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The react ion of N-aminoethyleneimine  (I) with subst i tuted benzenesulfonyl  chlorides (II) has been studied. 
The main  products of the he te ro lys i s  of the r ing  are subst i tuted N'-(f l-chloroethyl)benzenesulfonohydrazides 
(V). The s t ruc ture  of V has been shown by IR, UV, and PMR spectroscopy, and also by independent 
synthesis .  

As is well known, with cyclic amines (piperidine,  pyrrol id ine ,  azetidine, azir idine)  in the presence  of alkaline 
agents binding hydrochloric  acid, carboxylic acid chlorides form the corresponding amides [1-5]. Of the heterocycles  
mentioned only the amidin ium cation of the las t  one, formed where proton-accept ing  agents are  absent,  possesses  
inadequate s tabi l i ty  because  of in terna l  s t r e s s  and undergoes r ing  opening with the formation of f l -ha logen-subs t i tu ted  
ethylamides [6-8].  

Continuing our invest igat ions in the field of the chemis t ry  of N-aminoaz i r id ine  [9, 10] it appeared of in te res t  to 
study the behavior of the azi r id ine  r ing  in this react ion,  since the s t rength of its bond is increased  somewhat through 
conjugation with the unshared  e lec t ron  pai r  of the n i t rogen of the N-amino group. 

In aa at tempt to ca r ry  out the reac t ion  of N-aminoaz i r id ine  (I) with a represen ta t ive  of the most  active group of 
acylating agents, sulfonyl halides,  we unexpectedly obtained immedia te ly  we l l - c rys t a l l i z ing  products,  while numerous  
inves t iga tors  before us, ca r ry ing  out the s i m i l a r  reac t ion  with ethyleneimine,  have reported the formation of only 
res inous  po lymer ic  substances  [11-15]. As can easi ly  be seen from the scheme given here,  the product of the react ion 
of N-aminoethylene imine  with arenesulfonyl  halides may possess  one of s t ruc tu res  III-V: 

RC6H4SO2N HN~//~ 

[la R=H, IIbR=CH 3, 
l ib R = CH3CONH RC~H4SO2 NHNHCH2CHzX 

V 

So far  as concerns  their  s t ruc ture ,  judging f rom their  e lec t ronic  spec t ra  which are  ex t remely  s i m i l a r  to those 
for the corresponding subst i tuted benzenesulfonamides ,  it may be concluded, according to the l i t e ra tu re  [16], that the 
reac t ion  products  are  subst i tuted arenesulfonohydrazides  possess ing  one of the proposed s t ruc tures .  

The choice between them can be made on the basis  of an analysis  of their  PMR spectra ,  f rom which it  can be 
seen that there are no s ignals  charac te r i s t i c  for the protons of an azi r id ine  r ing in the PMR spect ra  of the products 
of the reac t ion  of I with ei ther  benzenesulfonyl  chloride (IIa) or with p- toluenesulfonyl  chloride (IIb) (table). 

The spec t rum of each of the compounds studied has a mult iplet  of the AA'BB' type in the 6 .1-6 .6  ppm region a 
compar ison  of the in tensi ty  of which with the resonance  of a romat ic  protons shows that these s ignals  belong to the 
protons of two methylene groups. The chemical  shifts of the protons of one of the methylene groups (weak field) in the 
spec t rum of Va (6.27 ppm) and in that of Vb (6.25 ppm) a re  close to those in the PMR spec t rum of 2-chloroethylamine 
(~'CHzC1 -- 6.35 ppm) [17]. It follows from what has been said that the s t ruc tu re  of the react ion products can correspond 
only to formula V. The considerable  paramagnet ic  shift of the resonance  of the N-methylene protons in the spect ra  of 
these compounds as compared with the corresponding signal in the spec t rum of 2-chloroethylamine (~-N---CH 2 = 7.08 
ppm) is  due, in the f i r s t  place, to the influence of tl~e SO2 group and to the contr ibution of the r ing  cur ren t s  in the 
aromat ic  r ings  of these molecules .  The posit ion of the r emain ing  l ines in the PMR spect ra  of the products investigated 

*For  par t  III, see [23]. 



(table) is also in good agreement  with s t ruc tu re  V. 

Chemica l  Shifts of the Protons  in the PMR Spectra  (40 MHz, Internal  

Standard C6H12). 

