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It was shown [1-5] on a number of examples that the addition of N,N-dichloroaryl @alkyl)sulfonamides
to unsaturated compounds, containing electron-donor substituents, can be easily accomplished, both by the
radical (A) and by the ionic (B) mechanism
~+ ArS0:N(Cl)CHCHCIR

ArSO;NCl, + CH;=CHR — ,
—> ArSO;N(Cl)CHR

I
CH:Cl

The addition of N,N-dichloroarylsulfonamides to compounds that contain electron-acceptor 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-dichloro-p-chloroben-
zenesulfonamide (I) to vinylidene chloride, It was also interesting to study the addition of the obtained ad-
duct to ethylene, styrene and allyl chloride, since only several examples are known [1, 4, 6] of the addition
of N-halo-N-arylsulfonamides to unsaturated compounds

ArSO,N(CH,CHCIX)CI + CH,=CHX — ArSO,N(CH,CHCIX),
The obtained data are summarized in Tables 1 and 2,

From 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 reaction goes much more rapidly in the presence of
SnCl, (experiment 2) and benzoyl peroxide (experiment 4) and leads to high yields of N-chloro-N-2,2,2-tri-
chloroethyl-p-chlorobenzenesulfonamide (II), the treatment of which with sodium bisulfite gives N-2,2,2~
trichloroethyl-p~chlorobenzenesulfonamide (IIT),

The radical addition of (II) to ethylene, styrene and allyl chloride proceeded by the scheme:

RCHCICH:NCH,CCly

|
SOzCsH4Cl-p
R=H (IV); GHs (V); CHCl (V)

The conditions of this reaction are given in Table 2,

(11) + CH=CHR -

From Table 2 (experiment 2) it follows that the ionic addition of (IT) to styrene does not go under the
selected conditions. The radical addition under the same conditions led to N-2~chloro-2-phenylethyl-N-2',2",
21-trichloroethyl-p-chlorobenzenesulfonamide (V), i.e., the styrene fragment adds to the nitrogen atom con-
trary to the Markovnikov rule, The reactions with ethylene (experiment 1) and allyl chloride (experiment 4)
were run under radical conditions and here the corresponding adducts (IV) and (VI) were isolated, The
chloroallyl fragment also adds to the nitrogen atom contrary to the Markovnikov rule, As a result, (II) reacts
more easily by the radical mechanism, both with electron-donor and with electron-acceptor unsaturated
compounds, but, judging by the reaction conditions and the yields of the end products, this reaction goes with
much greater difficulty than the analogous reactions of unsaturated compounds with N,N-dichloroarylsulfon-~
amides [1-5].
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TABLE 1, Addition of N,N-Dichloro-p-chlorobenzenesulfon-
amide (I) to Vinylidene Chloride

P-CLCeHSONCls+CHy=Ccly, 2 0L o, 0100H,50,N(Cl)CHaCCL
M an

:Catalyst Reaction | Yieldofad~ |Amount of
Expt, No. [ Mediu .. duct (ID), % |isolated un~
P | (initiator) time, h  |of theory {reacted (I), %
i Air None 4,0 52 39
2 " SnCl, 2,0 74 15
3 Niirogen | None 3,5 8 89
4 " [CsH ,CO0—], 2,0 75 15

TABLE 2, Addition of N-Chloro-N-2,2,2-trichloroethyl-p-chloroben-
zenesulfonamide (II) to Unsaturated Compounds

s ‘ .| vield of | Amount

Expt, Unsaturated Formed Initiator, T, °C Reaction adduct, % of isolated
’ : 3 f0,

No., compound adduct medium time, h unreacted

" {theory | (ID), %

1 | CH,=CH, av)  |[CHC00-1 | 95| 3,0 2 20
2 | CJH,CH=CH, V) Al 55 | 4.0 0 93
3 | CH,CH=CH, (v)  Nitrogen 55| 1.5 27 60
4 | GH,~CHCH,Cl | (V) |Afr 9% | 3.0 10 75

