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Palladium-Catalyzed Cross-Coupling Reaction of Haloazoles with Phenylsulfonylacetonitrile
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Condensation of halo-substituted 1,3-azoles (1,3-oxazoles, 1,3-thi-
azoles and imidazoles) with phenylsulfonylacetonitrile under basic
conditions was promoted by catalytic action of tetrakis(triphenyl-
phosphine)palladium(0) to give a-phenylsulfonyl-1,3-azoleacetoni-
triles. The adaptability of halogen atoms for the cross-coupling
reaction was investigated. The reaction of 4-halo-1,2-azoles was also
examined.

In the previous papers,!? we have reported that the

condensation of aryl bromides or iodides with various
active methylene compounds is nicely promoted by
catalytic action of tetrakis(triphenylphosphine)palla-
dium(0)® to give the corresponding arene derivatives
containing a functionalized methyl group. One of the
products, a-phenylsulfonyl-3-pyridineacetonitrile ob-
tained by the condensation of 3-bromopyridine with
phenylsulfonylacetonitrile can be transformed into a-al-
kyl-3-pyridineacetonitrile by the alkylation with alkyl
halides and subsequent desulfurization with zinc dust in
acetic acid.?

In the present paper, we describe the palladium-catalyzed
cross-coupling reaction of various haloazoles with phen-
ylsulfonylacetonitrile as a representative of active meth-
ylene compounds, because the reaction was proved to
have considerable scope for the synthesis of azole deri-
vatives containing a functionalized side-chain.

When 5-bromo-2,4-diphenyloxazole (1) was heated with
phenylsulfonylacetonitrile and sodium hydride in the
presence of a catalytic amount of tetrakis(triphenylphos-
phine)palladium(0) in 1,2-dimethoxyethane for 19 hours,
2,4-diphenyl-a-phenylsulfonyl-5-oxazoloacetonitrile  (4)
was obtained in 85% yield. Similarly, 5-bromo-2,4-di-
phenylthiazole (2a) reacted smoothly with phenylsulfon-
ylacetonitrile to give 2,4-diphenyl-a-phenylsulfonyl-5-
thiazoleacetonitrile (Sa) in 78 % yield. As well as 1 and
2a, 4-bromo-2,5-diphenyloxazole (7)* and -thiazole (8a)°
reacted with the same reagent, and the corresponding
heteroarylacetonitriles, 10 and 11a, were obtained in 85
and 88% yield, respectively.

In the cases of 5-bromothiazole (2b)® and 4-bromothiazo-
le (8b),” the reaction gave rise to unsatisfactory results.
For example, the reaction of 2b under similar conditions
gave a-phenylsulfonyl-5-thiazoleacetonitrile (Sb) in 28 %
yield with the formation of considerable amount of
resinous products. No starting material, 2b in this case,
was detected by thin-layer chromatography inspection of
the reaction mixture at 14 hours reaction time. Accord-
ingly, stability of the starting materials 2a,b under these
conditions may be a factor for the difference in the
product yields.

In contrast to the cases of 5-halo- and 4-halothiazoles, the
reaction of 5-halo- and 4-haloimidazole derivatives seems
to be complicated. 5-Iodo-1-methylimidazole (3b)® was
reduced to 1-methylimidazole during the reaction,
whereas the 5-bromo-1-methylimidazole (3a)® was trans-

formed to desired 1-methyl-a-phenylsulfonyl-5-imidazo-
leacetonitrile (6) by the reaction with phenylsulfonyl-
acetonitrile in 42% yield. On the other hand, at the
4-position, the iodo substituent was more favorable, and
1-methyl-a-phenylsulfonyl-4-imidazoleacetonitrile  (12)
was obtained from 4-iodo-1-methylimidazole (9)% in 75 %
yield.
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At the 2-position of oxazole and thiazole, the chloro
substituent has enough reactivity for the cross-coupling
reaction. As shown in Scheme 1, 4,5-diphenyl-a-phen-
ylsulfonyl-2-oxazoloacetonitrile (16) and -2-thiazoleace-
tonitrile (17) were formed from the corresponding chloro
derivatives 13 and 14'%'! in 63 and 88% yield, re-
spectively. On the other hand, at the 2-position of
N-methylimidazole the chloro substituent was unsuitable.
2-Chloro-1-methyl-4,5-diphenylimidazole (15a)'? remai-
ned unchanged under these conditions, but the 2-bromo
compound 15b was changed to 4,5-diphenyl-a-phenylsul-
fonyl-2-imidazoleacetonitrile (18) in 70 % yield.
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On the basis of these results described above, it can be
mentioned that the palladium-catalyzed cross-coupling
reaction of halo-1,3-azole derivatives with phenylsuifon-
ylacetonitrile is a versatile method for the introduction of
a functionalized carbon side-chain into these heteroaro-
matics, although the selection of leaving groups is a key
point to obtain fruitful results.

