
ove r  ice,  and the aqueous mix tu re  was ex t rac ted  with e ther .  The e the r  ex t rac t  was washed success ive ly  with 
water ,  sodium b icarbona te  solution, and wa te r  and dr ied with m a g n e s i u m  sulfate.  The e ther  was removed  by 
disti l lation, and the res idual  oil was r ec ry s t a l l i z ed  f r o m  pe t ro l eum e ther  {bp 70 ~ to give 2.8 g (70%) of a p rod-  
uct with mp 94-95 ~ Found: C1 9.7; S 17.7%. Ct7He0C1NO2S~. Calculated:  C1 9.6; S 17.370. 

5 -Tosy lamino-4 - th tocyana to -2 ,3 - t e t r ame thy lene th iophene  (XVIII). This compound, with nap 117-118 ~ 
ffrom methanol) ,  was obtained in 69% yield by the method descr ibed  in [2]. Found: C 52.4; H 4.4; N 7.4; S 
26.6%. Ct6Hi6N202S 3. Calculated:  C 52.4; H 4.4; N 7.6; S 26.8%. 
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ACETYLENIC ~-AZIRIDINOCARBINOLS 

AND THE MECHANISM OF THEIR CONVERSION 

TO /3-A ZIRIDI NOA C RO LE INS 

A. V. Eremeev, D. A. Tikhomirov, 

and ]~. ]~. L iep in ' sh  
UDC 547.717 : 543.422.25.4 

Aeetylenic  ~ -az i r id inocarb ino l s  were  obtained by reac t ion  of propiola ldehyde and phenyl-  
propiola ldehyde with az i r id ine  and its 2-subst i tu ted  der iva t ives .  The m e c h a n i s m  of the 
convers ion  of the l a t t e r  to f l -az i r id inoacrole ins  was studied. 

It is known [1-6] that az i r id ine  and its 2 -a lkyl -subs t i tu ted  der iva t ives  r eac t  with aliphatic and a romat i c  
earbonyl  compounds to give az i r id inocarb inols ,  whereas  only 3,4-addit ion products  have been obtained up until 
now with a -unsa tu ra t ed  oxo compounds [5-7]. 

On the bas i s  of PMR and IR spec t roscop ic  studies we have establ ished that ~ -az i r id inocarb ino l s  I Ia -e  
and I I Ia -e  (Tables 1 and 2) a r e  fo rmed  in 60-80~ yie lds  in the react ion  of propiolaldehyde and phenylpropiol -  
aldehyde with az i r id ines  Ia~e at reduced t e m p e r a t u r e .  

OH 

HC~C--CH--N N-"CH=CH~CHO 

R R' R' R 
/ ~  ~ II a-e IYa-e NH 

OH 

I a - e  C6Hs--C~-C--CH--N x . ~  ~ [~N--C=CH--CHO 
/ \  / %  

R R' R' R 

111 a - e  V a-d 

I -ya  R=R' -H;  bR=H, R,=CH3; c R~R,=CH~,; d R=H,R,=C2Hs; l_lVe R=H, R,=COOCfl3 

~-Azi r id inocarb ino ls  I I a -e  and I I I a -e  a r e  co lo r l e s s  c rys ta l l ine  substances  that at room t e m p e r a t u r e  in 
both solutions and in the c rys ta l l ine  s ta te  undergo r e a r r a n g e m e n t  to t3-azir idinoacroleins  IVa-e  and Va-d, 
which exis t  in the fo rm of c i s - t r a n s  i s o m e r s  in a ra t io  of 1 : 2.3 (Tables 3 and 4). The ra t e  of i somer iza t ion  

Inst i tute of Organic Synthesis,  Academy of Sciences of the Latvian  SSR, Riga 226006. Trans la ted  f rom 
Khimiya  Getero ts i ld ichesk ikh  Soedinenii, No. 2, pp. 207-212, February ,  1977. Original a r t ic le  submit ted 
January  9, 1976; r ev i s ion  submit ted June 28, 1976. 
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T A B L E  1. 

