6 1.30 (d, J = 7 Hz, 6H, CMez), 3.93-4.63 (m, lH, 
CHI, 5.53 (e, lH, NH), 7.22 ( d , J  = 9 Hz, 2H, Ar), 8.43 (d, J = 
9 Hz, 2H, Ar); IR (KBr) 3350,3200 (N-H) cm-l; MS (m/z) 232 
(M+). Anal. Calcd for C11H12N402: C, 56.89; H, 5.21; N, 24.12. 
Found C, 56.92; H, 5.18; N, 24.15. (iv) The solution of 267 mg 
(0.828 mmol) of 7c and 0.80 mL (7.5 mmol) of tert-butylamine 
in 20 mL of CHzCl2 was refluxed for 5 h. Chromatography as in 
the case of iii afforded 105 mg (0.407 mmol, 49%) of llc. (v) The 
solution of 360 mg (1.12 mmol) of 7c and 572 mg (12.7 mmol) of 
ethylamine in 20 mL of CH2Cl2 was stirred at room temperature 
for 15 h. Chromatography of the reaction mixture using a mixture 
of petroleum ether and CH2Clz (1:l) gave 76 mg of a mixture. 
Continuous elution with the same solvent mixture (1:3) afforded 
15 mg (0.0581 mmol, 5 % )  of 110. Elution next with a mixture 
of CHzC12 and ethyl ether (5:l) afforded 60 mg (0.275 mmol, 
25 % ) of N'-@-nitropheny1)-N-ethylcyanoformamidine (14), which 
was recrystallized from a mixture of n-hexane and CH2Cl2: mp 
85-86 "C; 'H NMR (80 MHz) 6 1.30 (t, J = 7 Hz, 3H, Me), 3.51 

Ar), 8.23 (d, J = 8 Hz, 2H, Ar); IR (KBr) 3360,3300 (N-H) cm-l; 
MS (mlz) 218 (M+). Anal. Calcd for C1oH10N402: C, 55.04; H, 
4.62; N, 25.68. Found C, 54.98; H, 4.60; N, 25.70. (vi) The 
solution of 489 mg (1.52 mmol) of 7c and 0.60 mL (5.8 mmol) of 
piperidine in 30 mL of CH2Cl2 was stirred for 24 h at room 
temperature. Chromatography of the reaction mixture as in the 
case of i gave 85 mg (0.329 mmol, 22%) of 110. 
M- (m-Nitropheny1)-N,iV-( pentane- 1,5-diyl)cyanoforma- 

midine (lld). (i) The solution of 468 mg (1.71 mmol) of Id and 
1.0 mL (10 mmol) of piperidine in 30 mL of CH2Cl2 was stirred 
for 30 h at room temperature. Chromatography using a mixture 
of petroleum ether and CHzCl2 (52) afforded 115 mg (0.491 mmol, 
43%) of 23. Elution next with the same solvent mixture (2:3) 
afforded 77 mg of a mixture. Continuous elution with the same 
solvent mixture (1:3) afforded 116 mg (0.448 mmol, 26%) of l ld,  
which was recrystallized from n-hexane: mp 83-84 OC; lH NMR 
(80MHz) 1.60-1.90 (m, 6H, 3CH2), 3.50-3.80 (m, 4H, CH2NCHd, 
7.13-8.07 (m, 4H, Ar); IR (neat) 2220 (C=N) cm-l; MS (mlz) 258 
(M+). Anal. Calcd for ClSHl&402: C, 60.45; H, 5.46; N, 21.69. 
Found C, 60.57; H, 5.44; N, 21.65. (ii) The solution of 595 mg 
(2.19 mmol) of Id and 0.86 mL (8.7 mmol) of piperidine in 40 mL 
of CHzC12 was stirred for 4 h at room temperature. Chroma- 
tography of the mixture as in the case of i gave 88 mg (0.331 
mmol,23%)of23and81mg(0.312mmol,14%)of lld. (iii)The 
solution of 193 mg (0.599 mmol) of 7d and 0.3 mL (3.0 mmol) of 
piperidine in 20 mL of CH2Cl2 was stirred for 30 h at room 
temperature. Chromatography of the mixture as in the case of 
i gave 39 mg (0.158 mmol, 26%) of 23 and 34 mg (0.132 mmol, 
22%) of l ld.  
W-(pAnisyl)-N,N-(butane-l,4-diyl)cyanoformamidine 