Compound Solvent 

Dimethyl sulfoxide 
Chloroform 

C~HsSO2NHNHCH2CH2CI 
P- CH3CsH4SO2NHNHCH2CH~CI 

I ~ Chemical shifts, rppm 

/ U I [ aromatic 
INCH2 ~ CH~ NH I p r ~ 1 7 6  

6.67 6.27 5.16 I 2.25 (center) 
6.70 6.25 7.~4 -- 2.27(2.6-H) 

2.61 (3.5-H) 
]=8.5 Hz 

A fur ther  conf i rmat ion of the s t ruc tu re  as that of an N'- ( f lchloroethyl)-benzenesulfonohydrazide is formed by the 
v ibra t ional  spec t r a  of compounds Va-Vc ,  which were  studied in the 400-3600 cm -1 region. They are  cha rac t e r i zed  by 
the absence of C--H s t re tching vibra t ions  in the 3010 and 3080 cm -1 regions  and of r ing deformat ion  v ibra t ions  at 1210 
and 857 cm -~, which are  c h a r a c t e r i s t i c  for t h r e e - m e m b e r e d  r ings .  These spec t r a  contain c h a r a c t e r i s t i c  f requencies  
of a romat i c  C--H bonds in the 3033 and 2986 cm -1 regions  and of CH z groups at 1475 cm -1. The s y m m e t r i c a l  and 
an t i symmet r i c a l  v ibra t ions  of the SO 2 group for these compounds appear in the form of high-intensi ty  bands at 1336-  
1320 and 1150-1165 cm -1, which is in ag reemen t  with l i t e r a tu re  data [18-21]. 

For  a de f in i t ive  proof  of the s t ruc tu re  V deduced f rom an analysis  of the PMR and v ibra t ional  spec t ra ,  we 
pe r fo rmed  an independent synthesis  of Va-Ve .  For  this purpose  we f i r s t  synthesized the hydrochlor ides  of f l - eh lo ro - ,  
f l - b romo- ,  and f l - iodoethylhydrazines  (Via, VIb, and VIc) by the action of the corresponding hydrogen hal ides  on N- 
aminoethyleneimlne .  Compounds Via and VIb, in cont ras t  to VIc, proved to be s table and nonhygroscopic products  
undergoing no change on s torage.  

The action on Via of the substi tuted arenesulfonyl  hal ides IIa and b gave substances  complete ly  ident ical  with the 
products  of the d i r ec t  he te ro lys i s  of I by II: 

o NaOH RC6HtSO2CI + CICH2CH2NHNH3CI �9 RC6H4SO2NHNHCH2CH2CI 
l l a ,  b Via V 

Ila R=II, lib R=CH~ 

Products  V a - V c  formed co lo r l e s s  c rys ta l l ine  compounds but in t ime (on prolonged s torage  under ordinary  
conditions) they decomposed  with the format ion  of oily liquids. The vacuum dis t i l la t ion  of the la t te r  gave deeply-  
colored  products .  The LR spec t r a  of these substances  showed prev ious ly - lack ing  bands in the 1575 cm -1 region which 
are  c h a r a c t e r i s t i c  for the N=N bond. When the colored  decomposi t ion  products  w e r e  hydrolyzed,  benzenesulfonic acid 
could be isolated f rom the reac t ion  mixture .  It is an in te res t ing  fact that the act ion of bromine  on an ethanolic solution 
of NV-(f l-chloroethyl)benzenesulfonohydrazide formed a s i m i l a r  deeply colored oily liquid. 

F r o m  what has been said the p r e l i m i n a r y  conclusion can be drawn that in the a i r  the N ' - ( f i -  
chloroethyl)benzenesulfonohydrazides  apparent ly undergo oxidation with the format ion of azo compounds. 

O~ 
C6HsSO~NHNHCH2EH2CI ~ CsHsSO2N=N--CH~CH2EI 

V 

This view is in harmony with the work of other  authors who have repor ted  the capaci ty of s y m m e t r i c a l l y  
subst i tuted hydraz ines  for being conver ted into the cor responding  azo compounds under compara t ive ly  mild oxidizing 
attack [22]. 

