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Regioselective arylation of benzanilides with aryl triflates or
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Abstract

Benzanilides efficiently undergo diarylation upon treatment with aryl triflates or bromides in the presence of
a palladium-based catalyst system to give the correspondi(®)6-diarylbenzoyl)anilines in good to excellent
yields. © 2000 Elsevier Science Ltd. All rights reserved.
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Palladium-catalyzed arylation reactions using aryl halides and their synthetic equivalents including
aryl triflates are now recognized to be of genuine synthetic utilitiie reactions with various arylmetal
species, especially with arylboronic acids (the Suzuki—Miyaura coupling), are often employed for the
preparation of unsymmetrical biaryls. Meanwhile, we recently reported that (a) mono- and/or diarylation
reactions of phenolic compounds such as 1-naphthols and 2-phenylphenols with aryl halides using a
palladium catalyst can regioselectively occur on their unactivated 8-%pdstions, respectivekand
(b) benzyl phenyl ketones undergo arylation on the tso-positions of the carbonyl group as well
as the -position to give diphenymethyl 2,6-diphenylphenyl ketone derivativEle coordination of
phenolate or enolate oxygen of the substrates to intermediary arylpalladium species is considered to be
the key for these reactiols. Thus, for further development of the new catalytic coupling, it seems to
be crucial to find effective functional groups other than enolate oxygen. Consequently, we examined the
reactions of aryl bromides or triflates with benzoic acid, benzenesulfonanilide and benzamide which have
different aciditiest® As a result, we observed that the third compound, which is the least acidic among
the substrates, can efficiently undergo diarylation to §iu@,6-diphenylbenzoyl)aniline (Table 1). Note
that 2,6-diarylbenzoic acid derivatives are useful building blocks for preparing cyclophanes and related
cyclic compounds having a terphenyl moiety with functiondity.

When benzanilidel@ (1 mmol) was treated with phenyl triflat@d) (4 mmol) in the presence of
Pd(OAc) (0.05 mmoal), PPk (0.3 mmol, P/Pd=6) and GE€0O3 (4 mmol) in DMF at 110°C for 24 h,

a mixture ofN-(2-phenylbenzoyl)anilined) (48%) andN-(2,6-diphenylbenzoyl)anilinesf (37%) was

Corresponding author. Fax: +81 6 6879 7362; e-mail: miura@ap.chem.eng.osaka-u.ac.jp (M. Miura)

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
P1l: S0040-4039(00)00238-0

tetl 16518



2656

Table 1
Reaction of benzanilidel@) with phenyl triflate 2a) or bromobenzene3g)?

9 /@ Pd(OAc)2/PPhg
R
CsoCO3
1a

2a: X = OTf
3a: X =Br
Triflate Yield® / %
Entry or P/Pd® Solvent Time / h - Recovery
bromide 4 5 of 1a°/ %
1 2a 6 DMF 24 48 37 14
2 2a 6 Toluene 24 0 (96) 0
3 2a 4 Toluene 23 0 (81) 0
4 2a 8 Toluene 47 0 (94) 0
5 3a 6 DMF 47 57(37) 13 28
6 3a 6 Toluene 69 55 32 9
7¢ 3a 6 0-Xylene 47 0 (80) 0

*The reaction was carried out under N, at 110 °C (bath temperature). [1a]:[2a or 3a]:[Cs,CO;]:[Pd] =
1:4:4:0.05 (in mmol).

®Ratio of PPh,/Pd(OAc),.

‘Determined by GC analysis based on 1a used. Value in parenthesis is isolated yield.

“Reaction at 150 °C (bath temperature).

produced, the starting materidh (14%) being recovered (entry 1 in Table 1). The reaction in toluene
in place of DMF proceeded much more smoothly, giving the diphenylated comfoumd yield of

96% (entry 2). The ratio of PBho Pd(OAc)» was also found to affect the reaction. The yieldbokas
reduced by decreasing the P/Pd ratio to 4 (entry 3). The reaction became slower at the ratio of®, while
was obtained in 94% yield after 47 h (the ratiod0b at 24 h was ca. 1.2) (entry 4). The reaction using
bromobenzene3@) was considerably slower than that usiey However, an acceptable yield 8{80%)

was obtained in the reaction @axylene at 150°C.

Table 2 summarizes results for the reactions of a number of benzanlls&eswith triflates 2a,b
and bromide3b.”8 N-(4-Methoxybenzoyl)- andN-(4-chlorobenzoyl)anilines1p,c) and N-benzoyl-4-
methylaniline (d) reacted with2a to give the corresponding diphenylated produgt8 in excellent
yields (entries 1-3). From the reaction Nf(2-methylbenzoyl)anilinel€) with 2a was obtained the
expected mono-phenylated compouhgentry 4). The reactions dfa with 4-methylphenyl triflate Zb)
and 4-bromochlorobenzengh) also afforded diarylated compounti8andl1 (entries 5 and 6). In these
reactions usin@b and3b, P(4-MeGH,)3 and P(4-ClGH4)3 were used as ligands in place of BRin
order to avoid the contamination of phenyl group from the phosphine.

It has been reported that (a) acetanilide undergoes palladation atttieeposition of the aniline
moiety upon treatment with Pd(OAg}° and (b) intramolecular cyclization of haloamides forming a
C-N bond takes place in the presence of a palladium catdiyéb. products arylated at thg-phenyl
group and amide nitrogen df were, however, detected in the present reaction. While further studies
are required to discuss the detailed mechanism of the arylation, it may be reasonable to consider that
the coordination of amide anion generated frirto intermediary arylpalladium species occurs as the
key step, which is similar to the reactions of phenols and phenyl kefohksconsistent with this, a



Reaction of benzanilideka—e with aryl triflates2a,b or bromide3b?

Table 2

Entry 1 2 Product Yield®/ %
0 ®
a 0
N N
X L
1 1b: X = OMe 2a X O 6: X = OMe 95
2 1e: X =Cl 2a 7:X=Cl 93
Me
o) /@/ O ° Me
. Ly
: »
Me O O Me O /@
4 . 2a H 9 79
“' ®
Me
‘ o)
wo—("y-om § e
54 1la O H 10 74
S &
Ci Me
‘ o)
. N
6 la 3b O H 11 78

Reaction conditions: 1 (1 mmol), 2 or 3 (4 mmol), Pd(OAc), (0.05 mmol), PPh; (0.3 mmol), Cs,CO;

(4 mmol), in toluene (8 cm3) at 110 °C under N, for 22-47 h unless otherwise noted.

bIsolated yield.

“Triflate 2a (2 mmol) and Cs,CO; (2 mmol) were used.
4p(4-MeC¢H,); was used in place of PPhs.
Reaction using P(4-CIC4H,); in place of PPh; in o-xylene at 150 °C.
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preliminary investigation into the mechanism usiNgoropylbenzamide andl,N-dimethylbenzamide
suggested that an amide hydrogen is required for the reaction to take place: the former compound
could react with2a in toluene to give a mixture of mono- and diphenylated products (35% and 14%,
respectively, by GC), whereas the latter gave no coupling products.
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