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Abstract—N-(Polychloroethylidene)arene- and -trifluoromethanesulfonamides reacted with indole and N-sub-
stituted indoles to give the corresponding N-[2,2-dichloro(or 2,2,2-trichloro)-1-(1H-indol-3-yl)ethyl]-substitut-
ed sulfonamides. Unlike N-(2,2,2-trichloroethylidene)trifluoromethanesulfonamide, less electrophilic N-(poly-
chloroethylidene)arenesulfonamides failed to react with 1-(4-nitrophenyl)-1H-indole. Previously unknown
N,N'-bis(2,2-dichloroethylidene)biphenyl-4,4'-disulfonamide reacted with 1-benzyl-1H-indole at both azo-
methine fragments. Likewise, reactions of 1,6-bis(1H-indol-1-yl)hexane and 1,4-bis(1H-indol-1-ylmethyl)-
benzene with N-sulfonyl trichloroacetaldehyde imines involved both indole rings in the former.

DOI: 10.1134/S1070428008010107

We previously showed [1] that indole and 1- and
2-methylindoles readily react with N-(2,2,2-trichloro-
ethylidene)arenesulfonamides in the absence of a cata-
lyst to give the corresponding N-[2,2,2-trichloro-1-
(1H-indol-3-yl)ethyl]arenesulfonamides. These com-
pounds attract interest due to unique combination in
their molecules of an indole fragment and sulfonyl-
amino and trichloromethyl groups which are respon-
sible for their biological activity and ability to undergo
further transformations. For example, amidotrichloro-
ethyl-substituted indoles were used to synthesize bio-
logically active N-substituted a-indolylglycines, i.e.,
heteroauxin derivatives modified with a sulfonylamino
group [2]. Development of new procedures for the
introduction of aminopolyhaloethyl substituents into
indole and substituted indole molecules could provide
convenient synthetic approaches to new amidoalkyl-
substituted indoles as precursors of amino acids con-
taining an indole ring, aminocarbonyl compounds, and
heterocyclic systems; therefore, the importance of
studies in this line is beyond doubt.

The present works continues our studies on the
amidoalkylating activity of Schiff bases activated by
strong electron-withdrawing substituents. We exam-
ined reactions of a series of N-sulfonyl polychloro-
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acetaldehyde imines with indoles and some N-substi-
tuted indoles. Schiff bases Ila—Ile were synthesized by
reactions of N,N-dichloroarene- and trifluoromethane-
sulfonamides Ia—Ic with trichloroethylene, 1,2-di-
chloroethylene, or phenylacetylene as shown in
Scheme 1 [3-6]. Advantages of these procedures were
demonstrated previously [7]. They include experi-
mental simplicity, high yields of the target products,
and the use of low-expensive and accessible reagents.

Scheme 1.
CICH=CXCI
————— > RSO,N=CHCXCl,
~Che a1l
a—lic
RSO,NCI,
la-Ic PhC=CH
L = RSO,N=CHCCl,Ph
Iid, lle

Ta, IIa, Ilc, R = CF; Ib, TIb, 11d, R = 4-CICHy;
Ic, Ile, R = Ph; Ila, IIb, X = Cl; II¢, X = H.

Previously unknown N,N'-bis(2,2-dichloroethyli-
dene)biphenyl-4,4'-disulfonamide (IIf) was obtained
from N,N,N',N'-tetrachlorobiphenyl-4,4'-disulfonamide
(Id) [8] and 1,2-dichloroethylene (Scheme 2) by heat-
ing the reactants [molar ratio 1:(20-30)] at the boiling
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Scheme 2.

CICH=CHCI

C|2N802802NC|2

Id

point over a period of 8 h. Unlike previously studied
reactions of N,N-dichloroarenesulfonamides with
1,2-dichloroethylene, which resulted in the formation
of mixtures of di- and trichloroethyl derivatives [9],
the reaction of compound Id with 1,2-dichloroethylene
selectively afforded N,N'-bis(2,2-dichloroethylidene)-
substituted derivative IIf. A probable reason is lower
reactivity of tetrachloro amide Id in the chlorination of
1,2-dichloroethene to trichloroethene; as a result, no
sulfonamide and trichloroethylidene derivatives are
formed as by-products.

Substituted indoles IIla—IIlc were prepared accord-
ing to the procedure reported in [10] for the synthesis
of 1-methyl-1H-indole, by alkylation of indole (Ille)
with butyl bromide, allyl bromide, and benzyl chloride,
respectively, in DMSO in the presence of alkali
(Scheme 3). Considerable reduction of the amounts of
solvent (by a factor of 2 to 3) and alkali (by a factor of
1.5) allowed us to increase the yield of substituted
indoles IIla—IIlc by 10-15%. 1-(4-Nitrophenyl)-1H-
indole (II1d), 1,6-bis(1H-indol-1-yl)hexane (IIIf), and
1,4-bis(1H-indol-1-ylmethyl)benzene (I1Ig) were syn-
thesized in a similar way, by alkylation of unsubsti-
tuted indole (Ille) with 4-fluoronitrobenzene, 1,6-di-
chlorohexane, and 1,4-bis(chloromethyl)benzene, re-
spectively. The yields of IIla—11Ig were 85-95%.

Scheme 3.
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Y = Bu (a), CH,=CHCH, (b), PhCH, (c), 4-0,NCoH (d):
Z = (CHy)s (f), p-CH,CsH4CH, (g).

Schiff bases Ila—Ilc and IIf can be brought into
reaction with indoles without isolation from the
reaction mixture, which considerably simplifies the
experimental procedure. The reactions of Ila—Ile with

—_—
—Cly, =C,H,Cly

C|20HCH:NSOZSOZN:CHCHC|2

IIf

indoles IITa—Ille required neither catalyst nor elevated
temperature and were accompanied by heat evolution.
As a result, the corresponding C-amidoalkylation prod-
ucts, 3-substituted indoles IV-VIII, were formed in
50-97% yield (Scheme 4).

