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It was shown [1-5] on a number of examples that the addition of N,N-dichloroaryl(alkyl)sulfonamides 
to unsatura ted compounds, containing e lec t ron-donor  substi tuents,  can be easi ly accomplished,  both by the 
radical  (A) and by the ionic 03) mechanism 

ArS0~NCI~ + CH~=CHR - - ( - +  
ArSO2N(C1) CH~CHC1R 

t ->  ArSOzN(C1)CHB 
I 

CH2C1 

The addition of N,N-dichloroarylsulfonamides to compounds that contain e lec t ron-accep to r  substituents 
at the double bond was studied to a less  degree .  

In the present  paper ,we  studied both the radical  and the ionic addition of N,N-dieh loro-p-ch loroben-  
zenesulfonamide (I) to vinylidene chloride.  It was also in teres t ing  to study the addition of the obtained ad-  
duct to ethylene,  s tyrene  and ally1 chloride,  since only severa l  examples a re  known [1, 4, 6] of the addition 
of N-halo-N-arylsul fonamides  to unsaturated compounds 

ArSO2N(CHzCHC1X)C1 + CH2=CHX --~ ArSO2N(CH~CHC1X)2 

The obtained data a re  summar ized  in Tables  1 and 2. 

F r o m  the data in Table  1, it can be seen that the addition of (I) to vinylidene chloride in chlorobenzene 
at 95 ~ goes under  both radical  and ionic conditions. The react ion goes much more  rapidly in the p resence  of 
SnCI 4 (experiment 2) and benzoyl peroxide (experiment 4) and leads to high yields of N-ch lo ro -N-2 ,2 ,2 - t r i -  
chloroethyl-p-ehlorobenzenesulfonamide (II), the t rea tment  of which with sodium bisulfi te gives N-2,2,2-  
t r ich loroe thyl -p-chlorobenzenesul fonamide  (III). 

The radical  addition of (II) to ethylene, s tyrene  and ally1 chloride proceeded by the scheme: 

RCHC1CH2NCH~CC13 
(I1) + CH2=CHR ---, [ 

S02C~H4CI-p 
R = g (IV); CsHs (V); CH2C1 (VI) 

The conditions of this reac t ion  are  given in Table 2. 

F r o m  Table  2 (experiment 2) it follows that the ionic addition of (II) to s tyrene  does not go under the 
selected conditions. The radical  addition under the same conditions led to N-2-ch loro-2-phenyle thy l -N-2 ' ,2 ' ,  
2 ' - t r ieh loroe thyl -p-eh lorobenzenesul fonamide  (V), i .e . ,  the s tyrene  fragment  adds to the ni trogen atom con- 
t r a r y  to the Markovnikov rule .  The react ions  with ethylene (experiment 1) and allyl chloride (experiment 4) 
were  run under radical  conditions and he re  the corresponding adducts (IV) and (VI) were  isolated.  The 
cbloroal lyl  f ragment  also adds to the nitrogen atom cont ra ry  to the Markovnikov rule .  As a resul t ,  ( II)reacts  
more  easi ly  by the radical  mechanism,  both with e lec t ron-donor  and with e l ec t ron-aeeep to r  unsatura ted 
compounds, but, judging by the react ion conditions and the yields of the end products ,  this react ion goes with 
much g rea t e r  difficulty than the analogous react ions of unsatura ted compounds with N,N-dichloroarylsul fon-  
amides [1-5]. 
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TABLE 1. Addi t ion  of N , N - D i c h l o r o - p - c h l o r o b e n z e n e s u l f o n -  
amide  (I) to Viny l idene  Chlo r ide  

95 ~ in C,H~Cl p-C1C6H~SO~NCI~.+CH~=CCI~ ' p-C1C~H4SO2N(C1)CH~CCla 
(I) 

No. Medium ;Catalyst 
Expt. (initiator) 

i , A~r None 
2 SnC14 
3 Nitrogen None 
4 ,, [ [C~HaCO0--]2 

Reaction 
time, h 

4,0 
2,0 
3,5 
2,0 

(II) 

Yield ofad- ]Amount of 
duct (II), % lisolated un-~ 
of theory~, .Ireacted (D, ~ 

52 [ 39 
74 t5 
8 82 

75 t5 

TABLE 2. Addi t ion  of N - C h l o r o - N - 2 , 2 , 2 - t r i c h l o r o e t h y l - p - c h l o r o b e n -  
z e n e s u l f o n a m i d e  (II) to U n s a t u r a t e d  Compounds  

Expt. 
No. 

