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1. Introduction | )

R N N R
N-Arylamides are present in a wide variety of biologically RJ_O/ Rt \ﬂ/
. . p - = ! 0

active molecules and organic materiaSynthesis of them has Cul, DMEDA, K,CO3 =
aroused great interest of organic chemliétsAs a common or + R2CN . or
method for the synthesis ®f-Arylamides, Goldberg reactions 1 CH3CH=NOH, toluene
are usually carried out under harsh conditiohsrecent decades, X O )
ligands assisted copper-catalyzed Goldberg reaction has been 5 N/>_ R
developed greatly, which makes it possible to synthekize X

arylamides under mild conditiofisSeneral, aryl monohalides are X%, X?=1, Br, Cl

used as coupling partner of amides in Goldberg reactiorScheme 1. An improved protocol.
However, if aryl o-dihalides are utlized as substrates, . .
benzoxazoléscan be produced through a domino C-N and C-0% Resultsand Discussion
coupling® Moreover, the reactant amides in the Goldberg
reaction can be prepared easily from nitriles by hydrofis.
Recently we developed an amination reaction of aryl halides wit
nitriles® The use of nitriles as nitrogen nucleophiles can make th
synthesis oN-arylamides simpler than that from amides through

in-situ hydrolysis. A variety oN-arylamides or benzoxazoles can r . :
) S . gretful that no product was available if only weak bas€QOs
be synthesized by the approach utilizing aryl monohalides or ar r K,CO, was used in the reaction (entry 2-3, Table 1). It implied

o-dihalides as the partners of the nitriles respectively. Despitﬁ1 S
. X . at weak base or K,CO; could not promotein-situ
above-mentioned advantages, however, the reaction still SUffer‘T']%rolysis of nitr?lfsQin thig %ndition. Insrp))ired by related

fr;)m Se\;e_retlll I.|m2|taLtJ|ons:f(l) Itt's tdlff:(:_:JIt to ctcr)]ntrollthetz;moyrtlt literature? we decided to utilize acetaldoxime as the hydrolysis
of H,0 strictly; (2) Use of reactant nitriles as the solvent deviateql,, ot instead of . The experimental results showed the

from atom economy; (3) It is ba(_i for func_tlonal group Foleranc eaction can undergo smoothly under the condition of weak base
to use strong base KOH. Herein, we will report an improve

. . $CO; or K,CO; to generate the desired prod@etin a good
protocol for the synthesis dt-arylamides and benzoxazoles by &\ "t the aid of Bestaldoxime (entriesp4-5, Table 1g). It was

tgehcoppir-c?;alyzed regctiortw Ofl aryl ﬁhalti_deT with nitr”?ﬁ leased, with the temperature raised to 110 °C or 120 °C, the
(Scheme )'. € Improved protocol can eflectively overcome thgq 4o \vere increased to 79%, 94% respectively (entries 6-7,
above-mentioned shortcomings and make the synthesi- of

arylamides and benzoxazoles more efficient.

Initially, we investigated the coupling reaction of iodobenzene
a with benzonitrile2a in toluene using KOH/GEO; as the
ixed base and J@ as the hydrolysis reagent according to our
8revious method.Under this condition, the produltarylamide
3a was obtained in a yield of 42% (entry 1, Table 1). It was very
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Table 1). Lower catalyst loading reduced the yield significantlydesired products3 in good vyields (entries 1-6, Table 3).
(entry 8, Table 1). However, it was observed that the reaction could be affected by
steric effects by comparing the data from entries 2-4 in Table 3.
It is notable that heteroaryl nitril@g, 2h and aliphatic nitrilegi,
2 can also smoothly undergo this reaction to generate the

Table 1. Copper-catalyzed reaction of iodobenzéaevith
benzonitrile2a in different condition$.

Cul (10 mmol %), H corresponding produc®in moderate yields (entries 7-10, Table
©/' ©/CN DMEDA (15 mmol %) N 3).
+ o
gggetadl%'ﬂve' toluene ©/ o} Table 2. Copper-catalyzed reaction of different aryl halides
la 2a ’ 3a with benzonitrile2a. ®
- — - - Cul (20 mmol %),
ent;y base (2.0 equiv.) additive (equiv.) T (T) yield (%) N | DuMéDA (15 mr%)ol %) N H Ph
1> KOH/Cs,CO; H,O (8.5) 100 42 R+ PhON o - CHeNOH, R_:(j/ \g
2 Cs,CO3 H,O (8.5) 100 0 N toluene,120 T, 15h
3 K,CO4 H,O (8.5) 100 0 2 3
4 Cs,CO;  CH3CH=NOH (3.0) 100 64 entry 1 3 yield (%)
5 K,COj4 CH3CH=NOH (3.0) 100 63 | H oh
6 K,CO3 CH3CH=NOH (3.0) 110 79 1 ©/ la ©/ j]/ 3a 94
7 K,COj CH3CH=NOH (3.0) 120 94 o
8¢ K,CO, CH3CH=NOH (3.0) 120 36 Me Me |,
# Reaction conditionsla (0.5 mmol),2a (1.0 mmol), Cul 2 ST N\H/Ph 3b 25
(0.05 mmol), DMEDA N, N-dimethyl-1, 2-ethanediamine, fe}
0.075 mmol), base (1.0 mmol), additive, toluene (2.0 mL), 15h, H
under Ar. The yields were isolated yields. Me ' N

Me Ph
1c \n/ 3c 86
o]
N.__Ph
1d /©/ Y 3d 85
o]
Me

88

® KOH (0.25 mmol.), CE0, (0.75 mmol).
©0.025 mmol Cul and 0.0375 mmol DMEDA were used.