Corn - 
pound 

lla 
lib 
Itc 
lid 
l i e  

Ilia 

l t lb 

l l l c  

lIId 

IIIe  

H 
H 

CF 
H 

H 
H 

H 

CF 

H 

H 

Physicochemical Characteris t ics  of IIa-e and Il la-e 
OH 

w'-c.'~:c-c~.-N~,, 

R R' 

Characteristic frequencies [ ] 
in the IR spectra, cm-1 ] mp,*C Yield, % 

R' R" ~,' [ "r v 
C~C] 'O-II c=O "~-C [ 

H H --  --  --  72 
CH3 H 2H5 3190 - -  3~0 40--41 78 
CHa H 2115 3180 - -  3245  33--34 75 
C2H5 H 2120 31801 -- 3245  52--53 80 

COOCH3 I-t 2130 3150 172~ 3290 74--76 85 
H 2200 3130 - -  46--48 , 72 

2230 
C6H5 

CHa C6H~ 2195 3170 -- -- 57--59 I 61 
2230 

CHs C6H5 2195 3100 -- -- 71--73 70 
2235 

C~H5 C6H~. 2200  3160 -- -- 75--77 65 
2245 

COOCHs C~H5 2200 3220 173~ -- 82--84 84 
2230 

T A B L E  2. P M R  S p e c t r a  of  I lb ,  d and I I I a - d  

0H 

/iN, 
R R' 

og 
tom, 

lib 

IM 

IIIa 
IIIb 

I lk  

IIIc 

H 

H 

H 
H 

H 

CHa 

R' 

CH3 

CH~CHa 

H 
CHa 

CH~CHa 

CH3 

R" 

H 

H 

C6H5 
C6Hs 

C6Hs 

C6Hs 

J CII 

5,57 d 
5,70 d 
5,73 d 
5,63 d 
5,94 s 
5,36 s 
5,40 s 
5,62 s 
5,48 s 
5.50 s 

OH 

i3,9 bs 
i 
i3,7 bs 

3,7 bs 
3,5 bs 

3,9 bs 

I 3,7 bs 

Chemical shifts, r, ppm 

CH.~ 

8,0--~ 

8,1--~ 

8,2~ 
8,1--~ 

8,1--~ 

8,6 

~m 7,9 m 

[m 8,1--8,4 n: 

8,25 s 
;m 8, I--8,5 r~ 

[m 8,1--8,4 r; 

8,85 s 

R' 

8,77 d 

8,6(CH_~) m 
8,97 (CH3) t 

8,25 s 
8,75 d 

8,6 (CH2) m 
8,97 (CHa) t 

8,85 s 

R" 

7158 d 

7,58 d 

2,6--2,8 m 

2,6--2,8 m 

2,6--2,8 m 

2,~-2,8 m 

T A B L E  3. P h y s i c o c h e m i c a l  C h a r a c t e r i s t i c s  of  f l - A z i r i d i n o a c r o l e i n s  

I V a - e  and V a - d  
R- . I ~ N--C=CH--CHO 

/ ~ .  
R' R 

Com - 
pound ! 

IVa 
1vb 
IVc 
IVd 
IVe 

Va 
Vb 
Vc 
Vd 

H 
C H,-., 
CH; 
C~Hs 
COHOCHa 

CHa 
CHa 
C2Ha 

R" 

H 

C6H5 
C6H5 
C6H5 
C6H5 

bp, "C 
(10 -z 
mm) 

30--32 
43--45 
50--53 
55--58 
60--62 

77--80 
80--82 
82--85 
87--89 

Found, % ]Empirical 

C l i t  I N .]formula 

31,4 7,5 14,51CsHTNO 
54,51 8,11 13,01C6H�NO 
66,9 8,7 II,3/CTHnNO 
66,818,8 / 11,21CTH,~NO 

76,7/6,7 / 8,4| CIIH~IN( 
76,6| 6, N 7,91CuHIaNC 
77,71 7,3] 7,3tCIaHIsNC 
77,81 7,~ 7,01C13H,~NC 

IR spectra, 

_ C a l c " %  c m ' l  

c IH N ' c=@c=o 

61,817,2 [4,41 615 1670 
64,9/8,11 t2,6 / 6201 1680 
6%218,8 / 11,5 / 610 / 1665 
67,218,8' II,51 [615| 1675 
54,9-/5,8 o,~ t625t168o 