(12a). (i) The solution of 323 mg (1.25 mmol) of la and 0.4 mL 
(4.8 mmol) of pyrrolidine in 20 mL of CH2Clz was stirred for 1 
h at room temperature. Chromatography using a mixture of 
petroleum ether and CHgCl2 (31) afforded 76 mg of an unknown 
mixture. Continuous elution with the same solvent mixture (1: 
3) afforded 253 mg (1.10 mmol, 88%) of 12a as a liquid lH NMR 
6 1.35-1.56 (m, 4H, 2CHz1, 3.35-3.94 (m, 7H, OMe, CHzNCHz), 
6.93 (s,4H, Ar); IR (neat) 2230 (CaN) cm-'; MS (mlz) 229 (M+). 
Anal. Calcd for ClaHlaNsO C, 68.10; H, 6.59; N, 18.33. Found 
C, 68.13; H, 6.57; N, 18.29. (ii) The solution of 50 mg (0.163 
mmol) of la  and 0.10 mL (1.2 mmol) of pyrrolidine in 10 mL of 
CHzClz was stirred for 1.5 h at room temperature. Chromatog- 
raphy of the reaction mixture using CH&l2 gave 36 mg (0.158 
mmol, 97%) of 12a. (iii) The solution of 120 mg (0.624 "01) 
ofN-@-anieyl)cyanothiofor"ide (198) and 0.25 mL (3.0 mmol) 
of pyrrolidine in 20 mL of CH2Cl2 was stirred for 10 min at room 
temperature. Chromatography, as in the case of ii, afforded 95 
mg (0.414 mmol, 66%) of 12a. 
~-(pTolyl)-N,N-(butane-1.4-diyl)cyanoformamidine 

(12b). The solution of 502 mg (2.07 mmol) of l b  and 0.50 mL 
(6.0 mmol) of pyrrolidine in 20 mL of CHzCl2 was stirred for 30 
min at room temperature. Chromatography using a mixture of 
petroleum ether and CH2C12 (2:l) afforded 162 mg of an unknown 
mixture. Continuous elution with CHaCl2 afforded 263 mg (1.23 
mmol, 59 %) of 12b, which was recrystallized from n-hexane: mp 
67-69 "C; lH NMR 6 1.80-2.13 (m, 4H, 2CH2), 2.25 (e, 3H, Me), 

(9, J = 7 Hz, 2H, NCHs), 5.29 (8, lH, NH), 7.05 (d, J 8 Hz, 2H, 
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3.3W3.77 (m, 4H, CHzNCHz), 6.70 (d, J = 8 Hz, 2H, Ar), 6.99 (d, 
J = 9 Hz, 2H, Ar); IR (KBr) 2222 (C=N) cm-1; MS (m/z) 213 
(M+). Anal. Calcd for ClsHlsNs: C, 73.21; H, 7.09; N, 19.70. 
Found: C, 73.23; H, 7.12; N, 19.65. Elution next with a mixture 
of ethyl ether and CH2Cl2 (1:5) gave 109 mg (0.511 mmol,25%) 
of 12b. Continuoua elution with a mixture of ethyl ether and 
CH2Cl2 (1:5) gave 53 mg (0.24 mmol, 12%) of NJV-(butane-l,4 
diy1)-N'-@-toly1)thiourea (17a) which waa recrystallized from a 
mixture of petroleum ether and CH2Cl2: mp 164-166 "C; 'H 
NMR (80 MHz) 6 1.97-2.13 (m, 4H, 2CHA 2.33 (a, 3H, Me), 
3.46-3.80 (m, 4H, CHsNCHd, 6.89 (a, lH, NH), 7.04-7.30 (m, 
4H, Ar); IR (KBr) 3334 (N-H) cm-1; MS (m/z) 220 (M+). Anal. 
Calcd for C12Hl&lIs: C, 65.42; H, 7.32; N, 12.71; S, 14.55. 
Found C, 65.22; H, 7.31; N, 12.55; S, 14.92. 