T

K

The scope of the coupling reaction of aryl halides with nitriles
was expanded to a variety of substituted aryl halitlegryl
halides 1 with both electron-donating groups and electron-
withdrawing groups smoothly underwent the transformation
generating the desired produ8t$n moderate to excellent yields 5
(25-95%, Table 2). 2-Methyliodobenzerib gave the desired Me
product in a lower yield than 3-methyliodobenzelweand 4- H
methyliodobenzenéd, which indicated that the reaction wound
be affected by steric effects (entries 2-4, Table 2). 4- 6
Methoxyiodobenzenele underwent this transformation to
generate the desired prodBetin a good yield of 88% (entry 5,

Table 2). Substituted iodobenzene with Cl, F smoothly led to
corresponding amides in excellent vyields of 95%, 88% 7
respectively, with the halogen substituent group intact (entries 6-

7, Table 2). It is notable that strong electron-withdrawing group H
nitro almost does not affect the reaction, and the yield is 79%
(entry 8, Table 2). Surprisingly, 4-aminoiodobenzdneand 3- 8
hydroxyiodobenzenelj could also form the corresponding
products3i and 3] in yields of 85%, 46% respectively, with the
functional groups NE OH compatible under the catalytic
conditions which could be further transformed into other
functionalities (entry 9-10, Table 2). The heterocyclic compound
2-iodothiophendk sucsessfully underwent the reaction despite a
low yield of 35% (entry 11, Table 2). In addition, MOM 10°
protected 3-hydroxyiodobenzene could also be transformed into
the corresponding produ8t in a good yield of 76% (entries 12,
Table 2).

O3 46
(6]
H
1k @J\‘\mph 3k 35
To investigate the scope of the nitriles in this transformation, \ S 0O

iodobenzenda was selected as the partner to react with different H
nitriles. The results in Table 3 show that various kinds of aryl MOMO I MOMO N__Ph
nitriles, heteroaryl nitriles and aliphatic nitriles can undergo this 12 \©/1I \©/ \ﬂ/ 3l 76
transformation to generate the desired products in moderate to
excellent yields (38-94%). The experimental data showed that the a
electronic properties of the substituents of aryl nitriles had Iittlemm

effect on the reation. Both electron-donating groups and electror;lr-1
withdrawing groups smoothly underwent this reaction generatin%]2
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Reaction conditionst (0.5 mmol),2a (1.0 mmol), Cul (0.05
ol), DMEDA (N, N'-dimethyl-1, 2-ethanediamine, 0.075
mol), K;CO; (1.0 mmol), CHCH=NOH (1.5 mmol), toluene
.0 mL), 120C, 15h, under Ar. The yields were isolated yields.



® 1.5 mmol KCO, were used.

Table 3. Copper-catalyzed reaction of iodobenzéaevith
different nitriles2. ?
Cul (10 mmol %), H
' DMEDA (15 mmol %) N_ _R
+ RCN e
K,CO3, CH3CH=NOH, o

toluene,120 <, 15h

la 2 3
entry 2 3 yield (%)
CN H
1 ©/ 2a N 3a 94
o)
Me Me
CN H
2 @/ 2b N\H;© 3m 56
(1
Me
Me CN
3 \©/ 2c H 3n 84
N
GR!
Me
CN H
4 /©/ 2d N 30 86
Me ©/ o)
cl
CN H
5 /©/ 2e N 3p 85
AT oy
F
CN H
6 /©/ 2f N 3 91
F ©/ o)
H R
7 @ 2g N s 3 63
g~ ~CN
o}
H o[ N
8 @ 2h N o 3 38
o~ "CN
o)
N
9 ey 2 ©/ Y st s
o)
N
10 )\ 2j 3u 52
CN o

# Reaction conditionsta (0.5 mmol),2 (1.0 mmol), Cul (0.05
mmol), DMEDA (N, N-dimethyl-1, 2-ethanediamine, 0.075
mmol), K;CO; (1.0 mmol), CHCH=NOH (1.5 mmol), toluene
(2.0 mL), 120C, 15h, under Ar. The yields were isolated yields.

3

that aryl nitriles with electron-donating groups gave higher
yields than ones with electron-withdrawing groups (entries 1-7,
Table 4). Moreover, 2-methylbenzonitrid® gave a lower yield
than 3-methylbenzonitrile2c and 4-methylbenzonitrile 2d
indicating the annulation reaction can also be affected by steric
effects (entries 2-4, Table 4). It is notable that pentanengrile
also smoothly led to desired proddtt in a yield of 41% (entry

8, Table 4). In addition, othero-dihalobenzenes 1, 2-
diiodobenzene 1n, 1-chloro-2-iodobenzene 1o, 1, 2-
dibromobenzenelp also successfully underwent the reaction
despite lower yields than 1-bromo-2-iodobenzéme(entries 9-

11, Table 4).

