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1. Introduction

The prevalence of biaryl moiety in natural and bgitally
active compounds as well as advanced organic misteisa
motive for finding efficient methods for the conattion of this
structural motif: Direct  transition metal-catalyzed
functionalization of unreactive C-H bonds servesagsowerful
tool in organic synthesfsDirect C-H bond arylation through
transition metal-catalyzed reactions using variocsupling
reagents such as arylboronic acldsrganometallic reagents,
aryl halides, aryl tosylatés,(di)aryliodonium salt§, benzoic

workers in 2014 (eq 2¥° Ortho-arylation of pivanilide
derivatives with aryl iodides as coupling reagents weported
by Cheng et al. in 2015 (eq. 3. A ruthenium catalyzed
arylation of acetanilides using bronic acid delived as coupling
partners was reported independently by Jeganmohants
Ackermann’s groups in 2014 and 2015, respectivejyi(g 2"

Direct arylation of anilides with arenes has also nbee
reported® Yu and coworkers described Pd-catalyzed arylation
of pivanilides using arenes as both solvent anglaog reagent
(eq 5.)™" As part of our ongoing research program on the

acids and arenéshave been reported. In most cases, thalevelopment of efficient methods for direct funotdization of

presence of a directing group to activate the tayl bond
selectively is crucial and choosing the most berfidirecting
group is still the challenging part of a synthetipproach.
Among the enormous number of directing groups intoadl in
the last decades, carbonyl containing groups haeeived
special consideration. For example, acylamino gsouge
beneficial directing groups to activatetho C-H bonds of arenes
and are easily removed to attain anilines whichcamaipresent
structural motifs found in many bioactive compouffds

2-Aminobiaryls have received particular attentiore do their
applications in organic synthesis. They can be asegrecursors
for synthetically important heterocycles such abaaoles® In
addition to well-known coupling reactions such as ukisz
Miyaura®" Kumadd'®® and Negishireactions; the direct
regioselective coupling of anilides with various pling partners
have been reportddr the synthesis of this structural mofifAs
shown in Scheme 1, in 2007, Shi and co-workers destiilirect
palladium catalyzed arylation of acetanilides witlyl seagents
(eq 1.)** Palladium-catalyzed decarboxylative arylation of
anilides with acylperoxides was reported by Wang aod

C-H bonds, we turned our attention to the synthesi2-o
arylanilides via a palladium catalyzed C-H bond \ation
reaction. In comparison with the above-mentionedhous, an
appropriate economically favorable coupling parisesbviously
required. Among the coupling candidates, arylsulfaorides
could be the best choice because of their indigpei@dvantages.

Palladium-catalyzed C-H bond functionalization with
arylsulfonyl chlorides has been reported, recefitijo the best
of our knowledge palladium-catalyzed desulfitativarect
arylation of arenes using arylsulfonyl chloridests coupling
partners has not received more attention. Towardseading
these reports and in continuation of our inteieshis ared’ we
wish to report the palladium-catalyzed regioselectidirect
arylation of anilides with arylsulfonyl chlorides #se arylation
agent through C-H bond activation for the first ti(@eheme 1).
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Scheme 1. Examples of anilide arylation

2. Results and discussion

Our initial attempt toward this aim was started by an

investigation of the reaction between 4-methyl pilde (1a)
andp-toluenesulfonyl chloride2g) as the model reaction (Table
1). To optimize the reaction parameters, the efeftdifferent
catalysts, additives, solvents and temperature @xeaenined. To
begin our initial trial the reaction betwedm and 2a in the

present of 10 mol% of PdgChs catalyst and 2 equivalents of

entry 17) and control experiments showed that nctiea
occurred in the absence of catalyst (Table 1, i)y The effect
of ligand was also investigated and no improvemenields was
observed in the presence of;Phbipyridine, phenanthroline or
Et;N (Table S1, entries 1-4). Finally, upon decreasthg
reaction temperature from 140 to 120 °C, the yiglthe reaction
decreased from 81 to 36 % (Table 1, entry 19).

Once the optimized conditions for the desired diota
reaction were established, the scope of the reacti@s
investigated (Scheme 2). Anilides with halo substitsgF, Cl,
Br) smoothly led to the corresponding arylated piasd in good
yields.

Table 1. Optimization of the Reaction Conditions'®

NHPiv SO,Cl NHPiv
catalyst
addltlve O
¢r © solvent ,temp
time
3a
entry Catalyst additive Solvent Yield®
(mol %) (equiv) (%)
1 PdCl; (10) Li,COs (2) 1,4-dioxane 51
2 PdClI; (10) Li,COs (2) DCE 59°
3 PdCl, (10) Li,CO3 (2) DME 43
4 PdCl, (10) Li,CO3 (2) DMF -
5 PdClI; (10) Li,COs (2) CH3CN -
6 PdClI; (10) Li,COs (2) PhCI 63
7 PdCl, (10) Li,CO;3 (2) toluene 81
8 PdCl, (10) Na,CO3(2) toluene 35
9 PdCl, (10) K2CO3 (2) toluene trace
10 PdCl, (10) Cs,CO03 (2) toluene trace
11 PdCl, (10) LiCl (2) toluene 80
12 PdCl, (10) toluene
13 Li,CO3 (2) toluene
14 PdCl,(MeCN); (10) LiCl (2) toluene 43
15 Pd(OAc), (10) LiCl (2) toluene 47
16 PdCI,(COD), (10) LiCl (2) toluene 54
17 PdCI,(PPhs),(10) LiCl (2) toluene 31
18 PdCl; (5) LiCI (2) toluene 69
19 PdCl, (10) LiCl (2) toluene 36°

