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Azir ine  r eac t s  with 2-vinylpyridine in the p resence  of meta l l ic  sodium with the format ion of 
N-[fl - (pyr id in-2-y l )e thy l ]az i r ine .  The reac t ion  of the l a t t e r  with HBr and H2S leads to N- 

-b romoethy l ) -  and N-(/~ -mercap toe thy l ) -N-  [fl - (pyr id in-2-y l )e thyl ]amines .  Carbon oxy-  
sulfide and carbon disulfide r eac t  at room tempera tu re  with N-~ - (py r id in -2 -y l ) e thy l ] az i r i ne  
to form copolymers  in a r a t io  of 1 : 1. Carbon dioxide forms  only N - ~  - (pyr id in-2-y l )e thyl ] -  
oxazolinone under  s imi l a r  condit ions.  

Azir ine adds to s tyrene in the p resence  of metal l ic  sodium [2,3]. We have observed the addition of 
azir ine to 2-vinylpyridine under  s imi la r  conditions with the formation of  N-[f i - (pyr id in-2-yl )e thyl ]az i r ine  
(I). The t h r e e - m e m b e r e d  ring of the azir ine (I) is eas i ly  c leaved under  the action of hydrobromic  acid, 
giving the dihydrobromide of the amine (Ha}, which was also obtained by t rea t ing with hydrobromic  acid 
the product  of the ethoxylation of N-[f l - (pyr id in-2-yl )e thyl]amine.  

The react ion of the azir ine (1) with hydrogen sulfide formed the aminoethyl mercaptan  (IIb), which 
was also p repa red  by the alkaline t r ea tmen t  of the dihydrobromide of N-{fl -[fl - (pyr id in-2-y l )e thylamino]-  
ethyl} isothiouronium bromide .  

Under the action of catalyt ic  amounts of hydrohal ic  acids,  (I) po lymer izes ,  giving a water -so luble  
low po lymer .  The react ion of the azi r ine  (D with carbon dioxide, carbon oxysulfide,  and carbon disulfide, 
unlike that of the N-a ry l az i r i nes ,  takes place without a ca ta lys t .  Carbon oxysulfide and carbon disulfide 
r ea c t  ve ry  vigorously  at room tempera tu re ,  giving the pecul ia r  copolymers  (III). 
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The pyro lys i s  of the copolymers  (III) in vacuum led to the format ion of the thiazolidinone (IVa) and 
the thiazolidinethione (IVb). The la t te r  were  synthesized independently f rom the aminoethyl mercaptan  
(IIb) and phosgene or thiophosgene. 

The heat ing of equimolecular  amounts of the azir ine (I) and CO2 gave N - ~  - (pyr id in-2-yl )e thyl ]oxazol -  
idin-2-one (V). 

* F o r  Communication IV, see [1]. 
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Thus, the nature  of the r e ac t i on  of the az i r ine  (I) with carbon dioxide and i ts  sulfur  analogs is in 
a g r e e m e n t  with the r e su l t s  that  we have published prev ious ly  for  N - a r y l a z i r i n e s  [1,4] and also with those 
of o ther  authors  [5]. 

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

The IR spec t r a*  were  taken on a UR-10 spec t ropho tome te r  in KBr tab le ts .  

N- [~ - (Pyr id in -2 -y l ) e thy l ] az i r i ne  (D. 2% mix tu re  of 8.6 g (0.2 mole) of az i r ine ,  0.2 g of sodium, and 
10.5 g (0.1 mole) of 2-vinylpyr id ine  was v igorous ly  s t i r r e d  at 55~ for  1 h. The unchanged az i r ine  was 
dis t i l led off, and the res idue  was f rac t iona ted  in vacuum.  This  gave 10.3 g (70go) of (I). bp 77-79~ (1-2 
ram), n~  1.5210, d~ ~ 1.0083. IR spec t rum,  c m - l :  765, 1480, 1575, 1600 (pyridine ring),  3060 ( ~ C - H  in 
az i r ine) .  Found, %: C 73.0; H 8.1; N 19.0. C9HI2N 2, Calculated,  %: C 73.0; H 8.1; N 18.9. 

(~-Bromoethy l )  [~- (pyr id in-2-y l )e thy l ]amine  (Ha). A. With s t i r r i ng  and cooling (5~ 10.35 g of (I) 
was ca re fu l ly  added to 40 ml  of 42% hydrobromic  acid.  The solution was evapora t ed  and the res idue was 
r e c r y s t a l l i z e d  f r o m  a mix tu re  of methanol  and e the r .  This gave 25 g (92%) of the d ihydrobromide  of the 
amine (IIa). mp 165~ Found, %: C 27.6; H 3.8; Br  59.9; N 7.2. eq.  198. C9HtsBrN 2 �9 2HBr.  Ca lcu -  
lated,  %: .C 27.6; H 3.8; Br 61.3; N 7.1. eq.  195. 

