
which the mix tu re  was cooled and dissolved in 50 ml  of benzene.  The benzene solution was washed with 5% 
aqueous KOH solution and water ,  dr ied  with Na2SO4, and chromatographed  on s i l i c a  gel.  The violet  zone of 
X w a s  eluted with benzene- .hexane  {1:1), and the eluate was evapora ted  to give 0.83 g (21%) of X in the f o r m  
of v io le t -b lack  needles  with mp 178-179 ~ (from benzene).  UV spec t rum (dioxane): k m a  x 540 nm (log ~ 3.2). 
Found: C 90.5; H 5.0%. C30H200. Calculated:  C 90.9; H 5.1%. 
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I N V E S T I G A T I O N  O F  T H E  C O N D U C T I V I T Y  

E F F E C T S  BY T H E  A Z I R I D I N E  R I N G  

~ .  F.. L i e p i n ' s h ,  V.  A.  P e s t u n o v i c h ,  
A.  V.  E r e m e e v ,  D.  A.  T i k h o m i r o v ,  
a n d  N. P .  G a i d a r o v a  

O F  E L E C T R O N I C  

UDC 547.717 : 543.422.25 

Different  degrees  of conductivity of e lec t ron ic  effects  through the az i r id ine  ring in the d i r e c -  
tion of the C - C ,  C - N ,  and N - C  bonds were  obse rved  fo r  1 ,2 -d ia ry laz i r id ines  by 1H and 19F 
NMR spec t roscopy .  

Var ious  r e s e a r c h e r s  have shown [1-3] that a pronounced d e c r e a s e  in the a lgebra ic  value of the g e m i -  
hal s p i n - s p i n  coupling constant  (SSCC) occu r s  in az i r id ines  as  the e lec t ronegat iv i ty  of the subst i tuent  in 
the 1 posi t ion i nc r ea se s .  In o r d e r  to study the re la t ive  effect  of subst i tuents  in the 1 and 2 posi t ions on 
2JHH we synthes ized  two s e r i e s  of 1 ,2-disubst i tu ted  az i r id ines  and studied the i r  PMR spec t ra  (Table 1). 

The signs of the SSCC between the protons  of the he te ror ing  were  de te rmined  by the INDOR method [4] 
(Fig. 1). The s igns were  found to be identical  fo r  the gemina l  and both vicinal  SSCC, and they should t h e r e -  
fo re  be cons idered  to be pos i t ive  (~JHH > 0 [5]). 

1234 

_ ~ _ ~ L _  • 

A B 

Fig. 1. INDOR spec t r a  of the protons  
of the az i r id ine  ring of 1 ,2-diphenyl-  
az iridine.  
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Oc tober  11, 1976. 
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TABLE I .  P a r a m e t e r s  of the PMR Spectra of 1 ,2-Diaryle thyl-  
enelmines p-le~m,x~A 

H~ OH4R'p 

Com- 
R R" 

I H 
II OCHs ff 

Ill 
i v  
V VI Br H CH3 

VII H OCH~ 

VIII 
i x  x " 
xI 

r, ppm I, 

HA 

7101 
7,03 

~,98 
7,00 
7,01 
7,06 

7,05 

7,01 
7,01 
~,99 
1,00 

H~ 

7,64 
7,67 

7,63 
7,61 
7,62 
7,69 

7,68 

7,67 
7,67 
7,65 
7,66 

Hc 

7,74 
7,79 

7,77 
7,76 
7,76 
7,79 

7,78 

7,73 
7,72 
7,71 
7.70 

2-aryl 

2,80 
84; 3,28 

}CHs) 
82; 3,08 
2,80 
~0; 2,70 
2,83 

2,82 

2,81 
2,78 
2,80 
2,83 

�9 ,l-L'yl AB 

2,8--3,3 
2,8--3,3 

2,8--3,3 
2,8--3,3 
2,8--3,3 

3,24; 3,11; 
7,76 (CHa) 
3,24; 3,40; 