Scheme 4.
A\
RSO,N=CHCXCl, +
N
\
Y
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CILXC
NHSO,R
1t024h AN
B —————_
N
\
Y

IVa-IVe, Va-Vc, VI,
Vlla, Vlib, Vlila, Vliib

Ia, IVa-IVg, X = CL, R = CF;; IIb, Va-Ve, X = Cl, R =

4-CIC4Hy; e, VI, X = H, R = CF5; 1Id, VIIa, VIIb, X = Ph,

R = 4-CIC4Hy; e, VIIIa, VIIIb, X = R = Ph; IIla, IVa, Va,

Y = Bu; ITIb, IVb, Vb, Y = CH,=CHCH,; Ill¢, IVe, Ve, VI,

VIIb, VIIIb, Y = PhCH,; IIId, IVd, Y = 4-O,NC¢H,; Ille,
Ve, VIIa, VIIIa, Y = H.

According to our previous data [4, 11], N-(2,2,2-tri-
chloroethylidene)trifluoromethanesulfonamide (Ila) is
more reactive than analogous N-substituted arenesul-
fonamides toward nucleophiles, as well as in C-amido-
alkylation of arenes and hetarenes. Our present results
also showed higher reactivity of compound Ila as
compared to arenesulfonamides. For instance, 4-chloro-
N-(2,2,2-trichloroethylidene)benzenesulfonamide (IIb)
failed to react with 1-(4-nitrophenyl)-1H-indole (I11d)
even on prolonged heating in the presence of a catalyst
(oleum, BF5-OEt,). Obviously, the C=N carbon atom
in IIb is less electrophilic than that in Ila. The pres-
ence of a powerful electron-withdrawing trifluoro-
methylsulfonyl group activates Schiff base Ila so
strongly that its reaction with unsubstituted indole
(Ille) is accompanied by heat evolution and tarring,
which cannot be avoided even by cooling and dilution
of the reaction mixture. As a result, the yield of sub-
stituted indole I'Ve considerably decreases, and its iso-
lation from the reaction mixture is complicated. Less
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Scheme 5.

ﬁ
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active N-(2,2,2-trichloroethylidene)arenesulfonamides
reacted with unsubstituted indole to give about 40%
of the corresponding C-amidoalkylation products, in
keeping with our previous data [1]. Further decrease in
electrophilicity of the azomethine fragment is observed
in going to N-(2,2-dichloro-2-phenylethylidene)arene-
sulfonamides IId and Ile. No appreciable heat evolu-
tion was observed in the reactions of IId and Ile with
indole (Ille), the process was not accompanied by
tarring, and the yields of VIIa and VIIla attained 95%.

Thus the yields of amidoalkylated indole deriva-
tives decrease as the electrophilicity of the CH=N car-
bon atom in Schiff bases II increases, presumably as
a result of strong tarring. On the other hand, introduc-
tion of a substituent into position / of the indole ring
ensures selective C-amidoalkylation with Schiff bases
possessing different electrophilicities and good yields
of the target products. N,N'-Bis(2,2-dichloroethyli-
dene)biphenyl-4,4'-disulfonamide (IIf) reacted with
1-benzyl-1H-indole (Illc¢) at a molar ratio of 1:2.2,
both CH=N groups in the former being involved
(Scheme 5). In this case, reduced electrophilicity of the
CHCI,CH=N fragment as compared to CCl;CH=N
does not hamper alkylation of N-benzylindole.

While developing procedures for the synthesis of
polyfunctional derivatives of hitherto unknown linear-
ly bridged bis-indoles, we examined reactions of bis-
indoles IIIf and IlIg with N-(2,2,2-trichloroethyli-
dene)sulfonamides Ila and IIb. These reactions were
complete in 2—4 h at room temperature and were
accompanied by slight heat evolution, and the products

were compounds Xa, Xb, Xla, and XIb resulting from
C-amidoalkylation at both indole rings.

The structure of compounds IV-XI was proved by
spectral data and elemental analyses (see Experi-
mental). The '"H NMR spectra of indole derivatives
IV—XI lacked signal from proton in the 3-position
(6 6.7 ppm in the spectra of initial indoles Illa—Ille).
The NHCHCCLX fragment in trichloroethyl deriva-
tives IVa—IVe, Va—V¢, Xa, Xb, and XIb and dichloro-
(phenyl)ethyl derivatives VII and VIII gives rise to
two doublets with a coupling constant 3 Jun of 9.5—
10.3 Hz; N-(2,2-dichloroethyl) amides VI-IX dis-
played two doublets from the NH and CCIl,H protons
and a doublet of doublets from the NCH proton, in
keeping with published data for structurally related
N-polychloroethyl sulfonamides [3—6]. Protons in the
NH groups are exchangeable with deuterium on pro-
longed storage of solutions in deuterated solvents.
Aromatic protons resonate as a multiplet in the region
0 6.9-7.8 ppm, and the signal intensity ratio is consist-
ent with the assumed structures.

In the '"H NMR spectra of N-benzylindole deriva-
tives IVe, Ve, VI, VIIb, and VIIIb and bis-indoles
XIa and XIb, signals from diastereotopic protons in
the benzylic CH, group appear as an 4B spin system.
Magnetic nonequivalence of these protons originates
from the absence of a mirror symmetry plane and the
presence of asymmetric centers in the side chain [12].
Figure 1 shows some fragments of the 'H NMR spec-
tra of N-benzylindole derivatives. It should be noted
that the distances between the signals from diastereo-
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2Jun=16.1 Hz A8 =~ 0-0.01 ppm
Ad = 0.054 ppm
IVe Ve

Ha Hs

‘()\\ ‘('L\

oH it

2= 16.4 Hz 2 =15.9 Hz

A3 =0.01 ppm Ad =0.056 ppm
VI VIIb

Fig. 1. Fragments of the '"H NMR spectra of substituted N-benzylindoles IVe, Ve, VI, and VIIb in DMSO-d; in the resonance

regions corresponding to the NCH, and NHCH protons.

topic CH, protons (Ad) in compounds IVe, Ve, VI, and
VIIb differ considerably due to different steric struc-
tures of substituents responsible for the formation of
diastereoisomer pairs.