Additionally, the palladium-catalyzed cross-coupling
reaction of 4-halo-1,2-azoles with phenylsulfonylaceto-
nitrile was examined, because the condensation reaction
of these substrates with active methylene compounds is
known to be difficult by means of addition—elimination
under conventional conditions.® The palladium-catalyz-
ed cross-coupling reaction of 4-iodo-3-methyl-5-phenyl-
isoxazole (19a)!® and 4-iodo-1-phenylpyrazole (20a)'*
gave the desired isoxazole 21 and pyrazole 22a in 54 and
75 % yield as expected, but the bromides 19b*3 and 20b,'3
corresponding to 19a and 20a, remained unchanged
under these conditions. :

Further, 3,5-dimethyl-1-phenyl-a-phenylsulfonyl- (22b)
and 1,3,5-triphenyl-a-phenylsulfonyl-4-pyrazoleacetoni-
trile (22¢) were obtained from the corresponding bromi-
des 20c,d in unsatisfactory yields (13 and 32 %). Based on
these data, at the 4-position of isoxazole and pyrazole,
iodides appear to be favorable rather than bromides for
the palladium-catalyzed reaction.
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Spectral data and physical constants of all the products
are listed in Table 1. The existence of imine—enamine
tautomerism was observed on 16, 17, and 18 by 'H NMR
spectroscopy showing the predominant enamine struc-
ture.
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Table 1. Palladium-Catalyzed Cross-Coupling Reaction of Halo-
azoles with Phenylsulfonylacetonitrile

Sub- Prod- Time Yield mp (°C)* Molecular

strate uct (h) (%)  (solvent) Formula®

1 4 19 85 165-166 (dec)  C,3H;4N,0,S
(MeOH) (400.4)

2a 5a 24 78 161-163 C,3H,4N,0,S,
(MeOH) (416.4)

2b Sb 14 28 97-99 C,1HgN,0,S,

(Et,O-hexane)  (264.2)
178-180 (dec) C,,H,;N;0,S
(AcOEt-hexane) (261.2)

3a 6 24 42

7 10 15 85  195-197 C,3H,4N,0,8
(MeOH) (400.4)

88 1la 8 88 174176 C,3H,6N,0,8,
(MeOH) (416.4)

8 1b 24 61  147-149 C,,HgN,0,S,
(MeOH) (264.2)

9 2 7 75 157-158 (dec)  C,,H,N,0,S

(AcOEt-hexane) (261.2)

13 16 6 63 175-177 C,3H,¢N,0,8
(MeOH) (400.4)
4 17 15 8  200-202(dec) C,3H,N,0,S,
(MeOH) (416.4)
15 18 5 70 199-201 (dec)  C,,H,oN,0,S
(MeOH) (413 4)
19a 21 24 54 142-144 C,sH,,N,0,8
(MeOH) (338.3)
20a 28 16 75 162-164 C,,H3N;0,8
(MeOH) (323.3)
20c 226 24 13 124-126 C,oH,;N,0,8
(MeOH) (351.3)
204 22 24 32 108-110 C,oH,,N,0,8
(MeOH) (475.5)

 Uncorrected, measured by capillary method.
® Satisfactory microanalyses obtained: C +0.33, H £0.23, S +0.25.