6,43 (OCH~) 
3,22 

3,34; 2,61 
3,26; 2,82 
3,24; 3,00 

6,22 
6,22 

6,45 
6,26 
6,34 
6,23 

6,33 

6,09 
5,80 
6,27 
6,27 

AC 

3,15 
3,2( 

3,13 
3,04 
3,07 
3,09 

3.13 

3,18 
3,27 
3,47 
3,24 

BC 

1,51 
1,56 

1,42 
1,37 
1,38 
1,62 

1,53 

1,42 
1,36 
1,38 
1,37 

TABLE 2. 19F Chemical  Shifts of 2- (p-Fluorophenyl) -  and 
2- (m-Fluorophenyl ) -1-a ry le thy lene imines  and Reaction Con- 
stants of the 1 -Ary l -2 -az i r id iny l  Group 

Com- aF m % Com- 5P oe 
pound R potmd R 

XII OCH3 0,40 0,028 XIX 0CH3 2,80 -0,081 
0,85 0,035 XX 2,72 XIll CHH 3 CHHS -0,080 

XIV 0,22 0,054 XXI 2,50 -0,077 
XV XVI CFI 0,16 0,62 XXll CFI 2,40 -0,076 

0,07 0,075 XXllI 2,20 -0,072 
2,19 0,06 0,076 XXIV XVII Br l~r -0,072 

XVIII 0,04 0,079 XXV 2,17 -0,072 

The geminal  SSCC of 1,2-diary-lethyleneimines a re  determined by the nature of the substituent in the a r o -  
matic ring and a r e  related by means of l inear equations to the Hammett  ~ constants of the latter.  

F o r  1 -phenyl -2-a ry laz i r id ines  (I-V) 

2]HH = 1,48-- 0,385~, r = 0.966, (I) 

whereas  for  1 -a ry l -2 -phenylaz i r id ines  (I, VI-XI) 

2IHH= 1A9- 0.623~, r=0.967. (2) 

Judging f rom the r eg re s s ion  equations, the conductivity of the electronic effect of substituent R by the 
sys tem of - C G H 4 - N - C -  bonds is more  effective in a ry laz i r id ine  molecules  than the conductivity observed 
for  the - C 6 H 4 - C  fragment .  The changes in the 2JHH values of 1 ,2-diarylaz i r id ines  may be due, f irst ,  to the 
change in the effective electronegat ivi ty of the substituent attached to the fl atom [6]. However, its effect on 
the 2JHH values of both compounds should be identical. Second, a change in the state of the unshared e lectron 
pa i r  of the ni trogen atom has an additional effect on the 2JHH values of 1-ary l -2-phenylaz i r id ines .  In quali ta-  
tive molecular  orbi tal  theory this effect is explained by t r ans fe r  of the e lectron pa i r  to the an t i symmetr ica l  
bonding orbital  of the CH 2 f ragment  [6, 7]. In 1 -a ry l -2-phenylaz i r id ines ,  as competit ive delocalization of the 
e lec t ron pa i r  on the benzene ring increases  (under the influence of substituent R), its contribution to 2JHH evi- 
dently decreases ;  this decrease  in the geminal SSCC takes place more  rapidly than in 1-phenyl -2-ary laz i r id ines .  

In o rde r  to study the observed (by means of PMR spectroscopy) difference in the conductivity of the 
electronic effects of substi tuent R we investigated the 19F NMR spect ra  of 2-(p-f luorophenyl)-  and 2 - (m- f luo ro -  
pheay l ) - l - a ry l az i r i d ines  and 1- (p- f luorophenyl ) -2-ary laz i r id ines  (Tables 2 and 3). The 19F chemical  shifts 
were  used for  the calculation f rom the known [8] equations of the react ivi ty constants of the 1 - a r y l - 2 - a z i r i d i n y l  
group (Table 2). One is easi ly persuaded that the resonance constants of these groups a re  determined by a 
combination of the inductive and mesomer i c  effects of the R substituent of their  1 - a r y l f r a g m e n t .  This follows 
automatical ly f rom the l inear dependence of the ISF chemical  shifts on the ~ constants of substituent R in both 
se r i e s  of 1 -a ry l -2 - f luorophenyl -  [Eqs. (3) and (4)] and 1- (p- f luorophenyl ) -2-ary laz i r id ines  [Eq. (5)]. 
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TABLE 3. ISF Chemical 
Shifts of 1-(p-Fluoro-  
phenyl-2-arylethyleneimines 

C o m -  
pound  

XXVI 
XXVI I 

XXVHI 
XXIX 
XXX 

XXXI 

R ~r P 

OCHs 8,88 
8,67 

~r 8,37 
8,20 
8,23 

I 8,20 

TABLE 4. 