Even more interesting pattern was observed in the
'"H NMR spectrum of bis-indole XIa (Fig. 2). Two
benzylic CH; groups in the chemically equivalent frag-
ments of molecule XIa are characterized by different
'H chemical shifts. Moreover, the difference in the
resonance frequencies of the methylene protons de-
pends on the solvent. In CDCI; two symmetric NHCH
fragments give rise to two doublets from the CH
protons and two doublets from the NH protons, while
in DMSO-d, the same protons resonate as singlets as
a result of exchange processes. We believe that the ob-
served nonequivalence of protons in the two methylene
groups of bis-indole XIa in DMSO-ds and CDCl,
(Fig. 2) originates from formation of intra- or inter-
molecular hydrogen bonds. It should be noted that the
appearance of the methylene proton signals in the
'H NMR spectra of compound VIIb does not depend
on the solvent nature to an appreciable extent; the
difference in the chemical shifts of the CH, protons is
0.056 ppm in DMSO-dg and 0.052 ppm in CDCl; (cf.
Ad = 0.2 ppm for bis-indole XIa; Fig. 2).

(a)
“Jun =16.4 Hz 2 = 16.4 Hz
AS =0.032 ppm Ad'=0.030 ppm

Temperature effects in the 'H NMR spectrum of
bis-indole XIa in DMSO-d; are also interesting. Rais-
ing the temperature to 100°C leads to coalescence of
the methylene proton signals to give a singlet typical
of an A4, spin system. In contrast, the difference in
the chemical shifts of the methylene protons in the
'H NMR spectrum of VIIb increases from 0.056 ppm
at 25°C to 0.065 ppm at 100°C. The 'H NMR spectra
of N-alkyl (IVa, Va) and N-allyl derivatives (IVb, Vb)
in the NCH, resonance region conform to 48X, and
ABX spin systems, respectively.

To conclude, we have studied how the structure
of N-(polychloroethyl) sulfonamides affects their
C-amidoalkylating activity toward indole and its
N-substituted derivatives. We have developed con-
venient preparative procedures for the synthesis of
3-(2-polychloro-1-sulfonylaminoethyl)-substituted
indoles and bridged 1,6-bis(1H-indol-1-yl)hexane and
1,4-bis(1H-indol-1-ylmethyl)benzene, as well as of the
C-amidoalkylation product of 1-benzyl-1H-indole with
newly synthesized bis-imine, N,N'-bis(2,2-dichloro-
ethylidene)biphenyl-4,4'-bis(sulfonamide). The com-
pounds obtained in the present work attract interest as
potential biologically active substances and substrates
for further transformations.

2 =16.1 Hz
A8’ = 0.040 ppm

2Jun=15.7 Hz
AS =0.196 ppm

Fig. 2. Fragments of the '"H NMR spectra of 1,6-bis[3-(2,2,2-trichloro-1-trifluoromethylsulfonylaminoethyl)-1 H-indol-1-yl]hexane
(Xa) in the resonance regions corresponding to the NCH, and NHCH protons, recorded in (a) DMSO-ds and (b) CDCls.
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EXPERIMENTAL

The IR spectrum was recorded in KBr on a Specord
75IR spectrometer. The "H and >C NMR spectra were
obtained on a Bruker DPX-400 spectrometer at 400.13
and 101.61 MHz, respectively, from solutions in chloro-
form-d or DMSO-ds. The chemical shifts were meas-
ured relative to tetramethylsilane with an accuracy of
0.01 ppm, and the coupling constants (Jyy and Jcr)
were determined with an accuracy of 0.1 Hz.

Initial Schiff bases Ila [4], IIb [3], IIc [5], IId, and
Ile [6] were synthesized by known methods.

N,N'-Bis(2,2-dichloroethylidene)biphenyl-4,4'-
bis(sulfonamide) (IIf). A solution of 4.5 g (0.01 mol)
of tetrachloroamide Id in 20 ml of 1,2-dichloro-
ethylene was heated under reflux in a continuous
stream of argon until chlorine no longer evolved
(7-9 h). The mixture was kept for 24 h at 0°C, and the
precipitate was separated by decanting, washed with
carbon tetrachloride, and dried over P,Os under re-
duced pressure. Yield 4.81 g (96%), mp 157-159°C.
IR spectrum, v, cm ' 1150, 1340 (S0O,); 3100
(C—Harom); 1640 (C=N). 'H NMR spectrum (CDCl;), 3,
ppm: 6.12 d (2H, CHCl,, *Jyy = 6.8 Hz), 7.79 d and
8.05 d (8H, Hyom, AA'BB’ system), 8.40 d (2H, N=CH,
3Jun = 6.8 Hz). °C NMR spectrum, 8¢, ppm: 66.91
(CHCl,); 128.49, 129.30, 139.15, 145.12 (Curom);
165.84 (N=CH). Found, %: C 38.59; H 2.36; Cl 27.65;
N 542, S 12.43. C16H12C14N204SZ. Calculated, %:
C38.17; H2.41; C128.24; N 5.58; S 12.77.

General procedure for the synthesis of 1-substi-
tuted indoles. Indole (Ille), 11.71 g (0.1 mol), was
added to a solution of 12 g (0.3 mol) of sodium
hydroxide in 50 ml of DMSO, the mixture was stirred
for 15-20 min and cooled to 10-15°C, and the corre-
sponding alkylating agent [0.05 mol of 1,6-dichloro-
hexane, 0.05 mol of 1,4-bis(chloromethyl)benzene, or
0.1 mol of 4-fluoronitrobenzene], was slowly added
dropwise (in portions). The mixture was stirred for 3 h
at room temperature and poured into 200 ml of ice-
cold water, and the precipitate was filtered off, washed
with water, dried, washed with diethyl ether, and dried
again.