When o-dihalobenzenes were selected as reaction partners of

nitriles, benzoxazole derivatives can be obtained through a
domino hydrolysis, C-N and C-O coupling (Table 4). Firstly, a
variety of nitriles were employed to react with 1-bromo-2-
iodobenzendm. The experimental data from entries 1-7 in Table
4 showed that the annulation reaction can be affected by
electronic properties of the substituents of aryl nitriles. It seemed
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Table 4. Copper-catalyzed annulation reactiong-of which are exposed to the copper catalfstto generate the
dihalobenzene$ with nitriles2.* metallic intermediate€. Aryl halides1 undergo an oxidative
1 Cul (10 mmol %), addition to intermediateS to form the metallic intermediatés,
X DMEDA (15 mmol %) N\ which produce the amide produc®& through the reductive
@[ + RCN K,COj3, CH3CH=NOH, O>_R elimination reaction. The amide® subsequently enter into the
X2 toluene,120 T, 24h next cycle, in which metallic intermediatEsare formed by the
1 2 4 reactions of amides3 with copper catalystA under basic

entry 1(x% X3 2 yield (%) condition. Next, intermediateR undergo an oxidative addition
reaction to get the metallic intermediatesSubsequent reductive

4
CN N N . ) )
1 1,Br N 82 elimination reactions of intermediated generate the
o benzoxazole productsand release the catalystto complete the
4a

catalytic cycle.

im 2a
Me p N X
Me N R—=N+ — . R
2 1,Br CN D 55 5 _
0 base 1 Y
im 2b b Ve +MH,N\H/R.
0] , Br, Cl H
im 2c 4c ) III)((:\/N R'
CN N CuX + nL— Cu(l)XLn naihey
4 1,Br /©/ @E\>—©7Me87 N Yl\o
o D
im M& 4 4d 0
CN N
5 LBr /©/ @E \>_©’0Me 72 o
MeO o A
im 2k 4e R—:/\;[ \g/ 3
CN N Y
6 1,Br /©/ @[\)—@u 34 base
o
im cl 2e Af ‘
CN N Cu(hXLn N NYR
N\ R
7 1, Br F 51 A Pz (0]
F o =18 Y \Cu(I)Ln
im 2f 4g Y=1,Br,Cl c
N
A\
8 I,Br "¢ 4 .
1 2 4Oh R{EEN\>_R| R X N\ R
m 1 | ar
= 0 ! @]

CN N AN

Ln(lN)Cu

9 11 ©/ @[\>_© 58 4 (D) §
o

1n Scheme 2. A proposed mechanism.

2a 4a
CN N 3. Conclusion
10° 1, Cl @[ \>—© 44
o In summary, we have developed an improved protocol for the
2 4a

1o a synthesis ofN-arylamides and benzoxazoles by the copper-
CN N catalyzed reaction of aryl halides with nitriles. Use of
11 Br. Br N 33 acetaldoxime as the hydrolysis reagent instead,6f fdcilitates
' g the operation of the reaction. The significantly decreased amount
1p 2a 4a of nitriles, along with use of weak basgQQ; instead of strong
: - — base KOH, makes this transformation atom-efficient and
Reaction conditionst (0.5 mmol),2 (1.0 mmol), Cul (0.05 environmentally benign. A variety ofN-arylamides and
mmol), DMEDA (N, N-dimethyl-1, 2-ethanediamine, 0.075 penzoxazole derivatives can be synthesized according to this
mmol), K,CO; (1.5 mmol), CHCH=NOH (1.5 mmol), toluene  approach utilizing aryl monohalides or anyldihalides as the
(2.0 mL), 120C, 24h, under Ar. The yields were isolated yields. partners of the nitriles, respectively. Studies on other reactions of

.10 mmol Cul and 0.15 mmol DMEDA were used. nitriles and the applications are ongoing in our laboratory.

The probable catalytic mechanism for this transformation is
illustrated in Scheme 2. Two catalytic cycles may be involved.
Initially, the hydrolysis of nitrile2 under basic condition using
acetaldoxime as hydrolysis reagent produces the amideBsalts
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4. Experimental N-(4-Methoxyphenyl)benzamide3€): The reaction of 4-
) . methoxyiodobenzenge (117.0 mg, 0.5 mmol) with benzonitrile
4.1 General information 2a (103.0 mg, 1.0 mmol) afforded 99.9 mg (88%)3ef IR(KBr)

All manipulations were conducted with Schlenk tube under’max 3333, 1647, 1602, 1515, 1458, 1414, 825, 715, 692 trh

