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Abstract—Arylation catalyzed by palladium complexes of substituted anilines obtained by modification of

2,4,6-trinitrotoluene makes possible preparation of various diaryl- and arylheterylamines in high yields.

This work was carried out in keeping with the
program on chemical conversion of an explosive,
2,4,6-trinitrotoluene (trotyl), aimed at transformation
the latter and the products of its primary modification
(in particular, of 1,3,5-trinitrobenzene) into available
chemical raw materias fit for versatile applications
[1-3]. The suggestion formerly advanced for solution
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The target of this study was investigation of the
possibility to arylate these anilines with various aryl
and hetaryl halides under conditions of catalysis with
metal complexes. According to PASS program [7] it
is forecasted that diaryl- and hetarylamines which
would be obtained should possess a wide range of
biological activity.

of this problem consisted in substitution of the nitro
group. Using reactions of nucleophilic substitution
and reduction of nitro groups procedures were
developed for preparation of functionalized aromatic
amines. Due to low basicity the latter do not react
with nonactivated aryl halides.
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Anilines are known to undergo arylation in
Pd-catalyzed reactions easier than aliphatic primary
amines [8-14]. However no systematic research was
carried out concerning arylation of substituted
anilines under catalysis, therefore it was difficult to
predict beforehand the result of reaction with anilines
obtained from 2,4,6-trinitrotoluene which contained
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sufficiently strong  electron-withdrawing groups
reducing the basicity.

REACTIONS OF ANILINES WITH ARYL
HALIDES

The most efficient and accessible ligand used in

anilines arylation was 2,2'-bis(diphenylphosphino)-
diphenyl ether (DPE-phos) [8]. therefore we started

Rl
R’ ‘@*NHZ + QC@Br
R3

I-v

847

investigating the reactions applying the system
Pd(OAc),/DPE-phos. Toluene was commonly used
as solvent save some cases where dioxane was applied
to increase the solubility of reagents or reaction
products. Preliminary experiments showed that
anilines in question are sensitive to the treatment with
t-BuONa, therefore we used as base Cs,CO;. Under
the chosen conditions anilines |-V were successfully
involved into N-arylation (Table 1).

Rl
R3

74-87%

I, R"= PhS, R°= H, R*= NO,; II, R' = p-CICH,S, R* = H, R = NO,; Ill, R* = PhS(0),, R°= H, R’ =
OMe; IV, R'= PhS(0),, R* = Me, R*= SBu-i; V, R'= F,CCH,0, R*= H, R°= NO,.

The reactions proceed fast , as a rule within 2 h,
yields of arylation products reach 74-87%.

With aniline VI containing 2-benzothiazolylthio
group the reaction was accompanied by strong tarring
(Table 1). After workup of the reaction mixtures
compounds VI11-1X were isolated in small amounts.
The substances were identified by mass spectrometry

and 'H NMR spectroscopy. The expected product of
aniline VI arylation was lacking.

It should be noted that this reaction occurred with
a cleavage of the Cpootiazoie=S bond, namely,
compound V1 attacked the arylpalladium complex not
by the amino group but by sulfur atom that resulted in
compound VII1 (main product) and probably in pallad-
ium complex XII.

Table 1. Arylation of anilines 1-V1 with p-bromobenzotrifluoride in toluene in the presence of

Pd(OAC),/DPE-phos®

. Yield . Yield
Anilines Reaction (conver- Anilines Reaction (conver-
time, h : time, h -
sion), % sion), %
NO, 3 87 oMe  SBud 2 78
O O
Il
0]
1 NH2 IV NH2
NO, NO
2 83(90) 2 55 76(79)
cl < > S FSCCHZOQ
11 NHz NH2
\%
OMe NO a
(|)| 2 74 S 2 6
W s
0 N
NH, NH
111 VI 2

& Reaction products are described in the text.
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The arylation of sulfur-containing compounds
catalyzed by palladium was described [15].

The formation of sulfides IX and X may be
ascribed to reaction of complex XI1 with anilines VI
and VIII. Product XI originates from the catalytic
N-arylation of aniline VIIlI with p-bromobenzotri-
fluoride.

Note that aniline VI does not react with the
p-bromobenzotrifluoride in the absence of catalyst.

The problem of anilines arylation with nonactivat-
ed aryl bromides turned out to be somewhat more
difficult (Table 2).

Thus the attempt to use DPE-phos in aniline |
arylation with bromobenzene failed (Table 2, run
no. 1). Within 9 h conversion was less than 10%. The

H,N S*YN
D
NO,

XII

reaction in the presence of modified DPE-phos,
2,2'-bis(diisopropylphosphino)diphenyl oxide,
(Table 2, run no. 2) was also unsuccessful: The con-
version attained within 30 h was only 22%. The best
result was obtained in reaction in the presence of

@Nﬁ Oy
@NHO

4= H, Me, OMe.

Br
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Table 2. Arylation of anilines with nonactivated aryl bromides

. . . Reaction | Yield
lill;n Anilines Aryl bromide Ligand time, h | (conver-
sion), %
NO
i 2 @Br DPE-phos 9 <10
s
. NH,
2 NO, i-Pr-DPE-phos 30 22(71
3 @Br Me,N-Dp-PCy, 6.5 66(76)
4 CIOS Xantphos 75 87
5 NH, MeoO Br Me,N-Dp-PCy, 3 81(94)
I
6 OMe @B Me,N-Dp-PCy, 6 68(81)
7 0 ! DPE-phos 15.5 68(81)
< >—S
8 O Me @Br Me,N-Dp-PCy, 10 90?
NH,
9 I MeO@Br Me,N-Dp-PCy, 2 89(95)
Me SBu-i
0]
10 Qg @Br Me,N-Dp-PCy, 6 82.6(96)
Il
0]
NH,
v
& In the presence of Pd,(dba); (1 mol%) and Me,N-DP-PCy, (1.5 mol%) in 3 h conversion was 25%.
(Me,N-DP-PCy,): 2-dicyclohexylphosphino-2'-di-  that of anilines | and Il. Actualy, aniline Il is

methylaminobiphenyl (66%,
no. 3).

Arylation of anilines |11 and IV in the presence of
ligand Me,N-DP-PCy, occurs amost quantitatively
within the same time (Table 2, runs nos. 6 and 10).

Presumably the higher products yield is due to the
higher basicity of anilines Il and IV compared to

G G 55

PPh, PPh, i-Pr,P i-Pr,P
DPE-phos

6.5 h) (Table 2, run

i-Pr-DPE-phos

Same as in the other catalyzed reactions p-bromo-
toluene is less reactive than bromobenzene (Table 2,

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol.

PBu2 -t

-Bu,-DP-phos

arylated with bromobenzene even in the presence of
DPE-phos (Table2, cf. run no. 7 and runs nos. 1 and
2). It should be noted that all arylation reactions at the
use of bromobenzene occurred with strong decelera-
tion during the course of the reaction; for instance, in
reaction of aniline Il with bromobenzene (Table 2,
run no. 3) aready in 0.5 h after the start of the run
the conversion was ~50%, and in 6.5 h it was 76%.

O

Xantphos

MeZN-DP-PCyZ

run no. 8). Curiously, but still more deactivated aryl
bromide, p-bromoanisole, turned out to be more
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reactive than bromobenzene or
(Table 2, runs nos. 5, 9).

The ligand effect is even more evident in arylation
of such low-basic aniline as 2,4-dinitroaniline. Even
in reaction with an activated substrate, p-benzotri-
fluoride, the system Pd(OAc),/Me,N-DP-PCy, was
not sufficiently effective. The conversion within 5 h
was 19%, and yield of the target product was there-
with 9%. The replacement of the solvent by dioxane
did not affect the reaction.

p-bromatoluene

In arylation of amines with strongly reduced
electron density on the nitrogen, e.g., amides, sulfon-
amides, and urea, was successfully applied such
phosphine as Xantphos [16, 17]. It was used in aryla-
tion with nonactivated aryl bromides of p- and
o-anisidines and m-toluidine [11, 13].