1-(4-Nitrophenyl)-1H-indole (II1d). Yield 22.3 g
(93%), mp 127-129°C. "HNMR spectrum (DMSO-dp),
o, ppm: 6.78 s (1H, 3-H), 7.18 t (1H, 5-H), 7.26 t (1H,
6-H), 7.66-7.75 m (3H, 3-H, 4-H, 7-H), 7.85 d and
8.39 d (4H, C¢H,4, AA'BB’ system). °C NMR spectrum,
dc, ppm: 106.35, 111.22, 121.89, 121.94, 123.71,

123.96, 125.92, 128.29, 130.87, 135.70, 145.49, 145.57.
Found, %: C 70.27; H 4.20; N 11.81. C4H;oN,0,. Cal-
culated, %: C 70.58; H 4.23; N 11.76.

1,6-Bis(1H-indol-1-yl)hexane (IIIf). Yield 14.5 g
(92%), mp 82-85°C. 'H NMR spectrum (CDCls), 8,
ppm: 1.30 br.s (4H, CH,), 1.76 m (4H, CH,), 4.12 t
(4H, NCH,), 6.42 s (2H, 3-H), 7.01 t (2H, 5-H), 7.12 t
(2H, 6-H), 7.19 s (2H, 2-H), 7.37 d (2H, 4-H), 7.55 d
(2H, 7-H). *C NMR spectrum, 8¢, ppm: 26.69, 30.45,
46.16, 101.06, 109.97, 119.37, 121.08, 121.51, 128.51,
129.30, 136.63. Found, %: C 83.22; H 7.68; N 8.72.
CyHyuN,. Calculated, %: C 83.50; H 7.64; N 8.85.

1,4-Bis(1H-indol-1-ylmethyl)benzene (IIIg).
Yield 15.2 g (90%), mp 140—143°C. "H NMR spec-
trum (DMSO-dg), o, ppm: 5.17 s (4H, CH,), 6.48 d
(2H, 3-H), 6.93 s (4H, C¢Hy4), 7.00-7.18 m (8H, 2-H,
4-H, 5-H, 6-H), 7.58 d (2H, 7-H). >C NMR spectrum,
dc, ppm: 48.83 (CH,), 101.05, 110.13, 119.14, 120.52,
121.22,127.22, 128.36, 129.07, 135.77, 137.44. Found,
%: C 85.75; H 5.92; N 8.26. C,4H,oN». Calculated, %:
C 85.68; H5.99; N 8.33.

General procedure for the C-amidoalkylation of
indoles. A solution of 0.01 mol of indole IIla—IIld or
0.005 mol of bis-indole IIIf or IIIg in 3—4 ml of
anhydrous carbon tetrachloride was added in portions
(insoluble indoles were added in portions as solids) to
a reaction mixture containing 0.01 mol of Schiff base
Ia, IIb, or Ilc. After 6 h, the precipitate was filtered
off, washed on a filter with cold hexane, and dried
under reduced pressure.

N-[1-(1-Butyl-1H-indol-3-yl)-2,2,2-trichloro-
ethyl|trifluoromethanesulfonamide (IVa) was ob-
tained from compound Ila and 1.73 g of N-butyl-
indole. Yield 3.84 g (85%), mp 144-146°C. '"H NMR
spectrum (CDCl5), 8§, ppm: 0.92 t (3H, CHs, *Jyy =
7.5 Hz), 1.28 m (2H, CH,), 1.81 m (2H, CH,), 4.13 d.t
(2H, CH,, *Jyy = 7.0, 2y = 2.9 Hz), 5.57 d (1H, CH,
*Jun = 10.1 Hz), 6.17 d (1H, NH, *Jyy = 10.1 Hz),
7.15 t (1H, 5-H), 7.22 t (1H, 6-H), 7.28 s (1H, 2-H),
7.31 d (1H, 7-H), 7.66 d (1H, 4-H). *C NMR spec-
trum, 8¢, ppm: 13.62 (CH;), 19.93 (CH,), 32.02 (CH,),
46.49 (CH,), 66.66 (CH), 101.53 (CCl3), 107.96 (C%),
109.99 (C7), 119.03 (C*), 120.58 (C°), 122.50 (C°),
127.15 (C**), 127.43 (C?), 135.48 (C'), 114.41,
117.60, 120.79, 123.98 q (CF3, 'Jer = 320.8 Hz).
Found, %: C 39.59; H 3.54; C1 23.48; N 6.24; S 7.15.
C]5H16C13F3N2OZS. Calculated, %: C 3988, H 357,
C123.55; N 6.20; S 7.10.
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N-[1-(1-Allyl-1H-indol-3-yl)-2,2,2-trichloroethyl]-
trifluoromethanesulfonamide (IVb) was obtained
from Schiff base IIa and 1.57 g of N-allylindole. Yield
4.01 g (92%), mp 145°C. '"H NMR spectrum
(DMSO-dy), 8, ppm: 4.82 d (1H, CH,, *Jyy = 17.1 Hz),
4.88 d (1H, NCH,, *Juy = 4.4 Hz), 5.14 d (1H, CH=,
3Jun = 10.2 Hz), 5.57 s (1H, CHCCl3), 6.03 m (1H,
CH,=), 7.12 t (1H, 5-H), 7.18 t (1H, 5-H), 7.46 d (1H,
7-H), 7.75 m (2H, 2-H, 4-H), 11.03 br.s (1H, NH).
BC NMR spectrum, 8¢, ppm: 48.15 (NCH,), 65.97
(CHNH), 102.23 (CCls), 107.80 (C?), 110.47 (C"),
116.35 (=CHy,), 118.70 (C*), 120.15 (C°), 121.82 (C°),
127.16 (C*%), 129.46 (C?%), 134.10 (CH=), 135.10
(C™), 114.35, 117.55, 120.76, 123.96 q (CF;, 'Jor =
322.5 Hz). Found, %: C 38.46; H 2.75; Cl 24.32;
N 645, S 7.39. C14H12C13F3N2028. Calculated, %:
C 38.60; H 2.78; C124.41; N 6.43; S 7.36.