2,4-Diphenyloxazole:

A mixture of benzamide (3.0 g, 25 mmol) and phenacyl bromide
(1.6 g, 8 mmol) was heated at 150°C for 3 h. The hot mixture was
poured onto ice, and partitioned between Et,O (50 mL) and H,0
(50 mL). The aqueous layer was extracted with Et,O (3 x 30 mL).
The combined ethereal solution was washed with 3N NaOH
(20 mL), 3N HCI (20 mL), and sat. aq NaCl (20 mL), then dried
(MgSO,). The residue obtained from the ethereal solution was
recrystallized from hexane/Et,0 to give colorless needles, mp
102-103°C (Lit.*S mp 102-103°C). Yield: 1.2 g (68 %).

'H NMR (CDCI,/TMS): 6 = 7.20-7.60 (5 H), m), 7.70-7.90 (2 H,
m), 7.95 (1 H, s), 8.00-8.30 (3 H, m).

5-Bromo-2,4-diphenyloxazole (1):

Br, (0.8 g, 5 mmol) was added dropwise to a solution of 2,4-diphen-
yloxazole (1.0 g, 4.5 mmol) in CCl, (20 mL), and the mixture was
stirred at r.t. for 30 min. The solvent was decanted, and the residue
was partitioned between Et,0 (20mL) and 1 N aq NaHCO,
(20mL). The ecthereal solution was washed with aqg NaHSO,
(10 mL) and dried (Na,SO,). The crude product obtained from the
ethereal solution was recrystallized from hexane to give colorless
needles, mp 80-82°C (Lit."” mp 80°C). Yield: 1.1 g (81 %).

'H NMR (CDCL,/TMS): § = 7.3-7.7 (6H, m), 7.9-8.2 (4H, m).

5-Bromo-2,4-diphenylthiazole (2a):
2,4-Diphenylthiazole (1.0 g, 4.2 mmol) was allowed to react with Br,
(0.8 g, 5mmol) in CCl, (20 mL) for 1 h as describd above. Recrystal-

lization from hexane gave colorless needles, mp 87-88°C (Lit.'8 mp
85°C). Yield: 1.1 g (83 %).

'H NMR (CDCl,/TMS): § = 7.3-7.6 (6H, m), 7.8-8.2 (4H, m).
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Table 2. Spectral Data for «-Phenylsulfonylazoleacetonitriles

Prod- IR (KBr)*

'H NMR (CDCl,/TMS)®
uct  v{em™Y) 8

4 2250, 1340, 1155 5.60 (1H, s), 7.10-8.20 (15H, m)
Sa 2240, 1330, 1155 5.63(1H,s),7.20-7.70 (10H, m), 7.70-
8.20 (SH, m)
5b 2250, 1340, 1160  5.53 (1H, s), 7.30-8.00 (6H, m), 8.93
(1H, s)
6 2250, 1325, 1155  3.80 (3H, m), 4.20-5.70 (1H, br), 6.80
(1H, s), 7.20-7.70 (2H, m), 7.70-8.00
(4H, m)
10 2250, 1330, 1150  5.43 (1H, s), 7.30-8.20 (15H, m)
11a 2250, 1335, 1140  5.43 (1H, s), 7.20-8.20 (15H, m)
11b 2250, 1325, 1155 5.65 (1H, s), 7.30-8.20 (6H, m), 8.32
(1H, s)
12 2250, 1355, 1155  3.70 3H, s), 5.35(1H, s), 7.23 (1H, 5),
7.47 (1H, s), 7.50-8.20 (5H, m)
16 3200, 2200, 1360, 5.60 (0.3H, s), 7.20-7.90 (13H, m),
1150 7.90-8.20 (2H, m), 9.90-10.50 (0.7H,
br)
17 3200-3100, 2200, 7.30-7.50 (11H, m), 7.50-7.90 (3H,
1325, 1320, 1145  m), 7.90-8.10 (2H, m)*
18 3360, 2170, 1320, 3.50(3H,s),6.90-7.70 (13H, m), 7.70-
1140 8.20 (2H, m), 10.7-11.10 (1H, br)
21 2250, 1330, 1160  2.38 (3H, s), 5.23 (1H, s), 7.30-7.80
(8H, m), 7.80-8.10 (2H, m)
22a 2250, 1330, 1150 5.23(1H,s),7.20-7.70 (10H, m), 7.70-
8.10 (2H, m)
22b 2250, 1330, 1150 2.10 3H,s),2.17(3H, s), 5.23 (1H, 5),
7.20-7.60 (SH, m), 7.60—8.20 (5H, m)
22¢ 2250, 1335, 1160  5.30 (1H, s), 7.30-7.90 (20H, m)

* Recorded on a JASCO IRA-810 infrared spectrophotometer.
® Obtained on a JEOL JNM-PMX 60 spectrometer.
¢ Measured in DMSO-d,/DSS [Me;Si(CH,);SO;Na].