[ Reaction conditions: 1a (0.5 mmol), 2a (1.5 eq), additive (2 eq.) in
solvent (2.0 mL) were stirred at 140 C for 48 h.” The ortho chlorinated
pivanilide was detected in 29% yield as the side product. ¢ The reaction

Li,CO; as additive in 1,4-dioxane was considered and t0 Ouwas carried out at 120 C.

delight, the desired produsta was formed in 51% vyield (Table
1, entry 1). Various solvents were screened to opénthe
reaction conditions (Table 1, entries 2-7, see dlable S1,
entries 8-10 in the Supporting Information). Whée teaction
was carried out in DCE the yield slightly increased the best
result was obtained in toluene with 81% vyield (Tablentry 7).
The reaction was performed in the presence of diffeadditives
and it was revealed that the role of the additiveriial for this
transformation, and the formation of the desireddpct 3 is
strongly depended on the presence of lithium sAksshown in
Table 1, the best results were obtained witfCO; and LiCl
whereas N&O;, K,CO; and CsCO; were found to be inferior
(entries 7-11, see also Table S1, entries 6 andlfrei Supporting
Information), and finally, no desired product wasaited in the
absence of additive (Table 1, entry 12). Other compualladium
catalysts such as Pd(OAcPdCh(CH;CN),, PdCL(COD), and

PdCL(PPh), were examined and no improvement in yields was

observed (Table 1, entries 13-16). Decreasing theuamof
catalyst from 10 to 5 mol% led to insufficient oartiees (Table 1,

Given that these halogen substituents remainedtidiaing
the reaction, they can enable additional functizatibn at these
positions 8e, 3f, 3g and3m). No remarkable electronic effect of
substituents gbara or metaposition of pivanilides was observed
but in general the presence of alkyl groups shightihanced the
yields. The presence of ggroup onmetaor para position of
anilide ring resulted in lower yields3i{ and 3n). It is worth
noting that with pivanalides bearing strong electiomating
groups, such as OMe, the corresponding chlorinatedugts
were obtained as the side products. Usimgtasubstituted
pivanilides, arylation occurred exclusively at 8¢5 position of
the substrate with less steric hindrange3m). Unfortunately, 2-
substituted pivanalides did not afford the corresiiog products
(3t). A series of functional groups on the phenyl riof
arylsulfonyl chlorides, such as bromo, chloro, mitmethyl were

compatible under this procedure, and the producte veelated
in good to high yields3p-3s). High yields of3 were obtained
from benzenesulfonyl chloride and arylsulfonyl afdes



containing electron-withdrawing groups such as,@d Br. In

addition to the acetamido group, other directingdanmoieties Iy
were tested in thisrtho-arylation reaction. Phenyl moieties gave RYNH
slightly lower yield while other amido derivatives bstituted § H
with Me, n-pentyl or Ck had disappointing yields. HN_\<R
0 cH
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N2 _ . 3. Conclusion
3i, 79% 3j,85% 3k, 89% 3l, 75%

NHPi NHPi NHPi NHPi In concl_usion, we have _de\{elopec_zl the palladium-y_ami
ortho arylation of anilide derivatives with arylsulfonghlorides
e O O eo O O as the arylating source for the synthesis of 2aaililes. The
3 e
OMe

reaction is chemoselective and no over arylation detected.
3m, 67% 3n, 78% 30, 719 3p, 96% This method is well tolerated with both EDGs and EWGs

NHP cl NHPi Br NHP NO; i substituents on the both coupling partners. Morgovbe
O O O iy O directing group can easily removednd provides a simple and
O O O O practical route for producing the titled produatdich could be

used as precursors in synthesis of valuable hatlesyound in

3t, 0% . . . . . .
3q, 86% 3r, 89% 3, 93% ’ pharmaceuticals, electronics industries and bieaadmpounds.
NHPiv 1 4. Experimental section
Cl 4a: R'=Me, R2=H, 20% R 'NH O 5: R=Ph, 59%;
4d: R'=0Me, R?=H, 17% 6: R= Me<5% 4.1. General
R? 41: R'=H, R>=OMe, 15% O 7: R=CF;, trace;
R 40: RY, R%=0Me, 21% 8: R=n-penty|<5%

Solvents, palladium chloride (98%), aniline derives were
purchased from Merck. Other reagents were purchased f

Reaction conditions: Pivanilide (0.5 mmofjtoluenesulfonyl chloride ~ commercial distributors and used without further ifpzation.
(1.5 equiv), LiCOs (2 equiv) in toluene (2.0 mL) were stirred at 4D for Anilide derivatives were synthesized according terditure
48 hTheortho-chlorinated product was obtained as the side product. procedures™® Analytical thin layer chromatography (TLC) was

Although the mechanism of this reaction has not beel;])erformed on precoated silica gel 60 F254 platée froducts
established experimentally, on the basis of previthemistri?'® e ¢ purified by preparative column chromatographysdica
e caayic cyle shown on Scheme 3 i proposataly, (6 06%0200 T HeIe o, CALR Specta wee
palladation occurs preferentially at tlogtho position of the o .