| 1750 
76,316,4 8,1 159511665 
77,01 6,9 7,5 159511665 
77,517,5 7,0 159511665 
77,517,5 7,0 159511665 

d e p e n d s  m a r k e d l y  on  t h e  c h a r a c t e r  of  t h e  s u b s t t t u e n t s  bo th  in  t h e  a c e t y l e n i c  and  a z i r i d i n e  f r a g m e n t s  of  t he  
m o l e c u l e s  of  H a - e  and I I I a - d .  T h e  a z i r i d i n o c a r b i n o l s  of  p h e n y l a c e t y l e n e  s e r i e s  I I I a - e  a r e  c o n s i d e r a b l y  m o r e  

s t a b l e  t h a n  d e r i v a t i v e s  I I a - e o  In  p a r t i c u l a r ,  I Ia  e x i s t s  on ly  a t  l o w  t e m p e r a t u r e  ( f r o m  - 1 0  to  - 2 0 ~  T h e  s t a -  
b i l i t i e s  in  s o l u t i o n  of  a z i r i d i n o c a r b i n o l s  I Ie  and I I Ie ,  w i t h  a n  e l e c t r o n  a c c e p t o r  c a r b o m e t h o x y  g r o u p ,  a r e  c o n -  
s i d e r a b l y  l o w e r  t h a n  t h e  s t a b i l i t i e s  of  H b - d  and I I Ib -d ,  w h i c h  c o n t a i n  e l e c t r o n - d o n o r  s u b s t i t u e n t s  (a lkyl  g r o u p s )  
in  t h e  a z i r i d i n e  r i n g .  We  t h e r e f o r e  w e r e  u n a b l e  to  r e c o r d  t h e  P M R  s p e c t r a  of  a z i r i d i n o c a r b i n o l s  I Ie  and I I Ie .  
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TABLE 4. P a r a m e t e r s  of the PMR Spectra of f l -Azir id inoacrole tns  
IVa~e and Va-d 

R' R R' R 

\ / c . o  ~ c = c / .  
R,,/e=c"'tl R "/ \CHO 

cis trans 

o= 
n~ R 
E o 

R" 

1 
t 

=CH CHO 

Chemica l  shifts, r ,  ppm 

CII: R R" R" 

IVa it H 
} 

IVb i }t CH~ 

l'~c CIta CHa 

lVd I H /C2H5 

IVe H COOCIL 

t 

Va I H H 

Vb' H 
~:2C ~ CH3 

CHa 

Vd H C~H:, 

! 

H cis 
Er &rls 

H cis 
~r&rts 

I{ cis 
l:I:&l'lS 

H cis 

trans 

I] cis 

trans 

C~d-I~ cis 
i trans 

IC H, cis 
] " trans 
i C6Hs cis 

C~Hs cistrans 

Gails 

1,80 
~,481 
~,681 
1,40 l 
4,69 I 
{,44/ 
4,75/ 

4,43 

4,50 

4,34 

4,27 
4,38 
4,37 
4,43 
4,36 
4,52 
4,33 

4,40 

7,84 s 
7,93 s 
8--8,2 rr 
,8--8,2 rr 
7,86 s 
8,00 s 
,8--8,2~ 

,8--8,2rr 

7,62 _ 
7,50 ~l. 
7,62 
7,50 "~ 
7,73 s 
7,95 s 
,8--8,1 rt 
,7--8,1 n 
7,73 s 
7,95 s 
,8--8,2 rr 

,8--8,2rr 

I 
7,84 s 7,84 s 
7,93 s 7,93 s 
7,7 m 8,64 d 
7,7 rn 8,68 d 
K70 s 8,70 s 
8,70 s 8,70 s 
7,7 m 8,96 (CH3) t 