Ar. 'H NMR spectra were recorded on the Varian 400 MHz weNMR (400 MHz, CDC}, ppm)$ 7.86 (d,J = 7.2 Hz, 2H), 7.80
spectrometers. Chemical shifts (in ppm) were referenced tg 1H) 7.56:7.53 (m, 3H), 7.50-7.46 (m, 2H), 6.93-6.90 (m, 2H),
tetramethylsilane& = 0 ppm) as an internal standard in cpcl >:82 (S, 3H);"C NMR (100 MHz, CDCJ, ppm)3 165.6, 156.6,
and DMSO-d6.2*C NMR spectra were obtained by the same135'o' 131.7, 130.9, 128.7, 126.9, 122.1, 114.2, 55.5; MS (ESI)
NMR spectrometers and were calibrated with Cp@l= 77.00 M/Z [M+Na]' 250.1.
ppm) or DMSO-d6 § = 39.50 ppm). Mass spectra were obtained N-(4-Chlorophenyl)benzamide 3f): The reaction of 4-
using electrospray ionization (ESI) mass spectrometer. Toluenghloroiodobenzengf (119.3 mg, 0.5 mmol) with benzonitrika
was freshly distilled over Na. Without otherwise note, other(103.0 mg, 1.0 mmol) afforded 110.0 mg (95%)36f IR(KBr)
materials obtained from commercial suppliers were used Withouumax 3350, 1655, 1596, 1519, 1493, 1399, 825, 718 cH
further purification. NMR (400 MHz, DMSQd6, ppm)& 10.39 (s, 1H), 7.95 (d] =
7.6 Hz, 2H), 7.83 (d) = 8.8 Hz, 2H), 7.63-7.52 (m, 3H), 7.42 (d,
J = 8.8 Hz, 2H)*C NMR (100 MHz, DMSOd6, ppm)$ 165.7,
mg, 1.0 mmol) in toluene (2.0 mL) were added aryl monohalide§Vz: [M+H]" 242.1, [M+Na] 254.1.
1 (0.5 mmol), nitrile2 (1.0 mmol), DMEDA (8.0 uL, 0.075 N-(4-Fluorophenyl)benzamide 3q): The reaction of 4-
mmol), acetaldoxime (92.0 uL, 1.5 mmol) under argon. The,oroiodobenzendg (111.0 mg, 0.5 mmol) with benzonitriga
reaction mixture was stirred for 15 h at 120under argon. The (103.0 mg, 1.0 mmol) afforded 94.5 mg (88%)3gf IR(KBr)
solution was cooled to room temperature and the solvent Was  3349,1653, 1509, 1406, 716 ém'H NMR (400 MHz,
removed under vacuum. The crude product was purified beSO'd& ppm)& 10.31 (s, 1H), 7.95 (dl = 6.8 Hz, 2H), 7.83-
column chromatography on silica gel (eluent: petroleum ether 4 7 (m, 2H), 7.62-7.52 (m, 3H), 7.23-7.17 (m, 2HE NMR
ethyl acetate = 5:1) to afford tiNearylamides3. (100 MHz, DMSOd6, ppm)& 165.5, 159.5, 157.1, 135.5 (#i=
N-Phenylbenzamide34): The reaction of iodobenzenta 2.2 Hz), 134.8, 131.6, 128.4, 127.6, 122.1{d= 7.9 Hz),
(102.0 mg, 0.5 mmol) with benzonitriga (103.0 mg, 1.0 mmol) 115.2(dJ = 22.3 Hz),; MS (ESI) m/z: [M+H]216.1.
afforde_gi 92.6 mg (94%) da; IR(KBr) vinax 3345, 1655, 1532, N-(4-Nitrophenyl)benzamide 3t): The reaction of 4-
750 cm’; "H NMR (400 MHz, CDC}, ppm)d 7.95 (s, 1H), 7.88- phitrgigdobenzendh (124.5 mg, 0.5 mmol) with benzonitriza
7.85 (m, 2H), 7.66-7.63 (m, 2H), 7.56-7.52 (m, 1H), 7.49-7.44103 0 mg, 1.0 mmol) afforded 95.6 mg (79%)3bt IR(KBr)
(m, 2H), 7.38-7.33 (m, 2H), 7.17-7.13 (m, 1H)C NMR (100 | 33351656, 1506, 1345, 848, 719°ErtH NMR (400 MHz,
MHz, CDCk, ppm) 3 165.8, 137.9, 134.9, 131.8, 129.0, 128.7,50MS0d6, ppm) 5 10.83 (s, 1H). 8.30-8.26 (m, 21, 8.10-8.06
127.0,124.5, 120.2; MS (ESI) m/z: [M+H}98.1. (m, 2H), 7.9 (dJ = 6.8 Hz, 2H), 7.67-7.63 (m, 1H), 7.57 It