It turned out that Xantphos was an efficient ligand
for arylation of 2,4-dinitroaniline: A conversion of
95% was attained within 3 h, and the product was
isolated in 91% vyield.

HZNQNOZ + n-CF,C,H,Br

NO,
Pd(OAc),, Xantphos
Dioxane, 5 h, 100°C

O,N NHCH CF,n
O,N

Aniline Il was aso successfully arylated with
bromobenzene in the presence of Xantphos. The
reaction product was isolated in 87% yield (Table 2,
run no. 4).

ARYLATION OF ANILINES
WITH HETARYL HALIDES

The arylation with hetaryl halides was studied
mainly by an example of aniline 111 and to lesser
extent on anilines 1V and V (Tables 3, 4).

It turned out that the arylation of anilines Il and
IV in the presence of Me,N-DP-PCy, required a
long time, three and two days respectively (Table 3,
runs nos. 1 and 10). In contrast to reaction with
bromobenzene no significant deceleration in the
course of the process was observed, and athough the
reaction occurred slowly, the yields of products were
sufficiently high. Approximately the same pattern was
observed in reaction of aniline 111 in the presence of
a ligand t-BugP (Table 3, run no. 2). Still less
efficient was application of a ligand t-Bu,-DP-phos
(Table 3, run no. 3).

Rl
L
N
R3

mr 1v

Rl
R2 NH: (j
T
i > kN/
solvent R3

I, R* = PhS0), R2 = H, R® = MeO; IV,
R = PhS(0), R’ = Me, R® = SBu.

Pd/L

Base,

Low aniline arylation rates with 3-bromopyridine
are likely caused by its ability to saturate the pallad-
ium coordination sphere and/or by replacement of
phosphine in the complex.

As in the case of aryl bromides, Xantphos was the
most efficient ligand. For instance, in its presence the
reaction of amine 111 with 3-bromopyridine occurs in
2 h with conversion of 89% (Table 3, run no. 4). The
efficiency of Xantphos was aso demonstrated on
reaction of aniline 1l with 3-bromoquinoline
(Table 3, run no. 5). The process took 1.5 h, and the
product was isolated in a quantitative yield.

In anilines 111 and IV arylation with the more
reactive a-bromopyridine the ligand Me,N-DP-PCy,
also turned out to be sufficiently effective (Table 3,
runs nos. 6, 11), but the use of Xantphos provided
higher yield of the product (80%) and significantly
reduced the reaction time (Table 3, run no. 7).

The diarylamine was obtained in high yield from
aniline 11l and 4-bromopyridine hydrochloride;
therewith the yields in toluene and dioxane were
amost identical (Table 3, runs nos. 8, 9), but the
process in dioxane was more convenient because of
better solubility of reagents and products.

Rl
O ™
NH, -+ X
R3 s)
RZ

1IL V
Rl
Pd/L
NH k/’/ \)
Base, S
solvent RZ

Ill, R* = PhS(0),, R?= MeO; V, R' = F,CCH,0,
R® = NO, R’ = H, CHO.
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Table 3. Anilines arylation with pyridyl bromides and 3-bromoquinoline
Run ; Yield
no. Anilines Hetaryl bromide Ligand %;Z?%n (conver-
sion), %
] Bt Me,N-Dp-PCy, 72 63(66)
2 | 25 46.5(52)
3 N i-Pr-DPE-phos 24 (<20)
4 Xantphos 2 82(89)
x Br
5 OMe | Xantphos 15 97
(@ N
@H
0 X
6 - NH, | Me,N-Dp-PCy, 9 60(81)*
7 N/ Br Xantphos 4 80(96)
8 N ulor Xantphos 25° 89
9 Br—\ NH Xantphos 20° 86°
- B
10 Me SBu-i S f Me,N-Dp-PCy, 45 76(83)
I ~
O N
0]
NH, AN
11 IV | Me,N-Dp-PCy, 6 73(92)
N Br
4 0.015 mmol (3 mol%) of Pd(OAc), was used.
P Reaction time was not minimized for the moment of reaction completion was difficult to determine.
¢ Reaction in dioxane.
Table 4. Anilines arylation with thienyl halides
. Yield
Run Anilines Thiopheny! halides Ligand Reaction | (0 ver
no. time, h . a
’ sion), %
1 Br Me,N-Dp-PCy, 6h (40)
2 {/ \g t-Pr-DPE-phos 6h 29
3 o OMe S Xantphos 8h 53(65)
I
4 @S / Xantphos 11h 94
3 QBI p (94)
NH,
I /@\ .
2-m 90in
5 OHC S I Xantphos
6 NO, @ DPE-phos 15h 57(74)
7 F,CCH,0O OHC™ g7 71 Xantphos 1.5h 85(90)
Vv NH,

& The conversion was determined by GLC.
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We also studied anilines |11 and V arylation with
haloderivatives of thiophene: 2- and 3-bromothio-
phenes and 2-iodo-5-formylthiophene (Table 4).

The application of ligands Me,N-DP-PCy, and
t-Bu,-DP-phosin reaction of aniline 11 with 3-bromo-
thiophene as with 3-bromopyridine (Table 3, run
no. 1) was inefficient (Table 4, runs nos. 1 and 2);
according to GLC data within 6 h the conversion was
40 and 29% respectively. The yield of the product
considerably increased in the presence of Xantphos
(Table 4, run no. 3), although the effect of Xantphos
on this reaction was not so crucial as with 3-bromo-
pyridine (Table 3, run no. 4). The pattern of this
reaction reminds that of the process with bromo-
benzene: the reaction starts with a high rate, the
conversion is 58% in 2 h, but then the rate decreases,
and after 5 h the conversion no longer grows. The
yield of product after 8 h is 53% at conversion of the
initial compound of 65%.

Although the 2-bromothiophene shows high
activity at nucleophilic substitution its reaction with
aniline 111 is relatively slow but without notable
deceleration. According to GL C the reaction complet-
ed within 11 h (Table 4, run no. 4). To our regret the
product was unstable under the reaction conditions,
and we failed to isolate it in a pure state. Arylation of
aniline 11l with 2-iodo-5-formylthiophene in the
presence of Xantphos due to the presence of an
electron-withdrawing group proceeded very fast
(20 min) and afforded the product in 90% yield
(Table 4, run no. 5). Also in the reaction of this
substrate with aniline V the product was obtained
in 85% vyield, although the reaction rate was a little
slower, apparently because of lower basicity of
aniline V (Table 4, run no. 7). Note that the use as
ligand in the latter reaction of DPE-phos gave less
satisfactory results (57%) (Table 4, run no. 6).

It should be pointed out that only few examples
are known of anilines arylation with hetaryl
bromides. For instance, the reaction between 3-bromo-
thiophene and p-cyclohexylaniline gave rise to a mix-
ture of products originating from mono- and diaryla-
tion in 4/1 ratio [Pd(OAc),/t-BusP-t-BuONa) [18].
Far better result (98%) was obtained in aniline aryla-
tion with 2-methoxycarbonyl-3-bromothiophene (36 h)
although relatively large amounts of catalyst and
ligand were required [5 mol% Pd,(dba);-CHCI,,
10 mol% BINAP] [19].

EXPERIMENTAL

'H NMR spectra were registered on spectrometer
Varian VXR-400 (400 MHz) using residua protons
of the deuterated solvent as internal reference.

Mass spectra were measured on Kratos MS-30
instrument (electron impact, 70 eV).