8,2 (CH_~) m 
7,7 m 8,96 (CHa) t 

8,4 (CH_,) m 
7,10 q 6,28 s 

7.10 q 6,25 s 

7,73 s 7,73 s 
7195 s 7,95 s 
7,7 m 8,70 d 
7,7 m 8,86 d 
8,83 s 8,83 s 
8,94 s 8,94 s 
7,8 m 9,06 (CHa) t 

8,6 (CHDm 
7,0 m 9,12 (CHa) t 

8,6 (CH2) m 

3,0[ d 
-),7: d 
3,1~ d 
217: d 
3,I(d 
!,7( d 
3,1, d 

2,7;;d 

3 , b d  

2,5~ C 

2,6 rc 
2,6 rr 
2;6 n: 
2,6 m 
2,6 m 
2,6 m 
2,6 m 

2,6 m 

SSCC 
�9 

7,8 8,5 
7,8 13,1 
7,3 7.6 
7,8 13,0 
7,3 7,4 
7,5 12,9 
7,2 J ,o 

8,0 13,0 

6,0 8,0 

7,8 13,0 

7,3 - -  
8,0 
7,6 
7,8 
8,0 
8,1 
7,6 

8,0 

When IIe is d i s so lved  in CC14 it undergoes  i s o m z e r i z a t i o n  to f l -az ir id inoacrole in  We,  whereas  az i r id inocar -  
binol IIIe undergoes decomposit ion to the starting components.  It is interesting that aziridinocarbinols  He 
and IIIe in the crystal l ine  state are characterized by the maximum stabilities in the corresponding ser ies  IIa-d 
and IIIa-d. This is evidently associated with the presence  of intermoleeular hydrogen bonds between the oxy-  
gen atom of the carbomethoxy group and the hydrogen atom of the hydroxyl group in the crystal l ine state of 
IIe and IIIe. 

Carbinol VI, formed in the reaction of N-deuteroaziridine with phenylpropiolaldehyde, undergoes iso-  
merizat ion  to acrole in  VII. The latter was also obtained by i somerizat ion of aziridinocarbinol IIIa in deutero- 
methanol .  

During a study of the mechanism of the i somerizat ion  by PMR spectroscopy we established that the rate 
of i somerizat ion  of IIIa to Va in various solvents is constant and corresponds to a z e r o - o r d e r  reaction. The 
i s o m e r i z a t i o n  rate constants  at 36 ~ were  determined:  KCH3C 1 = 2.90 rain -t ,  KC2HsOH= 2.85 rain -~, andKcH3CN = 
2 .80  min -~. 

OD 

C6H5--C'~--~C--CHO + D - - N ~  ~ C~H5--C-~C--CH--N' ~ 

V] 

1 
CD3OD 

Il l  a C6Hs--C=C D--CHO 
35 c 

VH 

it might  be a s s u m e d  that the  [ s o m e r i z a t i o n  of a z i r i d i n o e a r b i n o l s  IIa-e  and [IIa-d to B - a z i r i d i n o a c r o l e i n s  
IV a-e  and Va-d  o c c u r s  v ia  e i t h e r  an t n t r a m o l e c u l a r  m e c h a n i s m  or  through an i n t e r m e d i a t e  s tep invo lv ing  the 
re t rograde  d e c o m p o s i t i o n  of IIa-e  and IIIa-d to  the s tart ing  a ldehydes  and a z i r i d i n e s  with the subsequent  for -  
m a t i o n  of the  a e r o l e i n  d e r i v a t i v e .  On the b a s i s  of the l i t e r a t u r e  data [8 ,  9]  on the r e v e r s i b l e  d i s s o c i a t i o n  of  
a z i r i d i n o c a r b i n o l s  in s o l u t i o ns  and t h e i r  t endency  to undergo c l e a v a g e  to  the s tar t ing  components ,  the  l a t t er  
pathway s e e m s  p r e f e r a b l e .  
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Our experimental  data on the convers ion of IIIa in the presence  of propiolaldehyde to acrole in  derivative 
IVa constitute proof  for  this assumption. 