N-(pNitropheny1)-NJV-( butane-1,4-diyl)cyanofo~i- 
dine (12c). (i) The solution of 265 mg (0.822 mmol) of IC and 
0.50 mL (6.0 "01) of pyrrolidine in 30 mL of CH2Cl2 waa stirred 
for 1.5 h at room temperature. Chromatography using CH2Cl2 
afforded 67 mg of a mixture, which waa rechromatography to 
give 48 mg (0.198 mmol,24%) of 12c. Continuous elution of the 
original reaction mixture with a mixture of CHCl2 and ethyl 
ether (51) gave 100 mg (0.398 mmol, 48%) of NJV-(butane-1,4- 
diy1)-N'-@-nitropheny1)thiourea (17b) which waa recrystallized 
from a mixture of n-hexane and CH2C12: mp 204-208 OC; 'H 
NMR (CDCls + DMSO-de, 80 MHz) 6 1.90-2.20 (m, 4H, 2CHA 
3.60-3.90 (m, 4H, CHsNCHd, 7.75 (d, J = 9 Hz, 2H, Ar), 8.14 (d, 
J = 9 Hz, 2H, Ar), 9.02 (e, lH, NH); IR (KBr) 3232 (N-H) cm-l. 
(ii) The solution of 181 mg (0.874 "01) of N-@-nitrophenyll- 
cyanothioformamide (19c) and 0.35 mL (4.2 "01) of pyrrolidine 
in 20 mL of CHzCl2 waa stirred for 10 min at room temperature. 
ChromatographyusingCH&l2afforded 29mg (O.l19mm01,14%) 
of 12c. Continuous elutionwithethyl ether afforded 85 mg (0.338 
mmol, 39%) of 17b. 
N-(pAnisyl)-NJV-(goxapentane-lb-diyl)cyanofo~- 

dine(13a). (i)Thesolutionof265mg(l.O2mmol)of laand0.40 
mL (4.6 mmol) of morpholine in 30 mL of CHlClz waa stirred for 
1 h at room temperature. Chromatography uaing a mixture of 
petroleum ether and CH2Cl2 (l:l), followed by CH2Cl2, gave 217 
mg (0.884 mmol, 87%) of 13a which waa recrystallized from 
n-hexane: mp 73-74 OC; 'H NMR 6 3.50-4.00 (m, 11H, 4CH2, 
OMe), 6.95 (8, 4H, Ar); IR (KBr) 2220 (*N) cm-l; MS (mlz) 
245 (M+). Anal. Calcd for C&SNSOZ: C, 63.66; H, 6.16; N, 
17.13. Found C, 63.52; H, 6.18; N, 17.20. (ii) The solution of 
509 mg (1.97 "01) of la and 0.35 mL (4.0 mmol) of morpholine 
in 30 mL of CHpCl2 waa stirred for 1.5 h. Chromatography wing 
amixtureof petroleumether andCH2Cl2 (1:l) gave 253 mg (0.978 
mmol, 50%) of la. Continuous elution with a mixture of CH2Clz 
and ethyl ether (51) gave 109 mg (0.444 "01,23%) of 13a. 

