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P r i m a r y  a - e t h y n y l a m i n e s  fo rm thiazolines with isothiocyanates ,  while secondary  a -  
e thynylamines  give thiazol idines .  Data  on the IR, PMR, and UV s p e c t r a  of the compounds 
obtained a r e  p resen ted .  

P r i m a r y  ot-ethynylamines r eac t  with i socyana tes  to fo rm the cor responding  e thynylureas  [1,2]. How- 
ever ,  we were  unable to obtain the e thynyl thioureas  indicated by Easton and c o - w o r k e r s  [1] on reac t ion  with 
i so th iocyanates .  The th ioureas  fo rmed  a re  immedia te ly  conver ted  to thiazol ines  as a resu l t  of i n t r amolecu -  
la r  cycl izat ion.  The cycl izat ion p roce s s  apparent ly  includes thiol- thione t a u t o m e r i s m  as a compul so ry  s tep .  
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The absorpt ion bands cha rac t e r i s t i c  for  the s t re tching v ibra t ions  Of C-------C and-------C-H groups (2100, 
3300 cm -1) and f requencies  assoc ia ted  with the absorpt ion of the = N - C  =S  group in th ioureas  [3] a re  ab-  
sent  in the IR spec t r a  of f r e sh ly  p r e p a r e d  I -XIII .  All of the react ion  products  have absorpt ion bands at 
860-870 and 3100 cm -1, which co r respond  to the deformat ion and s t re tching vibra t ions  of the t e rmina l  
methylene group.  The s t re tching vibrat ions  of the N - H  group a re  respons ib le  for  the absorpt ion at 3200 
cm-1; we assign the two bands in the 1600 cm -I region (1610 and 1650 c m  -1) to the absorpt ion of the C ----C 
and C ----N groups .  I t  should be noted that  an intense band at 1550 cm -1, which is affi l iated with the a b s o r p -  
tion of the thiazole r ing [4], is observed  for  all  of the th iazol ines .  

The PMR spec t r a  (Fig. 1) comple te ly  conf i rm the s t ruc tu re  of the subs tances  obtained. The signals  
at 4.9-5.0 ppm in the region of olefin protons co r re spond  to the p r e sence  of geminal  pro tons .  The m a g -  
net ic  nonequivalence of the olefin protons i n c r e a s e s  as alkyl rad ica l  R '  d e c r e a s e s  [AS 0 Hz (XII), 1.5 Hz 
(XI), 3.0 Hz (X)], which is poss ib ly  assoc ia ted  with the d iamagnet ic  effect  on the shielding of the alkyl 
groups  at tached to the C 4. The s t r u c t u r e  of the s ignals  in the aliphatic proton region co r r e sponds  to the 
s t ruc tu re  of the alkyl r ad i ca l s .  

In the UV region,  the thiazol ines obtained have an intense absorpt ion m a x i m u m  at 195-210 nm 
(Table 3). A slight ba thochromic  shift  of the max imum and a cer ta in  inc rease  in intensi ty  a r e  obse rved  
during the format ion  of the hydrochlor ides .  

Seccmdary a - e t h y n y l a m i n e s  f o r m  thiazolidines with i so th iocyanates .  The react ion  of isothiocyanates  
with secondary  amines  p roceeds  m o r e  slowly than with p r i m a r y  amines ;  in con t r a s t  to the c rys ta l l ine  
thiazolines,  the thiazolidines fo rmed  a re  yellow, read i ly  dist i l led liquids that f o rm hydrochlor ides .  
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TABLE 1 

N ~c/S 

H~ 

I 
II 

Ill 
IV 
V 

VI 
VII 

VIII 

IX 

X 
XI 

XII 
XIII 

CHs 
CH~ 
CH3 
C~H~ 
C~Hs 
C~tls 
CH~CHCHx 
CH~=CHCH2 

CH~=CHCH~ 

C~Hs 
C~tI~ 
C~H~ 
Cd-f~ 

R'* 

CHs 
C~H~ 
Call7 
CH~ 
C~tI~ 
C3H7 
Ctla 
C~H~ 

C~H7 

0 . Empirical 
mp,  C~ Iormul a 

CHa 
C~Hs 
CaH7 

86 (17o) 
90 (I58) 

9 2  
lO8 (13o) 
60 (120) 
68 (~30) 
1188212(1 

11~5)120 
(5) 
171 
121 
146 
181 

Found, % 1 2  - 
C It N S 

CvHI2N2S 54,3 
CsHI4N~,S 56,4 
CgHI~:N2S 
CaHI4N2S ~,0 
CoH~6N~,S 59,0 
C .IH 18Nz5 
C9Hi4N~,S ~ , 8  
CIoH~6N~5 61,3 

CnH~sN25 - -  

Ct2HIa, N2S 4 66,4 
CIaHlsN~S 67,2 

C~H~N~S 

I 

8,2117,5 20,5! 54,8 
8,2 16,3 18,8156,4 
9,1 14,8 18,21 - -  8,5 16,3 18,81 56,5 

14,9 17,51 58,7 
13,8 - -  - -  

8,0 i 15,5 17,5/59,3 
8,6 - -  15,7 61,2 

12,9 15,5 - -  

- -  66,01 
- -  I 67,2 
- -  68 ,2  / 
- ! 69 ,7 !  