" . . . . CDCl; and DMSO-¢; 3 in ppm,J in Hz. Mass spectrometry was
anilide, likely via a concerted metallation-deprmton step obtained on Agilent 5975C VL MSD (lon source: El+, V0230
which leads to the formation of palladacycle A. le tiext step, 9 ' ’

the oxidative addition of arenesulfonyl chloride tthe ©).

intermediate A forms the Pd(lIV) intermediate B. The4.2. General Procedurefor the Synthesis of 2-aryl anilides
intermediate B produces intermediate C with concamitoss of

SO, at a higher temperature, and in the next stepretiactive A 10 mL microwave vial was charged with the anilide
elimination from the Pd(IV) complex affords the Bdaanilide  derivatives (1 equiv, 0.5 mmol), the arenesulfociyloride (1.5
and regenerates Pd(ll). equiv), PdCJ (10 mol%), LyCO; (2 equiv) and toluene (2 mL).

The vial was then sealed and immersed in an oil, vetich was
preheated at 140 °C, for 48 h. After this time ris&ction mixture
was cooled to room temperature and then diluted BGM and
fitered. The residue was purified by using column
chromatography (n-hexane) to yield the desired yertsd
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4.2.1.1-N-(4", 5 dlmethyl [1,1'-biphenyl]-2-yl) 198 (57), 168 (15), 57 (34). Anal. Calcd foild,sNO,: C, 76.74;
pivalamide ga)"* H, 7.80; N, 4.71; found: C, 76.97; H, 7.85; N, 4.74.

The general procedure was followed using 4-methyiglide CNL_(E. A ) s hi )
(95 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75 g;f/i)dszivga(r?wiglejoég) 4'-methyl-[1,1"-biphenyl]

mmol), LbCO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%). .
e s The general procedure was followed using 4-fluorapilde
Purification by column chromatography (silica gakhexane) (97 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75

ave the final producda (114 mg, 81% vyield) as white needle )
(mp.= 101103 °C n-heExanfSL (00 Mz C)DCj) 8.5 (1H, ~MmoD, LkCOs (74 mg, 1 mmol), PA&I(9 mg, 10 moi%).
b ' ' . " Purification by column chromatography (silica gakhexane)

d, J 85 Hz, =CH), 7.49 (1H, br, CONH), 7.33-7.26 (4H, m’gave the final produ@e (105 mg, 74% vyield) as colorless prism

SCH) 246 GH. oMoy, 237 (311 5. Me), 116 (6rBsi) s (MP.= 7577 °C, n-hexane), (400 MHz, CDCY 8.30 (1H, dd,
" AN 1R 5 "TaE 5 14 = J 9.0, 5.5 Hz, =CH), 7.44 (1H, br, CONH), 7.32-7.34 (2H,

(100 MHz, CDC)) 176.2, 137.7, 135.2, 133.4, 1326, 132.2,:Cﬂ), 728725 (2H. m. =CH), 7.10-7.04 (1H, m. =CHY85
130.4, 129.6, 129.1, 128.7, 121, 39.7, 27.4, 22028; MS (IE)
g : (1H, dd,J 9.0, 3.0 Hz, =CH), 2.46 (3H, s, Me), 1.14 (9H, s,
m/z (relative intensity %)281 (M, 29), 233 (57), 197 (30), 119 ) A
(17), 105 (100), 57 (43). Anal. Calcd for,NO: C, 81.10; H, Me); 8 (375 MHz, CDCY) -118.71; 8¢ (100 MHz, CDC))
' ’ ' ' gras o T P T 176.3, 158.9 (d)) 244.0 Hz), 138.3, 134.2 (d, 7.5 Hz), 134,

8.24; N, 4.98; found: C, 81.27; H, 8.29; N, 4.95. 131.2 (d,J 2.0 Hz), 129.8, 128.9, 122.8 @8.5 Hz), 116.4 (dJ
4.2.2.N-(4'-methyl-[1,1"-biphenyl]-2-yl) 22.5 Hz), 114.6 (dJ 22.0 Hz), 39.7, 27.4, 21.}MS (IE) m/z
pivalamide @b)*? (relative intensity %)285 (M, 27), 201 (26), 167 (31), 149 (72),
The general procedure was followed using phenyl giiden 71 (22), 57 (100), 43 (32), 41 (54). Anal. Calcd @gH,.FNO:

(88 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75 C, 75.76; H, 7.06; N, 4.91; found: C, 75.57; H, 7.M04.88.

mmol), Lib,CO; (42 mg, 1 mmol), PdGI(9 mg, 10 mol%). . )
Purification by column chromatography (silica gakhexane) ;4/I)2p5|va,\|la(n§|(§2|gfr)o o -methyl-[1,1"-biphenyl]-2

gave the final produ@b (116 mg, 87% yield) as a yellow ol . .
— The general procedure was followed using 4-chlorarglide
(400 MHz, CDCY) 8.42 (1H, dd)) 8.0, 1.0 Hz, =CH), 7.57 (1H, (106 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75

br, CONH), 7.40-7.25 (6H, m, =CH), 7.18 (1H, dd7.5, 1.0 Hz, .
=CH) 2_4; (3H, s Me)(116 (9H 5)3Mé&'((100 MHz, cpcy) ~ Mmol). LkCO; (42 mg, 1 mmol), PdGI(9 mg, 10 mol%).
A e AmE a8 190 . Purification by column chromatography (silica gakthexane)

176.3, 137.8, 135.2, 135, 132, 129.8, 129.7, 1223,3, 123.8 ) . .
’ ' 51 o ; ' PPITTA ' gave the final produ@f (116 mg, 77% yield) as off-white needle
120.79, 39.8, 27.4, 21.2; MS (IE) m/z (relativecimgity %) 268 (m.p.= 102-104 °C. n-hexan@), (400 MHz, CDCY) 8.36 (1H,