N-o-Tolylbenzamide 3b): The reacton of o  7-2 Hz, 2H);”C NMR (100 MHz, DMSQd6, ppm)3 166.3,
methyliodobenzendb (109.0 mg, 0.5 mmol) with benzonitrile 145.5, 142.5, 134.2, 132.2, 128.5, 127.9, 124.8, 119.8; MS (ESI)
2a (103.0 mg, 1.0 mmol) afforded 26.4 mg (25%pbf IR(KBr) ~ M/z: [M+H]" 204.0.
Vimax 3245, 1649, 1524, 1489, 1310, 748 tmMH NMR (400 N-(4-Aminophenyl)benzamide 3i): The reaction of 4-
MHz, CDCl, ppm)& 7.96 (d,J = 7.6Hz, 1H), 7.89 () = 7.2 5ningiodobenzengi (109.5 mg, 0.5 mmol) with benzonitriga
Hz, 2H), 7.70 (s, 1H), 7.57 (8 = 6.8 Hz, 1H), 7.51 ) = 7.6 (103.0 mg, 1.0 mmol) afforded 90.1 mg (85%)3uf IR(KBr)
Hz, 2H), 7.29-7.23 (m, 2H), 7.13 (@, = 7.6 Hz, 1H), 2.35 (s, , 3339, 1641, 1514, 1426, 1322, 1261, 823, 702;ct
3H); “C NMR (100 MHz, CDGJ, ppm) 6 165.7, 135.7, 134.9, VR (400 MHz, DMSO€6, ppm)3 9.89 (s,1H), 7.91 (d=7.6
131.8, 130.5, 129.4, 128.8, 127.0, 126.8, 125.4, 123.2, 17.8; M§,. 21, 7.57-7.48 (m, 3H), 7.37 (A= 8.4 Hz, 2H), 6.54 (d] =
(ESI) m/z: [M+H] 212.1. 8.8 Hz, 2H), 4.95 (s, 2HJ*C NMR (100 MHz, DMSQd6, ppm)
N_rn_To|y|benzamide :ﬁc): The reaction of m o 1647, 1453, 1353, 1312, 1283, 1281, 1272,3,.2.136,
methyliodobenzendc (109.0 mg, 0.5 mmol) with benzonitrile MS (ESI) m/z: [M+Na] 235.1.
2a.(103.0 mg, 1.0 mmol) afforded 90.7 mg (86%}0af IR(KBr) N-(3-Hydroxyphenyl)benzamide 3j): The reaction of 3-
Viax 3266, 1648, 1538, 1308, 1259, 781, 710 cthl NMR (400 iodophenollj (110.0 mg, 0.5 mmol) with benzonitriga (103.0
MHz, CDC|3, ppm)6 7.86-7.84 (m, 3H), 7.56-7.45 (m, 4H), 7.41 mg, 1.0 mmol) afforded 49.0 mg (46%)3}f |R(KB|’) Vinax 3369,
(d,J=7.6Hz, 1H), 7.26-7.22 (m, 1H), 6.96 M= 7.6 Hz, 1H), 1637 1539, 1450, 1281, 1210, 713, 683’citH NMR (400
137.8, 134.9, 1317, 128.8, 1286, 127.0, 1253, 120.9, 117.4,5 {7 219). 7.59-7.50 (m, 3H). 7.36 (5. 1H): 7.18.7.11 (m, 2H),
21.4; MS (ESI) m/z: [M+H] 212.1. 6.50 (d,J = 7.6 Hz, 1H);“C NMR (100 MHz, DMSQd6, ppm)3
N_p_T0|ylbenzam|de $d) The reaction of p_ 1655, 1575, 1402, 1352, 131+5, 1293, 1284, 1277, 1111,
methyliodobenzendd (109.0 mg, 0.5 mmol) with benzonitrile 110.8, 107.5; MS (ESI) m/z: [M+NaP36.1.
2a(103.0 mg, 1.0 mmol) afforded 89.7 mg (85%3df IR(KBr) N-(Thiophen-2-yl)benzamide 3k): The reaction of 2-
Viax 3311, 1647, 1597, 1611, 1317, 813, 714 ¢cthi NMR (400 iodothiophenelk (105.0 mg, 0.5 mmol) with benzonitril2a
MHz, CDCk, ppm)5 7.89 (s, 1H), 7.84 (dI = 7.2 Hz, 2H), 7.54- (103 0 mg, 1.0 mmol) afforded 35.3 mg (35%)3&t IR(KBr)
751 (m, 3H), 7.45 (0 = 7.2 Hz, 2H), 7.15 () = 8.0 Hz, 2H), | 3421 1622, 1501, 1243, 746 ¢H NMR (400 MHz,
2.33 (s, 3H);"C NMR (100 MHz, CDCJ, ppm)5 165.7, 1353, pMsO-d6, ppm)s 11.56 (s, 1H), 8.01-7.99 (m, 2H), 7.64-7.54
135.0, 134.2, 1317, 129.5, 128.7, 127.0, 120.3, 20.9; MS (ESfln, 3H), 7.03-7.01 (m. 1H), 6.95-6.90 (m, 25 NMR (100
m/z: [M+H]" 212.1. MHz, DMSOd6, ppm) & 163.2, 140.0, 133.1, 131.9, 128.6,
127.6, 124.1, 117.4, 112.1; MS (ESI) m/z: [M+H]p4.0.