N-(pToly1)-NJV-( 3-o.apentane- 1,5-diyl)cyanoformami- 
dine (13b). The solution of 560 mg (2.31 mmol) of l b  and 0.59 
mL (6.8 mmol) of morpholiie in 30 mL of CHnC12 waa stirred for 
2.5 h at room temperature. Chromatography wing a mixture of 
CH2Cls and ethyl ether (91) afforded 492 mg of a mixture, which 
waa analyzed on HPLC yielding 406 mg (1.77 "01, 77%) of 
13b, which waa recrystallized from n-hexane: mp 76-77 OC; 'H 
NMR 6 2.41 (e, 3H, Me), 3.60-4.05 (m, 8H, 4CHd, 6.99 (d, J = 
8 Hz, 2H, Ar), 7.33 (d, J = 8 Hz, 2H, Ar); IR (neat) 2223 ( W N )  
cm-'; MS (m/z) 229 (M+). Anal. Calcd for C~SHISNSO C, 68.10; 
H, 6.59; N, 18.33. Found C, 67.99; H, 6.48; N, 18.83. 
N- (m-Nitrophenyl)-N,N- (3-oxapentane- 1 &diyl)cyano- 

formamidine (13~). The solution of 470 mg (1.46 "01) of Id  
and 0.70 mL (8.1 "01) of morpholine in 30 mL of CH2C12 waa 
stirred for 30 min at room temperature. Chromatography wing 
CH2Cl2 gave 295 mg (1.13 "01, 77%) of 13c, which waa 
recrystallized from a mixture of n-hexane and CHCls: mp 143- 
144 OC; lH NMR (80 MHz) 6 3.60-3.95 (m, 8H, 4CHs), 7.14-8.10 
(m, 4H, Ar); IR (KBr) 2222 ( m N )  cm-1; MS (m/z)  260 (M+). 
Anal. Calcd for C12Hl2N,Oa: C, 55.38; H, 4.65; N, 21.53. Found 
C, 55.41; H, 4.60; N, 21.49. 
N-(pNitropheny1)-Nsthylcyanoformamidine (14). The 

solution of 564 mg (2.02 mmol) of IC and 715 mg (15.9 "01) of 
ethylamine in 30 mL of CHzC12 waa stirred for 15 h at room 
temperature. Chromatography uaing a mixture of petroleum 
ether and CH2Cl2 (1:4), followed by CHsC12, gave 210 mg (0.962 
mmol, 48%) of 14 which waa recrystallized from n-hexane and 
CHzClp, mp 8686 OC. 
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N-(pAnisy1)-N-isopropylcyanoformamidine (lsa). (i) 
The solution of 191 mg (0.621 "01) of 7a and 0.40 mL (4.7 
mmol) of isopropylamine in 30 mL of CBC4 waa refluxed for 
3 h. Chromatography uaing a mixture of petroleum ether and 
CH2Cln (1:2), followed by CHgC12, afforded 40 mg (0.162 "01, 
26%) of lla. Elution next with a mixture of CHnCl2 and ethyl 
ether (101) gave 59 mg of a mixture of 15a and unknown 
compounds of which separation by HPLC waa unaucceaaful. (ii) 
Dry hydrogen chloride gaa waa bubbled into a soluiotn of 156 mg 
(0.556 "01) of Sa in 30 mL of CH&12 for 30 min, which waa 
worked up aa uaual. Chromatography of the reaction mixture 
uaing a mixture of petroleum ether and CHsCl2 (21) gave 56 mg 
(0.295 "01, 51 7%) of N-@-anisy1)cyanoimidoyl chloride (18) 
which waa recryatallii from n-hexane: mp 28-28.5 OC; 1H NMR 
63.90(s,3H,OMe),7.00 ( d , J =  9 Hz,2H,Ar),7.50 (d , J=  9Hz, 
2H, Ar); IR (neat) 2228 (C=N), 1640 (C-N) cm-l; MS (m/z)  194 
(M+). Anal. Calcd for CsH7ClN20 C, 55.54; H, 3.63; N, 14.39. 
Found C, 55.42; H, 3.66; N, 14.46. To a solution of 130 mg 
(0.666 mmol) of 18 in 10 mL of CHlCl2 waa added 0.2 mL (2.3 
"01) of isopropylamine. Workup of the reaction mixture gave 
141 mg (0.649 mmol, 97%) of 15a which waa recrystallized from 
n-hexane and CH2Cl2: mp 110-112 OC; 1H NMR 6 1.25 (d, J = 
7Hz,6H,CMe2), 3.89 (s,3H,OMe),3.89-4.63 (m,lH,CH),4.88 
(a, lH, NH), 7.07 (s,4H, Ar); IR (KBr) 3245 (N-H), 2229 ( W N )  
cm-l; MS (m/z)  217 (M+). Anal. Calcd for C12HlsN~0 C, 66.34; 
H, 6.96, N, 19.34. Found C, 66.37; H, 6.92; N, 19.33. 
N,N- (B utane- 1,4-diyl) -N- (o-carbet hoxyp hen yl) t hio- 