Unsaturated 
compound 

CH~=CH 2 
CsH 5CH = CH~ 
CeHsCH=CH~ 
CH2=CHCH~CI 

Formed 
adduct 

}nitiator, i 
medium T ~ 

(IV) [CJI ~CO0- ]~ 
(V) ~Atr 
(V) iNitrogen 
(V I) I Air 

[[CsH 5 C00-]2 

95 
55 
55 
95 

I Yield of 
Reaction 

�9 l adduct, 
tlme, n theory 

3,0 2~ 
4,0 
i,5 27 
3,0 t0 

Amount 
of isolated 
unmacted 
(ii), % 

20 
93 
60 
75 

TABLE 3. 
pounds 

Com- 
pound 

(II) 

(lid 

(IV) 

(V) 

(VI) 

Mel t ing  Points and E l e m e n t a l  A n a l y s i s  of Obta ined  C o m -  

Mp, ~ 

it8 
(from CHCls) 
t79 
(from CHCh) 
t06 
(from CC14- C7H,6 ) 
9i 
(from CHCCI s-  CTH,6) 
I02 

(from CHCI s -- CyH16 ) 

27,03 
26,85 
29,34 
29,4t 
3t ,4i 
3t,20 
4i ,36 
41,40 
30,60 
30,50 

Found % I 
Calculated' Emp~tcal formula 

N el 

t,79 
1,69 
2,02 
2,t6 
2,6i 
2,56 
3,10 
3,03 
2,45 
2 , 5 4  

49,84 
49.40 
44,05 
44,00 
45,02 

,63 
37,80 
37,9o 
49,27 
49,02 

CsH~CI~N0~S 

CsHgC14NOeS 

C10H~0CIsNO~S 

C~aHnC15N02S 

CuHnCIsNO~S 

T A B L E  4. C h e m i c a l  Shifts of I~C (ppm) with S u p p r e s s i o n  of 
the C -  H I n t e r a c t i o n  

Compound 

CCIa--CHa 
! 

CCla--CHz--CHa 
t 2 

CCh--CH~--CHaCH, 
i 2 3 

CCIs--CH2--CHa--CH~--CH3 

2 3 

cc132/---~ ~__/* 
CCh--CH=CH~ T 

6CCI, 

94,9 

t00,8 

99,6 

99,8 

97,4 

93,7 

5CH, 

44,9 

10,8 

t2,5 

13,4 

6CH 

1 2 3 

48,5 

56,8 t9,6 

54,4 2i,3 30,4 

i l5.i  

"6C1143.8; 5C z and 5C s 121.1 and 128.0 (an accmate assignment is lacking), 
5Ca 229.9 ppm. 
?SCH 140.3 ppm. 
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The melt ing points of compounds (II)-(VI) and the e le -  
mental  analysis  r esu l t s  a r e  given in Tab le  3. In the IR spec t r a  
of compounds (II)-(VI) the SO 2 group was identified by the f r e -  
quencies at 1340 and 1170 cm -1, The p re sence  of an NH group 
in compound (III) was identified by the f requency at 3260 cm -l ,  
which is absent  in the IR spec t r a  of (II) and (IV)-(VI). 

The s t ruc tu re  of compounds (iI), (V), and (VI) was proved 
by the 1H and iSC NMR method.  A single signal (in the 95.8- 
97.9 ppm region) was detected in the tSC NMR spec t rum of each 
compound, which cor responds  to a carbon nucleus that is not a t -  
tached to protons  ("key" atom).  The shape of the signal  and its 
posi t ion in the spec t rum can cor respond  only to the CC13 group 
in the C-CC13f ragmen t  , s ince the chemica l  shift  of the CC13 
group is p rac t i ca l ly  independent of the nature  of the f l - sub-  
stituent in compounds of type CC13-R (Table 4). 

In compound (V) theva lues  of the JI3C_IH constants  {Table 
5) make it poss ib le  to choose between the f r agments  C1CH2CH 

(Ph)N-  and PhCHCH2N- in favor  of the la t te r ,  s ince the CHdou-  
r / r 

C1 
blet  has a higher  constant (153) than the CH 2 t r ip le t  (144), which 
is in ag reement  with the p r e sence  of a chlorine on the methine 
carbon a tom (CH-C1).  For  the other  s t ruc tu re  the constant of 
the CH2C1 t r ip le t  should be higher than the constants  of the 
PhCHN doublet [7]. In the 1H NMR s p e c t r u m  of compounds (V) 
and (V'I) the CH2CC13 group cor responds  to an AB quar te t .  The 
most  p robable  explanation of this consis ts  in a quite slow in-  
ve r s ion  of the ni t rogen a tom,  as a r e su l t  of which the CH 2 p r o -  
tons prove  to be d ias tereotopic ;  the heating of a sa tu ra ted  so lu-  
tion of compound (V) in C6H5C1 f r o m  50 up to 130 ~ led to a de-  
c r e a s e  of the in ternal  shift between the methylene protons f r o m  
35 to 28 Hz. The single signal of the analogous group in c o m -  
pound (II) does not con t rad ic t  the r e t a rded  invers ion  of the n i -  
t rogen,  s ince an averaging  of the d ias te reotopic  protons can 
occur  due to the exchange of the chlorine a toms at tached to the 
ni t rogen.  In view of the absence  of a l t e rna te  s t ruc tu re s ,  the 
s t ruc tu re  of compound (IV) does not evoke any doubts.  