GLC analysis was carried out on a chromatograph
Agat-9 equipped with a flame-ionization detector,
column 3000x 3 mm, stationary phase OV-17 (5%)
on Inerton Super, 0.160-0.200 mm (Chemapol),
carrier gas nitrogen, flow rate 10-15 ml min. The
conversion in the course of reaction was estimated
with the use of an interna reference (naphthalene or
p-ditert-butylbenzene).

The preparative column chromatography was
performed on silica gel Fluka 40-65.

The solvents (toluene and dioxane) were purified
by standard procedures [20]; dioxane was stored in a
vacuum over benzophenone ketyl. Cesium carbonate
was dried by heating to 180-200°C in a vacuum
(2.6x10™* mm Hg) for 2-3 h.

General procedure for anilines arylation. Into a
Schlenk vessel was charged anhydrous Cs,CO4
(2 equiv). The vessdl was evacuated and heated for
15-20 min to 180-200°C to remove the residual
water from Cs,CO;. On cooling the reactor was filled
with argon, and thereto was charged 2 mol% of
Pd(OAc),, 3 mol% of ligand, 0.5 mmol (1 equiv) of
aniline, the reference for GLC analysis, 0.5-0.6 mmol
(1-1.2 equiv) of aryl(hetaryl) halide in 2 ml of
anhydrous toluene. The reaction mixture was evacuat-
ed to remove air, and the reactor was filled with
argon. The reaction was carried out at 110°C and at
continuous stirring. The reaction progress was
monitored by TLC on Silufol UV-254 plates and/or
by GLC. On completion of the process the reaction
mixture was poured into a saturated KCl solution and
extracted into dichloromethane in the case of diaryl-
amines or into EtOAc in the case of arylhetaryl-
amines. The solution was dried with molecular sieves
Zeosorb 4A and evaporated on a rotary evaporator
with addition of silica gel (0.6-0.9 g). The products
were isolated by preparative column chromatography.
In some cases the products were additionally purified
by reprecipitation from solution in dichloromethane
with petroleum ether. To avoid separation of the
product as oil the petroleum ether was added by
portions. Reaction time is listed in tables.

SYNTHESES OF DIARYLAMINES

3-Nitro-N-[4-(trifluoromethyl)phenyl]-5-
(phenylthio)aniline. From 123.0 mg (0.50 mmol)
of  3-nitro-5-(phenylthio)aniline (1), 131.0 mg
(0.58 mmol, 1.16 equiv) of p-bromobenzotrifluoride,
225 mg (0.010 mmol, 2 mol%) of Pd(OAc),,
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8.10mg (0.015 mmol, 3 mol%) of DPE-phos, 326 mg
(2 equiv) of Cs,CO;, and 2 ml toluene was obtained
168.9 mg (87%) of product as orange fine crystals
[eluent benzene, R, (ArNH,) 0.29, R (Ar,NH) 0.54].
The product was additionally purified by reprecipita-
tion from a solution in CH,CI, (1 ml) with petroleum
ether (2 ml), mp 140.5-141.5°C. *H NMR spectrum
(acetone-dg), 8, ppm: 7.28d (2H, CF;C¢H,, J8.9Hz),
7.29t (1H, CgH3, J 2.2 Hz), 7.48-7.54 m [4H, CgHs,
CeHs (m, p)], 7.58-7.62 m [4H, CF;CzH,, CgHs5(0)],
7.80 t (1H, CgH;5, J 2.2 Hz), 8.42 br.s (1H, NH).
Found, %: C58.63; H3.42; N6.90. C;9H;5F3N,0,S.
Calculated, %: C 58.46; H 3.36; N 7.18.

3-Nitro-N-[4-(trifluoromethyl)phenyl]-5-[(4-
chlorophenyl)thio]aniline. From 140.2 mg
(0.50 mmol) of 3-nitro-5-[(4-chlorophenyl)thio]ani-
line (11), 135.0 mg (0.60 mmol, 1.20 equiv) of
p-bromobenzotrifluoride, 2.25 mg (0.010 mmol,
2 mol%) of Pd(OAc),, 850 mg (0.016 mmol,
3 mol%) of DPE-phos, 326 mg (2 equiv) of Cs,COs,
and 2 ml of toluene was obtained 176 mg (83%) of
product as orange powder [eluent benzene, R
gArNHZ) 0.23, Ry (Ar,NH) 0.53], mp 110-111°C.
H NMR spectrum (acetone-dg), 5, ppm: 7.28 d (2H,
CF3CeH,, J 9.0 Hz), 7.30 t (1H, CgH3, J 2.2 Hz),
7.52 d (2H, CICgH,, J 8.6 Hz), 7.56 t (1H, CgH,,
J 2.2 Hz), 7.58 d (2H, CIC¢H,, J 8.6 Hz), 7.60 d
(2H, CF3C4H,, J 9.0 Hz), 7.81 t (1H, CgH4, J 2.2
Hz), 8.42 br.s (1H, NH). Found, %: C 54.08;
H 3.01; N 6.39. C,gH;,CIF;N,0,S. Calculated, %:
C 53.72; H 2.85; N 6.59.

3-Methoxy-N-[4-(trifluoromethyl)phenyl]-5-
(phenylsulfonyl)aniline. From 130.7 mg (0.49 mmol)
of 3-methoxy-5-(phenylsulfonyl)aniline (ry,
115.0 mg (0.51 mmol, 1.00 equiv) of p-bromobenzo-
trifluoride, 2.25 mg (0.010 mmol, 2 mol%) of
Pd(OAc),, 855 mg (0.016 mmol, 3 mol%) of
DPE-phos, 330 mg (2 equiv) of Cs,CO3, and 2 ml of
toluene was obtained 151.2 mg (74%) of product as
colorless crystalline powder [eluent EtOAc-petroleum
ether (1:1), R (ArNH,) 0.24, R; (Ar,NH) 0.42]. The
product was additionally purified by reprecipitation
from a solution in CH,Cl, (1 ml) with petroleum
ether (5 ml), mp 147.9-148.1°C. *H NMR spectrum
(acetone-dg), 5, ppm: 3.85 s (3H, CH,), 6.98 t (1H,
CeH3, J 2 Hz), 7.07 t (1H, CgH5, J 2 Hz), 7.29 d
(2H, CF;C4H,, J 8.4 Hz), 7.34 t (1H, CgH5, J 2H2),
760 d (2H, CF;CgH, J 8.4 Hz), 7.63-7.72 m
[3H, PhS(O),], 8.01 m [2H, PhS(O),], 8.28 br.s
(I1H, NH). Found, %: C 58.55; H 3.56; N 3.10.
C,oH16F3NOSS. Calculated, %: C 58.97; H 3.93;
N 3.44.

3-1sobutylthio-4-methyl-N-[4-(trifluoromethyl)-
phenyl]-5-(phenylsulfonyl)aniline. From 167.5 mg
(0.50 mmol) of 3-(isobutylthio)-4-methyl-5-(phenyl-
sulfonyl)aniline (1V), 115.0 mg (0.51 mmol, 1.05
equiv) of p-bromobenzotrifluoride, 2.25 mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 8.10 mg
(0.015mmol, 3mol%) of DPE-phos, 330mg (2equiv)
of Cs,CO,, and 2 ml toluene was obtained 186.7 mg
(78%) of product as colorless needle crystals [eluent
CH,CIl,-petroleum ether (7:1), R (ArNH,) 0.16, R
(Ar,NH) 0.50]. The product was additionally purified
by reprecipitation from a solution in CH,CI, (1 ml)
with petroleum ether (6 ml), mp 135.0°C. 'H NMR
spectrum (acetone-dg), &, ppm: 1.01d [6H, (CH3),CH,
J 6.7 Hz], 1.87 m [1H, (CH3),CH], 2.38 s (3H,
CH3Ar), 2.83 d (2H, CHCH,S, J 6.7 Hz), 7.30 d
(2H, CF;C4H,, 38.6 Hz), 7.42d (1H, CgH,, J2.4H2Z),
7.61 d (2H, CF3CgH,, J 8.6 Hz), 7.61-7.73 m [3H,
PhS(0),], 7.87 d (1H, CgH,, J 2.4 Hz), 7.90-7.94 m
[2H, PhS(O),], 8.25 br.s (1H, NH). Found, %:
C 60.50; H 5.09; N 3.20. C,,H,,F;NO,S,. Calculat-
ed, %: C 60.13; H 5.01; N 2.92.