4.2 General procedurefor the synthesis of N-arylamides
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N-(3-(Methoxymethoxy)phenyl)benzamide 3l  The  137.5, 130.8, 129.1, 128.4, 127.8, 124.6, 120.2; MS (ESI) m/z:
reaction of 1-iodo-3-(methoxymethoxy)benzetle (132.0 mg, [M+H]" 204.1.
0.5 mmol) with benzonitril?a (103.0 mg, 1.0 mmol) afforded
97.7 mg (76%) 08l; IR(KBr) vmax 3306, 3087, 3068, 2991, 2946,
2901, 2826, 1649, 1601, 1014 ¢mH NMR (400 MHz, CDCJ,
ppm)& 7.90 (s, 1H), 7.87-7.84 (m, 2H), 7.55-7.52 (m, 1HR0-
7.43 (m, 3H), 7.28-7.26 (m,2H), 6.85-6.81 (m, 1H), 5.19 (s, 2H)
3.49 (s, 3H);®*C NMR (100 MHz, CDGJ, ppm)$ 165.7, 157.8,

339405&‘.1',3’51(3,52%n},i?'[i,‘lﬁ\lzgfg’o 1127'0’ 1136, 1125, 108'154'.15 (t,J= 7.2 Hz, 1H), 6.58-6.57 (m, 1H}’C NMR (100 MHz,
e ' o CDCl;, ppm)d 156.0, 147.7, 144.2, 137.3, 129.1, 124.5, 119.9,
2-Methyl-N-phenylbenzamide 3(m): The reaction of 115.3,112.6; MS (ESI) m/z: [M+H]188.2.
iodobenzenda (102.0 mg, 0.5 mmol) with 2-methylbenzonitrile
2b (117.1 mg, 1.0 mmol) afforded 59.1 mg (56%) 3h;
IR(KBr) vmax 3286, 1652, 1597, 1533, 1439, 1321, 1260, 889
757 cm'; 'H NMR (400 MHz, CDCJ, ppm)& 7.61 (d,J = 7.6
Hz, 2H), 7.57 (s, 1H), 7.45 (d,= 7.2 Hz, 1H), 7.36 (t) = 8.0
Hz, 3H), 7.26-7.22 (m,2H), 7.14 (= 7.2 Hz, 1H), 2.49 (s, 3H);
3C NMR (100 MHz, CDGJ, ppm)3 168.1, 138.0, 136.3, 136.3,
131.1, 130.2, 129.0, 126.6, 125.8, 124.4, 119.9, 19.7; MS (ES
m/z: [M+H]" 212.1.

3-Methyl-N-phenylbenzamide 3(): The reaction of
iodobenzenda (102.0 mg, 0.5 mmol) with 3-methylbenzonitrile
2¢ (117.1 mg, 1.0 mmol) afforded 89.0 mg (84%Bof IR(KBr)
Vmax 3266, 1650, 1597, 1541, 1490, 1442, 1328, 856, 754 cm
'H NMR (400 MHz, CDC}, ppm)5 7.84 (s, 1H), 7.69 (s, 1H),
7.64 (d,J = 7.2 Hz, 3H), 7.39-7.36 (m, 4H), 7.15 Jt= 7.2 Hz,
1H), 2.43 (s, 3H);*C NMR (100 MHz, CDGJ, ppm)$ 166.0,
138.6, 138.0, 134.9, 132.5, 129.0, 128.6, 127.8, 124.5, 123.
120.2, 21.3; MS (ESI) m/z: [M+H]212.1.

4-Methyl-N-phenylbenzamide 36): The reaction of 4.3 General procedure for the synthesis of benzoxazoles

iodobenzenda (102.0 mg, 0.5 mmol) with 4-methylbenzonitrile To a suspension of Cul (9.5 mg, 0.05 mmolCR; (207.3

2d (131375;% q%5%01r2?fl)7§20g§%9?\]ﬁngg i?)g%l\fﬁf IRéléBr) mg, 1.5 mmgl) in toluene (2.(0 mL) ?A’/ere added aiyilihal(idesl

Ve 3352, 1650, 1924, o4 o A 2H( 100 Mz, %'4 (0.5 mmol), nitrile2 (1.0 mmol), DMEDA (8.0 uL, 0.075 mmol),

?%rg)? 3;5 (S,ZH )'7 é8 (dl__8'o HZYZH), 7'17'7'13 (m, 1H)’ acetaldoxime (92.0 uL, 1.5 mmol) under argon. The reaction
:39-7.35 (m, 2H), 7.28 (d, = 8.0 Hz, 2H), 7.17-7.13 (M, 1H), it ire was stirred for 15 h at 120 under argon. The solution

A3
is%so(s’l??;)l' (1:2’;'\2R1(21§2 Mlgiocggi EpTz)g 1163'17’5'1&28.4'ES as cooled to room temperature and the solvent was removed
0 Y o - o o y a4 ( nder vacuum. The crude product was purified by column

m/z: [M+Na]' 234.1. chromatography on silica gel (eluent: petroleum ether / ethyl
4-ChloroN-phenylbenzamide 3p): The reaction of acetate =30:1) to afford the benzoxazdes
iodobenzenda (102.0 mg, 0.5 mmol) with 4-chlorobenzonitrile
2e (92.0 mg, 1.0 mmol) afforded 98.6 mg (85%)3pf IR(KBr)
Vmax 3353, 1653, 1599, 1487, 1439, 847, 755NMR (400MHz,
DMSO-d6, ppm)d 10.32 (s, 1H), 7.99 (d=8.8Hz, 2H), 7.77 (d,
J=8Hz, 2H), 7.62 (dJ=8.4Hz, 2H), 7.36 (J=7.6Hz, 2H), 7.11(, 1, o) 7.80-7.78 (m, 1H), 7.61-7.53 (m, 4H), 7.37-7.35 (m,
J=7.6Hz, 1H);"*C NMR (100 MHz, DMSQd6, ppm) 5 164.4, H): °C NMR (100 MHz, CDG), ppm) & 163.0, 150.7, 141.9,
139:0, 136.51, 133.6, 129.6, 128.6, 128.5, 123.8, 120.4; MS (ES 1.6, 128.9, 127.6, 127.0, 125.1, 124.6, 120.0, 110.6; MS (ESI)
m/z: [M+H]" 232.1. m/z: [M+H]* 196.1.