[[€H ,cO0—],

TABLE 3, Melting Points and Elemental Analysis of Obtained Com-
pounds

_Found g
- 1l :
Com Mp, °C Calculated Empirical formula
pound C H Ccl
118 27,03 1,79 49,84 .
() |{(from CHCly) 3,85 1,89 040 |CsHOLNO,S
179 29,34 2,02 44,05
(1) i(from CHCly) 36,41 2,16 Z,00 |CaHsClLNOS
106 31,41 2,61 45,02
(IV)  l(from CCl~ CyHye) 31,30 556 563 |CuHuClNO,3
01 41,36 3,10 37,80
V) |(rom CHCCl—~CiHy)|  4T,20 3,08 57,9 | CuHuCLNO,S
102 30,60 2,45 49,27
VD ltom cHCl—Cp,) | 30,50 2,5 ®03 |CulluClLNOS

TABLE 4, Chemical Shifts of 13C (ppm) with Suppression of
the C—H Interaction

ScH,
Compound bcel, ScH,
1 2 3
CCl;—CHj 94,9 44,9
1
CClz—CH;—CH3 100,8 10,8 48,5
1 2
CCls—CH,—CH,CH3 99,6 12,5 56,8 | 19,6
1 2 3
CClz—CH;z-—CH3—CH;—CHs 99,8 13,4 54,4 21,3 ]30,4
(28
CCla—’\——/\4 % 97,4
CCls—CH=CH, T 93,7 115,1

*8¢1143.8; §G2 and §¢3 121.1 and 128,0 (an accizate assignment is lacking),
8¢t 229,9 ppm.
Y8cy 140,3 ppm,
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The melting points of compounds (II)-(VI) and the ele-
mental analysis results are given in Table 3, In the IR spectra
of compounds (II)-(VI) the SO, group was identified by the fre-
quencies at 1340 and 1170 cm™!, The presence of an NH group
in compound (III) was identified by the frequency at 3260 cm™!,

g o IR which is absent in the IR spectra of (II) and (IV)-(VI).
(=5 (=]
s 0 The structure of compounds (II), (V), and (VI) was proved
T e g g & by the 1H and 13C NMR method, A single signal (in the 95.8-
g - - = é’ 97,9 ppm region) was detected in the !3C NMR spectrum of each
. . compound, which corresponds to a carbon nucleus that is not at-
a3l & = 8 3 £ tached to protons ("key" atom), The shape of the signal and its
E‘“ = position in the spectrum can correspond only to the CCl, group
z =S & & = in the C~CClyfragment, since the chemical shift of the CCl,
o Tl ow 5 group is practically independent of the nature of the S-sub-
“I.l= g = g‘ stituent in compounds of type CCl;—R (Table 4),
* R In compound (V) the values of the Jy3n_15y constants (Table
g - = 5) make it possible to choose between the fragments CICH,CH
g & I % c : (Ph)fr— and Ph|CHCH21}I—— in favor of the latter, since the CHdou-
w |% = l
SHEE 2 o 3 cl
< |z B 8 F blet has a higher constant (153) than the CH, triplet (144), which
o . 2 = g is in agreement with the presence of a chlorine on the methine
E © < e carbon atom (CH-Cl), For the other structure the constant of
o 5 g the CH,Cl triplet should be higher than the constants of the
s é 2 8 8 PhCHN doublet [7]. In the !H NMR spectrum of compounds (V)
g E and (VI) the CH,CCl, group corresponds to an AB quartet, The
= g o s m 0 most probable explanation of this consists in a quite slow in-
X 8 B © version of the nitrogen atom, as a result of which the CH, pro-
r - E tons prove to be diastereotopic; the heating of a saturated solu-
§ g & 3B g tion of compound (V) in C¢H;Cl from 50 up to 130° led to a de-
a A o crease of the internal shift between the methylene protons from
i ¥ © s A 35 to 28 Hz, The single signal of the analogous group in com-
E ke ] 5 g i pound (II) does not contradict the retarded inversion of the ni-
g |2 = EE; trogen, since an averaging of the diastereotopic protons can
e lg] » S5 ; 9 occur due to the exchange of the chlorine atoms attached to the
- - § = E nitrogen, In view of the absence of alternate structures, the
g = 8 = §~'§ structure of compound (IV) does not evoke any doubts,
& ®  E8FE
2z z88 EXPERIMENTAL METHOD
%F: é EE The NMR spectra were taken on a Hitachi- Perkin—Elmer
= g z R-20 instrument, while the 1¥C NMR spectra were taken on a
2 -~ 97 2 Bruker —Physik HX-90 instrument, The spectra of all of the
g E s T 84 o compounds were taken in chlorobenzene (as 15% solutions),
G ;;i S § g : 8= using TMS ag the internal standard, The chemical shifts are
o 8 g E g g_; %"f g given on the & scale (see Table 5),
E—l § ; %—8" § I: §E3 After drying and distillation, the purity of the unsaturated
o £E3 ;1‘5 é’ g 5 compounds was verified by GLC, The N,N-dichloro-p~chloro-
: E~3 E”U g P benzenesulfonamide (I) was subjected to additional recrystalliza-