G hea aied o i & o o 20 8 o 0,3 9.0 Ha, =CH), 7.53 (LH, br, CONH), 7.37-7.28 (3H. m,
’ T 0E4 T 9ET T _CH), 7.25-7.22 (3H, m, =CH), 2.45 (3H, s, Me), 1.98i(s,

found: €, 80.65; H, 7.88; N, 5.28. 3Me); 5c (125 MHz, CDC)) 176.2, 138.4, 133.8, 133.7, 133.5,
N-(5-ethyl-4'-methyl-[1,1'-biphenyl]-2-yl) 129.8, 129.5, 128.9, 128.6, 128, 121.9, 39.7, 2713l; MS (IE)
pivalamide @c) m/z (relative intensity %803 (M+2, 45), 301 (M 100), 217

. . (81), 180 (26), 57 (72). Anal. Calcd forH,,CINO: C, 71.63;
The general procedure was followed using 4-ethyl rplice H. 6.68: N, 4.64: found: C, 71.91: H, 6.63: N, 4.61.

(102 mg , 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75
mmol), LiL,CO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%). 4.2.6.N-(5-bromo- 4 -methyl-[1,1'-biphenyl]-2-
Purification by column chromatography (silica gakhexane) yl) pivalamide(3g)*?

gave the final producBc (127 mg, 86% yield) as off-white
needle (m.p.= 77-79 °C, n-hexang) (400 MHz, CDC}) 5 8.28
(1H, d,J 8.5 Hz, =CH), 7.50 (1H, br, CONH), 7.34-7.28 (4H, m,
=CH), 7.23 (1H, ddJ 8.5, 2.0 Hz, =CH), 7.11 (1H, d,= 2.0 Hz,
=CH), 2.68 (2H, gJ = 7.5 Hz, CHMe), 2.46 (3H, s, Me), 1.28
(3H, t,J = 7.5 Hz, CHMe), 1.15 (9H, s, 3Me)dc (100 MHz,
CDCly) 176.1, 139.9, 137.7, 135.3, 132.8, 132.2, 1291@8,2,
129.2, 127.6, 121, 39.7, 28.3, 27.4, 21.2, 15.7; B m/z
(relative intensity %)296 (M, 17), 295 (55), 238 (16), 211 (24),
196 (41), 180 (15), 167 (19), 149 (34), 57 (10Q),(34). Anal.
Calcd for GH2sNO: C, 81.31; H, 8.53; N, 4.74; found: C, 81.44;

The general procedure was followed using 4-bromorilide
(128 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75
mmol), LbCO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakhexane)
gave the final producdg (145 mg, 84% vyield) as yellow needle
(m.p.= 98-100 °C, n-hexane), (400 MHz, CDC}) 8.33 (1H, d,

J 9.0 Hz, =CH), 7.51 (1H, br, CONH), 7.48 (1H, dd9.0, 2.5
Hz, =CH), 7.39 (1H, dJ 2.5 Hz, =CH), 7.33 (2H, d] 8.0 Hz,
=CH), 7.27-7.23 (2H, m, =CH), 2.46 (3H, s, Me), 1.98is,
3Me); 8¢ (100 MHz, CDC})) 176.3, 138.5, 134.4, 133.8, 133.6,
'132.4, 131, 129.9, 129, 122.2, 116.3, 39.8, 271R;2MS (IE)

H, 8.50; N, 4.72. m/z (relative intensity %347 (M+2, 61), 345 (M 62), 263 (38),
4.2.3. N-(5-methoxy-4'-methyl-[1,1'-biphenyl]- 261 (43), 180 (33), 167 (29), 149 (32), 57 (10(),(22). Anal.
2-yl) pivalamide 8d) Calcd for GgH,BrNO: C, 62.44; H, 5.82; N, 4.05; found: C,

The general procedure was followed using 4-methoxyf2.68;H,5.78; N, 4.09.
pivanilide (103 mg, 0.5 mmolp-toluenesulfonyl chloride (143
mg, 0.75 mmol), LICO; (42 mg, 1 mmol), Pd¢I(9 mg, 10

mol%). Purification by column chromatography (sligel, n- 4.2.7. N-(4'-methyl-5- (tnfluoromethyl) [1,1'-
hexane) gave the final produdd (117 mg, 79% yield) as off- biphenyl]-2-yl) pivalamide gh)*?
white needle (m.p.= 109-111 °C, n-hexand). (400 MHz, The general procedure was followed using 4- trifluoethyl

CDCl,) 8.18 (1H, dJ 9.0 Hz, =CH), 7.36 (1H, br, CONH), 7.33— pivanilide (122.5 mg, 0.5 mmolp-toluenesulfonyl chloride (143
7.26 (4H, m, =CH), 6.92 (1H, dd,9.0, 3.0 Hz, =CH), 6.82 (1H, mg, 0.75 mmol), LICO; (42 mg, 1 mmol), PdgI(9 mg, 10
d,J 3.0 Hz, =CH), 3.82 (3H s, OMe), 2.45 (3H_s, Me), 1(9H4, mol%). Purification by column chromatography (sligel, n-
s, 3Me);d¢c (125 MHz, CDC)) 176, 155.9, 137.8, 135.1, 134.1, hexane) gave the final produgh (119 mg, 71% yield) as off-
129.5, 129, 128.3, 122.9, 115.3, 113.1, 55.4, 343, 21.1; MS  white needle (m.p.= 83-85 °C, n-hexardg)(400 MHz, CDC))
(IE) m/z (relative intensity %) 297 (IV1100), 240 (18), 213 (59), 8.61 (1H, d,JJ 8.5 Hz, =CH), 7.71 (1H, br, CONH), 7.63 (1H, dd,