I l l  a - - ' ~  

H(]~C--CHO 

(CH3)~NH 

- iV a + CGH~--C~C--CIIO 

(CH3)2N\C_C/H F H~z~ 
CGH5/" -- \ C H O  " 

VIII 

This persuas ive ly  proves  the p resence  of an intermediate step involving re t rograde  decomposit ion of 
azir idinocarbinol IIIa to phenylpropiolaldehyde and aziridine Ia. 

It is known [8] that azir idinocarbinols  react  with p r imary  and secondary amines to give aminals through 
intermediate steps involving dissociat ion and transhydroxyalkylat ion.  One might have expected that IIIa would 
also react  with dimethylamine in a s imi l a r  manner .  We obtained 3~dimethylaminoacrolein VIII, the formation 
of which also occurs  through a step involving dissociation of azir idinocarbinol  IIIa to the s tar t ing components, 
but the react ing dimethylamine subsequently adds to the C = C bond of phenylpropiolaldehyde. The s t ructure  of 
VHI was proved on the basis  of data f rom the PMR spect rum and alternative synthesis .  

In conformity with the resul ts  obtained above, the i somer iza t ion  of azir idinocarbinols  I Ia-e  and IIIa-d 
to f l-azir idinoacroleins IVa-e and Va-d can be represented by the following scheme:  

R " \ C = c / ' c H O  

" ~ \  rIJ% 
R' R R R' 

R"--C~C--CH--N ~ R"--C~C--ClIO + NH -" + 
I \  r " \  / I . I  
r R" N/C=C\oHO 

I,a-e. I l l  a-d r"=. or c~. s / ~ / r  3o% 
\r.  

IV a - e ,  V a - d  

Of interest  in the PMR spect ra  of unsymmetr ica l ly  substituted azir ldinocarbinols  IIb. d and IIIb, d is 
the fact that the CH signal appears in the form of two identical singlets with an overall  intensity of one proton 
unit. This is evidently due to the p resence  in such molecules of two chiral  centers  (i.e., to the presence  of 
d ias te reo isomers) .  

In o rder  to make a more  detailed study of the three-dimensional  and electronic s t ruc tures  of the acet -  
ylenic ~-azir idinocarbinols ,  we investigated IIIa by means of PMR spectroscopy.  Because of the average 
(with respect  to the PMR time scale) rate of inversion of the nitrogen atoms at 36 ~ the protons of the aziridine 
ring absorb in the form of a broad singlet. The coalescence tempera ture  (28 ~ can be easily determined by 
changing the tempera ture ,  af ter  which the free energy of activation of the inversion p rocess  [10] for  IIIa (Av = 
12.0 Hz, AG c = 15.6 kcal /mole)  can also be determined. According to the data in [8], the depressed  AG c value 
in azir idinocarbinols  as compared with 1-alkylazir idines [11] can be explained by revers ib le  dissociat ion of 
the former .  If this is so, the chemical  shift of the aziridine protons of IIIa should change as the t empera tu re  
is varied. This assumption was experimentally confirmed (Table 5). 

By adopting the chemical  shifts at 0 ~ as the "standard" values, one can calculate the percentage of free 
aziridine at 30 and 50 ~ and the equilibrium constants for  the revers ib le  react ion at these tempera tures .  The 

following values were  determined:  K30=0.09 and K50=0.64.* 

The reaction of ~-ace ty len ic  aldehydes with aziridine canbe used for  the synthesis of acetylenic ~-az i r id ino-  
carbinols and B-azir idinoacroleins.  

* The percentage  of carbinol Ilia at various t empera tures  was calculated f rom the formula  Pc = (Vaz-r) /ffaz - r c ) ,  
where r is the chemical  shift of the protons of the aziridine ring observed at a given temperature ,  r az  is the 
chemical  shift of the ring protons of ethyleneimine, and r c is the chemical  shift of the ring protons ofaz i r id ino-  
carbinol IIIa at 0 ~ The equilibrium constant was calculated f rom the formula Kt0 = ( 1 - P c ) Z i p  c ,  where Pc is the 
mole fract ion of azir idinocarbinol IIIa at a cer ta in  tempera ture .  
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TABLE 5. Chemical Shifts of 
the Aziridine Protons at Various 
Tempera tu res  (CC14) 

Compound o ~ ,~o ~ 5o ~ 

IIIa 8, [4  

8,36 

8,20 

8,37 

8,27 

8,38 

E X P E R I M E  NTA L 

The PMR spect ra  of 10~0 solutions of the compounds in CC14 were obtained with a P e r k i n - E l m e r  R12A 
spec t rome te r  (60 MHz) with te t ramethyls i lane  as the internal standard.  The IR spec t ra  of mineral  oil and hexa- 
chlorobutadiene suspensions of the compounds o r  liquid films were obtained with a UR-20 spec t rometer .  

