
T H E R M A L  I S O M E R I Z A T I O N  OF 3 , 3 - D I H A L O - 1 , 2 - D I P H E N Y L A Z I R I D I N E S  
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The kinet ics  Of t h e r m a l  i somer iza t ion  of 3 ,3 -d iha lo - l ,2 -d ipheny laz i r id ines  containing fluorine, 
chlorine,  or b romine  a toms  in the r ing were  studied, and the act ivat ion p a r a m e t e r s  of the r e -  
action were  de te rmined .  A concer ted  mechan i sm for  the fo rmat ion  of imidoyl  hal ides f r o m  
ha loaz i r id ines  that  includes conro ta tory  opening of the az i r id ine  r ing  with halogen migra t ion  of 
the 1,2 type is p roposed  on the bas i s  of the data obtained. 

In [1-6] it is shown that  when C-ch lo ro - subs t i t u t ed  az i r id ines  a r e  heated, a chlor ine a tom mig ra t e s  to 
the adjacent  carbon a tom with s imul taneous  opening of the opposite C - N  bond and the fo rmat ion  of imidoyl 
ha l ides .  Halogen-containing N-aminoaz i r i d ines  a r e  conver ted  to aldehyde hydrazones  via the same scheme [7]. 

A t rans i t ion  s ta te  with ionic c h a r a c t e r  has  been proposed  on the bas i s  of a study of the kinet ics  of t h e r -  
mal  i somer i za t ion  of 3 ,3 -d ich loro-  and 3 ,3 -d ib romo- l , 2 -d ipheny laz i r i d ines  (I, II) [5]. In the p resen t  r e s e a r c h  
we invest igated the i somer iza t ion  of az i r id ines  I I I -VI  containing different  halogen a toms  in the r ing.  The phenyl 
g roups  in the invest igated az i r id ines  a r e  t r a n s - o r i e n t e d  [8, 9]. 

The  cor responding  imidoyl  hal ides IX-XI  a r e  obtained when solutions of az i r id ines  I I I -VI  in CC14 or C2C14 
a r e  heated.  Only IX was obtained f r o m  az i r id ines  III and IV, while X and XI, r e spec t ive ly ,  were  obtained f r o m  
az i r id ines  V and VI. The s t ruc tu re  of the imidoyl  hal ides  was conf i rmed by spec t ra l  methods (Table 1) and 
by hydro lys i s  to phenylhaloacet ic  acid ani l ides  XII and XIII.  2 -Chloro-2-phenylace tanf l ide  (XII) is fo rmed  in 
quanti tat ive yield by hydro lys i s  of imidoyl  halide X and VII, and 2 -bromo-2-pheny lace tan i l ide  (XII1) is fo rmed  
by hydro lys i s  of VHI, IX, and XI. 
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As in the case  of az i r id ines  I and I I  [5], the r a t e s  of t h e r m a l  i somer i za t ion  of az i r id ines  ILI-VI were  de-  
t e r m i n e d  by IR and PMR spec t roscopy:  in the f i r s t  case  f r o m  the change in the intensi ty of the band at  ~ 1400 
c m  - t ,  and in the second case  f r o m  the change in the intensity of the s ignals  of the azi r id ine  proton at 3.5-3.7 
ppm and the methyl idyne proton of imidoyl hal ides  VIE-XI  at 5.5-5.9 ppm.  It  was found that  the kinet ics  of 
i somer i za t ion  of the az i r id ines  co r respond  to a f i r s t - o r d e r  r eac t ion .  According  to the PMR data, the r a t e s  
of consumption of the az i r id ine  and accumulat ion of the imidoyl halide a r e  identical  (Table 2). Special  expe r i -  
ments  demons t r a t ed  that  the i somer iza t ion  r a t e  constant  i nc rea se s  when the azi r id ine  concentra t ion in solution 
is i nc reased  above 2%. The r a t e  constants  for the i somer iza t ion  of az i r id ines  IE and IV were  de te rmined  by 
a study of m ~ e s  of the same  compounds containing 88 and 60% azi r id ine  III  (Table 2). 