E X P E R I M E N T A L  M E T H O D  

The NMR spec t r a  were  taken on a H i t a c h i - P e r k i n - E l m e r  
R-20 ins t rument ,  while the 13C NMR spec t r a  were  taken on a 
B r u k e r - P h y s i k  HX-90 ins t rument .  The spec t r a  of all  of the 
compounds were  taken in chlorobenzene (as 15% solutions),  
using TMS as the internal  s tandard .  The chemical  shifts  a re  
given on the 5 sca le  (see Table  5). 

After  drying and dist i l lat ion,  the pur i ty  of the unsa tura ted  
compounds was ver i f ied  by GLC. The N ,N-d i ch lo ro -p - ch lo ro -  
benzenesul fonamide (i) was subjected to additional r e c r y s t a l l i z a -  
tion, a f ter  which its mel t ing point ag reed  with the l i t e ra tu re  data.  

N-Chloro-N-2 ,212- t r i ch lo roe thy l -p -ch lo robenzenesu l fon-  
amide (II). To a mix ture  of 26.0 g of (I) in 60 ml of ch loroben-  
zene  and 1.2 g of benzoyl  peroxide  was added 9.6 g of vinylidene 
chloride (see Table  1, exper iment  4). The reac t ion  mix ture  was 
cooled to give 27.2 g of adduct (II). 
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N-2 ,~2-Tr i eh lo roe thy l -N-2 ' - ch lo roe thy l -p -ch lo robenzenesu l fonamide  (IV). Into a 250 ml stainless 
s teel  autoclave were  charged 17.8 g of adduct (H), 0.6 g of benzoyl chloride and 25 ml of CCI~, and then 
ethylene was added up to a p r e s s u r e  of 25 arm (see Table 2, experiment  1). The reac t ion  mixture  on cooling 
deposited "1.5 g of unreacted  (iI). The CC14 was removed f rom the f i l ra te  under reduced p r e s s u r e ,  and the 
res idue was r ec rys t a l l i z ed  f rom a 1 : 1  CC14-heptane mixture .  The insoluble syrupy mass  (~10 g) was sep-  
ara ted  f rom the soluble port ion by decantation. We obtained 4.8 g of (IV) f rom the solution. 

N-2 ,2 ,2 -Tr i ch lo roe thy l -N-2 ' - eh lo ro -2 ' -phene thy l -p -ch lo robenzenesu l fonamide  (V). After cooling the 
reac t ion  mixture ,  obtained f rom 14.3 g of adduct {II), 4.2 g of s tyrene  and 50 ml of C6H5C1 (see Table  2, ex-  
per iment  3), we separa ted  8.8 g of unreacted  (II). A par t  of the chlorobenzene (~30%) was vacuum-dis t i l led .  
The residual  port ion was passed through a column filled with A12Os, followed by elution with a 1 : 1 CHCI~ 
-C7H16 mixture .  F r o m  the eluate we isolated 8.8 g of pure {based on the TLC) (V). 

N-2 , ' ] ,2 -Tr ich loroe thy l -N-2 ' ,3 ' -d ich loropropyl -p-ch lorobenzenesu l fonamide  (VI). F r o m  14.3 g of ad- 
duct (II), 0,48 g of benzoyl peroxide and 3.1 g of allyl chloride in 50 ml of C6H5C1 (see Table  2, exper iment  4) 
were  obtained 8.8 g of unreac ted  (II) and 6.8 g of (VI). Both the workup and the isolat ion of the products  
were  ca r r i ed  out as descr ibed  in the preceding exper iment .  

The ~mthors express  their  grati tude to L. A. Fedorov for taking par t  in a discussion of the obtained 
resu l t s .  

C O N C L U S I O N S  

1. N-Chloro-N-2 ,2 ,2- t r ich loroe thy l -p-ch lorobenzenesu l fonamide  (II) was obtained by the addition of 
N,N-dichlo:~o-p-chlorobenzenesulfonamide to vinylidene chloride.  The react ion is acce le ra ted  by the addi-  
tion of e i ther  benzoyl peroxide (radical addition) or SnCI~ (ionic addition). 

2. Adduct (II) reac ts  with ethylene, s tyrene  and allyl chloride under radical  addition conditions to 
give the compounds RCHCICH2N(CH2CC13)SO2C6H4C1- p. 

3. The data of the NMR spec t ra  indicate that the obtained compounds a re  apparent ly charac te r i zed  
by a slow invers ion of the ni trogen atom. 
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