Acetylenie c~-Aztridinocarbinols I Ia-e  and IIIa-d.  A solution of 0.03 mole of aziridine Ia -e  in 15 ml of 
absolute diethyl e ther  was added at - 1 0  ~ with s t i r r ing  to 0.025 mole of propiolaldehyde or  phenylpropiolalde- 
hyde in 20 ml of absolute dtethyl ether, and the resulting c rys ta l s  were  removed by filtration, dissolved in 
absolute ether, and crys ta l l ized  by cooling the solution. The c rys ta l s  were removed by fi l trat ion and vacuum 
dried. Compounds I ia-e  and IIIa-d were co lor less  crystal l ine substances.  The physicochemical  charac te r i s t i cs  
are  presented in Table 1. 

1 -Hydroxy- l - (2 -ca rbomethoxyaz i r id ino) -3 -pheny l -2 -propyne  ([He). A solution of 3 g (0.03 mole of 
azir idine Ie in 20 ml of diethyl ether  was added dropwise with s t i r r ing  at - 1 0  ~ to a solution of 3.25 g (0.025 
mole) of phenylpropiolaldehyde in 20 ml of absolute diethyl ether, af ter  which the t empera tu re  was raised to 
room tempera ture ,  and the mixture was allowed to stand for 20 h. The ether was evaporated, and the residue 
was crys ta l l ized f rom absolute ether  to give 4.7 g (84%) of a color less  crystal l ine substance with mp 82-84 ~ 

f l-Azir idinoacroleins IVa-e and Va-d.  These compounds were obtained in quantitative yields by i somer -  
~zation of the corresponding acetylenic c~-aziridinocarbtnols I Ia-e  and IIIa-d at room tempera ture .  The physieo-  
chemical  cha rac te r i s t i c s  of IVa-e and Va-d are  presented in Table 3. 

1 ,O-Deu te ro - l - az i r id tno-3 -pheny l -2 -p ropyne  (VI). This compound was obtained by the general  method 
f rom phenylproptolaldehyde and N-deuteroethyleneimine.  As compared with the PMR spect rum of IIIa, the 
absorption at 3.7 ppm vanishes.  

2 -Deute ro-3-phenyl -3-az i r id inoacro le in  (VII). This compound was obtained by i somer iza t ion  ofazi r id ino-  
carbinol VI in CC14 solution at 36 ~ for  45 rain. PMR spect rum:  - 0 . 1 5  and 0.57 (CHO, two broad s, 1H); 2.6 

( ~ , ~  two s, 4H). (C6H5, m, 5H); 7.73 and 7.95 ppm ~ f  

Reaction of 1 -Hydroxy l - l - az i r id ino-3 -pheny l -2 -p ropyne  ([IIa) with Propiolaldehyde. A 0.37-g (0.007 
mole) sample of propiolaldehyde was s t i r red  in 10 ml of absolute diethyl ether at room tempera ture  with 1.1 g 
(0.007 mole) of azir idinocarbinol  IIIa in 30 ml of absolute diethyl ether. The mixture was allowed to stand for 
20 h, after  which the ether  was evaporated. In addition to signals corresponding to the cis and t rans  i somers  
of IVa, the p a r a m e t e r s  of which are  presented in Table 4, the PMR spectrum of the residue contains a singlet 
at r 0.70 (1H) and a multiplet at 2.4-2.7 ppm (5H) related to phenylpropiolaldehyde. 