3-Nitro-N-[4-(trifluoromethyl)phenyl]-5-(2,2,2-
trifluor oethoxy)aniline. From 118.0 mg (0.50 mmol)
of 3-nitro-5-(2,2,2-trifluoroethoxy)aniline  (V),
115.0 mg (0.50 mmol, 1.00 equiv) of p-bromo-
benzotrifluoride, 2.25 mg (0.010 mmol, 2 mol%) of
Pd(OAc),, 8.10 mg (0.015 mmol, 3 mol%) of
DPE-phos, 330 mg (2 equiv) of Cs,CO3, and 2 ml of
toluene was obtained 145 mg (76%) of product as
yellow powder [eluent benzene, R1 (ArNH,) 0.17, R
(Ar,NH) 0.50], mp 107-108°C. "H NMR spectrum
(acetone-dg), S8, ppm: 4.85 q (2H, CF;CH,0,
J 8.5 Hz), 7.27 t (1H, C4H5, J 2.2 Hz), 7.39 d (2H,
CF3CeH,, J 8.6 Hz), 7.44 t (1H, CgH3, J 2.2 Hz),
7.64 d (2H, CF;C4H,, J 8.6 Hz), 7.70 t (1H, CgHs,
J 2.0 Hz), 8.45 br.s (1H, NH). Found, %: C 47.50;
H 2.75; N 7.31. C;5H,(O3N,Fg. Calculated, %:
C 4737, H 2.63; N 7.37.

Reaction of 3-(2-benzothiazolylthio)-5-nitro-
aniline with p-bromobenzotrifluoride. We used
150.0 mg (0.50 mmol ) of 3-(2-benzothiazolylthio)-
5-nitroaniline  (VI), 113.0 mg (0.50 mmol,
1.00 equiv) of p-bromobenzotrifluoride, 2.25 mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 8.10 mg
(0.015 mmol, 3 mol%) of DPE-phos, 326 mg
(2 equiv) of Cs,CO,, and 2 ml of toluene. Chromato-
graphic separation [eluent benzene, R (aniline) 0.05,
R (X1) 0.50, R (VIII) 0.23, R (X) 0.14, R (1X)
0.00]. Product 1X was eluted with a mixture
EtOAc-petroleum ether (1:3) with subsequent addi-
tion of acetone. Yields of products were as follows:
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VI, 18%; IX, 1.4%; X, 2.5%; Xl, 1.7%. The
compounds were powders of orange, bright yellow,
yellow, and lemon-yellow color respectively. Com-
pound IX was purified further by recrystallization
from a mixture EtOAc-acetone.

3-Nitro-5-[4-(trifluoromethyl)phenyl]thioaniline
(VIIT), mp 118-120°C. Mass spectrum, m/'z (1,4, %):
314 (100) [M"], 268 (21) [M'-NO,,
267 (15) [M"—NO%—H], 248 (9.3) [M"-NO,-
HF], 224 (7.9) [M"-NO,-CS], 199 (33) [M'-
NO,-CF;]. H NMR spectrum (acetone-dg), 8,
ppm: 5.61 br.s (2H, NH), 7.12 t (1H, CgH5, J
1.8 Hz), 7.41 t (1H, C4H3, J 1.8 Hz), 7.51 t (1H,
CgHs, J 2 Hz), 7.55 d (2H, CF3;CgH,S, J 8.8 Hz),
771 d (2H, CF;C4H,S, J 8.8 Hz). Found, %:
C 50.05; H 2.79; N 9.10. C;3H,O,F;N,S. Cal-
culated, %: C 49.68; H 2.87; N 8.92.

[3-(2-Benzothiazolylthio)-5-nitr ophenyl]-2-benzo-
thiazolylamine (IX), mp > 220°C. Mass spectrum,
Mz (1,4, %): 436 [M*]. *H NMR spectrum (DMSO-
dg), 8, ppm: 7.23 t (1H, C;,H,NS, J 7.6 Hz), 7.35t
(AH, C,H,NS, J 7.6 Hz), 743 t (1H, C,H,NS,
J7.6 Hz), 7.53 m (2H, C;H,NS + C,H,NS,), 7.87d
(1H, C,H,NS, J 8.0 Hz), 7.95 d (1H, C,H,NS,
J 8.0 Hz), 8.04 d (1H, C;H,NS, J 8.0 Hz), 8.16 m
(1H, CgH5), 8.47 m (1H, CgH5), 8.88 m (1H, CgHy),
11.25 br.s (1H, NH). Found, %: C 54.72; H 2.77,
N 12.93. C,,H,,0,N,S;. Calculated, %: C 55.05;
H 2.75;, N 12.84.

[3-Nitro-5-{ [4-(trifluoromethyl)phenyl]thio} -
phenyl]-2-benzothiazolylamine (X), mp 189-
191°C. Mass spectrum, m/z (l,4, %): 447 (100)
[M*], 428 (3.6) [M'-F], 417 (9.8) [M"-NQ],
401 (11) [M*'-NO,], 400 (9.6) [M"-NO,-H],
256 (4.1) [M*-NO,-F,CCH,], 224 (62) [M'-
NO,-CF;CgH,S], 223 (17) [M* -NO,-H-
CFsCeH,S]. 'H NMR spectrum (acetone-d), 8,
ppm: 7.25 t (1H, C,H,NS, J 8.0 Hz), 7.40 t
(1H, C,H,NS, J 8.0 Hz), 7.62 d (1H, C,H,NS,
J 8.8 Hz), 7.72 d (2H, CF3;CgH,, J 8.5 Hz), 7.79
d (2H, CF;CgH,, J 8.5 Hz), 7.80 d (1H, C,H,/NS,
J 8.8 Hz), 7.85 m (1H, CgH5), 8.31 m (1H, CgHy),
878 m (1H, CgHy). Found, %: C 54.02;
H 262, N 9.37. Cy,H;,0,F3N5S,. Calculated,
%: C 53.70; H 2.68; N 9.40.

3-Nitro-N-[4-(trifluoromethyl)phenyl]-5-{ [4-(tri-
fluoromethyl)phenyl]thiotaniline (XI), mp 98-
100°C. Mass spectrum, m/'z (1,4, %): 458 (100)[M* ],
439 (6.3) [M"-F], 412 (7.5) [M"-NO,], 343 (8.5)
[M* —NOE—CF3], 342 (4.5) [M*-NO,-CF;-H], 252
(7.6) [M" -NO,-CF,CzH,NH], 235 (39) [M"-NO,~

CFsCgH,S]. H NMR spectrum (acetone-dg), 8,
ppm: 7.31 d (2H, CF,CgH,NH, J 9.1 Hz), 7.48 m
(1H, CgHs), 7.60 d (2H, CF,CqH,NH, J 9.1 Hz),
7.68 d (2H, CF,CH,S, J 8.8 Hz), 7.72 m (1H,
CgHa), 7.77 d (2H, CF,CH,S, J 8.8 Hz), 7.92 m
(1H, CgHJ), 850 br.s (1H, NH). Found, %:
C 5358 H 297; N 512. CyH;,0,FgN,S.
Calculated, %: C 53.40; H 262, N 6.11.