I t  is apparen t  f r o m  the data in Table  3 that  the r a t e  of t h e r m a l  i somer iza t ion  of the az i r id ines  depends 
on both the nature  of the halogens and on their  posit ion r e l a t i ve  to the other subst i tuents  in the az i r id ine  r ing .  
With r e s p e c t  to the i r  abil i ty to undergo migra t ion  the halogens can be a r r anged  in the o rde r  Br > C1 > F, which 
c o r r e s p o n d s  to the o rder  of s t rengths  of c a r b o n ,  halogen bonds [10]. It  follows f r o m  a compar i son  of the r a t e s  
of i somer iza t ion  of az i r id ines  III  and IV that  a bromine  a tom that  is  syn-or ien ted  with r e s p e c t  to the unshared  
e lec t ron  pa i r  of the ni t rogen a tom m i g ra t e s  more  read i ly .*  In addition, the migra t ion  of a halogen f r o m  a 

*The or ienta t ion of the halogen is subsequently defined in the text  r e l a t ive  to the unshared  e lec t ron  pa i r  of the 
ni t rogen a tom.  
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TABLE I .  S p e c t r a l  C h a r a c t e r i s t i c s  of N - P h e n y l - 2 - h a l o - 2 - p h e n y l -  
a c e t i m i d o y l  Ha l i de s  (IX-XI)* 

, ~ UV spectrum PMR spectrum, "57- 
= kmax, am Absorption bands in the IRspectrum, cm 4 ~ ppm (1, Hz) 

:log e) N=C cm~ other frequencies cllx coH~ 

i 
IX: 

IX 

225 (4,20), 
272 (4,22) 

227 {4,12), 
255sh (3,92) 

224 (3,96), 
255sh (3,84) 

1685 s 
1740 s 

1705s 
1730s 

1730 s 

2460,1500s, 
1604s.3042, 
3075,3095 

1455.1500 s, 
1540 s. 
1610 s, 
3640. 3075, 
3095 
1465. 1500 s. 
1606 s, 3045. 
3075, 3097 

697 s 857, 910. 920, 1005, 
t035. 108(I. 1095, 1175, 
1198. t215, 

1220, 1280 w, 1345 w 
696s. 707 s, 890. 905 w, 

1006 w, 1035. 1080. 
II00. 1180. 1200, 1230, 
1320 w 

700 s 890. 910, 1010 w, 
1035, 1080. 1120, 118(2, 
1230 s. 1290 w 

! r .  . o.82 s 

i56d (1t} 

5,57 d (15,5) 

6,8--7,6 rn 

7;0--7.7 m 

7,0-7,7 m 

*In  the UV s p e c t r a  the  a b b r e v i a t i o n  "sh" i nd ica t e s  shou lde r .  I n t e n -  
s i t i e s  in  the IR spec t r a :  s i s  s t rong ,  w is weak, and the r e m a i n i n g  
bands  a r e  of m e d i u m  i n t e n s i t y .  A double t  s igna l  a t  ~ 122 ppm (with 
r e s p e c t  to C6F6) with J H F  ~ 15 Hz i s  o b s e r v e d  in  the  19F NMR spec -  
t r a  of X and XI. 

TABLE 2. Ra t e  Cons t an t s  for the I s o m e r i z a t i o n  of A z i r i d i n e s  I I -VI  
[k.  10 -5, sec  -1 ( temp. ,  ~ 

�9 Corn- PMR spectroscopy 
pound IR spectroscopy 

A B 

II 1" 59,1• (110) 56,2__+2.1 (110) 
I I I  2,20 (95), 17.2 (115), 42,0 (125) 32,2_+1,9 (115) 
IV 5.67 (95). 27.5 (115}, 64,9 (125) 79,8_+4,5 (115) ~ 45,5--+ 1,8 (115)$ 
V 3,64_0,10 (80), 22,5• (95 )  21,9..+0,9 (95) 