Reaction of 1 -Hydroxy- l - az i r id ino-3 -pheny l -2 -p ropyne  (HIa) with Dimethylamine. A twofold excess of 
dimethylamine was added at room tempera ture  to 1.1 g (0.07 mole) of azir idinocarbinol IIIa in 30 ml of absolute 
dtethyl ether, and the mixture was allowed to stand for  10 h. The solvent was vacuum evaporated, and 3-phenyl- 
3-dimethylaminoacrole in  (VIII) was deteeted in the residue. PMR spectrum, ~-: 1.38 (d, J = 7 . 8  Hz, CHO, 1H); 
2.5-2.8 (C6H5, m, 5H), 4.80 (d, J = 7 . 8  Hz, =CH-,  1H); 7.28 ppm (NCH 3, s, 6H). 

3 -Phenyl -3-d imethylaminoacro le in  (VIII). A solution of 3.25 g (0.025 mole) of phenylpropiolaldehyde in 
20 ml of absolute diethyl e ther  was added dropwise with s t i r r ing  at 0 ~ to a twofold excess of dimethylamine in 
30 mI of absolute diethyl ether, a f ter  which the e ther  was evaporated, and the residue was identified as 3-phenyl- 
3-dimethylaminoac rolein. 

1, 
2. 
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A number  of 1 -v iny lpyr ro les  were  obtained in up to 97~0 yields  by ba se - ca t a lyzed  addition of 
substi tuted p y r r o l e s  to acetylene in dimethyl  sulfoxide at 80-100~ 

N-Vinyl der iva t ives  of he terocycl ic  compounds,  which a r e  valuable m o n o m e r s  and in te rmedia tes ,  find 
applicat ion in the manufac ture  of p las t ics  and synthetic f ibers ,  in radio technology, and in medic ine  ffor ex- 
ample,  see  [1]). N-Vinylpyrro!es  a re  the m o s t  in teres t ing  der iva t ives  of this so r t  but the l eas t  study has been 
devoted to them.  

Methods fo r  the synthesis  of vinyl ni t rogen he te rocyc les  have been examined in a review [2]. They con- 
s i s t  in dehydrat ion of f l-hydroxylethyl der iva t ives ,  dehydrohalogenation of haloethyl der iva t ives ,  o r  d i rec t  
vinylation of he te rocyc les  with an NH bond. Up until now the d i rec t  vinylation of ni t rogen he te rocyc les  has 
been  accompl ished  at high t e m p e r a t u r e s  (150-300~ and p r e s s u r e s  (20-40 atm) and has required  a long t ime  
for  complet ion [2]. 

Data f rom a study of the vinylation of a number  of p y r r o l e s  obtained on the bas i s  of the reac t ion  of ace t -  
ylene with ke tox imes  [3] a r e  p resen ted  in this paper .  1 -Vinylpyrro les  I-XIV (table 1) were  obtained in up to 
97% yie lds :  

HC~CH 

R, / B- R' 

H I 
CH = C H  2 

I-XVI 

R = H. alkyl, axyl; w =alkyl, aryl 

The reac t ion  p roceeds  effectively in the p r e s e n c e  of 30% KOH in aprot ic  po la r  solvents  [dimethyl sulfoxide 
(DMSO), sulfolane, and hexamethylphosphor ic  t r iamide] ;  DMSO was found to be the bes t  of the invest igated 
solvents .  The use of the l a t t e r  made it poss ib le  to lower  the reac t ion  t e m p e r a t u r e  to 80-100% which is a lmos t  
100 ~ lower  than the t e m p e r a t u r e  of c l a s s i ca l  vinylation of NH he te rocyc les ,  and 1 -v iny lpyr ro les  were  obtained 
in p rac t i ca l ly  quanti tat ive y ie lds .  The use  of DMSO makes  it poss ib le  to c a r r y  out the vinylation of p y r r o l e s  
at an acetylene p r e s s u r e  close to a tmospher i c  (1.1-1.5 atm).  It should be emphasized  that up until now p r o -  
c e s se s  of this so r t  could not be put into p rac t i ce  because  of the necess i ty  of the use of acetylene  under p r e s -  
su re  and at high t e m p e r a t u r e s .  
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