2,4-Dinitro-N-4-(trifluoromethyl)phenyl]aniline.
(8 From 91.3 mg (0.50 mmol) of 2,4-dinitroaniline,
115.0 mg (0.59 mmol, 1.00 equiv) of p-bromobenzo-
trifluoride, 2.25 mg (0.010 mmol, 2 mol%) of
Pd(OAc),, 590 mg (0.015 mmol, 3 mol%) of
Me,N-DP-PCy,, 330 mg (2 equiv) of Cs,CO,;, and
2 ml of toluene was obtained 14.7 mg (9%) of orange
crystalline product. Reaction time 5 h [eluent EtOAc-
petroleum ether (1:1), R (ArNH,) 0.44, R (Ar,NH)
0.88]. The product was additionaly purified by
reprecipitation from a solution in CH,Cl, (0.5 ml)
with petroleum ether (1 ml), mp 128.2-128.5°C.

(b) Reaction was carried out with the same
amounts of reagents save as ligand was used
Xantphos, 8.70 mg (0.015 mmol, 3 mol%), and as
solvent dioxane (2 ml). We obtained 148.9 mg (91%)
of product as orange needle crystals. Reaction time
5 h [eluent EtOAc-petroleum ether (1:1)]. The
product was additionally purified by reprecipita-
tion from a solution in CH,Cl, (1 ml) with
E)etroleum ether (45 ml), mp 127.8-128.5°C.
H NMR spectrum (acetone-dg), 5, ppm: 7.50d (1H,
CgH3, J 9.6 Hz), 7.73 d (2H, CF;C4H,, J 8.5 Hz),
7.86 d (2H, CF;C¢H, J 8.5 Hz), 8.33 d.d (1H,
CgH3, J 9.6, 2.7 Hz), 9.04 d (1H, CzH3, J 2.7 Hz),
10.16 br.s (1H, NH). Found, %: C 47.92; H 2.74,
N 12.90. C,;3HgF3N;0,. Calculated, %: C 47.72;
H 2.46; N 12.84.

3-Nitro-N-phenyl-5-(phenylthio)aniline. A mix-
ture of 123.0 mg (0.50 mmol) of 3-nitro-5-(phenyl-
thio)aniline (1), 78.5 mg (0.50 mmol, 1.00 equiv) of
bromobenzene, 2.25 mg (0.010 mmol, 2 mol%) of
Pd(OAc),, 8.10 mg (0.015 mmol, 3 mol%) of
DPE-phos, 326 mg (2 equiv) of Cs,CO3, and 2 ml of
toluene was stirred at 110°C for 9 h. According to
GLC data the conversion was < 10%. The product
was not isolated.

3-Nitro-N-phenyl-5-[4-(chlor ophenyl)thio]aniline.
(& From 140.2 mg (0.50 mmol) of 3-nitro-5-[(4-
chlorophenyl)thio]aniline (11), 78.5 mg (0.50 mmol,
1.00 equiv) of bromobenzene, 2.25 mg (0.010 mmol,
2 mol%) of Pd(OAc),, 6.10 mg (0.015 mmol,
3 mol%) of i-Pr-DPE-phos, 326 mg (2 equiv) of
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Cs,CO3, and 2 ml of toluene was obtained 40.0 mg
(22%) of the product as orange powder [eluent
benzene, R (ArNH,) 0.32, R (Ar2NH) 0.50], mp
143-144°C.

(b) From the same reagents but taking as ligand
Me,N-DP-PCy,, 5.90 mg (0.015 mmol, 3 mol%) we
obtained 117.5 mg (66%) of product as orange fine
crystals. The product was additionally purified by
reprecipitation from a solution in CH,Cl, (1 ml) with
petroleum ether (3.5 ml).

(c) From the same reagents but taking as ligand
Xantphos, 8.70 mg (0.015 mmol, 3 mol%) we obtain-
ed 155.0 mg (87%) of product. The product was
additionally purified by reprecipitation from a solu-
t|on in CH,CI, (1.5ml) with petroleum ether (3.5ml).

'H NMR spectrum (acetone-dg), 6, ppm: 7.04 m (1H,

Ph), 7.17 m (3H, CgH;, Ph), 7.32 m (2H, Ph),
7.43 m (1H, C4H3), 7.53 m (4H, CICzH,), 7.70 m
(1H, CgHy), 8.06 br.s (1H, NH). Found, %: C60.23;
H 3.44; N 7.83. C;gH3CIN,O,S. Calculated, %:
C 60.60; H 3.65; N 7.85.

N-(4-M ethoxyphenyl)-3-nitro-5-[4-(chlorophen-
yhthio]aniline. From 140.2 mg (0.50 mmol) of
3-nitro-5-[(4-chlorophenyl)thio]aniline (11), 93.8 mg
(0.50 mmol, 1.00 equiv) of p-bromoanisole, 2.25 mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 5.90 mg
(0.015 mmol, 3 mol%) of Me,N-DP-PCy,, 330 mg
(2 equiv) of Cs,CO,, and 2 ml of toluene was obtain-
ed 155.7 mg (81%) of product as bright orange
powder [eluent benzene, R (ArNH,) 0.44, R
(Ar,NH) 0.60]. The product was additionally purifi-
ed by reprecipitation from a solution in CH,Cl, (1 ml)
W|th petroleum ether (7 ml), mp 120-121°C.
'H NMR spectrum (acetone-dg), 5, ppm: 3.80 s (3H,
CHy), 6.92 d (2H, MeOCgH,, J9 Hz ), 7.03 m (1H,
CeH5), 7.12d (2H, CH;0CgH,, J 9 Hz), 7.34 m (1H,
CgH5), 7.48-7.54 m (5H, CIC¢H,, CgH5), 7.78 br.s
(I1H, NH). Found, %: C 58.96; H 3.59; N 7.33.
CigH15CIN,O5S. Calculated, %: C 59.00; H 3.88;
N 7.24.

3-Methoxy-N-phenyl-5-(phenylsulfonyl)aniline.
(& From 131.5 mg (0.50 mmol) of 3-methoxy-5-
(phenylsulfonyl)aniline (111), 78.5 mg (0.50 mmoal,
1.00 equiv) of bromobenzene, 2.25 mg (0.010 mmol,
2 mol%) of Pd(OAc),, 590 mg (0.015 mmol,
3 mol%) of Me,N-DP-PCy,, 336 mg (2 equiv) of
Cs,COg,and 2 ml of toluene was obtained 154.7 mg
(91%) of colorless crystalline powder [eluent EtOAC-
petroleum ether (1:1), R (ArNH,) 0.19, R (Ar,NH)
0.41]. The product was additionaly purified by
reprecipitation from a solution in CH,Cl, (0.9 ml)
with petroleum ether (3 ml) mp 128-129°C.

(b) From the same reagents but taking as ligand
DPE-phos, 8.10 mg (0.015 mmol, 3 mol%), was
obtained 115.6 mg (68%) of product as colorless
crystalline powder The product was additionaly
purified by reprecipitation from a solution in CH,Cl,
(2 ml) with petroleum ether (5 ml), mp 128.5-
129.0°C.

'H NMR spectrum (acetone-dg), 8, ppm: 3.80 s
(3H, CH40), 6.83 t (1H, CgHa, J 2.2 Hz), 6.93 d.t
(1H, CgH4, J 2.2, 1.8 Hz), 6.99 t.t (1H, Ph, J 7.4,
1.1 Hz), 7.17 d.d (2H, Ph, J 8.5, 1.1 Hz), 7.25 t
(1H, CgHs, J 1.8 Hz), 7.31 m (2H, Ph), 7.59-
7.69 m [3H, PhS(O),], 7.84 br.s (1H, NH), 7.87-
8.00 m [2H, PhS(O),]. Found, %: C 67.20; H 5.16;
N 3.81. C,H,NO.,S. Calculated, %: C 67.26;
H 5.01; N 4.31.