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

N' - ( f l -Chloroe thyl )benzenesul fonohydraz ide  (Va). With cooling to - 1 0  ~ C and v igorous  s t i r r ing ,  a solution of 
1.2 g (0.02 mole)  of I in 15 ml of absolute ethanol was added to a solution of 3.52 g (0.02 mole) of benzulfonyl chlor ide 
in 10 ml of absolute ethanol. After  1 hr,  the t empe ra tu r e  of the reac t ion  mix ture  was ra i sed  to 20-22  ~ C and it was 
s t i r r e d  at this t e m p e r a t u r e  for another 2 hr.  A c rys ta l l ine  product  deposited, and this was separa ted  off in an iner t  
gas a tmosphere  and dr ied  in a des icca to r .  It was r e c r y s t a l l i z e d  f rom ethanol, mp 103-105 ~ C. Found, %: C 40.85, 
H 4.51; N 12.12; S 13.61; C1 15.67. Calculated for CsHnC1N202S, %: C 40.91; H 4.68; N 11.93; S 13.63; C1 15.13. 
Determinat ion  of C1 by the Volhard method: 15.29. Equivalent  mo lecu la r  weight 239. 



N'- (~-Chloroe thyl ) -p- to luenesul fonohydraz ide  (Vb). With cooling to - 10  ~ C and vigorous s t i r r ing ,  1.16 g (0.02 
mole) of I in 10 ml of absolute ethanol was added to a solution of 3.82 g (0.02 mole) of p- toluenesulfonyl  chloride in 
15 ml of absolute ethanol. After the addition of the solution, the react ion mixture  was kept at 20-22 ~ C for 30 rain. A 
c rys ta l l ine  precipi ta te  deposited which was separated off in an iner t  gas a tmosphere and dried in a desiccator .  After 
rec rys ta l l i za t ion ,  a product with mp 200-201 ~ C was obtained. Found, %: C 39.18; H 5.53; N 10.91; S 12.52; C1 13.92. 
Calculated for C~Hl~C1N202S, %: C 39.26; H 5.61; N 11.21; S 12.82; C1 14.26. Determinat ion of C1 by the Volhardmethod: 
14.8 %. Equivalent  molecular  weight 250.91. 

N ' - ( f l -Chloroethyl ) -p-ace tamidobenzenesul fonohydraz ide  (Ve). This was obtained in a s i m i l a r  manner  to the 
preceding compound from 4.68 g (0.02 m o l e ) o f  p-acetamidobenzenesulfonohydrazide  and 1.2 g (0.02 m01e) of N- 
aminoethyleneimine.  It was rec rys ta l l i zed  from a mixture  of ethanol and ether.  White c rys ta l l ine  product with mp 
145-147 ~ C. Found, %: C 41.12; H 4.31; N 14.37; S 11.07; C1 12.40. Calculated for C10H14C1N303S, %: C 41.00; H 4.42; 
N 14.35; S 10.93; C1 12.13. Determinat ion  of C1 by the Volhard method: 12.16%. 

Hydrochloride of f l -chloroethylhydrazine  (Via). In an iner t  gas atmosphere,  a solution of 5.8 g (0.1 mole) of I in 
50 ml of absolute ethanol was sa turated with dry hydrogen chloride. The t empera tu re  of the react ion mixture  was ra i sed  
in hourly steps from - 3 0  ~ C to room tempera ture .  The precipi ta te  that deposited was separated off and dried in a 
desiccator .  It was rec rys ta l l i zed  from a mixture  of ethanol and ether,  giving a white c rys ta l l ine  product with mp 34-  
36 ~ C. Found, %: C 18.24; H 6.18; N 21.41; C1 54.42. Calculated for C2HTCIN2.HC1, %: C 18.32; H 6.11; N 20.3; C1 54.19. 

Oxidation of N'- ( f l -chloroethyl)benzenesulfonohydrazide (Vie). With s t i r r i ng  at the boiling point of the solvent, 
2 g of b romine  was added to a solution consis t ing of 0.5 g (0.002 mole) of N'-( f l -chloroethyl)benzensulfonohydrazide 
(VIc) in 30 ml  of absolute ethanol. After the addition of the bromine ,  the react ion mixture  was kept for 2 hr. Then the 
cooled solution was evaporated in a ro ta ry  evaporator .  An oily product was obtained the IR spect rum of which exhibited 
a band at 1575 cm -~ (N-~-N). On rec rys t a l l i za t ion  from water,  benzenesulfonic acid was obtained. 
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