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Reaction of N-arylethylenimines with carbon dioxide in the presence of tetraethylammonium 
bromide gives N-aryl-2-oxazolidones,  with N,N'-diarylpiperazines as by-products. Carbon 
disulfide reacts with N-arylethylenimines under s imilar  conditions to give 1:1 copolymers, 
together with small amounts of N-arylthiazolidine-2-thiones. Carbon oxysulfide gives co- 
polymers only. The copolymers are converted at 250 ~ C into N-arylthiazolidine-2-thiones 
and N-arylthiazolidones, respectively. N-Arylethylenimines react  with phenyl isothiocya- 
hates to give 2-phenylimino-3-arylthiazolidines. 

We have shown previously that N-phenylethylenimine reacts with carbon dioxide and its sulfur analogs 
[2], and with isothiocyanates [3], in the presence of tetraethylammonium bromide (TEAB), to give five- 
membered heterocyclic compounds. This paper deals with the reaction of other N-arylethylenimines with 
the same reagents. Thus, on heating equimolar amounts of N-arylethylenimines with carbon dioxide at 
95 ~ C in the presence of TEAB, N-aryl-2-oxazolidones (I) are formed. 

�9 H 2 C ~ C H  2 
(~H2--CH2,~R + CO 2 ~ R~,C/) 0 

! 

The corresponding N,N'-diarylpiperazines are formed in 40% yield as by-products in the reactions with o- 
and p-methoxyphenylethylenimines. In the reaction of o-tolylethylenimine with carbon~dioxide, no oxazolid- 
one is formed, but the ethylenimine dimerizes.  The structure of the oxazolidones is confirmed by their  
synthesis f rom fl-hydroxyethylamines and diethyl carbonate [4]. 

Reaction of carbon disulfide with N-arylethylenimines under s imilar  conditions results in fission of 
the ethylenimine ring to give thiazolidineZ2-thiones (II) (8-15%). The main reaction products (60-80%) are 
copolymers of the N-arylethylenimines with carbon disulfide in the molar  proportions 1 : 1. The copolymers 
break down on heating at 200-250 ~ C to form the corresponding N-arylthiazolidine-2-thiones in 40-80% yield. 
The yields are increased substantially (80%) when the pyrolysis is carr ied out in toluene solution in sealed 
ampuls. 

J ~:n2--C~I2--~R + C$ 2 

\ 

H C - - C H  2 

~.c~ 
I!  

" [ - - C H 2 - - C H 2 - - N - - C - - S - -  
I !1 m 
R S 

The high yield of the cyclization product indicates the correctness  of the assumption that the ethylenimine 
and carbon dioxide units alternate in the copolymer molecule. The structure of the N-arylthiazolidine-2- 

* F o r  part  III, see [1]. 
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thiones was confirmed by their synthesis by other methods, i .e. ,  the reaction of diethyl thiocarbonate with 
fl-hydroxyethyl- and fl-mercaptoethylamines, thiophosgenation of the corresponding.f l-mereaptoethyl-  
amines, and reaction of N-(fl-chloroethyl)-N-arylamines with carbon disulfide. 

RNHCH2CH2X + C2HsS~SC2H 5 
X=OH; SH 

CH2CH2C| 
�9 , It ~ RNHCH2CH2CI + CS 2 KOH RN( 

C--SK 

S 

Reaction of carbon oxysulfide with N-arylethylenimines gave only copolymers,  which were insoluble 
in most organic solvents,  with the exception of o-cresoL 

~.H~--EH2--NI~' + COS ~ [ _ C H + _ C H 2 _ N _ C _ S _ ] a  A H2C--CH21 I 
" I It " ~ R N \ c / S  

R O 
I l l  O 

The structure of the copolymers was confirmed by the presence in their IR spectra of strong absorption 
bands due to the carbonyl group (1670-1675 cm-1), and by the formation of N-arylthiazolidones (III) by 
thermal degradation. The thiazolidones III have been synthesized previously by the phosgenation of f i -mer-  
captoethylamines [5]. N-Phenyl-2-thiazolidone was obtained by the pyrolysis of e thyl -N-phenyl-N-(f -chlo-  
roethyl)thiocarbamate at 250 ~ C. 

C~ + C2HsSCCI --HC'I CGH51~ cH2CH2CI --C2H~Ct 
r O O=CSC~H 5 

I I I  

Isothiocyanates react with N-arytethylenimines with opening of the C = S bond to form the correspond- 
ing 2-phenylimino-3-arylthiazolidones (IV). 