3-M ethoxy-N-(4-methylphenyl)-5-(phenylsulfon-
yhaniline. (a8 From 130.7 mg (0.49 mmol) of
3-methoxy-5-(phenylsulfonyl)aniline (111), 86.0 mg
(0.50 mmol, 1.00 equiv) of p-bromotoluene, 2.25 mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 5.90 mg
(0.015 mmol, 3 mol%) of Me,N-DP-PCy,, 330 mg
(2 equiv) of Cs,CO,, and 2 ml of toluene was obtain-
ed 170.2 mg (96%) of light-yellow oil [eluent
EtOAc-petroleum ether (1:1), Ry ArNH, 0.21, R
Ar,NH 0.38]. The light-yellow oil obtained was
dissolved in CH,Cl, (1.1 ml) and precipitated with
petroleum ether (5 ml). We obtained a colorless
powder of fine crystals, mp 109-110°C.

(b) The reagents were taken in the same amounts,
but Pd,(dba); 5.20 mg (0.005 mmol, 1 mol%) was
used. We obtained 66 mg (25%) of product. *H NMR
spectrum  (acetone-dg), &, ppm: 2.28 s (3H,
C,H;CgH,), 3.79 s (3H, CH30), 6.76 m (1H, CgHy),
6.88 m (1H, CzHs), 7.06 d (2H, CH5CgH,, J8.3H2z),
7.14 d (2H, MeCgH,, J 8.3 Hz), 7.19 m (1H, CgHy),
7.59-7.69 m [3H, PhS(O),], 7.69 br.s (1H, NH),
7.95-7.98 m [2H, PhS(0O),]. Found, %: C 67.68;
H 5.21; N 3.75. CyH;gNO;S. Calculated, %:
C 6798, H 5.38; N 3.97.

3-Methoxy-N-(4-methoxyphenyl)-5-(phenyl-
sulfonyl)aniline. From 131.5 mg (0.50 mmol) of
3-methoxy-5-(phenylsulfonyl)aniline (111), 93.7 mg
(0.50 mmol, 1.00 equiv) of p-bromoanisole, 2.25 mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 5.90 mg
(0.015 mmol, 3 mol%) of Me,N-DP-PCy,, 330 mg
(2 equiv) of Cs,CO,, and 2 ml of toluene was obtain-
ed 164.8 mg (89%) of product as lightly colored
powder of small crystals [eluent EtOAc-petroleum
ether (1:1), R (ArNH,) 0.23, R; (Ar,NH) 0.42]. The
product was additionally purified by reprecipitation
from a solution in CH,CI, (1.1 ml) with petroleum
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ether (4 ml), mp 142-143°C. *H NMR spectrum
(acetone-dg), 6, ppm: 3.77 s (3H, CH30), 3.79 s
(3H, CH,0), 6.64 t (1H, CgH,, J 2.2 Hz), 6.83 t
(1H, CgHs, J 1.9 Hz), 6.93 d (2H, CH,OCGH,,
J 8.9 Hz), 7.09 t (1H, CgH,, J 1.7 Hz), 7.12 d (2H,
CH,OCgH,, J 8.9 Hz), 7.54 br.s (1H, NH), 7.59-
7.69 m [3H, PhS(0),], 7.94-7.97 m [2H, PhS(0),].
Found, %: C 64.92; H 5.07; N 3.70. C,H;oNO,S.
Calculated, %: C 65.04; H 5.15; N 3.79.

3-1sobutylthio-4-methyl-N-phenyl-5-(phenylsul-

fonyl)aniline. From 167.5 mg (0.50 mmol) of 3-iso-
butylthio-4-methyl-5-(phenylsulfonyl)aniline(l V),
78.5 mg (0.50 mmol, 1.00 equiv) of bromobenzene,
2.25mg (0.010mmol, 2mol%) of Pd(OAc),, 5.90 mg
(0.015 mmol, 3 mol%) of Me,N-DP-PCy,, 330 mg
(2 equiv) of Cs,CO,, and 2 ml of toluene was obtain-
ed 170.2 mg (82.6%) of product as colorless needle
crystals [eluent CH,Cl,-petroleum ether (7:1), R
(ArNH,) 0.08, R (Ar,NH) 0.35]. The product was
additionally purified by reprecipitation from a solu-
tionin CH,Cl, (0.8 mI) with petroleum ether (2.5 ml),
mp 133.0-133.5°C. H NMR spectrum (acetone-dy),
8, ppm: 1.00 d [6H, (CH3),CH, J 6.7 Hz], 1.85 m
[1H, (CH3),CH], 2.35 s (3H, CH3Cg¢H,), 2.78 d (2H,
CHCH,S, J 6.7 Hz), 6.97 t (1H, Ph, J 7.4 Hz),
7.20 d (2H, Ph, J 8.1 Hz), 7.31 d (1H, CgH,,
J 2.4 Hz), 7.33 m (2H, Ph), 7.61-7.72 m [3H,
PhS(0),], 7.79 d (1H, CgH,, J 2.4 Hz), 7.82 br.s
(1H, NH), 7.88-7.92 m [2H, PhS(O),]. Found, %:
C 67.09; H 6.54; N 2.99. C,3H,5NO,S,. Calculated,
%: C 67.15; H 6.08; N 3.41.

PREPARATION OF ARYLHETARYLAMINES

[3-M ethoxy-5-(phenylsulfonyl)phenyl]-3-pyridyl-
amine. (a) From 131.5 mg (0.50 mmol) of 3-meth-
oxy-5-(phenylsulfonyl)aniline  (111), 95.0 mg
(0.60mmol, 1.20 equiv) of 3-bromopyridine, 2.25mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 5.90 mg
(0.015 mmol, 3 mol%) of Me,N-DP-PCy,, 18.3 mg
p-di-tert-butylbenzene, 330 mg (2 equiv) of Cs,COs,
and 2 ml of toluene was obtained 107 mg (63%) of
product as colorless powder of small crystals [eluent
EtOAc-petroleum ether (6:1), R (ArNH,) 0.55,
R (ArHetNH) 0.15]. The product was additionally
purified by reprecipitation from a solution in CH,Cl,
(0.5 ml) with petroleum ether (1 ml), mp 138.0-
138.5°C.

(b) The reaction was carried out with the same
amounts of reagents but using as ligand t-Bu,-DP-
phos, 4.45 mg (0.015 mmol, 3 mol%), interna
reference naphthalene, 23.4 mg. According to GLC
the conversion of initial product was 18-20%. The
reaction product was not isolated.

(¢) The reaction was carried out with the same
amounts of reagents but using as ligand t-BugP,
3.06 mg (0.015 mmol, 3 mol%), internal reference
naphthalene, 21.3 mg. We obtained 79 mg (46.5%)
of product.

(d) The reaction was carried out with the same
amounts of reagents but using as ligand Xantphos,
8.70 mg (0.015 mmol, 3 mol%), internal reference
naphthal ene 20.9 mg. We obtained 136.3 mg (88%)
of product. 'H NMR spectrum (acetone-dg), &, ppm:
3.83 s (3H, CH;0), 6.85 m (1H, CzH3), 6.98 m
(1H, CgH3), 7.24 m (1H, CgH3), 7.30 d.d (1H, Py-3,
J 8.3 Hz, 4.6 Hz), 7.58 d.m (1H, Py-3, J 8.3 H2),
7.60-7.71 m [3H, PhS(O),], 7.97-8.02 m [3H,
PhS(O),, NH], 8.20 d.d (1H, Py-3, J4.6 Hz, 1.1Hz),
8.43 d (1H, Py-3, J 2.5 Hz). Found, %: C 63.37;
H 4.78;, N 8.42. C;gHgN,O5S. Calculated, %:
C 63,51, H 4.74; N 8.23.