Com- 
pound R 

XII 
XIII 
XIV 
XV 

XVI 
XVI! 

XVIII 
XIX 
XX 

XXI 
XXII 

XXIII 
XXIV 
XXV 

XXVI 
XXVII 

XXVIII 
XXIX 
XXX 

XXXl 

R" R 

R' 

OCH3 

I 

R" 

OCI 

H 
F 
C 
B~ 
I 

O~1 
C:I- 

H 
F 
C] 
BI 
I 
F 
F 
F 
F 
F 
F 

bp, *C 
(0.05 
mrr0 

Found, % Empirical Calc., % 
formula C [ H N ~W- c [H  N 

74,21 6,1 6.1 
79,6[ 6,4 6,4 
77,31 5,5 6,9 
73,01 4,8 6,3 
68,21 4.6 5,8 
57,91 4,0 5,0 
49,71 3,5 4,5 
74,31 5,4 5,4 
79,71 6,2 6,3 
77,31 5,5 6,8 
72,91 4,5 5,6 
67,41 4,1 5,2 
56,81 3,5 4,4 
49,21 3.0 3,8 
74,3[ 5,9 6,0 
77,41 5,4 6,6 
72,6] 4,6 5,9 
57,31 3,6 4,5 
68,01 4,6 5,8 
49,71 3,6 4,4 

C15HI4FNO 74,0 5,8 
CIsHI4FN 79,3 6,2 
CI4HI2FN 77,61 5,6 
Ca4H~2F2N 72,71 4,7 
C~4HHCIFN 67,91 4,5 
CI4HIIBrFN 57,51 3,9 
C~4HHFIN 49.4] 3,3 
CIsHI4FNO 174,01 5,8 
CIsHI4FN [ 79.3[ 6.2 
C~aHI2FN ] 77,6[ 5,6 
CI4HItF2N 172,71 4,7 
CI4HHCIFN 167,91 4,5 
CI4HIIBrFN 157,51 3,9 
C~4HHFIN 149,41 3,3 
CIsH14FNO 17421 5,8 
Ct4H~2FN 177,6[ 5,6 
CI4HIIF2N 1 72,7] 4,7 
C~4HHBrFN [57.51 3,9 
Ct4HuCIFN /67,91 4,5 
Ct4HuFIN [ 49,41 3,3 

5,8 47 
6,2 43 
6,8 55 
5,1 45 
5,6 53 
4,8 51 
4,1 52 
5,8 43 
5,2 50 
6,8 57 
6,1 49 
5,6 47 
4,8 54 
4,1 54 
5,8 47 
6,8 55 
6,1 48 
4,8 53 

45 

6~ P = 2 . 4 8 -  1.23(r, r=0.997,  (3) 

8 m = 0.22 - 0.68(L r = 0:997, (4) 

5 p = 8 . 5 4 -  1.36o, r=0.967.  (5) 

To e s t i m a t e  the  r e l a t i v e  c o n t r i b u t i o n  of  the  i n d u c t i v e  e f f e c t  to the  c o n d u c t i v i t y  of  the  e f f ec t  of  a r y l  s u b -  
s t i t u e n t  R [9] t h r o u g h  the  a z i r i d i n e  r i n g  we  c a l c u l a t e d  the  e q u a t i o n s  of  the  p a i r  c o r r e l a t i o n s  f o r  1 - a r y l - 2 - ( p -  
f l u o r o p h e n y l ) a z i r i d i n e s  [Eq. (6)] a n d  1 - ( p - f l u o r o p h e n y l ) - 2 - a r y l a z i r i d i n e s  [Eq. (7)]: 

6 p = 2 . 3 8 4 - - 1 . 2 5 5 ~ -  1,782oc, r=0.988;  (6) 

by p = 8.654-- 1,70401 - 1.5580c, r = 0.999. (7) 