J 8.5, 2.0 Hz, =CH), 7.50 (1H, d,2.0 Hz, =CH), 7.40-7.27 (4H,
m, =CH), 2.48 (3H, s, Me), 1.14 (9H, s, 3Me&j; (375 MHz,
CDCly) 6 -62.01; §. (100 MHz, CDC})) 176.5, 138.7, 138.4,
133.5, 131.8, 130, 129, 126.7 (4.0 Hz), 125.4 (qJ) 32.5 Hz),
125.4 (q,J 4.0 Hz), 123.4 (gJ 269.5 Hz), 120.1, 40, 27.3, 21.2;
MS (IE) m/z (relative intensity %) 335 (M63), 251 (68), 248
(25), 235 (14), 85 (24), 57 (100), 41 (37). Anal.lcdafor
CygH,0FNO: C, 68.05; H, 6.01; N, 4.18; found: C, 67.88; H,
6.05; N, 4.16.

4.2.8.N-(4'-methyl-5-nitro-[1,1'-biphenyl]-2-yl)
pivalamide @i)

The general procedure was followed using 4-nitro rlige
(111 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75
mmol), LbCO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakhexane)
gave the final producBi (123 mg, 79% vyield) as light brown
needle (m.p.= 82-84 °C, n-hexan&).(400 MHz, CDC}) 8.69
(1H, d,J 9 Hz, =CH), 8.22 (1H, dd1 9, 2.5 Hz, =CH), 8.12 (1H,
d, J 2.5 Hz, =CH), 7.86 (1H, br, CONH), 7.39 (2H,X8.0 Hz,
=CH), 7.28 (2H, dJ 8.0 Hz, =CH), 2.47 (3H, s, Me), 1.13 (9H, s,
3Me); 8¢ (125 MHz, CDC)) 176.6, 142.9, 141.2, 139.2, 132.5,
131.9, 130.2, 129, 125.1, 124, 119.5, 40.1, 27112;2MS (IE)
m/z (relative intensity %312 (M', 64), 228 (18), 211 (26), 180
(24), 85 (35), 57 (100), 41 (61). Anal. Calcd fork;N,Os: C,
69.21: H, 6.45; N, 8.97; found: C, 69.39; H, 6.49; 1928

4.2.9.N-(4,4'-dimethyl-[1,1'-biphenyl]-2-yl)

pivalamide @j)'*> "

The general procedure was followed using 3-methwrmlide
(95 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75
mmol), Lib,CO; (42 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakhexane)
gave the final produd@j (119 mg, 85% yield) as a yellow ail;
(400 MHz, CDC}) 8.28 (1H, d,J 1.0 Hz, =CH), 7.55 (1H, br,
CONH), 7.33-7.26 (4H, m, =CH), 7.15 (1H, 37.5 Hz, =CH),
7.00 (1H, dddJ 8.0, 1.5, 0.5 Hz, =CH), 2.46 (3H, s, Me), 2.43
(3H, s, Me), 1.16 (9H, s,_3Me}: (100 MHz, CDC)) 176.3,
138.2, 137.6, 135, 134.9, 129.7, 129.6, 129.3,6,2¥1.3, 39.8,
27.4, 21.5, 21.2; MS (IE) m/z (relative intensity) %281 (M,
53), 224 (16), 197 (42), 180 (15), 167 (15), 148)(B7 (100), 41
(50). Anal. Calcd for @HNO: C, 81.10; H, 8.24; N, 4.98;
found: C, 81.41; H, 8.28; N, 4.95.

4.2.10. N-(4-ethyl-4'-methyl-[1,1'-biphenyl]-2-
yl) pivalamide Bk)

The general procedure was followed using 3-ethyl rpiicke
(102 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75
mmol), LbCO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakhexane)
gave the final producBk (131 mg, 89% yield) as pale yellow
needle (m.p.= 7577, n-hexan&).(400 MHz, CDC}) 8.35 (1H,

d, J 1.5 Hz, =CH), 7.60 (1H, br, CONH), 7.33-7.27 (4H, m,
=CH), 7.19 (1H, dJ 7.5 Hz, =CH), 7.03 (1H, dd} 8.0, 1.5 Hz,
=CH), 2.74 (2H, qJ 7.5 Hz, CHMe), 2.46 (3H, s, Me), 1.34
(4H, t, J 7.5 Hz, CHMe), 1.17 (9H, s, 3Me)jc (100 MHz,
CDCly) 176.3, 144.6, 137.6, 135.1, 129.7, 129.7, 12929 3,
123.4, 120.2, 39.8, 28.9, 27.4, 21.2, 15.6; MS (2 (relative
intensity %) 295 (M, 100), 238 (48), 211 (75), 196 (24), 180
(23), 57 (57). Anal. Calcd for gH,sNO: C, 81.31; H, 8.53; N,
4.74; found: C, 81.18; H, 8.49; N, 4.76.