[3-M ethoxy-5-(phenylsulfonyl)phenyl]-2-pyridyl-
amine. (a) From 131.5 mg (0.50 mmol) of 3-meth-
oxy-5-(phenylsulfonyl)aniline (111), 93.0 mg (0.62
mmol, 1.24 equiv) of 2-bromopyridine, 3.50 mg
(0.016 mmol, 3 mol%) of Pd(OAc),, 8.70 mg
(0.022 mmol, 4.4 mol%) of Me,N-DP-PCy,, 330 mg
(2 equiv) Cs,CO3, and 2 ml of toluene was obtained
101.6 mg (60%) of product as colorless powder
[eluent CH,Cl,-MeOH-EtOAc (50: 1: 1), R (ArNH,)
0.34, R (ArHetNH) 0.20]. The product was addi-
tionally purified by reprecipitation from a solution in
CH.CI, (05 ml) with petroleum ether (1.5 ml), mp
129-132°C. *H NMR spectrum (acetone-dg), 5, ppm:
3.85 s (3H, CH30), 6.83 d.d (1H, Py-2, J 7.0,
5.5 Hz), 6.87 d (1H, Py-2, J 8.5 Hz), 7.02 m (1H,
CgHg), 7.57- 7.69 m [4H, PhS(O),, Py-2], 7.83 m
(1H, CgHy), 7.93 m (1H, CgHj), 7.98-8.01 m [2H,
PhS(O),], 8.25 d.d (1H, Py-2, J 5.0, 1.5 Hz),
8.64 br.s (1H, NH).

(b) From 131.5 mg (0.50 mmol) of 3-methoxy-5-
(phenylsulfonyl)aniline (111), 84.7 mg (0.53 mmoal,
1.07 equiv) of 2-bromopyridine, 2.25 mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 8.70 mg
(0.015 mmol, 3 mol%) of Xantphos, 200 mg
(2 equiv) of Cs,CO,, and 2 ml of toluene was obtain-
ed 136 mg (80%) of product. The conversion of the
initial product 96%. Found, %: C 63.52; H 4.91,
N 7.78; S 9.48. C;gH,gN,O5S. Calculated, %:
C 63.51; H 474, N 8.23; S 941.

[3-M ethoxy-5-(phenylsulfonyl)phenyl)]-4-pyrid-
ylamine. (a) From 131.5 mg (0.50 mmol) of 3-meth-
oxy-5-(phenylsulfonyl)aniline  (111), 116.6 mg
(0.60 mmol, 1.20 equiv) of 4-bromopyridine hydro-
chloride, 2.25mg(0.010mmol, 2mol%) of Pd(OAc),,
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8.70 mg (0.015 mmol, 3 mol%) of Xantphos, 0.50 g
(1.5 mmol, 3 equiv) of Cs,CO3, and 2 ml of toluene
was obtained by gradient elution through a small bed
of silica gel (4 cm) 150.2 mg (88.7%) of product as
colorless powder. As eluent was used a mixture
petroleum ether-ethyl acetate (1:4). The initia
aniline was isolated, and then the product was back-
washed with acetone. The product was additionally
purified by reprecipitation from a solution in CH,Cl,
gl.o ml) with petroleum ether (1 ml), mp 169-170°C.
H NMR spectrum (acetone-dg), 5, ppm: 3.87 s (3H,
CH30), 7.00 m (2H, Py-4), 7.03 m (1H, CgHy),
7.13 m (1H, CgHy), 7.37 m (1H, CgzHj), 7.61-
7.72 m [3H, PhS(0),], 7.99- 8.02 m [2H, PhS(O),],
8.30 m (2H, Py-4), 8.34 br.s (1H, NH). Found, %:
C 63.73; H 4.53; N 8.00. C;5H,gN,05S.Calculated,
%: C 63.51; H 4.74; N 8.23.

(b) The reaction was carried out with the same
amounts of reagents but using dioxane (2 ml) as
solvent. Yield of the product 146.4 mg (86%).

[3-(Isobutylthio)-4-methyl-5-(phenyl
sulfonyl)phenyl]-3-pyridylamine. From 167.5 mg
(0.50 mmol) of 3-(isobutylthio)-4-methyl-5-(phenyl-
sulfonyl)aniline  (1V), 80.0 mg (0.51 mmol,
1.01 equiv) of 3-bromopyridine, 2.25 mg
(0.010 mmol, 2 mol%) of Pd(OAc),, 5.90 mg
(0.015 mmol, 3 mol%) of Me,N-DP-PCy,, 326 mg
(2 equiv) of Cs,CO,, and 2 ml of toluene was obtain-
ed 157.5 mg (76%) of product [eluent petroleum
ether-ethyl acetate (1/6), R (ArNH,) 0.70,
R (ArHetNH) 0.36). The product was additionally
purified by reprecipitation from a solution in CH,Cl,
(2.0 ml) with petroleum ether (7 ml), mp 162.5-
163.0°C. *H NMR spectrum (acetone-dg), &, ppm:
1.01 d [6H, (CH;),CH, J 6.7 Hz], 1.86 m [1H,
(CHy),CH], 2.35 s (3H, CH4CgH,), 2.80 d (2H,
CHCH,S, J6.7 Hz), 7.30 m (1H, Py-3), 7.32 m (1H,
CgH,), 7.60 m (1H, CgH,), 7.61-7.73 m [3H,
PhS(O),], 7.79 m (1H, Py-3), 7.89-7.92 m [2H,
PhS(O),], 7.97 br.s (1H, NH), 8.18 d.d (1H, Py-3,
J4.7, 1.2 Hz), 8.47 d (1H, Py-3, J 2.6 Hz). Found,
%: C 63.81;, H 548, N 6.74. C,H,,N,O,S,.
Calculated, %: C 64.05; H 5.86; N 6.79.

[3-(I sobutylthio)-4-methyl-5-(phenylsulfonyl)-
phenyl]-2-pyridylamine. From 167.5mg (0.50 mmol)
of 3-(isobutylthio)-4-methyl-5-(phenylsulfonyl)aniline
(1V), 79.0 mg (0.50 mmol, 1.00 equiv) of 2-bromo-
pyridine, 2.25 mg (0.010 mmol, 2 mol%) of
Pd(OAc),, 590 mg (0.015 mmol, 3 mol%) of
Me,N-DP-PCy,, 320 mg (2 equiv) of Cs,CO,;, and
2 ml of toluene was obtained 150.0 mg (73%) of

product as colorless powder [eluent CH,Cl,-MeOH-
EtOAc (50:1:1), R (ArNH,) 0.67, R (ArHetNH)
0.44]. The product was additionally purified by re-
precipitation from a solution in CH,Cl, (1.0 ml) with
petroleum ether (5 ml), mp 166.5-167.2°C. 'H NMR
spectrum  (acetone-dg), S, ppm: 1.05 d [6H,
(CHy),CH, J 6.7 Hz], 1.96 m [1H, (CH3),CH],
2.36 s (8H, CH4C4H,), 2.86 d (2H, CHCH,S,
J 6.7 Hz), 6.82 d.d.d (1H, Py-2, J 7.2, 5.1, 1.0 H2),
6.90 d.t (1H, Py-2, J 8.4, 1.0 Hz), 7.59-7.72 m
[4H, PhS(O),, CzH,], 7.88-7.92 m [2H, PhS(O),],
8.23m (2H, Py-2, CgH,), 8.44t (1H, Py-2, J 2.8 Hz),
8.67 br.s (1H, NH). Found, %: C 64.00; H 5.95;
N 6.94; S 15.28. C,,H,,N,0,S,. Calculated, %:
C 64.05; H 5.86; N 6.79; S 15.54.