Callc" ~  

H N S O 

7,7 7,~ ~o,~ 81,o 
8,2 6,, ~8,~ 8o,o 
~ 5,, 17,4 87,0 c 

82! 6/ 18,~ 92,0 
5,: 17,~ 90.0 
4, - -  90,0 

7,7 5,: 17,~ 82,0 
8,1 --  16," 80,0 

- -  3,: 15,,' 83,0 

6,4 76,O 
6,8 93,0 

99,0 
90,0 

* For I-XII, R" = CH3, while R' + R" = (CH2) 5 for XIII. 
Compounds I-VII were recrysta l l i zed  from petroleum ether, while 

X-XIII were recrys ta l l i zed  from heptane. The melting points of the 
hydrochlorides ,  the composit ion of which 03 �9 HC1) was confirmed 
by determining the percentage of nitrogen, are indicated in paren-  
theses .  The boiling points are given for VIII and IX; n~ 1.5402 (VIII) 
and 1.5421 (IX). 

TABLE 2 

J 
Comp.i r~ 

I 
XIV i C~Hs 
XV C2H~ 

XVI CdI5 
XVlI CI% 

XVlIl C6H5 

C113 
CJt9 
C4H9 
C~I-I5 
C~Hs 

bp, *C 
(ram) 

88--90 (4) 
1o8--11o (4) 
148--150 (4) 
88~90 (4) 

128--130 (4) 

(CIt3)2 C---I~ =CII2 
R'--N-~c/S 

Ii 
NR 

Fo , 
no,0 Empirical _ _ _ _  

formula 

I 

1,47701 CgH~6N2S 14,5 
1,5130] (:~2It22N~S [12,8 
1,5910 C,~tt22N~S 19:~j. 
1,5321 CgHE6NeS 
1,6070 C14HIsN~S --  

, %r Calc. ,~ 

16,1 14,1116, l 
14,3 12,3 14,l 
- -  10,21 
17,8! 15,2] 1~,3 

Imp of 
Yield~hydro- 

% ichloride, 

71,0 12.5 
87,0 130 
96,0 165 
83,0 170 
71,0 165 

* T h e  c o m p o s i t i o n  o f  t h e  h y d r o c h l o r i d e s  

d e t e r m i n i n g  t h e  p e r c e n t a g e  o f  n i t r o g e n .  

F o u n d :  C 5 8 . 7 ;  H 8 .9%.  C a l c u l a t e d :  C 

03 �9 HC1) w a s  c o n f i r m e d  b y  

5 8 . 6 ;  H 8 .6%.  

T A B L E  3.  A b s o r p t i o n  M a x i m a  in  t h e  S p e c t r a  o f  A m i n o t h i -  
a z o l i n e s  a n d  I m i n o t h i a z o l i d i n e s  

Compound Xm ~ x, nm Ig 8 

I 
I �9 IICI 

I1 
IV �9 llC[ 
VI 
IX 

xIV. HC1 
XV. HCI 

XVII �9 tIC1 
XVIII �9 ttC1 

208 
208 
205 
212 
212 
209 
215 
215 
215 
203 

2,15 
3,04 
2,72 
2774 
2,46 
2,43 
2,40 
2,72 
2,20 
2,56 
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Fig. 1. PlVllR spectra of 2-phenylamino- 
2-thiazolines: 1) 2-phenylamino-4,4- 
dimethyl-5-methylene-2-thiazoline (X); 
2) 2-phenylamino-4-ethyl-4- methyl- 
5-methylene-2-thiazoline (XI); 3) 2- 
pheny lamino-4-methy l -4 -p ropy l -5 -methy l -  
ene-2-thiazol ine (XII). 

60 MHz 

1 

5 4 2 1 O 
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Fig.  2. PM:R spect ra  o f2 -a lky l imino-  
thiazolidines:  1) 2 -methyl imino-3-e thyl -  
4,4 -dimethy1-5 ,methy lene-  2-thiazolidine 
(XVII); 2) 2 -e thyl imino-3-e thyl -4 ,4-d i -  
methyl -5 -methylene-2- thiazol idine (XIV). 

We proved the formation of f ive -membered  r ings in 
the case of secondary  c~-ethynylamines by means of the 
identical charac te r  of the products obtained and the product 
of the alkylation of thiazoline. 