15.8• (95). 
62,7• (210) 

VI 2.97• (30), 10.8• (45 )  13,3..+0,8 (45) 
12,3• (45), 
61,2___3,5 (60) 

* T h e  a z i r i d i n e  c o n c e n t r a t i o n  in  so lu t ion  in the  d e t e r m i n a t i o n  by IR 
s p e c t r o s c o p y  was  1.7%, as  c o m p a r e d w i t h  ~10% in  the  c a s e  of d e t e r -  
m i n a t i o n  by PMR spec t ro scopy ;  A) d e t e r m i n e d  f r o m  the  a z i r i d i n e  
c o n s u m p t i o n ,  B) d e t e r m i n e d  f r o m  the imidoy l  ha l ide  a c c u m u l a t i o n .  

t T h e  r a t e  c o n s t a n t s  w e r e  p r e s e n t e d  in [5]. 
$ F o r  a m i x t u r e  c o n t a i n i n g  60% a z i r i d i n e  HI and 40% a z i r i d i n e  IV. 

TABLE 3. K ine t i c  P a r a m e t e r s  of the  I s o m e r i z a t i o n  of 3 , 3 - D i h a l o -  

1 , 2 - d i p h e n y l a z i r i d i n e s  (at  100*C) 

Corn - 
pound 

k, sec-1 

I* 5,85.10 -6 
II 1,52.10 -4 

llI 3,76.20 -5 
IV 8,56.10 -~ 
V 2,54.10 -4 

VI 1,51 �9 10 -'e 

�9 T a k e n  f r o m  [5]. 

k ml 

1 
25,8 
6A 

14,5 
43,t 

2560 

AH ~ . 
kJ/mole 

2 0 6 •  1 
108+__4 
117..+2 
95--+4 

104..+ 1 
81---5 

A S ~, 
l/deg-mole 

- 62---3 
- -  30• 
- -  1 8 •  
-- 70---10 
- 37• 
- 64• 

syn  o r i e n t a t i o n  has  a l ower  en t ropy  of a c t i va t i on .  A c o n s i d e r a b l e  i n c r e a s e  in  t he  r e a c t i o n  r a t e  is  o b s e r v e d  on 
p a s s i n g  to f l u o r i n e - c o n t a i n i n g  a z i r i d i n e s  V and VI; th i s  i n c r e a s e  is p r o b a b l y  a s s o c i a t e d  with a d e c r e a s e  in the  
s t r e n g t h  of the  c a r b o n -  " l eav ing"  h a l o g e n  bond unde r  the  in f luence  of the f luo r ine  a t o m  and with s t a b i l i z a t i o n  
by it  of the pos i t i ve  cha rge  tha t  deve lops  in the t r a n s i t i o n  s ta te .  It i s  known tha t  a m o n g  the ha logens ,  f l uo r ine  
ha s  the g r e a t e s t  m e s o m e r i c  s t a b i l i z i n g  effect  on the ca t ion ic  c e n t e r  [11, 12]. Data  on the en t ropy  of ac t iva t ion  
of a z i r i d i n e s  HI, V, and VI ind ica te  g r e a t e r  o r d e r l i n e s s  of the t r a n s i t i o n  s t a te  in  the  i s o m e r i z a t i o n  of a z i r i d i n e s  
V and VI. A c o m p a r i s o n  of r a t e s  of i s o m e r i z a t i o n  of a z i r i d i n e s  I, III, V, and VI m a k e s  it  p o s s i b l e  to a s s u m e  
tha t  the  c h l o r i n e  a t o m  in  a z i r i d i n e  I tha t  i s  s y n - o r i e n t e d  r e l a t i v e  to the u n s h a r e d  e l e c t r o n  p a i r  of the n i t r o g e n  
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atom migra tes  f a s t e r  (by a fac tor  of nine) than an an t i -or ien ted  chlor ine atom. This  is also confirmed by the 
c loseness  of the ent ropies  of activation in the i somer iza t ion  of az i r id ine  I and azir idine IV. A compar ison of 
the r a t e s  and act ivat ion p a r a m e t e r s  for  the i somer iza t ion  of azir idine H with the analogous values for  azi r idines  
I, I~, and IV makes  it possible to conclude that in the i somer iza t ion  of az i r id ine  rl a bromine atom may migra te  
f r o m  both posit ions and that  the syn-or ien ted  bromine  migra tes  more  rapidly  (by a factor  of 1.5) than the anti-  
or iented bromine  atom. 