In  c o n j u g a t e d  s y s t e m s  the  X = P c / P I  c o e f f i c i e n t  is  g r e a t e r  t h a n  un i ty ,  w h e r e a s  in  c o m p o u n d s  tha t  a r e  i n -  
c a p a b l e  of e f f e c t i v e  t r a n s m i s s i o n  of c o n j u g a t i o n  [9], X < 1. The  r e s u l t s  o b t a i n e d  in  t h i s  s t u d y  c o n s t i t u t e  e v i -  
d e n c e  t ha t  the  c o n j u g a t i o n  e f f ec t s  a r e  c o n d u c t e d  q u i t e  w e l l  IX = 1.42,  Eq.  (6)] in  the  d i r e c t i o n  of the  N - C  b o n d  
o f  the  a z i r i d i n e  r i n g ,  w h e r e a s  the  i n d u c t i v e  e f f e c t  ha s  the  b e s t  c o n d u c t i v i t y  in  the  d i r e c t i o n  of the  C - N  bond  
[~ = 0 .91,  Eq.  (7)]. 

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

The  1H NMR s p e c t r a  of  the  CCIa s o l u t i o n s  of the  c o m p o u n d s  w e r e  o b t a i n e d  w i t h  a T e s l a  B S - 4 8 7 - C  s p e c -  
t r o m e t e r  (80 MHz):  the  I~F NMR s p e c t r a  w e r e  o b t a i n e d  w i t h  a P e r k i n - E ! m e r  R 12A s p e c t r o m e t e r  (60 MHz) .  
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The chemical shifts were obtained by extrapolation to infinite dilution. The internal standards for  the *H 
and ISF spectra  were, respectively, tetramethylsilane and fluorobenzene. The INDOR spectra were obtained 
with a Tesla spectrometer . .  The ABC PMR spectra of 1,2-diarylaziridines I-XI were analyzed in accordance 
with the method in [10]. 

Compounds XII-XXXI were obtained from methyleuedimethylsulfurane and the appropriate Schiff 
bases  [11]. 
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IR S P E C T R A  OF S U B S T I T U T E D  P Y R R O L E S  

B. A. T r o f i m o v ,  N. I .  G o l o v a n o v a ,  
A. I. M i k h a l e v a ,  S. E. K o r o s t o v a ,  
A. N. V a s i l ' e v ,  a n d  L .  N. B a l a b a n o v a  

UDC 547.74 : 543.422.4 

The IR spectra of 52 substituted pyrroles,  including 24 1-vinylpyrroles,  were thoroughly 
analyzed. The principal analytical bands of the pyrrole  ring and the vinyl group were 
isolated. Doublet character  of the bands of the stretching vibrations of the double bond 
(VC=C) and the C - H  (CH2--) out-of-plane deformation vibrations, which indicates the 
presence of rotational isomerism relative to the N-vinyl bond, was detected. The inte- 
gral  intensity of the principal component of the VC= C doublet was measured for 12 of the 
1-vinylpyrroles,  and it is shown that it is practically independent of the structure of the 
alkyl substituents in the ring. Proof for  the existence of a nonplanar gauche conforma- 
tion for the 1-vinylpyrroles was obtained. 

A new synthesis of pyrroles  [1-3] has made many previously unknown or  little-studied compounds of 
this series,  including 1-vinyl-substituted compounds, which are  interesting subjects for  the study of the 
effects of conjugation, problems of aromatici ty,  and the influence of unsaturated groupings attached to the 
nitrogen atom, accessible.  The vibrational spectra of pyrroles  have not been studied systematically. There 
~re only disconnected data available on the IR spectra of 1-methyl- ,  1-phenyl- 2,5-dimethyl-,  and 2,5-di- 
phenylpyrroles [4], 1 - , 2 - ,  and 3-alkylpyrroles and 2,3,5-tr ialkylpyrroles [5-7], and 1- and 2-al lylpyrroles 
[8]. The Raman spectrum of pyrrol.e has been studied [9], and the force constants ofpyrrole  and its deuterated 
and methyl derivatives have been calculated [10]. 
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