4.2.11.N-(4-methoxy-4'-methyl-[1,1'-biphenyl]-
2-yl) pivalamide 8l)

5
mg, 0.75 mmol), LICO; (74 mg, 1 mmol), PdGI(9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane) gave the final produdt (123 mg, 75% yield) as off-
white needle (m.p.= 101-103 °C, n-hexarg) (400 MHz,
CDCl) 8.19 (1H, dJ 2.5 Hz, =CH), 7.64 (1H, br, CONH), 7.32—
7.25 (4H, m, =CH), 7.15 (1H, d,8.5 Hz, =CH), 6.74 (1H, dd,
8.5, 2.5 Hz, =CH), 3.89 (3H, s,_OMe), 2.45 (3H,_s, Me}5
(9H, s, 3Me);3¢ (100 MHz, CDC})) 176.4, 159.5, 137.5, 136.2,
134.8, 130.4, 129.7, 129.4, 124.1, 110.5, 105,,58949, 27.4,
21.2; MS (IE) m/z (relative intensity %)297 (M, 100), 240
(22), 213 (63), 57 (85), 41 (24). Anal. Calcd fopsNO,: C,
76.74; H, 7.80; N, 4.71; found: C, 76.50; H, 7.83; N34

4.2.12.N-(4'-methyl-4-(trifluoromethyl)-[1,1'-
biphenyl]-2-yl) pivalamide gm)*2"

The general procedure was followed using 3-triflucetml
pivanilide (122.5 mg, 0.5 mmolp-toluenesulfonyl chloride (143
mg, 0.75 mmol), LCO; (74 mg, 1 mmol), PdGI(9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane) gave the final produ8m (112 mg, 67% vyield) as
colorless needle (m.p.= 117-119 °C, n-hexabg)(400 MHz,
CDCls) 8.82 (1H, dJ 1.0 Hz, =CH), 7.66 (1H, br, CONH), 7.43-
7.41 (1H, m, =CH), 7.38-7.34 (3H, m, =CH), 7.31-7.2d,(m,
=CH), 2.48 (3H, s, Me), 1.15 (9H, s, 3Me)3¢ (375 MHz,
CDCly) & -62.57; 3¢ (100 MHz, CDC}) 176.5, 138.7, 135.8,
134.9, 133.7, 130.5 (¢, 32.0 Hz), 130.1, 130, 128.9, 124 (,
270.5 Hz), 120.2 (¢J 4.0 Hz), 117.4 (g) 4.0 Hz), 39.9, 27.3,
21.2; MS (IE) m/z (relative intensity 9835 (M', 67), 278 (11),
251 (83), 250 (36), 248 (26), 235 (17), 18 (13)(B%), 57 (100),
41 (33). Anal. Calcd for GH,oFNO: C, 68.05; H, 6.01; N, 4.18;
found: C, 68.26; H, 6.05; N, 4.20.

4.2.13.N-(4,4',5-trimethyl-[1,1'-biphenyl]-2-yl)
pivalamide @n)

The general procedure was followed using 3, 4-dimethy
pivanilide (102 mg, 0.5 mmolp-toluenesulfonyl chloride (143
mg, 0.75 mmol), LCO; (74 mg, 1 mmol), PdGI(9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane) gave the final produg8h (115 mg, 78% vyield) as a
yellow oail; 8,4 (400 MHz, CDC})) 8.20 (1H, s, =CH), 7.49 (1H,
br, CONH), 7.35-7.25 (4H, m, =CH), 7.05 (1H, s,_=CH),62.4
(3H, s, Me), 2.35 (3H, s, Me), 2.29 (3H, s, Me), 1(9H, s,
3Me); 8¢ (100 MHz, CDC)) 176.2, 137.5, 136.6, 135.2, 132.7,
132.2, 130.9, 129.8, 129.6, 129.2, 122.2, 39.74,271.2, 19.8,
19.2; MS (IE) m/z (relative intensity %) 295 (M,)6238 (27),
212 (21), 211 (66), 194 (18), 57 (100), 41 (39). l|Aalcd for
C,HxsNO: C, 81.31; H, 8.53; N, 4.74; found: C, 81.42; H, 8.50
N, 4.72.

4.2.14.N-(4,5-dimethoxy-4'-methyl-[1,1'-
biphenyl]-2-yl) pivalamide 30)

The general procedure was followed using 3,4-dimsthox
pivanilide (118.5 mg, 0.5 mmol), p-toluenesulfoniloride (143
mg, 0.75 mmol), LCO; (74 mg, 1 mmol), PdGI(9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane) gave the final produdb (116 mg, 71% yield) as a
brown oil; 8, (400 MHz, CDC}) 8.12 (1H, s, =CH), 7.48 (1H, br,
CONH), 7.32-7.25 (4H, m, =CH), 6.77 (1H, s, =CH), 3.9,(3
s, OMe), 3.88 (3H, s, OMe), 2.44 (3H_s, Me), 1.15 (8+H8Me);
dc (100 MHz, CDCJ) 176.2, 148.3, 145.1, 137.6, 134.9, 129.7,
129.3, 128.7, 127.1, 112.8, 105, 56.1, 56, 39.74,271.2; MS
(IE) m/z (relative intensity %) 327 (M+, 100), 228 (35), 211

The general procedure was followed using 3-methoxy20), 196 (19), 57 (55). Anal. Calcd fopf,sNOs: C, 73.37; H,

pivanilide (103 mg, 0.5 mmolp-toluenesulfonyl chloride (143

7.70; N, 4.28; found: C, 73.60; H, 7.76; N, 4.32.