N-[1-(1-Benzyl-1H-indol-3-yl)-2,2,2-trichloro-
ethyl]trifluoromethanesulfonamide (IVc) was ob-
tained from Schiff base Ila and 2.07 g of N-benzyl-
indole. Yield 4.71 g (97%), mp 178-180°C. '"H NMR
spectrum (DMSO-dy), 8, ppm: 5.34 and 5.39 (1H each,
CH,, AB system, *Jyy = 16.1 Hz), 5.50 d (1H, CH,
3Jun = 9.5 Hz), 7.00-7.28 m (8H, C¢Hs, 7-H, 5-H,
6-H), 7.67 m (1H, 4-H), 7.77 s (1H, 2-H), 10.42 d (1H,
NH, *Juu = 9.5 Hz). *C NMR spectrum, 8¢, ppm:
49.92 (CH,), 66.00 (CHNH), 102.24 (CCl;), 108.64
(CY), 109.95 (C"), 118.63 (C*), 120.15 (C%), 121.96
(C%), 126.33, 127.42, 127.62 (C**), 128.50, 129.56
(C?), 135.17 (C™), 137.04, 114.41, 117.62, 120.82,
123.02 q (CFs, 'Jep = 322.2 Hz). Found, %: C 44.39;
Calculated, %: C 44.51; H 2.91; C1 21.90; N 5.77;
S 6.60.

N-{2,2,2-Trichloro-1-[1-(4-nitrophenyl)-1H-in-
dol-3-yl]ethyl}trifluoromethanesulfonamide (IVd)
was obtained from Schiff base Ila and 2.38 g of
N-(4-nitrophenyl)indole. Yield 4.91 g (95%), mp 155—
157°C. "H NMR spectrum (DMSO-dg), 5, ppm: 5.70 s
(1H, CHCCly), 7.27-7.35 m (2H, 5-H, 6-H), 7.75 d
(1H, 7-H), 7.98 d (1H, 4-H), 8.24 s (1H, 2-H), 7.88 and
8.47 (4H, C¢H4, AA'BB’ system), 11.12 br.s (1H, NH).
BC NMR spectrum, 8¢, ppm: 65.44 (CH), 101.53
(CCly), 110.98 (C%), 112.67 (C7), 118.32 (C*), 119.74
(C%), 122.08 (C%), 123.73, 125.73, 128.41 (C**), 128.80
(C?), 133.99 (C™), 143.76, 145.16, 114.30, 117.50,
120.70, 123.78 q (CFs, 'Jep = 322.2 Hz). Found, %:
C 39.37; H 2.15; CI 20.45; N 8.15; S 6.18.
C17H11C13F3N3O4S. Calculated, %: C 3952, H 215,
C120.58; N 8.13; S 6.20.

N-[2,2,2-Trichloro-1-(1H-indol-3-yl)ethyl|tri-
fluoromethanesulfonamide (IVe). A solution of
1.17 g of indole (IIle) in 5 ml of carbon tetrachloride
was added dropwise under stirring to a reaction mix-
ture containing Schiff base Ila, cooled to —5°C. The
mixture was allowed to warm up to room temperature,
and the solvent was evaporated under reduced pres-
sure. According to the NMR data, the residue, 4.00 g,
was a tarry mixture of products. 'H NMR spectrum
(CDCls), 8, ppm: 5.58 d (1H, CH, *Juyy = 9.5 Hz),
6.69 d (1H, NH, *Juy; = 9.5 Hz), 7.10-7.45 m (4H, 2-H,
5-H, 6-H, 7-H), 7.65 d (1H, 4-H), 8.38 s (1H, NH).
BC NMR spectrum, 8¢, ppm: 66.48 (CH), 101.27
(CCLy), 109.63 (CY), 111.61 (C7), 118.70 (C*), 120.86
(C%), 122.96 (C%, 124.26 (C?), 126.34 (C**), 135.14
(C™), 114.30, 117.49, 120.68, 123.89 q (CF3, 'Jcr =
321.4 Hz).

N-[1-(1-Butyl-1H-indol-3-yl)-2,2,2-trichloro-
ethyl]-4-chlorobenzenesulfonamide (Va) was synthe-
sized from Schiff base I1Ib and 1.73 g of N-butylindole.
Yield 4.24 g (86%), mp 186—188°C. "H NMR spec-
trum (DMSO-dg), 8, ppm: 0.87 t (3H, CHj, *Jyy =
7.3 Hz), 1.13 m (CH,), 1.56 m (CH,), 3.97 m (2H,
CH,), 5.33 s (1H, CH), 7.01 t (1H, 5-H), 7.09 t (1H,
6-H), 7.29 d (1H, 7-H), 7.41 s (1H, 2-H), 7.51 d (4-H),
6.97, 7.41 (4H, C4H,, AA'BB' system), 8.90 s (1H,
NH). *C NMR spectrum, 8¢, ppm: 14.02 (CHs), 19.80
(CH,), 32.09 (CH,), 45.73 (CH,), 65.91 (CH), 103.26
(CCl3), 108.03 (C%), 110.11 (C"), 118.85 (C*), 120.02
(C%), 121.81 (C%, 127.92 (C**), 129.22 (C?), 135.08
(C"™), 128.55, 137.28, 139.41 (C4H,). Found, %:
C 48.52; H 4.02; C1 28.47; N 5.69; S 6.44.
C,0H,oCI4N»0,S. Calculated, %: C 48.60; H 4.08;
C128.69; N 5.67; S 6.49.