B__:. The reac t ion  of (fl -hydroxyethyl) [ /~-(pyr id in-2-yl )e thyl ]amine [6] with HBr was p e r f o r m e d  in a 
s i m i l a r  manne r  to the syn thes i s  of fl -b romoe thy lamine  [7]. After  the e l iminat ion of the water ,  the r e a c -  
tion product  was r e c r y s t a l l i z e d  f r o m  a mixture  of methanol  and e the r  (1 : 1). Yield 66go. mp 165~ The 
product  gave no depress ion  of the melt ing point with that  of the reac t ion  of (I) and HBr .  

;3- { [~- (Pyr id in-2-y l )e thy l ]amino  }ethyl Mercaptan  (lib). A. To a mix tu re  of 17 g (0.5 mole) of 
hydrogen sulfide ir[ 50 ml  of methanol  a t  -50~ was added "i.4 g (--6.05 mole) of (I) in 50 ml  of methanol .  
The mix tu re  was kept  with cooling for  1 li, and then the t e m p e r a t u r e  was brought  up to that  of the room,  
the exce s s  of hydrogen sulfide was blown off, and the mix tu re  was left  overnight .  After  the e l iminat ion of 
the solvent ,  the produc t  was f rac t iona ted  in vacuum,  giving 5.8 g (65~) of a subs tance  with bp 120-122~ 
(2 mm) ;  n~  1.5552. Found, %: C 59.0; H 7.6; N 152 ;  S 17.2; SH iodomet r ica l ly  18.0; eq. 181.5. C9H14N2S. 

,Calcula ted ,  ~o: C 59.3; H 7.7; N 15,4; S 17.6; SH 18.2; eq. 182. 

B. A mix tu re  of 3.9 g (0.01 mole) of the amine (IIa) and 0.76 g (0.01 mole) of th iourea  in 20 ml  of 
methan-ol was boiled for  4 h .  The methanol  was dr iven off, and f rom the res idue  was i so la ted  4 g (86go) of 
the dihydrochlor ide of N-{ /3-L8- (pyr id in -2-y l )e thy l ]aminoe thy l )  i so th iouronium bromide  with mp 238~ 
Found,%: N 12.1; S 6.8; Br  (ionic) 34%; eq.  (with r e s p e c t  to Br - )  231. CIoHIgBrN4S �9 2HBr.  Calculated,go: 
N 12.0; S 6.8; Br  (ionic) 34.30/0; eq.  (with r e s p e c t  to Br - )  233.5. 

A mix tu re  of 11.7 g (0.03 mole) of the i so th iouronium sa l t  and 50 ml  of 40go NaOH was boiled for  30 
min .  The cooled solution was ex t r ac t ed  with ch lo ro fo rm.  The ch lo ro fo rm e x t r a c t  was  dr ied  with MgSO4, 
the solvent  was evapora t ed  off, and the res idue  was f rac t iona ted  in vacuum.  This gave 1 g (22go) of the 
amine (IIb) with bp 120~ (2 mm) ;  n~  1.5550. 

C o p o l y m e r  of the 2%zirine (I) with Carbon Oxysulfide (IIIa). 2%. A mix ture  of 3.7 g (0.025 mole) of (I) 
and 1:5 g (0.025 mole) of COS was  made at  -70~ and was then kept  at r oom t e m p e r a t u r e  for  5 h, during 
which t ime  it sol idif ied.  The product  was washed  repea ted ly  with e the r ,  and the e the rea l  washings yielded 
-2 g of unchanged az i r ine .  The weight  of the copo lymer  was 2 g (98% on the az i r ine  that  had reac ted) .  Soft-  
ening point  160~ Found,%: N 13.4; S 15.3; eq.  207. C10Hi2N2SO. Calculated,g0: N 13.4; S 15.4; eq.  208. 

I In the ]R s p e c t r u m :  v-N-c-s- 1660-1670 c m  -1 The copo lymer  was insoluble in organic  solvents  and so l -  
II 
o 

uble in dilute hydrochlor ic  acid.  The hydroehlor ide  of the copo lymer  is a hygroscopic  substance  with a 
softening point of 168-170~ 

N - ~ - ( P y r i d i n - 2 - y l ) e t h y l ] t h i a z o l i d i n - 2 - o n e  (IVa). A_.= 2% mixture  of 3.6 g (0.02 mole) of the amino 
m e r c a p t a n  (IIb) and 4.04 g (0.04 mole) of t r i e thy lamine  in 40 ml  of ch lo ro fo rm was ca re fu l ly  added to a 
cooled (--20~ solution of 1.98 g (0.02 mole) of phosgene in 20 ml  of ch lo ro fo rm.  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  f o r  1 h and was then washed with wa te r  and dr ied  with MgSO 4. The c h l o r o f o r m  was 
dr iven off, and the res idue  yielded 1.5 g (36%) of compound (IVa) with mp 67-68~ ( f rom hexane) .  It  gave 
no depress ion  of the mel t ing  point with the product  of the pyro lys i s  of the copo lymer ,  and the i r  IR s p e c t r a  
we re  ident ical .  