.27--9.2 
CIH2--CH21NR'+ C~.HsNCS - -  R - - N \  ..S 

C=NC6t t  5 
IV 

The IR spectra of the compounds obtained show absorption bands v N = C at 1632 em -1. Compound IV was 
also obtained from N-(~-mereaptoethyl)-N-arylamines and phenyliminophosgene [3], and by alkaline treat-  
ment of the corresponding N-(fi-chloroethyl)-N-arylthioureas.  

RNHCH2CH2CI ~ C6HsNCS ~ CICH CHoN--C--HNCrHo 

R S 

[ I ~ I v  CICH~CH2N_r~NC~H s ~ HzC-'---CH~ naOH 

-,-T. 3)<:---%,,+ 
The mechanism of the reaction of N-arylethylenimines with some compounds containing double bonds may 
probably be represented as follows. 

R 

R 
J 

R V A u 

e.r ~ H2C--CH 2 s~- 0 ~1~c-C1~2 

il i! 
u y 

X=O. u  X =O.  "4 =S ;  X = S .  y = S ;  
X=S,  Y = NCeH ~ 

The anion A can react with another molecule of the N-arylethylenimine resulting in growth of the chain of 
alternating ethylenimine and reagent (CS 2 or COS) units, or by elimination of a Br anion to give the five- 
membered heterocyele.  
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E X P E R I M E N T A  L 

The N-aryle thylenimines  were synthesized by dehydrochlorination of N-( f i -ch loroe thyl ) -N-ary lamine  
hydrochlor ides ,  as in [6]. 

Reaction of N-Arylethylenimines  with Carbon Dioxide. The N-arylethylenimine (0.017 mole), 0.75 g 
(0.017 mole) of carbon dioxide, and 0.01 g of TEAB were heated in an ampul at 95 ~ C for 10-30 hr.  T h e r e -  
action product was r ec rys ta l l i zed  f rom a methanol -hep tane  mixture.  The resul t ing N-aryloxazolidones 
gave no depress ion of the mp on admixture with samples  obtained f rom the corresponding f l -hydroxyethyl-  
amines and diethyl carbonate [4]: rap, ~ and yield, %,for the following aryl  g r o u p s :  C6H5) 120, 80; p-CH 3- 
C6H4) 90, 80; o-CH3OC6H4) 75, 50; and p-CH3OC~H4) 110, 56. The mpTs agreed with the l i te ra ture  values [8]. 
The reac t ion  of N-o-methoxyphenyl -  and N-p-methoxyphenylethylenimines with carbon dioxide also gave 
30% yields of N,NT-di-o-methoxyphenylpiperazine,  mp 173-174 ~ C (from acetone) [1] and N,Nt-di-p-methoxy - 
phenylpiperazine,  mp 242 ~ C (from toluene) [7]. With N-o-tolylethylenimine,  only N,N' -d i -o- to ly lp iperaz ine  
was formed,  in 70% yield, mp 170-171 ~ C (from acetone) [1]. 

Reaction of N-aryle thylenimines  with carbon disulfide. The N-arylethylenimine (0.012 mole), 0.91 g 
(0.012 mole) of carbon disulfide, and 0.01 g of TEAB were kept in an ampul (for conditions, see Table 1). 
Unreaeted ethylenimine and CS 2 were washed out with ether ,  and the res idue t rea ted  with hot alcohol, f rom 
which II separa ted  in 8-15% yields. The residue contained the copolymers ,  which were insoluble in most  
organic solvents (Table 1). 

Pyro lys i s  of Copolymers  of N-Arylethylenimines and Carbon Disulfides. The eopolymer  (0.3 g) was 
heated for 30 min in an evacuated ampul at 200-250~ The dark,  t a r r y  mass  was dissolved in alcohol and 
t rea ted  with decolor iz ing charcoal  to give II in 40-50% yields (Table 2). They gave no depress ion of the mp 
with the thiazolidinethiones obtained f rom carbon disulfide and N-aryle thylenimines ,  or  by alternative syn-  
theses ,  and had almost  identical IR spectra .  