tion, after which its melting point agreed with the literature data,

N-Chloro-N-2,2 2-trichloroethyl-p-chlorobenzenesulfon-
amide (II), To a mixture of 26.0 g of (I) in 60 ml of chloroben-
zene and 1,2 g of benzoyl peroxide was added 9,6 g of vinylidene
chloride (see Table 1, experiment 4), The reaction mixture was
cooled to give 27.2 g of adduct (II).
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N-2,2,2-Trichloroethyl-N-2'-chloroethyl-p-chlorobenzenesulfonamide (IV), Into a 250 ml stainless
steel autoclave were charged 17.8 g of adduct (II), 0.6 g of benzoyl chloride and 25 ml of CCl,, and then
ethylene was added up to a pressure of 25 atm (see Table 2, experiment 1}, The reaction mixture on cooling
deposited 4,5 g of unreacted (II). The CCl, was removed from the filrate under reduced pressure, and the
residue was recrystallized from a 1: 1 CCl,~heptane mixture, The insoluble syrupy mass (~10 g) was sep-
arated from the soluble portion by decantation, We obtained 4.8 g of (IV) from the solution,

N-2,2,2-Trichloroethyl-N-2'-chloro-2' -phenethyl-p-chlorobenzenesulfonamide (V). After cooling the
reaction mixture, obtained from 14,3 g of adduct (II), 4.2 g of styrene and 50 ml of C,H;Cl (see Table 2, ex-
periment 8), we separated 8,8 g of unreacted (II), A part of the chlorobenzene (~30%) was vacuum-distilled.
The residual portion was passed through a column filled with Al,O,, followed by elution with a 1:1 CHCI,
—CqH,, mixture, From the eluate we isolated 8.8 g of pure (based on the TLC) (V).

N-2,2,2-Trichloroethyl-N-2' 3!-dichloropropyl-p-chlorobenzenesulfonamide (VI), From 14,3 g of ad-
duct (II), 0.48 g of benzoyl peroxide and 3,1 g of allyl chloride in 50 ml of CH;Cl (see Table 2, experiment 4)
were obtained 8,8 g of unreacted (II) and 6.8 g of (VI). Both the workup and the isolation of the products
were carrisd out as described in the preceding experiment,

The authors express their gratitude to L, A, Fedorov for taking part in a discussion of the obtained
results,

CONCLUSIONS

1, N-Chloro-N-2,2,2-trichloroethyl-p-chlorobenzenesulfonamide (II) was obtained by the addition of
N,N-dichloro-p-chlorobenzenesulfonamide to vinylidene chloride, The reaction is accelerated by the addi-
tion of either benzoyl peroxide (radical addition) or SnCl, (ionic addition).

2, Adduct (II) reacts with ethylene, styrene and allyl chloride under radical addition conditions to
give the compounds RCHCICH,N(CH,CCl1,)80,CH,Cl-p.

3. The data of the NMR spectra indicate that the obtained compounds are apparently characterized
by a slow inversion of the nitrogen atom,
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