N-[1-(1-Allyl-1H-indol-3-yl)-2,2,2-trichloro-
ethyl]-4-chlorobenzenesulfonamide (Vb) was ob-
tained from Schiff base IIb and 1.57 g of N-allyl-
indole. Yield 3.91 g (82%), mp 187-190°C. '"H NMR
spectrum (DMSO-ds), o, ppm: 4.64 d (2H, NCH,,
*Jun = 4.0 Hz), 4.79 d (1H, CH,, *Juyy = 17.1 Hz),
5.11 d (1H, CH=, *Jyy = 10.3 Hz), 5.34 s (1H,
CHCCls), 5.84 m (1H, CH,=), 7.02 t (1H, 5-H), 7.09 t
(1H, 6-H), 7.25 d (1H, 7-H), 7.43 s (1H, 2-H), 7.52 d
(1H, 4-H), 7.02 and 7.41 (4H, C4Hy, AA'BB’), 8.99 br.s
(1H, NH). C NMR spectrum, 3¢, ppm: 48.55 (NCH,),
65.87 (CHNH), 103.15 (CCls), 108.53 (C*), 110.37
(C"), 117.33 (=CH,), 118.91 (C*), 120.21 (C°), 121.97
(C%), 127.95 (C*), 128.55, 128.66, 129.32 (C?), 134.14
(CH=), 135.15 (C™), 137.36, 139.42. Found, %:
C 47.61; H 3.35; C1 29.48; N 5.88; S 6.62.
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C9H,CI41N,0O,S. Calculated, %: C 47.72; H 3.37;
C129.65; N 5.86; S 6.70.

N-[1-(1-Benzyl-1H-indol-3-yl)-2,2,2-trichloro-
ethyl]-4-chlorobenzenesulfonamide (Vc¢) was ob-
tained from Schiff base IIb and 2.07 g of N-benzyl-
indole. Yield 4.64 g (88%), mp 205-207°C. '"H NMR
spectrum (DMSO-dy), 6, ppm: 5.31 s (2H, CH,), 5.33 d
(1H, CH, *Jyy = 10.1 Hz), 6.80-7.44 m (12H, C¢Hs,
C¢H,, 7-H, 5-H, 6-H), 7.49 d (1H, 4-H), 7.69 s (1H,
2-H), 9.09 d (1H, NH, *Jyy = 10.1 Hz). ’C NMR
spectrum, oc, ppm: 49.94 (CH,), 65.83 (CH), 103.36
(CCl3), 108.93 (C*), 110.55 (C7), 119.00 (C*), 120.30
(C°), 122.17 (C%), 127.77, 128.10 (C**), 128.15,
128.68, 128.72, 129.17, 129.76 (C?), 135.12 (C"®),
137.43, 138.16, 139.42. Found, %: C 52.37; H 3.45;
C1 26.70; N 5.24; S 6.95. C3H,5C14N,0,S. Calculated,
%: C 52.29; H 3.43; C1 26.84; N 5.30; S 6.07.

N-[1-(1-Benzyl-1H-indol-3-yl)-2,2-dichloroethyl]-
trifluoromethanesulfonamide (VI) was obtained
from Schiff base Il¢ and 2.07 g of N-benzylindole.
Yield 3.52 g (78%), mp 124°C. 'H NMR spectrum
(DMSO-dg), 8, ppm: 5.29 br.s (1H, CH), 5.45 s (2H,
CH,), 6.54 d (1H, CHCl,, *Juy = 4.9 Hz), 7.03-7.34 m
(7H, C¢Hs, 5-H, 6-H), 7.44 d (1H, 7-H), 7.72 m (2H,
2-H, 4-H), 10.62 br.s (1H, NH). *C NMR spectrum, 3,
ppm: 49.30 (CH,), 59.18 (CH), 74.96 (CHCl,), 109.5
(CY), 110.54 (C7), 118.75 (C*), 119.79 (C?), 121.92
(C%), 126.03 (C**), 126.79, 127.46 (C?), 128.55,
128.85, 135.67, 137.82, 114.49, 117.69, 120.89,
124.10 q (CFs, 'Jep = 322.2 Hz). Found, %: C 47.64;
H 3.30; C1 15.58; N 6.18; S 7.71. C5H;5CL,F3N,0,S.
Calculated, %: C 47.91; H 3.35; C1 15.71; N 6.21;
S 7.10.

4-Chloro-N-[2,2-dichloro-1-(1H-indol-3-yl)-2-
phenylethyl]benzenesulfonamide (VIIa). A solution
of 3.62 g (0.01 mol) of Schiff base IId and 1.17 g
(0.01 mol) of indole (IIle) in 50 ml of anhydrous
carbon tetrachloride was stirred for 2 h. The precipitate
was filtered off and purified by reprecipitation from
aqueous ammonia. Yield 4.56 g (95%), mp 128-
130°C. "H NMR spectrum (DMSO-dg), 8, ppm: 5.39 d
(1H, CH, *Jyy = 10.3 Hz), 6.80 t (1H, 5-H), 6.93—
7.66 m (13H, C¢Hs, C¢Hs, 2-H, 4-H, 6-H, 7-H), 8.58 d
(1H, NH, *Jyy = 10.3 Hz), 10.89 br.s (1H, NH).
BC NMR spectrum, 8¢, ppm: 63.63 (CH), 96.97
(CCly), 110.10 (C%), 111.45 (C"), 118.34 (C*), 119.22
(C%), 121.27 (C®), 126.06-140.49 (Cyrom), 127.29 (C*),
129.58 (C?), 135.06 (C™). Found, %: C 54.89; H 3.52;
Cl 2192, N 576, S 6.59. C22H17C13N2028. Calculated,
%: C55.07; H3.57; C122.07; N 5.84; S 6.68.