The  i somer iza t ion  of az i r id ines  may take place via a two-s tep  mechanism including concer ted  heterolyt ic  
cleavage of the c a rbon -ha logen  bond and d i s ro ta to ry  opening of the resul t ing  C-azi r id inyl  cation to an azaallyl  
ion followed by coordination of the ion pair  to give an imidoyl halide (mechanism A). 

Another  pathway in which 1,2 migrat ion of halogen and cleavage of the C - N  bond in the azir idine occur 
s imultaneously without the format ion of an ion pair  (mechanism B) can also be proposed.* 

In accordance  with the Woodward-Hoffmann ru l e s  [14], this  p roces s  is c lassif ied as a e 2 s +  e2  u react ion,  
and the azir idine r ing  undergoes coD_rotatory opening in the case of ~ migrat ion and d i s ro ta to ry  opening in the 
case  of p migrat ion.  I somer iza t ion  pathways A and B can also be r ega rded  as SN1 and SN2 react ions ,  r e s p e c -  
t ively.  Conrota tory  r ing opening during ~ migrat ion of halogen via concer ted  mechanism B (pathways 2 and 3') 
is most  favorable  for  the the rma l  i somer iza t ion  of az i r id ines  ILI and IV. The format ion of an azaallyl  ion via 
mechanism A by d i s ro ta tory  opening of the azi r idine r ing is more  s te r ica l ly  hindered, since in this case  one 
of the phenyl groups moves  within the r ing.  

To obtain additional information regard ing  the mechanism of the i somer iza t ion  we calculated model 
az i r id ines  XIV-XVI and azir idinyl  cations XVII and XVIII by the CNDO/2 method.~f The calculations were  made 
with p a r a m e t e r s  f r om [15, 16] and with the following bond lengths (A): ci-N=C1-C2=C2-N=1.485, C - F =  
1.32, C -C1=1 .70 ,  C - H = I . 0 8 ,  and N - H = 1 . 0 0 ;  angles HCH =XCY=118 ~ HNCI=HNC2=l l5  ~ Angle 0 in the ions 
was var ied f r om 59 t o - 5 9  ~ 

N~ 

H C.H~ c . 
icX 

H C6H 5 . H ICGH: _ [~ ~ ' ~  i f C-!(.i _A~ (.q_~,,N,~ ~ H~Cy . . ~ .  
2 

CEH 5 H CGH 5 

Bc Br 

B 

HsC 2 I t \  / ~  /%H s H 

H r. H I IC "' 
~ 5 

=.x;0= ? 5 CiH 5 C615 

Analys is  of the r e su l t s  of the calculat ions shows that in az i r id ines  XIV-XVI the Wij indices,  which char -  
ac t e r i ze  the bond s t rengths  [17], a r c  l a rger  for  the syn-C1-C 2 and syn -C1-C  i bonds, respect ive ly ,  than for the 
an t i -C1-C 2 and an t i -C1-C 1 bonds. 