4.2.15.N-(5-methyl-[1,1'-biphenyl]-2-yl)
pivalamide 5p)118v12b,c

The general procedure was followed using 4-methwrmlide
(95 mg, 0.5 mmol), benzenesulfonyl chloride (133, Mgr5
mmol), Lib,CO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakthexane)
gave the final producab (128 mg, 96% yield) as white needle
(m.p.= 94-96 °C, n-hexane), (400 MHz, CDC}) 8.24 (1H, dJ

8.5 Hz, =CH), 7.54-7.49 (2H, m, =CH), 7.47-7.37 (4H, m,

=CH), 7.21 (1H, ddJ 8.5, 2 Hz, =CH), 7.11-7.09 (1H, m, =CH),
2.38 (3H, s, Me), 1.13 (9H, s, 3M@&); (125 MHz, CDC}) 176.1,
138.2, 133.4, 132.5, 132.3, 130.2, 129.2, 128.9,8,2121.1,
121, 39.6, 27.3, 20.7; MS (IE) m/z (relative intengo) 267
(M+, 67), 210 (16), 183 (77), 182 (37), 57 (100}, (28). Anal.
Calcd for GgHNO: C, 80.86; H, 7.92; N, 5.24; found: C, 80.62;
H, 7.96; N, 5.21.

4.2.16.N-(4'-chloro-5-methyl-[1,1'-biphenyl]-2-
yl) pivalamide 8q)

The general procedure was followed using 4-methwrmlide
(95 mg, 0.5 mmol), 4-chloro benzenesulfonyl chler{d58 mg,
0.75 mmol), LiCO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakhexane)
gave the final producBg (129 mg, 86% yield) as off-white
needle (m.p.= 105-107 °C, n-hexarég)(400 MHz, CDC}) 8.11

(1H, d,J 8.5 Hz, =CH), 7.47-7.44 (2H, m, =CH), 7.32-7.29 (3H,

m, =CH), 7.20 (1H, dJ 8.5 Hz, =CH), 7.05 (1H, d] 2.0 Hz,
=CH), 2.37 (3H, s, Me), 1.15 (9H, s, 3Mé};(100 MHz, CDC})

176.3, 136.9, 134, 133.9, 132.3, 131.7, 130.6,3,229, 122.2,
120.2, 39.6, 27.4, 20.8; MS (IE) m/z (relative iy %) 301

(M+, 5), 225 (28), 190 (85), 141 (66), 106 (28), @4), 57
(100), 41 (25). Anal. Calcd for,gH,,CINO: C, 71.63; H, 6.68;
N, 4.64; found: C, 71.91; H, 6.71; N, 4.66

4.2.17.N-(4'-bromo-5-methyl-[1,1'-biphenyl]-2-yl)
pivalamide @r)

The general procedure was followed using 4-methwmilide
(95 mg, 0.5 mmol), 4-bromo benzenesulfonyl chlof(@i®2 mg,
0.75 mmol), LiCO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakhexane)
gave the final producBr (153 mg, 89% yield) as off-white
needle (m.p.= 122-124 °C, n-hexarég)(400 MHz, CDC}) 8.10
(1H, d,J 8.5 Hz, =CH), 7.62-7.6 (2H, m, =CH), 7.33 (1H, br,
CONH), 7.26-7.23 (2H, m, =CH), 7.20 (1H, dH8.5, 2.0 Hz,
=CH), 7.04 (1H, dJ 2.0 Hz, =CH), 2.36 (3H, s, Me), 1.15 (9H, s,
3Me); 6¢ (100 MHz, CDC}) 176.3, 137.3, 134.1, 132.2, 132,
131.7, 131, 130.3, 129.3, 122.2, 122.1, 39.6, 204; MS (IE)
m/z (relative intensity %) 347 (M+2, 34), 345 (M35), 263 (49),
261 (51), 209 (23), 191 (25), 180 (48), 107 (233,(%00), 41
(28). Anal. Calcd for GH.BrNO: C, 62.44; H, 5.82; N, 4.05;
found: C, 62.71; H, 5.87; N, 4.09.

4.2.18.N-(5-methyl-4'-nitro-[1,1'-biphenyl]-2-yl)
pivalamide @s)

The general procedure was followed using 4-methymilide
(95 mg, 0.5 mmol), 4-nitro benzenesulfonyl chlorid&6 mg,
0.75 mmol), LiCO; (74 mg, 1 mmol), PdGI(9 mg, 10 mol%).
Purification by column chromatography (silica gakhexane)
gave the final produ@s (145 mg, 93% yield) as yellow powder
(m.p.= 133-135 °C, n-hexane/EtOA@); (400 MHz, CDC})
8.34 (d,J = 9.0 Hz, 2H =CH), 7.95 (1H, d, = 8.5 Hz, =CH),
7.60-7.56 (2H, m, =CH), 7.26 (1H, d#i8.5, 2 Hz, =CH), 7.19
(1H, br, CONH), 7.10 (1H, dJ 2 Hz, =CH), 2.40 (3H, s, Me),
1.15 (9H, s, 3Me)pc (100 MHz, CDC)) 176.5, 147.3, 145.7,
135, 131.9, 131.8, 130.2, 130.2, 130.2, 123.9,7.280.5, 27.4,
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20.8; MS (IE) m/z (relative intensity %)312 (M+, 100), 262
(31), 228 (72), 211 (33), 180 (40), 57 (83). Anahldd for
CigHo0N20s: C, 69.21; H, 6.45; N, 8.97; found: C, 69.07; H, 6.48
N, 8.94.