N-[1-(1-Benzyl-1H-indol-3-yl)-2,2-dichloro-2-
phenylethyl]-4-chlorobenzenesulfonamide (VIIb).
A mixture of 3.62 g (0.001 mol) of Schiff base IId and
2.07 g (0.001 mol) of N-benzylindole in 40 ml of
anhydrous carbon tetrachloride was stirred for 2 h. The
precipitate was filtered off and recrystallized from
benzene. Yield 5.00 g (88%), mp 139-141°C. '"H NMR
spectrum (DMSO-dg), o, ppm: 5.20 (2H, CH,, 4B
system), 5.38 d (1H, CH, *Juy = 10.1 Hz), 6.79 t (1H,
5-H), 6.93 t (1H, 6-H), 7.06-7.65 m (14H, C4Hs,
Ce¢Hy), 7.18 d (1H, 7-H), 7.21 d (1H, 4-H), 7.34 s (1H,
2-H). C NMR spectrum, 8¢, ppm: 49.00 (CH,), 62.98
(CH), 96.24 (CCL,), 109.27 (C%), 109.53 (C7), 118.28
(Ch, 118.95 (C%), 121.01 (C%), 127.00~139.75 (Carom),
127.08 (C**), 129.03 (C?), 134.28 (C"). Found, %:
C 60.96; H 4.15; CI 18.35; N 4.73; S 5.52.
C,9H,3CI3N,0,S. Calculated, %: C 61.12; H 4.07;
Cl 18.66; N 4.92; S 5.63.

N-[2,2-Dichloro-1-(1H-indol-3-yl)-2-phenylethyl]-
benzenesulfonamide (VIIIa). A solution of 3.28 g
(0.01 mol) of Schiff base Ile and 1.17 g (0.01 mol) of
indole (IIle) in 40 ml of anhydrous carbon tetra-
chloride was stirred for 2 h. The precipitate was
filtered off and purified by reprecipitation from
aqueous ammonia. Yield 4.09 g (92%), mp 117-119°C.
'H NMR spectrum (DMSO-d;), 8, ppm: 5.42 d (1H,
CH, *Juy = 10.3 Hz), 6.72 t (1H, 5-H), 7.01-7.79 m
(14H, C¢Hs, 2-H, 4-H, 6-H, 7-H), 7.65 d (1H, NH,
*Jun = 10.1 Hz), 10.01 br.s (1H, NH). *C NMR spec-
trum, 8¢, ppm: 65.05 (CH), 95.48 (CCl,), 112.48 (C?),
113.85 (C7), 121.39 (C*), 121.98 (C°), 123.45 (C°),
126.31-145.89 (Curom), 126.99 (C**), 130.01 (C?),
134.87 (C7a). Found, %: C 59.75; H 4.18; Cl 15.37;
N 655, S 7.06. szH]gClzNzOzS. Calculated, %:
C 59.33; H4.07; C115.92; N 6.29; S 7.20.

N-[1-(1-Benzyl-1H-indol-3-yl)-2,2-dichloro-2-
phenylethyl|benzenesulfonamide (VIIIb). A mixture
of 3.28 g (0.01 mol) of Schiff base Ile and 2.07 g
(0.01 mol) of N-benzylindole in 50 ml of anhydrous
carbon tetrachloride was stirred for 2 h. The precipitate
was filtered off and recrystallized from benzene. Yield
4.55 g (85%), mp 130-132°C. 'H NMR spectrum
(DMSO-dg), 6, ppm: 5.18 (2H, CH,, AB system),
5.42 d (1H, CH, *Jyy = 10.0 Hz), 6.91 t (1H, 5-H),
6.99 t (1H, 6-H), 7.08-7.71 m (15H, C¢Hs), 7.21 d
(1H, 7-H), 7.23 d (1H, 4-H), 7.37 s (1H, 2-H).
C NMR spectrum, 8¢, ppm: 51.98 (CH,), 63.13 (CH),
95.15 (CCl,), 108.67 (C*), 110.18 (C7), 119.95 (C%),
120.02 (C?), 122.31 (C%), 126.18—144.12 (Carom),
127.55 (C**), 128.62 (C%), 135.48 (C™). Found,
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%: C 65.88; H 4.58; CI1 13.63; N 5.36; S 5.52.
C,9H»4C1,N,0,S. Calculated, %: C 65.05; H 4.52;
Cl113.24; N 5.23; S 5.99.

N,N'-Bis[1-(1-benzyl-1H-indol-3-yl)-2,2-dichloro-
ethyl]biphenyl-4,4'-bis(sulfonamide) (IX). N-Ben-
zylindole, 4.56 g (0.022 mol), was added in portions
under continuous stirring to the reaction mixture ob-
tained as described above from 4.50 g of tetrachloro
amide Id and 20 ml of 1,2-dichloroethylene (it con-
tained 0.01 mol of Schiff base IIf). The mixture was
stirred for 5 h, and the precipitate was filtered off,
washed with diethyl ether, and dried. Yield 6.42 g
(70%), mp 122—124°C. "H NMR spectrum (DMSO-d;),
8, ppm: 5.10 d.d (2H, CH, *Jyy = 4.4, 8.8 Hz), 5.22 s
(4H, NCH,), 6.43 d (2H, CHCL,, *Jiy; = 4.4 Hz), 6.84—
7.25 m (22H, C¢H,4, CHs, 5-H, 6-H), 7.40 d (2H, 7-H),
7.54 s (2H, 2-H), 7.58 d (2H, 4-H), 8.74 d (2H, NH,
Jun = 8.8 Hz). °C NMR spectrum, 8¢, ppm: 49.50
(NCH,), 57.30 (CHNH), 74.93 (CHCl,), 108.74 (C°),
109.19 (C%), 118.02 (C"), 119.05 (C°), 121.28 (C°),
126.05, 126.40, 126.52, 126.58, 127.09, 128.08,
128.13, 134.79 (C™), 136.63, 139.89, 141.88. Found,
%: C 60.32; H4.11; C1 15.48; N 6.03; S 7.11.
C4(,H38C14N404Sz. Calculated, %: C 6027, H 418,
Cl15.47; N 6.11; S 6.99.