4-FluoroN-phenylbenzamide 3(): The reaction of 2.0-Tol . : o
. . . -0-Tolylbenzoxazole4b): The reaction of 1,2-diiodobenzene
iodobenzenda (102.0 mg, 0.5 mmol) with 4-fluorobenzonitrile 1m (141.5 mg, 0.5 mmol) with 2-methylbenzonitr@s (117.2

2f (121.0 mg, 1.0 mmol) afforded 97.9 mg (91%af IR(KBN) g 'y o mmol) afforded 57.9 mg (55%) @b; IR(KBI) Vinax
Vinax 3353, 1655, 1506, 752 cintH NMR (400 MHz, DMSO-d, o3
3060, 1551, 1446, 744 cn'H NMR (400 MHz, CDCJ, ppm)d
ppm) & 10.28 (s, 1H), 8.08-8.03 (m, 2H), 7.80-7.77 (m, 2H) g 19.8 17 (m, 1H), 7.82-7.80 (m, 1H), 7.61-7.58 (m, 1H), 7.42-
E-&ls'z)-%‘g (m, 4Hi’657 .313;3;3 (1'22 éH}ng l'\“\gl 94100 E"gzz 7.26 (m, 5H), 2.82 (s, 3HJ*C NMR (100 MHz, CDGJ, ppm)s
-d6, ppm) 165.3, 164.4,162,8 139.1,131.4 () =3.2 1534 1502 1421, 138.8, 131.8, 130.9, 129.9, 126.2, 126.0,

Hz), 130.4 (d] = 8.3 Hz), 128.6, 123.7, 1204, 115316: 218 195 0’ 1244 190.1. 110.5. 229 MS (RS mi: IMEPI0 1
Hz): MS (ESI) m/z: [M+Hf 216.1. 0,124.4,120.1, 110.5, 22.2; MS (ESI) m/z: [M*210.1.

N-phenylfuran-2-carboxamide 3%): The reaction of
iodobenzenda (102.0 mg, 0.5 mmol) with furan-2-carbonitrile
2h (93.0 mg, 1.0 mmol) afforded 35.5 mg (38%sfIR:(KBr)
Vmax 3435, 3282, 3141, 1655, 1599, 1479, 1324, 758';cm
*HNMR (400 MHz, CDC}, ppm)5 8.11 (s, 1H), 7.66 (dl = 8.4
z, 2H), 7.52 (s, 1H), 7.38 @,= 7.6 Hz, 2H), 7.27-7.25 (m, 1H),

N-phenylpentanamide3(): The reaction of iodobenzeria
(102.0 mg, 0.5 mmol) with pentanenitre(83.0 mg, 1.0 mmol)
afforded 45.1 mg (51%) aBt; IR(KBr) vmax 3246, 2931, 1657,
1547, 760 cnf; *H NMR (400 MHz, CDCJ, ppm)s 8.48 (s, 1H),
7.54 (d,J = 8.0 Hz, 2H), 7.27-7.23 (m, 2H), 7.08-7.04 (m, 1H),
2.32 (t,J = 7.6 Hz, 2H), 1.69-1.62 (m, 2H), 1.38-1.29 (m, 2H),

.88 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGJ, ppm) &

2.3, 138.1, 128.6, 123.9, 120.1, 37.1, 27.7, 22.2, 13.7; MS

(ESI) m/z: [M+Na] 200.1.

N-phenylisobutyramide3(i): The reaction of iodobenzerda
(102.0 mg, 0.5 mmol) with isobutyronitrilgj (69.0 mg, 1.0
mmol) afforded 42.4 mg (52%) &U; IR(KBr) vima 3301, 3263,
1662, 1549, 1442, 759 ¢m'H NMR (400 MHz, CDCJ, ppm)&
7.54 (d,J = 7.6 Hz, 2H), 7.48 (s, 1H), 7.32-7.26 (m, 2H), 7.11-
7.07 (m, 1H), 2.55-2.49 (m, 1H), 1.24 @= 6.8 Hz, 6H);"*C

MR (100 MHz, CDC}, ppm) § 175.4, 138.0, 128.9, 124.1,
19.8, 36.6, 19.6; MS (ESI) m/z: [M+Na]86.0.

2-Phenylbenzoxazoleld): The reaction of 1,2-diiodobenzene
1m (141.5 mg, 0.5 mmol) with benzonitrilza (103.0 mg, 1.0
mmol) afforded 80.0 mg (82%) df; IR(KBr) vna 3060, 1551,
1446, 744 cit; '"H NMR (400 MHz, CDCJ, ppm) § 8.28-8.26

N-Phenylthiophene-2-carboxamide3r): The reaction of diig&g};};?gginzlﬁaz?lﬁl ;(c ):mgTheOSrearﬁtlr;);) (\)Af/ith 1%

iodobenzenela (102.0 mg, 0.5 mmol) with thiophene-2- meth o

o ylbenzonitrile2c (117.1 mg, 1.0 mmol) afforded 89.9mg
carbonitrile2g (109.2 mg, 1.0 mmol) afforded 63.9 mg (6301/0) of (86%) of 4c; IR(KB) vingy 3433, 1551, 1446, 744 cin'H NMR
13r; IR(KBF) vinax 3303, 1631, 1595, 1535, 1445, 1323, 755 tm (400 MHz, CDCJ, ppm)3 8.11 (s, 1H), 8.05 (di = 7.6 Hz, 1H),
H NMR (400 MHz, CDG, ppm)§ 7.75 (s, 1H), 7.64-7.61 (M. 3 79 7 77 (m, 1H), 7.60-7.58 (m, 1H), 7.42Jt 8.0 Hz, 1H),

3H), 7.55 (dJ = 5.2 Hz, 1H), 7.36 (W= 7.2 Hz, 2H), 7.07-7.12 530 726 (7 3 546 (o ab¥C NMB (100 MHz. CD
(m. 2H): “C NMR (100 MHz. CDG), ppm) & 159.9, 139.2, o0 /35 (m, 3H), 246 (s, I ( z, CDd,



ppm)é 163.2, 150.7, 142.0, 138.7, 132.4, 128.8, 128.5,912 Referencesand notes

125.0, 124.7, 124.5, 119.9, 110.5, 21.4; MS (ESI) m/z: [M+H]
210.1.