..., _,,+ %, 
�9 _ _  . .. \ \ \ ~  . . - " I '  H"f'XN/\X HI~N~/7" "i" iC'c?:i- / 

, , 
H H 

XIV- XVI lVl l  i lVlll 

XiV X=Y=C[ ; XV X=CI,Y---F ; XVI X=F,Y---Cl; ~t?"~/6H5 
XVII X=,Cl ~,XVIII X=F XIX 

*A simi!~v mechanism has been examined f ro m  a theore t i ca l  point of view for the the rmal  i someriza t ion of 
gem-dihalocyc lopropanes [13]. 
t T h e  p r o g r a m  for  the calculations was composed by V. Ya. Bespalov, to whom the authors  express  the i r  thanks. 
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The formation of a nonplanar aziridinyl cation (8 = �9 59 ~ from aziridine is more favorable (by 1.3 k J /  
mole) in the case of splitting out of chlorine from the anti position than in the case of splitting out of chlorine 
f rom the syn position. In this case the Wij indices of the C 1 -N bond decrease,  and the Wij indices of the 
C2-N bond increase by 0.047 and 0.25-0.30, respectively,  during removal  of syn-chlorine, as compared with 
0.030 and 0.20-0.23 in the case of removal  of anti-chlorine. 

Compression of the aziridine cation ( O --0) leads to appreciable stabilization, to a greater  degree for the 
XVHI ion than for the XVII iota The energies of conversion to the planar ions a re  204.5 and 151.8 k J / m o l e ,  
respect ively.  This stabilization of the ions is realized pr imari ly  through interaction of the cation center with 
the unshared electron pairs  of the halogen atom. The Wij indices of the C l - C  2 andN - C  2 bonds decrease and 
the Wij index of the C i -N  bond increases simultaneously during compression of the ions. 

These data provide evidence that in the case of isomerization of the gem-dihaloaziridines via mechanism 
A one should observe equally probable (from the point of view of the energies involved) splitting out of syn- or 
anti-halogen and the formation of a planar aziridiny ! cation, which subsequently undergoes ring opening to give 
an azaallyl ion. At the same time, concerted pathway B, which includes the formation of transition state XIX 
similar  to the nonplanar aziridinyl cation (8 ~ 09 XVH or XVIII, should proceed with greater  ease for syn- 
halogen than for anti-halogen. The latter conclusion is in agreement with the experimental resul ts .  

The data on the entropy of activation (AS ~ < 0) (Table 3) and the constancy of the entropy of activation of 
the isomerization of aziridine I in solvents with different polarities [5] are  in agreement with the proposed 
highly ordered cyclic transition state. In addition, according to the calculations the corresponding Wij indices 
for the C1-C 1 bonds increase on passing f rom aziridine XIV to XV and XVI, whereas they decrease for the 
C1-C 2 bonds, and the polarity of the C1-C 2 bond simultaneously increases.  Consequently, the tendency of the 
other halogen attached to the C 2 atom to migrate should increase when fluorine is attached to the C 2 atom; this 
is in agreement with the experimental resul ts  (Table 3). 

Thus the experimental and calculated data make it possible to assume that the isomerization of gem- 
dihaloaziridines takes place via a concerted mechanism that includes a cyclic polar transition state with a 
~-migrat ing halogen and conrotatory r ing opening (XIX). 

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

The UV spectra of solutions of the compounds in heptane were recorded with a P e r k i n - E l m e r  M-402 
spectrophotometer.  The IR spectra  of 10% solutions of the compounds [X-Xt in CC14 in a 100 p cuvette were r e -  
corded with a UR-20 spectrometer .  The PMR spectra of 10% solutions of the compounds in CC14 were obtained 
with a Varian HA-100D-15 spect rometer .  

The methods for the determination of the ra te  constants and calculation of the activation parameters  were 
taken f rom [5]. The solvent was tetrachlorocthylene.  The ra te  constants for the isomerization of aziridines 
HI and IV (Table 2) were found by IR spectroscopy f rom data obtained for N 270 solutions of mixtures of 8870 
HI and 12% IV and 6070 HI and 4070 IV. The following k" 10 -5 (sec -1) values were obtained (the temperatures  
in degrees centigrade are  given in parentheses): for the f i rs t  mixture 2.62 * 0.11 (95), 18.4 • 0.6 (115), and 
44.8 �9 0.9 (125); for the second mixture 3.6 • 0.4 (95), 21.3 • 0.6 (115), and 51.2 • 1.4 (125). According to the 
IR spectroscopic data, the ra te  constant (k" 10 -5, see -1) for the isomerization of a mixture of 8870 aziridine 
HI and 12% aziridine IV at 115~ depends on the concentration of the solution as follows: 16.6 ~- 1.3 for 0.570, 
18.4 • 0.6 for  1.770, and30.4 �9 1.9 for 107o solutions. 