The JR spec t ra  of thiazolidines XIV-XVIII contain the 
frequencies of a te rminal  methylene group, 5 860-870 cm -1 
and v 3100 cm -1. The two bands in the 1600 cm -1 region 
(1610 and 1640 cm -1) attest to the presence  of C = C  and 
C = N  groups.  The band at 1560 cm -I charac te r i s t i c  for 
thiazolines is not present  in the spec t ra  of the thiazolidines.  
The geminal protons of the terminal  methylene group in the 
PMR spect ra  of the thiazolidines appear as two doublets at 
4.88 and 5.02 ppm with Jgem 2 Hz (Fig. 2) [5]. We assign 
the singlet with 5 1.25 ppm to the protons of the (CH~)�89 
methyl  groups.  The protons of the methyl group attached to 
nitrogen appear as a singlet at 2.8 ppm, while the NCH2CH 3 
protons appear as a quartet  at 3.1 ppm and a tr iplet  at 1.0 
ppm. 

The UV spect ra  of the thiazolidines have an absorp-  
tion maximum at 210 nm that is bathochromical ly  shifted by 
13 nm as compared  with the corresponding thiazolines 
(Table 3). 

It should be noted that the cyclizat ion is hindered as 
R' becomes l a rger .  Thus the cyclization proceeds quanti- 
tat ively when R '  = CH s (XIV) or C2H 5 {X-VII, XVIII), while 
cyclization is not observed when R' = CsH 5 or CH2CsH 5. The 
possibil i ty of cyclizat ion is also reduced as R becomes 
l a rger .  While the react ion proceeds to completion when R = 
Alk, a portion of the amine and the isothiocyanate is r e -  
covered  unchanged f rom the react ion mixture when R = Ph. 
Similar peculiari t ies  in the cyclization were previously 
noted, and the difficulties were explained by s ter ic  factors ,  
which was conf i rmed by examination of Stuart models [1, 6]. 

E X P E R I M E N T A L  

The IR spec t ra  of KBr pellets and pure liquids were  
recorded  with a UR-20 spec t romete r .  The PMR spec t ra  
were  recorded  with a JNM-100 spec t romete r  (with ch lo ro-  
form as the solvent and te t ramethyls i lane as the standard) 
and with a ZKP-60 spec t romete r  (as the pure liquid with 
hexamethyldisiloxane as the standard).  The UV spect ra  of 
alcohol solutions were recorded  with a Hitachi EPS-3T 
spec t romete r .  

2-Methylamino-4,4-dimethyl-  5-methylene-  2-thiazoline 
{I)_.. A 1.46-g (0.02 mole) sample of methyl isothiocyanate 

was added in smal l  portions with s t i r r ing to 1.66 g (0.02 mole) of 3 - amino -3 -me thy l - l -bu tyne  in such a way 
that the tempera ture  did not r i se  above 50 ~ (the react ion was exothermic),  and the mixture was allowed to 
stand at 50 ~ for 2 h. Compound I crys ta l l ized out when the mixture was cooled. It was purified by sub- 
limation and subsequent crystal l izat ion from dry  petroleum ether to give a product with mp 86 ~ and Rf  0.41 
(activity IH A1203, petroleum e the r -d i e thy le the r  (1:1)].  The hydrochloride of I was hygroscopic .  

Compounds II-XIII (Table 1) were s imi la r ly  obtained. 

2-Methylamino-3-ethyl-4 ,4-dimethyl-5-methylenethiazol idine  (XVH, Table 2). A) A 1.46-g (0.02 
mole) sample of methyl isothiocyanate was added in portions with s t i r r ing  to 2.22 g (0.02 mole) of 3-e thyl-  

430 



a m i n o - 3 - m e t h y l - l - b u t y n e  (the reac t ion  was exothermic) ,  and the mix tu re  was s t i r r e d  at 50 ~ for 2 h. C o m -  
pound XVII was purif ied by vacuum dis t i l la t ion.  

Compounds XIV-XVI, XVIII (Table 2) were  s i m i l a r l y  obtained. 

B) (By the method in [7] .) A methanol  solution of 3.1 g (0.02 mole) of ethyl iodide was added with 
cooling and s t i r r i ng  to 1.6 g (0.01 mole) of 2 -me thy lamino -4 ,4 -d ime thy l -5 -me thy lene -2 - th i azo l ine ,  and the 
mix tu re  was heated at 60 ~ for  2 h. A 5% solution of KOH was added to the solution, and the l ibera ted  oil was 
ex t rac ted  with benzene.  The ex t r ac t  was washed with wa te r  and dr ied over  MgSO 4. Compound XVII was 
pur i f ied by vacuum dis t i l la t ion.  The yield was 20%. 

The authors  thank O. V. Agashkin for  his a s s i s t ance  in record ing  and in terpre t ing  the IR and PMR 
s p e c t r a .  
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