1,6-Bis[3-(2,2,2-trichloro-1-trifluoromethylsul-
fonylaminoethyl)-1H-indol-1-yl|hexane (Xa) was
obtained from Schiff base Ila and 1.58 g of bis-indole
IIIf. Yield 3.66 g (84%), mp 186—189°C. '"H NMR
spectrum (DMSO-d), 6, ppm: 1.13 br.s (4H, CH,),
1.66 br.s (4H, CH,), 4.16 m (4H, CH,), 5.51 s (2H,
CHCCl;), 7.09 t (2H, 5-H), 7.15 t (2H, 6-H), 7.44 d
(2H, 7-H), 7.72 m (4H, 2-H, 4-H), 10.95 br.s (2H,
NH). *C NMR spectrum, 8¢, ppm: 25.46 (CH,), 29.22
(CH,), 45.64 (CH;), 65.98 (CH), 102.25 (CCl5),
107.17 (C%), 110.12 (C"), 118.64 (C*), 119.89 (C°),
121.55 (C®), 127.07 (C**), 129.31 (C?), 134.83 (C"™),
114.23, 117.44, 120.64, 123.85 q (CF3, 'Jep =
322.5 Hz). Found, %: C 38.48; H 3.02; Cl 24.18;
N 639, S 7.33. C23H26C15F5N404SZ. Calculated, %:
C 38.51; H 3.00; C124.36; N 6.42; S 7.34.

1,6-Bis{3-[2,2,2-trichloro-1-(4-chlorophenylsul-
fonylamino)ethyl]-1H-indol-1-yl}hexane (Xb) was
obtained from Schiff base IIb and 1.58 g of bis-indole
IIIf. Yield 4.12 g (86%), mp 182-185°C. '"H NMR
spectrum (DMSO-dy), o, ppm: 1.20 s (4H, CH,), 1.56 s
(4H, CH,), 3.96 s (4H, NCH,), 5.31 d (2H, CHCCI;),
7.00 t (2H, 5-H), 7.07 t (2H, 6-H), 7.26 d (2H, 7-H),
7.41 s (2H, 2-H), 7.50 d (2H, 4-H), 6.95 and 7.39 (8H,
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C¢Ha, AA'BB’ system), 8.97 s (2H, NH). *C NMR
spectrum, 6c, ppm: 26.26 (CH,), 30.04 (CH,), 46.08
(CH,), 66.07 (CH), 103.34 (CCls), 108.24 (C?), 110.18
(C"), 119.03 (C*, 120.17 (C°), 121.96 (C%), 128.02
(C*), 128.63, 128.69, 129.36 (C?), 135.17 (C"),
137.41, 139.47. Found, %: C 47.60; H 3.55; Cl 29.45;
N 578, S 6.64. C33H34C13N404Sz. Calculated, %:
C 47.62; H 3.58; C129.59; N 5.85; S 6.69.

1,4-Bis[3-(2,2,2-trichloro-1-trifluoromethylsul-
fonylaminoethyl)-1H-indol-1-ylmethyl]|benzene
(XIa) was obtained from Schiff base Ila and 1.68 g of
bis-indole IIIg. Yield 3.97 g (89%), mp 131-133°C.
'"H NMR spectrum (DMSO-d), o, ppm: 5.30 t (4H,
CH,), 5.55 s (2H, CHCCls), 6.97 s (4H, C¢Hy), 7.10 m
(4H, 5-H, 6-H), 7.38 m (2H, 7-H), 7.75 d (2H, 4-H),
7.87 s (2H, 2-H), 11.00 br.s (2H, NH). *C NMR spec-
trum, 8¢, ppm: 48.87 (CH,), 65.80 (CHCCls), 102.08
(CClLy), 107.84 (C%), 110.47 (C7), 118.66 (C*), 120.13
(C%), 121.80 (C%), 126.50, 127.21 (C**), 129.94 (C?),
134.89 (C"™), 136.98, 114.19, 117.40, 120.60, 123.80 q
(CFs, 'Jep = 322.7 Hz). Found, %: C 40.26; H 2.44;
Cl 2385, N 619, S 7.15. C30H22C16F6N404SQ. Calcu-
lated, %: C 40.33; H 2.48; C123.81; N 6.27; S 7.18.

1,4-Bis{3-[2,2,2-trichloro-1-(4-chlorophenylsul-
fonylamino)ethyl]-1H-indol-1-ylmethyl}benzene
(XIb) was obtained from Schiff base IIb and 1.68 g of
bis-indole IlIg. Yield 4.20 g (86%), mp 123°C.
'H NMR spectrum (DMSO-dy), 8, ppm: 5.23 s (4H,
CH,), 5.27 d (2H, CHCCls, *Jyy = 10.2 Hz), 6.84—
7.50 m (20H, C¢Hy4, 2-H, 7-H, 5-H, 6-H), 7.64 d (2H,
4-H), 9.05 d (2H, NH, *Jyy = 10.2 Hz). *C NMR spec-
trum, dc, ppm: 49.45 (CH,), 65.79 (CH), 103.32
(CCly), 108.93 (C?), 110.48 (C7), 119.06 (C*), 120.18
(C%), 122.03 (C%), 127.77, 127.95 (C**), 128.60,
128.66, 129.81 (C?), 135.10 (C™), 137.30, 137.50,
139.44. Found, %: C 49.15; H 3.12; C1 28.76; N 5.71;
S 6.49. C40H30C18N40482. Calculated, %: C 4910,
H 3.09; C128.99; N 5.73; S 6.55.
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