urea (17c). A mixture of 202 mg (0.862 "01) of 1% and 0.40 
'it& (4.8 "01) of pyrrolidine in 20 mL of CH2Cl2 waa stirred for 
5 min at room temperature. Chromatography of the reaction 
mixture wing a mixture of petroleum ether and CH&ll (1:2) 
afforded 229 mg (0.823 mmol,95%) of 17c, which waa recrys- 
tallized from n-hexane and CH&12: mp 137-139 OC; lH NMR 
(80 MHz) 6 1.40 (t, J = 7 Hz, 3H, Me), 1.80-2.30 (m, 4H, 2CH2), 
3.6M.10 (m, 4H, CHzNCHz), 4.36 (q, J = 7 Hz, 2H, OCHs), 
6.90-8.10 (m, 3H, Ar), 9.04 (dd, J = 9 , l  Hz, lH, Ar), 10.89 (lH, 
a, NH); IR (KBr) 3240 (N-H) cm-'; MS (m/z)  278 (M+). Anal. 
Calcd for ClrHleN202S: C, 60.40; H, 6.52; N, 10.06; S, 11.52. 
Found C, 60.35; H, 6.60, N, 10.02; S, 12.01. 
N-(Ary1imino)cyanothioformamides (19). Cyanothio- 

formamides 19 were prepared by the literature method.16 
N-(pAnisy1)cyanothioformamide (19a): mp 121-122 OC 

(lit.17 mp 118-120 OC). 
N-(pToly1)cyanothioformamide (19b): mp 130-131 OC 

(lit.'7 mp 126.5-128.5 OC). 
N-(pNitropheny1)cyanothioformamide (1%): mp 128- 

130 OC (lit.1M mp 128-130 "C). 
N-(m-Nitropheny1)cyanothiofor"ide (19d): mp 103- 

104 OC (lit.17 mp 99-102 "C). 
N-( eCarbethoxypheny1)cyanothioformamide (1%): mp 

89-90 OC; 1H NMR 6 1.45 (t, J = 7 Hz, 3H, Me), 4.47 (q, J = 7 

8 Hz, lH, Ar), 8.18 (dd, J = 2,8 Hz, lH, Ar), 9.35 (d, J 8 Hz, 
lH, Ar), 13.42 (a, lH, NH); IR (KBr) 2225 (C=N),l678 (M) 
cm-1; MS (mlz) 234 (M+). Anal. Calcd for C11HloNsOnS: C, 
56.40, H, 4.30; N, 11.96; S, 13.68. Found C, 56.26; H, 4.21; N, 
11.95; S, 14.42. 

Reactions of IC with Isopropylamine. A mixture of 296 
mg (1.08 "01) of IC and 0.20 mL (2.3 "01) of isopropylamine 
in 50 mL of CHaCl2 waa stirred for 1.5 h at room tamperature. 
Chromatography of the reaction mixture using a mixture of 
petroleum ether and CH2Cl2 (1:2) gave 160 mg of a mixture of 
IC from which 140 mg (0.511 "01,47%) of IC waa recovered 
by recrystallization from a mixture of n-hexane and CHsCls. 

Hz, 2H, OCHZ), 7.35 (dt, J 1, 8 Hz, lH, Ar), 7.64 (dt, J = 2, 
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