N_Phenyl-2-halo-2-Phenylacet!midoyl Halides (IX-XI)r A solution of 0.5 g of aziridines III-VI [1, 8] in 
10 ml of CC14 was heated in an ampul at 120~ for,  respectively,  3, 3, and 3.5 h. Evaporation of the solvent 
in vacuo gave 0.5 g of a dark oil (Table 1). 

2-Halo-2-phenylacetanilides XH and XHI. A mixture of 0.4 g of imidoyl halide IX-XI and 10 ml of water 
was allowed to stand at 20"C for 2 days, after which the precipitate was separated, washed with water until the 
wash waters were neutral,  and recrysta l l ized.  Anflide XII was isolated in quantitative yield f rom imidoyl 
halide V, and anilide XIH was isolated f rom IX and XI. The constants of the anilides were in agreement with 

the values presented in [5, 18]. 
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P Y R R O L E S  F R O M  K E T O X I M E S  AND A C E T Y L E N E  

I.* STRUCTURAL SPECIFICITY OF THE REACTION WITH UNSYMMETRICAL KETOXIMES. 

PMR SPECTRA OF 1-VINYLPYRROLES AND THE EFFECTS OF ALKYL SUBSTITUENTS 

B. A. T r o f i m o v ,  A.  I .  M i k h a l e v a ,  UDC 547.742:543.422.25 
A. N. V a s i l ' e v ,  and  M. V.  S i g a l o v  

The reaction between ketoximes CH3(RCII2)C =NOH and acetylene in the presence of KOH and di- 
methyl sulfoxide at 120~ leads exclusively to 1-vinyl-2-methyl-3-R-pyrroles  in 73-87% yields. 
The regiospecifieity of the reaction is disrupted when the temperature  is raised, and the fraction 
of a second isomer (1-vinyl-2-RCH2-pyrrole) reaches 20-50% at 140~ Regioselectivity is not 
observed for R1CH2(R2CH2)C = NOH (R i and R 2= n-alt~yl). The relative shifts of the signals of the 
ring protons and the vinyl group for a number of 2-alkyl- l -vinyl-  and 2,3-dialkyl-l-vinylpyrroles 
were measured. Alkyl substituents have a distinct effect on the chemical shifts of the protons of 
the 4 - 5  bonds. As the volume of the 2-alkyl substituent increases the fl protons of the N-vinyl 
group are deshielded by 0.10-0.13 ppm, and the 4-H ring proton is shielded by 0.05-0.16 ppm; 
this is explained by steric inhibition of the p -  v conjugation in the N-vinyl group during an s- 
trans(anti)-gauche conformational transition. 

The present  communication is a continuation of a ser ies  of papers on the study of the reaction of ketox- 
imes with acetylene, which leads to pyrroles  and N-vinylpyrroles.  

In the case of an unsymmetrical  ketoxime this reaction in the presence of KOH and dimethyl sulfoxide 
(DMSO) gives [2] two isomeric pyrroles (or an N-vinylpyrrole in the case of excess acetylene). 

The following questions are  important for an understanding of the reaction mechanism and for better p re-  
parative use of the reaction: Which of the two groups of the ketoxime - the methyl or methylene group (when 

*This is ac{ually communication XVI. The first  publications (for example, see [1-3] an d the l i terature cited 
in them) were not numbered. 
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submitted February 9, 1977. 

0009-3122/78/1401-0041 $07.50 �9 1978 Plenum Publishing Corporation 41 