4.2.19.N-(2-chloro-4-
methylphenyl)pivalamideta)*’

The general procedure was followed using 4-methwmlide
(95 mg, 0.5 mmol)p-toluenesulfonyl chloride (143 mg, 0.75
mmol), Li,CO; (74 mg, 1 mmol), PdG(9 mg, 10 mol%).
Purification by column chromatography (silica gehexane)
gave the side produda (32 mg, 29% vyield) as white needle
(m.p.= 65-67 °C, n-hexane); (500 MHz, CDC}) 8.25 (1H, dJ
8.5 Hz, =CH), 7.91 (1H, br, CONH), 7.17 (1H, s, =CH)67.0
(1H, d,J 8.5 Hz, =CH), 2.28 (3H, s, Me), 1.33 (9H, s, 3MR);
(125 MHz, CDC}) 176.4, 134.4, 132.1, 129.1, 128.2, 122.8,
121.3, 40.0, 28.4, 20.5; MS (IE) m/z (relative irgy %) 227
(M+2, 3) 225 (M, 11), 190 (20), 141 (73), 106 (13), 57 (100).
Anal. Calcd for GH,¢CINO: C, 63.85; H, 7.14; N, 6.21; found:
C, 63.63; H, 7.17; N, 6.24.

4.2.20.N-(2-chloro-4-methoxyphenyl)pivalamide
(4d)

The general procedure was followed using 4-methoxy
pivanilide (103 mg, 0.5 mmoljp-toluenesulfonyl chloride (143
mg, 0.75 mmol), LICO; (42 mg, 1 mmol), PdGK9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane) gave the side prodddt(20 mg, 17% yield) as yellow
oil; 8y (400 MHz, CDC}) 8.25 (1H, dJ 9.0 Hz, =CH), 7.81 (1H,
br, CONH), 6.96 (1H, dJ 3.0 Hz, =CH), 6.85 (1H, dd,9.0, 3.0
Hz, =CH), 3.81 (3H s, OMe), 1.37 (9H, s, 3M&);(100 MHz,
CDCl;) 176.4, 156.0, 128.1, 124.1, 122.8, 114.4, 115517,
39.9, 27.6; MS (IE) m/z (relative intensity %) 2@43+2, 9), 241
(M*, 28), 206 (74), 157 (40), 142 (48) 57 (100). A@alcd for
C,H1CINO,: C, 59.63; H, 6.67; N, 5.79; found: C, 59.79; H,
6.62; N, 5.82.

4.2.21.N-(2-chloro-5-methoxyphenyl)pivalamide

(41)

The general procedure was followed using 3-methoxy
pivanilide (103 mg, 0.5 mmolp-toluenesulfonyl chloride (143
mg, 0.75 mmol), LICO; (74 mg, 1 mmol), PdgI(9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane) gave the side produdit (18 mg, 15% yield) as a
colorless oil; 3y (400 MHz, CDC)) ) 8.19 (1H, d,J 3.0 Hz,
=CH), 8.07 (1H, br, CONH), 7.25 (1H, d,9.0 Hz, =CH), 6.62
(1H, dd,J 9.0, 3.0 Hz, =CH), 3.83 (3H s,_OMe), 1.38 (9H, s,
3Me); 8¢ (100 MHz, CDC})) 176.8, 159.0, 135.4, 129.0, 113.8,
111.2, 106.7, 55.6, 40.3, 27.5; MS (IE) m/z (refatintensity %)
243 (M+2, 3), 241 (M, 11), 206 (100), 157 (28), 57 (8Hnal.
Calcd for G,H;CINO,: C, 59.63; H, 6.67; N, 5.79; found: C,
59.40; H, 6.64; N, 5.84.

4.2.22.N-(2-chloro-4,5dimethoxyphenyl)

pivalamide @o0)

The general procedure was followed using 3, 4-dimgtho
pivanilide (118.5 mg, 0.5 mmol), p-toluenesulfoniloride (143
mg, 0.75 mmol), LCO; (74 mg, 1 mmol), PdGI(9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane) gave the side proddct (28 mg, 21% yield) as as off-
white powder (m.p.= 107-109 °C, n-hexan&); (400 MHz,
CDCly) 8.11 (1H, s, =CH), 7.48 (1H, br, CONH), 6.73 (1H, s,
=CH), 3.88 (3H, s, OMe), 3.83 (3H, s, OMe), 1.33 (9H3Mde);
dc (100 MHz, CDCJ) 176.5, 148.0, 145.3, 128.3, 113.4, 111.6,



105.2, 56.2, 56.0, 40.0, 27.5; MS (IE) m/z (relatimtensity %)
273 (M+2, 17), 271 (M 49), 263 (100), 172 (59), 57 (87). Anal.
Calcd for GgH,4CINO;: C, 57.46; H, 6.68; N, 5.15; found: C,
57.59; H, 6.70; N, 5.18.

4.2.23.N-([1,1'-biphenyl]-2-yl)benzamide5)***

The general procedure was followed usifg-phenyl
benzamide (98.5 mg, 0.5 mmab-toluenesulfonyl chloride (143
mg, 0.75 mmol), LCO; (74 mg, 1 mmol), PdGI(9 mg, 10
mol%). Purification by column chromatography (sligel, n-
hexane/EtOAc 10:1), gave the final prod&¢80 mg, 59% yield)
as colorless needle (m.p.= 90-92 °C, n-hexane/EtGHci400
MHz, d-DMSO) 9.84 (1H, br, CONH), 7.81 (2H, d,7.5 Hz,
=CH), 7.52 (2H, tJ 8.5, =CH), 7.48-7.37 (9H, m, =CH), 7.30
(1H, t,J 7.5 Hz, =CH). Anal. Calcd for H,sNO: C, 83.49; H,
5.53; N, 5.12; found: C, 83.59; H, 5.57; N, 5.18.
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