�9 The authors  e x p r e s s  the i r  thanks to L.  A.  T s a r e v a  for  r ecord ing  the IR spec t r a ,  
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B_.~. The copo lymer  {Ilia} (1 g} was kept  in an evacuated  tube at 170~ for  2 h. On cooling, the me l t  
c rys t a l l i zed ,  giving 0.7 g (70%) of compound (IVa) with mp 67-68~ ( f rom hexane) .  Found, %: C 57.7; H 
5.8; N 13.4; S 15.3. eq.  207. Ci0H12N2OS. Calculated,~c: C 57.6; H 5.8; N 13.4; S 15.4. eq.  208. IR s p e c -  
t rum:  1670 c m  -1 (> N - C O S ) .  

Copo lymer  of the Azi r ine  (I) with Carbon Disulfide (IIIb). A. At -70~ 7.4 g (0.05 mole} of (1) and 
3.8 g (0.05 mole) of CS 2 were  mixed,  and the mix ture  was kept  at  r oom t e m p e r a t u r e  for  1 h. Then it was 
washed with e the r  and methanol ,  and f rom the washings  was obtained 4 g (36%) of N-[ f l - (pyr id in-2-y l )e thy l ] -  
th iazol id ine-2- th ione (IVb). IR s p e c t r u m :  1460-1465 cm -1 (>N-CSS) .  mp 86-87~ ( f rom a mix ture  of 
methanol  and ether}.  Found, ~ :  N 12.5; S 28.0; eq.  224. C10H121'q2S 2. Calculated,~c: N 12.5; S 28.6; eq.  
224. The res idue  was insoluble in organic  solvents  and soluble in 10~ hydrochlor ic  acid.  Softening point 
167-168~ IR s p e c t r u m :  1470 c m  -1 (> N-CSS) .  Found,~.  N 12.8; S 26.6; eq.  221. C10HizN2S 2. Ca lcu -  
la ted,  %- N 12.5; S 28.6; eq.  224. 

B.~. At -70~ 3.7 g (0.025 mole} of (1), 1.9 g (0.025 mole} of CS2, and 10 ml of benzene were  mixed,  
and the mix ture  was then kept  at r o o m  t e m p e r a t u r e  for  5 h. The p o l y m e r  that  deposi ted was washed r e -  
peatedly  with e the r  and methanol  and was dried in vacuum.  Yield 5.4 g (97~c) ; the hydrochlor ide  of the c o -  
p o l y m e r  was a hygroscopic  substance  with a softening point of 158-159~ 

N-[  f i - (Pyr id in-2-yl )e thyl ] th iazol id ine-2- th ione  (IVb). A. The copo lymer  (1.1 g) was kept  in an 
evacuated  tube at 180-190~ for  2 h.  On cooling, the me l t  b f ~ e  copo lymer  c rys ta l l i zed ,  giving 0.70 g 
(64%) of c r y s t a l s  with mp 87-88~ ( f rom a mix ture  of hexane and methanol) .  It  showed no depress ion  of 
the mel t ing point with the reac t ion  product ,  and the i r  IR spec t r a  were  ident ical .  

B.~. To a mix tu re  of 3.6 g (0.02 mole) of the amino mercap tan  (IIb) and 4.04 g (0.04 mole} of t r i e thy l -  
amine in 40 ml  of c h l o r o f o r m  at -5~ was added 2.3 g (0.02 mole} of thiophosgene in 20 ml  of ch lo ro fo rm.  
The mixture  was s t i r r e d  at room t e m p e r a t u r e  for  1 h and was then washed  with wa te r  and dr ied with 
MgSO 4. The ch lo ro fo rm was dr iven off, and the res idue  yielded compound (IVb) with mp 87-88~ yield 
3 g (70%}. It gave no depress ion  of the mel t ing  point with the product  of the reac t ion  of I and CS2, and the i r  
IR s p e c t r a  were  ident ical .  

N-[ ~- (Pyr id in-2-y l )e thyl ]oxazol id in-2-one  (V). A...=. A mixture  of 2.96 g (0.02 mole) of (I) and 0.88 g 
{0.02 mole} of CO 2 was heated in a tube at 95~ for  20 h. The mixture  was repea ted ly  washed with e ther ,  
and the e t h e r e a l  washings yielded 1.41 g (0.009 mole} of unchanged (I). The res idue  yielded 2 g (72~ on 
the I that  had reacted)  of the oxazolidinone (V). IF{ spec t rum:  PC=O 1740-1750 c m  -1, mp 99.5-100~ 
Found, %: C 62.5; H 6.2; N 14.4; eq.  192. CIoHI2N202. Calculated,  ~ :  C 62.5; H 6.2; N 14.6; eq.  192. 

B__~. A mix ture  of 3.32 g (0.02 mole} of (hydroxyethyl)[fi - (pyr id in -2-y l )e thy l ]amine ,  2.36 g (0.02 mole} 
of diethyl carbonate ,  and 0.1 g of sodium methoxide was kept at  150~ for  15 h.  The ethanol was dis t i l led 
off, and the res idue  yielded 2.7 g (70~} of the oxazolidinone (V) with mp 99-100~ (from a c e t o n e - h e x a n e ) .  
It gave no depress ion  of the melt ing point with the product  of the reac t ion  of (I) and CO2, and the i r  ]1~ s p e c t r a  
were  identical .  
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