[3-Methoxy-5-(phenylsulfonyl)phenyl]-3-quino-
lylamine. From 131.5 mg (0.50 mmol) of 3-meth-
oxy-5-(phenylsulfonyl)aniline  (111), 125.0 mg
(0.60 mmol, 1.20 equiv) of 3-bromoquinoline,
225 mg (0.010 mmol, 2 mol%) of Pd(OAc),,
8.70 mg (0.015 mmol, 3 mol%) of Xantphos, 326 mg
(2 equiv) of Cs,COz and 2 m™ of toluene was
obtained 189.0 mg (97%) of product as yellow
crystalline powder [eluent EtOAc-petroleum ether
(3:1), R (ArNH,) 0.50, R (ArHetNH) 0.31].
The product was additionally purified by reprecipita-
tion from a solution in CH,CI, (1.5 ml) with petrol-
eum ether (1.5 ml), mp 109-111°C. 'H NMR spec-
trum (acetone-dg), 6, ppm: 3.86 s (3H, CH30),
7.02 m (1H, CgH3), 7.05 m (1H, CgH5), 7.36 m (1H,
CgHag), 7.50-7.72 m [5H, PhS(O),, CgHgN], 7.81 m
(1H, CgHgN), 7.94-8.04 m [4H, PhS(O),, CgHgN],
8.28 br.s (1H, NH), 8.75 d (1H, C4HgN, J 2.5 Hz).
Found, %: C 67.37; H 4.49; N 7.07. C,,HgN,0O5S.
Calculated, %: C 67.68; H 4.65; N 7.17.

[3-M ethoxy-5-(phenylsulfonyl)phenyl]-3-thienyl-
amine. (a) From 131.5 mg (0.50 mmol) of 3-meth-
oxy-5-(phenylsulfonyl)aniline ~ (111), 97.0 mg
(0.60 mmol, 1.20 equiv) of 3-bromothiophene,
225 mg (0.010 mmol, 2 mol%) of Pd(OAc),,
8.50 mg (0.015 mmol, 3 mol%) of Xantphos, 250 mg
(1.50 equiv) of Cs,CO;, and 2 ml of toluene was
obtained 89.8 mg (52.6%) of product as colorless
powder of fine crystals [eluent petroleum ether-ethyl
acetate (1: 1), R (ArNH,) 0.35, R, (ArHetNH) 0.70].
Internal reference naphthalene (monitoring by GLC
and TLC). The product was additionally purified by
reprecipitation from a solution in CH,Cl, (0.3 ml)
with petroleum ether (0.5 ml), mp 143.8-144.0°C.
'H NMR spectrum (acetone-dg), 5, ppm: 3.81 s (3H,
CH30), 6.77 m (1H, CzH3), 6.88 m (1H, CgHy),
6.95 d.d (1H, C,H3S, J 3.1, 1.5 Hz), 6.98 d.d (1H,
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C4H5S, 15.2, 1.5 Hz), 7.18 m (1H, CgHs), 7.4 d.d
(IH, C,HS, J 5.2, 3.1 Hz), 7.58-7.69 m [3H,
PhS(0),], 7.94 br.s (1H, NH), 7.96-8.00 m [2H,
PhS(O),]. Found, %: C 58.91; H 4.22; N 3.86.
C,H;:NO,S,. Calculated, %: C 59.13; H 4.35;
N '4.06.

(b) The reaction was carried out with the same
amounts of reagents but using as ligand Me,N-DP-
PCy,, 5.80 mg (0.015 mmol, 3 mol%). Interna
reference naphthalene, 20.5 mg. The conversion of
the initial product 40% (GLC). The product was not
isolated.

(c) The reaction was carried out with the same
amounts of reagents but using as ligand t-Bu,-DP-
phos, 4.45 mg (0.015 mmol, 3 mol%). Internal
reference naphthalene, 21.1 mg. The conversion of
the initial product 29% (GLC). The product was not
isolated.

[3-M ethoxy-5-(phenylsulfonyl)phenyl]-2-thienyl-
amine. A mixture of 131.5 mg (0.50 mmol) of
3-methoxy-5-(phenylsulfonyl)aniline (111), 97.8 mg
(0. 60 mmol, 1.20 equiv) of 2-bromothiophene,
225 mg (0.010 mmol, 2 mol%) of Pd(OAc),,
8.70 mg (0.015 mmol, 3 mol%) of Xantphos, 330 mg
(2 equiv) of Cs,CO5, and 2 ml of toluene (internal
reference naphthalene, 20.0 mg) was stirred for 11 h.
The conversion of the initial product 94% (GLC).
The product was unstable, and we failed to isolate it
in an individual state.

5-[3-M ethoxy-5-(phenylsulfonyl)anilino]-2-thio-
phenecar baldehyde. From 79.0 mg (0.30 mmol) of
3-methoxy-5-(phenylsulfonyl)aniline (111), 72.0 mg
(0.30mmol, 1.00 equiv) of 2-iodo-5-formylthiophene,
1.35 mg (0.006 mmol, 2 mol%) of Pd(OAc),,
5.20 mg (0.009 mmol, 3 mol%) of Xantphos, 200 mg
(0.6 mmol, 2 equiv) of Cs,CO3, and 2 ml of toluene
was obtained 101 mg (90%) of product as dark-brown
powder [eluent petroleum ether-ethyl acetate (1: 3)].
The product was additionally purified by reprecipita-
tion from a solution in CH,CI, (1 ml) with petroleum
ether (1.5 ml), mp 152-153°C. H NMR spectrum
(acetone-dg), 6, ppm: 3.87 s (3H, CH;0), 6.73 d
(1H, OHC-C/H,S, J 4.2 Hz), 7.03 t (1H, CgHs,
J 2.2 Hz), 711t (1H, CgH3, J 2.1 Hz), 7.45 t (1H,
CgHs3, J 2.1 Hz), 7.58-7.71 m [3H, PhS(O),], 7.74 d
(1H, OHC-C,H,S, J 4.2 Hz), 8.00-8.02 m [2H,
PhS(O),], 9.60 br.s (1H, NH), 9.70 s (1H, CHO).
Found, %: C 57.50; H 3.90; N 3.95; S 16.70.
CigH15N,0,S,. Calculated, %: C 57.89; H 4.05;
N 3.75; S 17.17.

5-[3-Nitro-5-(2,2,2-trifluoroethoxy)phenyl]-2-
thiophenecarbaldehyde. (& From 944 mg

(0.40 mmol) of 3-nitro-5-(2,2,2-trifluoroethoxy)-
aniline (V), 96.0 mg (0.41 mmol, 1.02 equiv) of
2-iodo-5-formylthiophene, 1.60 mg (0.006 mmol,
2mol%) of Pd(OAc),, 6.50mg (0.012mmol, 3mol %)
of DPE-phos, 220 mg (1.70 equiv) of Cs,CO,, and
1.6 ml of toluene was obtained 79.0 mg (57%) of
product as brown powder [eluent benzene, R; (ArNH,)
0.33, R (ArHetNH) 0.20].

(b) The reaction was carried out with the same
amounts of reagents but using as ligand Xantphos,
6.90 mg (0.015 mmol, 3 mol%). We abtained
117.0 mg (85%) of product, that was additionally
purified by reprecipitation from solution in CH,Cl,
gl ml) with petroleum ether (2 ml), mp 162-163°C.
H NMR spectrum (acetone-dg), 5, ppm: 4.91 q (2H,
CF;CH,0, J 8.4 Hz), 6.88 d (1H, OHC-C,H,S,
J4.2 Hz), 7.32 t (1H, C4H3, J 2.2 Hz), 7.52 t (1H,
CgHg, J 2.1Hz), 7.80d (1H, OHC-C/H,S, J 4.2 Hz),
7.81 t (1H, CgH5, J 2.1 Hz), 9.42 br.s (1H, NH),
9.75 s (1H, CHO). Found, %: C 45.08; H 2.80;
N 7.86. C;3HgN,O,F;S. Calculated, %: C 45.009;
H 2.62; N 8.09.
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