2-Bromo-1-methyl-4,5-diphenylimidazole (15b):

A mixture of 1-methyl-4,5-diphenylimidazol-2(3H)-one (3.0 g,
13 mmol) and POBr, (11.2 g, 39 mmol) was heated at 120-130°C
for 8 h. The mixture was poured into H,O (50 mL) and extracted
with CHCl, (3 x 20 mL). The CHCI, extract was washed with aq
NH, (20mL) and aq NaCl (20 mL), and dried (Na,SO,). The
residue obtained from the CHCl, extract was passed through an
alumina short column with CHCI,, and the crude product was
recrystallized from EtOH to give colorless needles, mp 145-147°C.
Yield: 1.9 g (47 %).

C,¢H,3BrN, calc. C61.36 H 4.8 Br25.51 N 895
(313.2) found 61.08 4.07 25.73 8.98

'H NMR (CDCIl,/TMS): § = 3.40 3H, s), 7.10-7.70 (10 H, m).

4-Bromo-3,5-dimethyl-1-phenylpyrazole (20c):

To a CHCl, (84 mL) solution of 3,5-dimethyl-1-phenylpyrazole (5 g,
29 mmot), Br, (1.7 mL, 32 mmol) was added at r. t. The mixture was
stirred for 10 min, washed with aq NaHSO; (20mL) and H,O
(20 mL), and dried (MgSO,). The residue obtained from the CHCl,
solution was distilled under reduced pressure to give a colorless
liquid, bp 130°C/4 Torr (bath temperature). Yield: 5.7 g (78 %).
C,,H,,;BrN, calc. C52.61 H442 Br3182 N11.16
251.1) found 52.37 4.46 32.04 11.25

'H NMR (CCl,/TMS): § = 2.25(3H,),2.30(3H,),7.35(SH, s).

4-Bromo-1,3,5-triphenylpyrazole (20d):

1,3,5-Triphenylpyrazole (3.1 g, 10.5 mmol) in CHCl, (30 mL) was
brominated as described above. The crude product was recrystalli-
zed from hexane to give colorless needles mp 140-141°C. Yield:
3.3g(84%).
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C,,H,sBrN, calc. C67.21 H403 Br2129 N 747
(375.3) found 6709 409 2130  7.50

'H NMR (CDCl,/TMS): § = 7.4-7.6 (13 H, m), 8.0-8.2 2 H, m).

Preparation of Tetrakis(triphenylphosphine)palladium(0) in 1,2-Di-
methoxyethane:

NaBH, (7 mg, 0.2 mmol) was added to a solution of Pd(PPh,),Cl,
(140 mg, 0.2 mmol) and PPh, (104 mg, 0.4 mmol) in dry 1,2-di-
methoxyethane (5 mL) under N, atmosphere, and the mixture was
stirred for 1 min.

General Procedure for the Palladium-Catalyzed Cross-Coupling
Reaction of Haloazoles with Phenylsulfonylacetonitrile

Anhydrous 1,2-dimethoxyethane (20 mL), NaH (10.5 mmol), and
phenylsulfonylacetonitrile (1.0 g, 5.5 mmol) were added to a solu-
tion of Pd(PPh;), (0.2 mmol) in dry 1,2-dimethoxyethane prepared
inssitu as described above under N, atmosphere, and the mixture was
stirred for ca. 10 min at r.t. After addition of a haloazole (5 mmol),
the mixture was refluxed for an appropriate time as shown in Table 1.
After removal of the solvent, the residue was diluted with H,O
(20 mL), neutralized with conc. HCI, and extracted with CHCl,
(3 x20 mL). The residue obtained from the CHCI; extract was
purified by silica gel column chromatography. The product was
recrystallized from an appropriate solvent, as shown in Table 1.
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