3-Aryl th iazol id ine-2- th iones  (II). A) These were synthesized in the manner  of N-phenylthiazolidine- 
2-thione [3 ], f rom N-(f l-hydroxyethyl)-N-tolylamh~es and diethyl thioearbonate.  We obtained 3 -o - to ly l -  

TABLE 1. Conditions for  the React ionof  N-Arylethylenimines  with 
Carbon Disulfide and Carbon Oxysulfide, and Proper t ies  of the Co- 
po lymers  [--CB~C~2--N--C--S--h 

j El 
R J 

C6H5 

o-CH3C6H4 

p-CH3CsH4 

p-CHaOCsH4 

CsHs 

o-CHsCsH4 

p-CH~C6H4 

o-CHsOC6H4 

p-CH3OC~H4 

0 2 

0 

0 0 

s 1, 

s 3 

i 

Reac- l 
tion 
condt- 
t i o n ~  

4 95 

95 

20 

20 

95 

95 

95~ 

95 

20 

Decomp. 
temp, 
~ 

195 

190--191 

235--24C 

218--22C 

200 

180--18~ 

210--21~ 

175--180 

185--190 

Solubility 

o-Cresol, di- 
methyl.form, 
amide 

o-Cresol 

o-Cresol 

o-Cresol 

o -Cresol 

Dimethyl- 
formamide 

Dimethyl- 
formamide 

- -  I 

I n ]  '~o 

0.03 

0.04 

0.03 

0.06 

0.02 

0.05 
([~F ~ 

o.o3 
([nF ~ 

Molecular 
formula 

r-~ 

co.oNos 

C~oHIINOS 7.20 
7,19 

CIoHIINO2S 6,92 
6.80 

CgHgNS2 ! 7.19 
7,20 

C~oH,,NS2 6.22 
6.28 

C~oHIINS2 6.93 
6.80 

C~oH.NOS2 6.60 
i 6.70 

CIoHjINOS~ 6,03 
6,10 

N.% 

7.81 

7,24 

7 
7,23 

6.69 

6.69 

6.22 

6.22 

33 

60 

85 

70 

73 

70 

76 

80 

80 
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TA BLE 2 

R Y 

H S 

o-CH3 S 

p-CHa S 

o-CH30 S 

p-C H30 S 

H NCsH~ 

o-CH3 NCd-Is 

p-CHa [ NCsH~ 

o-CH30 ' NCsH~ 

p-CH30 iNCaHE 

~ C 6 ~ 4 - - N \ C ~ y  

m p  M o l e c u l a r  
~ C f o r m u l a  

128 

128--129 

126 

CgHgNSe 55 t2 
55.58 

C~oHuNS2 56.79 
57.00 

CIoHuNS2 57.09 
56.56 

136 CIoHnNOS253.09 
53.10 

120 CIoHuNOS25320 
53.15 

134 C15HI4N3S 70,87 
70.85 i 

83--84 CIsHIsNsS !7142 
i71:10 

126 C~sHIsN~S 71.07 
71.20 

141--142 C16H~N~OS 67.5567"50 

111--112 CI6HI6NeOS 67.606769 

Found Calculated 

I I p 4,051 7.12 32~681194 55.38 4,61] 7.23 
4"601 7"28 132"951 ] I I 
548660298420957421526 
5:406.6530.001 I " 6.69 
5.471 6.70 !29.26209!57 42 5 26! 5. 0663!2990j I " 6.69 
505 600 2803 ~245326 489 6.22 

". I " ~ I " i " I 4.99 6.12 28.10~ F , i L t 
5.00] 6.10 28.26 e23_ 53.26! 4 89 6.22 
5,ol 6.15128:~1 I 

] ' , 
5 0 3 1 3 4  t259246'7086!55 
5[2910175i12.49 / i ' " 1.02 
5.9311083j11.91:26971.64 5,97 0.43 
6 00 10.20 11.60 
608 1023 11 51 27071 64 597 
5:90110:30!,1701 r 0 4 3  
5.69] 9.781t i.20'280167.605.649.86 
580 9 011 2 p 
5.79 / 9.57[11.191281,67.60 5,649.86 
5,70[ 9.80111.20] [ 

32.77 195 

30.62 209 

30.62 2O9 

28.44i225 

28,44 225 

12,59 254 

I 1,94i268 

11.94 268 

11 281284 

l 1,28 284 

thiazol idine-2-thione,  mp 123 ~ C (from alcohol), and 3-p-to ly l thiazol idine-2-thione,  mp 125-126 ~ C (from 
alcohol).  

B) A 9 .3-g  (0.05 mole) quantity of N-(f l -mercaptoethyl) -o-toluidine [9], 8.7 g (0.05 mole) of diethyl 
thiocarbonate,  and 0.1 g of sodium methoxide were heated in an oil bath at 150 ~ C for 2 hr. The ethanethiol 
was allowed to distill .  The res idue gave 2.5 g (24%) of 3 -o- to ly l - th iazo l id ine-2- th ione ,  mp 128 ~ C (from al-  
cohol). 