2-p-Tolylbenzoxazole4d): The reaction of 1,2-diiodobenzene
1m (141.5 mg, 0.5 mmol) with 4-methylbenzonitrd (117.1
mg, 1.0 mmol) afforded 90.9 mg (87%) 4f; IR(KBr) vmax
3054, 2919, 1502, 746 ¢m'H NMR (400 MHz, CDC}, ppm)?
8.15 (d,J = 8.4 Hz, 2H), 7.78-7.75 (m, 1H), 7.59-7.56 (m, 1H),
7.36-7.32 (m, 4H), 2.45 (s, 3H}*C NMR (100 MHz, CDGJ,
ppm) & 163.3, 150.6, 142.1, 142.1, 129.6, 127.6, 124.9,512
124.3, 119.8, 110.5, 21.6; MS (ESI) m/z: [M+H]10.1.

2-(4-Methoxyphenyl)benzoxazoleld): The reaction of 1,2-
diiodobenzene 1Im (1415 mg, 0.5 mmol) with 4-
methoxybenzonitrile2k (133.1 mg, 1.0 mmol) afforded 80.6mg
(72%) of4de; IR(KBr) vinax 3435, 1619, 1501, 1453, 831, 741, 729
cm?; *H NMR (400 MHz, CDCJ, ppm)$§ 8.20 (d,J = 9.2 Hz,
2H), 7.76-7.73 (m, 1H), 7.58-7.55(m,1H), 7.35-7.32 (m, 2H),
7.04 (d,J = 8.8 Hz, 2H), 3.90 (s, 3H)C NMR (100 MHz,
CDCl;, ppm) 8 163.2, 162.3, 150.6, 142.2, 129.4, 124.6, 124.4,
119.6, 119.6, 114.3, 110.4, 55.4; MS (ESI) m/z: [M*+B26.2.

2-(4-Chlorophenyl)benzoxazoledff: The reaction of 1,2-
diiodobenzene 1Im (1415 mg, 0.5 mmol) with 4-
chlorobenzonitrile2e (92.0 mg, 1.0 mmol) afforded 42.8mg
(34%) Of 4f; IR(KBF) Vmay 3060, 1551, 1446, 744 ém'H NMR
(400 MHz, CDC}, ppm)$ 8.20 (d,J = 8.0 Hz, 2H), 7.79-7.77
(m, 1H), 7.61-7.58 (m, 1H), 7.51 (d,= 8.0 Hz, 2H), 7.40-7.36
(m, 2H); ®*C NMR (100 MHz, CDGJ}, ppm) & 162.0, 150.7,
141.9, 137.7, 129.3, 129.3, 128.8, 125.4, 124.7, 120.0, 110.6; MS
(ESI) m/z: [M+H] 230.1.

2-(4-Fluorophenyl)benzoxazoledq): The reaction of 1,2-
diiodobenzene 1m (1415 mg, 05 mmol) with 4-
fluorobenzonitrile2f (121.0 mg, 1.0 mmol) afforded 54.3 mg
(51%) of 4g; IR(KBr) viay 1617, 688 cii; 'H NMR (400 MHz,
CDClz, ppm) & 8.24-8.22 (m, 2H), 7.72-7.70 (m, 1H), 7.69-7.52
(m, 3H), 7.33-7.26 (m, 1H), 7.14-7.09 (m, 1H}C NMR (100
MHz, CDCk, ppm) & 164.8 (d,J = 250.7 Hz), 162.2, 150.7,
142.0, 129.8 (dJ = 9.9 Hz), 125.1, 124.7, 123.4 @7 3.0 Hz),
119.9, 116.2 (dJ = 22.2 Hz), 110.6; MS (ESI) m/z: [M+H]
214.2.

2-butylbenzoxazole4h): The reaction of 1,2-diiodobenzene
1m (141.5 mg, 0.5 mmol) with pentanenitri& (83.0 mg, 1.0
mmol) afforded 35.9 mg (41%) d@h; IR(KBr) vpmax 3059, 2960,
2933, 2873, 1615, 1572, 746 ¢ntH NMR (400 MHz, CDCJ,
ppm)3 7.69-7.66 (m, 1H), 7.49-7.46 (m, 1H), 7.32-7.27 RH),
2,94 (t,J = 7.6 Hz, 2H), 1.97-1.84 (m, 2H), 1.51-1.41 (m, 2H),
0.97 (t,J = 7.6 Hz, 3H);**C NMR (100 MHz, CDGJ, ppm) &
167.3, 150.7, 141.2, 124.3, 124.0, 119.4, 110.2, 28.8, 28.3, 22.2,
13.7; MS (ESI) m/z: [M+H] 176.1.
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