C) To a solution of 10.1 g (0.05 mole) of N-( f l -mercaptoethyl ) -o-anis idene  and 11.1 g (0.1 mole) of t r i -  
ethylamine in 50 ml of dry ether was added dropwise at 0-5 ~ C during 1 hr, 5.7 g (0.05 mole) of thiophosgene 
in 25 ml of dry ether. The solution was st irred at room temperature for 6 hr, treated with water,  and the 
crystal l ine  3-o-methoxyphenylthiazol idine-2-thione was f i ltered off to give 6.7 g (60%), mp 136 ~ C (from al-  
cohol). 

Reaction of N-Arylethylenimines  with Carbon Oxysulfide. The N-arylethylenimine (0.012 mole) ,  0.71 
g (0.012 mole) of carbon oxysulfide,  and 0.01 g of TEAB were kept in an ampul (conditions given in Table 1). 
Unreacted ethylenimine and COS were removed by washing with ether. The residue consisted of a co lor les s  
polymer  which was insoluble in most  solvents other than o -cre so l .  Precipitated from o - c r e s o l  with ether 
(see Table 1). 

Pyrolys i s  of Copolymers  of N-Arylethylenimines  and Carbon Oxysulfide. The copolymer (0.3 g) was 
heated at 250-300 ~ C for 30 rain in an evacuated ampul. The resulting dark tarry mass  was dissolved in 
alcohol and treated with deeoloriz ing charcoal  to give the 3-aryl thiazol idones  in 30-50% yields~ rap, ~ for 
the following aryl groups: CsHs) 76, o-CH3CsH4) 60, p-CHaC6H4) 93, and p-CHaOC6H4) 102. The rep's agreed 
with the l iterature v a l u e s  and were not depressed on admixture with III obtained by phosgenation of the cor -  
responding f l -mercaptoethylamines  [9]. The IR spectra showed v C = O 1670 cm -1. 

3 -Phenyl -2- th iazo l idone .  To a solution of 15.5 g (0.1 mole) of N-(f i -chloroethyl)anil ine and 7.9 g 
(0.1 mole) of pyridine in 50 ml of benzene was added during 30 min 12.4 g (0.1 mole) of ethylchlorothio- 
formate in 50 ml  of benzene.  The mixture was st irred at room temperature for 1 hr, and the pyridine salt 
removed by washing with water. The benzene solution was dried over  MgSO o the benzene distil led off, 
and the residue pyrolyzed at 200-250 ~ C for 30 rain. Ethyl chloride condensed in the trap. From the r e s -  
idue, we obtained 14.3 g (80%) of 3-phenylthiazolidone,  mp 76 ~ C (from alcohol),  which gave no depress ion 
of mp on admixture with the pyrolys i s  product of the corresponding eopolymer.  
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2-Pheny l imino-3 -a ry l th i azo l id ines  (IV) (Table 2). A) The reac t ion  of N-ary le thy len imines  with 
phenyl isothiocyanate.  The N-a ry le thy len imine  (0.025 mole) ,  3.4 g (0.025 mole) of phenyl isothicyanate,  
and 0.01 g of TEAB were  heated for  10-40 h r  in an ampul at 80-150 ~ C. The reac t ion  product  was r e -  
c rys ta l l i zed  f r o m  alcohol to give IV in 85-95% yields.  No depress ion  of the mp occu r r ed  on admixture  
with m a t e r i a l  synthes ized  by other  rou tes ,  and the IR spec t r a  were  identical. 

B) In a manne r  to the synthes is  of 2-phenyl imino-3-phenyl (methyl ) th iazol id ine  [3], f rom N- ( f l -mer -  
captoe thyl ) -o- to lu id ineand phenyl iminophosgene we obtained 2-phenyl imino-3-o- to ly l th iazo l id ine ,  mp 84 ~ C 
( f rom alcohol). 

C) To a solution of 9.2 g (0.05 m o l e ) o f N - ( ~ - c h l o r o e t h y l ) - o - a n i s i d i n e  in 30 ml  of e ther  was added 6.7 
g (0.05 mole) of phenyl isothiocyanate.  The mix tu re  was s t i r r e d  at r o o m  t e m p e r a t u r e  for 15 hr ,  and the 
viscous  m a t e r i a l  which s e p a r a t e d  was t r ea t ed  with 0.2 N NaOH solution at the boil. The c ry s t a l s  were  fil-  
t e r ed  off to give 60~, mp 141-142 ~ C (f rom alcohol). In a s i m i l a r  manner  we obtained 2-phenyl imino-3-  
phenylthiazolidine,  mp 134 ~ C (f rom alcohol),  and 2-phenyl imino-3-o- to ly l th iazo l id ine ,  mp 84 ~ C (f rom al-  
cohol). 
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