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Abstract We report an efficient copper(l) iodide catalyzed cross-
coupling of diarylzinc reagents with aryl iodides. The reaction proceeds
under ligand-free conditions at low catalyst loading (5 mol%) and toler-
ates a variety of functional groups.
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The Negishi coupling represents one of the most power-
ful synthetic methods for the construction of carbon-car-
bon (C-C) bonds in organic molecules.! The synthetic ver-
satility of this transformation stems from the use of or-
ganozinc reagents that are tolerant of a wide variety of
functional groups encountered in organic synthesis.!d In
addition, organozinc reagents are also readily prepared
from the reaction of organo halides with metallic zinc.? As
such, tremendous progress has been made over the course
of the last three decades in the context of the scope of this
reaction as well as its application to the synthesis of natural
products,® pharmaceuticals* and materials.> While palladi-
um and nickel have remained the ‘gold-standard’ catalysts
for various cross-couplings including the Negishi coupling,
copper, which is earth-abundant and has low toxicity, has
recently gained popularity as an alternative catalyst.? In
this respect, copper has already been shown to enable the
cross-couplings of the organometallic reagents of magne-
sium,” tin,® boron,® silicon,'® zirconium,!' and indium'
with alkyl and aryl halides. Surprisingly, despite clear evi-
dence of the ability of organozinc reagents to transmetalate
to copper halides, as demonstrated both in the stoichiomet-
ric syntheses of organocopper(I) complexes!3 and catalytic
reactions such as conjugate,'* allylic,* and 1,2-additions,!>
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very little is known on the application of copper as a cata-
lyst for the Negishi coupling.'® In 2004, Ready and Malosh
demonstrated that copper could catalyze the reaction of al-
kylzinc reagents with a-chloro ketones by an Sy2 process
(Scheme 1, a).'” Recently, we also reported that copper(I)
iodide could catalyze the cross-couplings of alkyl-, aryl-,
and alkynylzinc reagents with heteroaryl iodides under li-
gand-free conditions (Scheme 1, b).!® However, we found
that when arylzinc bromides were coupled with non-het-
erocyclic aryl iodides, the reactions afforded the biaryl
products in low yields only. In this article, we report the op-
timization of reaction conditions that enabled the cross-
coupling of arylzinc reagents with aryl iodides to afford bi-
aryl products (Scheme 1, ¢). We demonstrate that the cur-
rent copper-catalyzed Negishi coupling tolerates a wide va-
riety of functional groups and affords the cross-coupled
products in good to excellent yields under ligand-free con-
ditions.

(a) Ready and Malosh

N Alkyl

alkyl—2ZnX N2

(b) Giri and co-workers

Cu
alkyl/aryl/alkynyl—2ZnX +

ZnX +
no Ilgand

Scheme 1 Copper-catalyzed Negishi cross-couplings

(c) this work
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We began our investigation by attempting to couple
commercially available phenylzinc bromide (1) with 4-io-
dotoluene (2) under our previously reported standard reac-
tion conditions (Table 1, entry 1). However, the cross-
coupling product, 4-methylbiphenyl (3), was formed in 42%
GC yield only. Replacing N,N-dimethylformamide with oth-
er polar, mid-polar, and non-polar solvents did not improve
the product yield (entries 2 and 3). We also examined the
effects of a wide variety of bases, fluoride sources, and
counteranions in the reaction, which also did not improve
the product yield (entries 4 and 5). A variety of ligands such
as neutral nitrogen- and phosphorus-based monodentate
and bidentate ligands, carbene ligands as well as anionic li-
gands, which afforded the product only in 11-49% yields
(entries 6-8). Increasing the amount of lithium chloride
and phenylzinc bromide, or running the reaction for a lon-
ger time or at a higher temperature either did not improve
the reaction or formed the product in only a slightly higher
yield (entries 9-13). Surprisingly, when the organozinc re-
agent was changed from phenylzinc bromide (1) to di-
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Table 1 Optimization of the Reaction Conditions?

Cul (5 mol%)
PhZnBr + Me | ———— > Me Ph
LiClI (1.0 equiv)

DMF, 100 °C, 12 h

1 2 3
Entry Modified conditions® Yield (%)<

1 none 42
2 change the solvent to: DMSO, DMA, HMPA, or DMPU trace
3 change the solvent to: toluene, benzene, NMP, or dioxane 10-25
4 change LiCl to: CsF, Cs,CO3, K3PO,, NaOMe, or NaOAc 10-40
5 addition of: [Bu,N]PFs, [BuN]BF., KPFe, Na,SiFs, or (NH,),TiFs 8-30
6 addition of: Ph;P, dppda, tmopd, tmeda, phen 35-49
7 addition of: dppbe 8
8 addition of: 8-HQ, tmhd, SIMes-HCl 11-25
9 change LiCl (1.0 equiv) to: LiCl (2.0 equiv) 42

10 change time to: 18 h 45

11 change time to: 24 h 50

12 change temperature to: 120 °C 51

13 used PhZnBr (2.0 equiv) 47

14 change PhZnBr to: Ph,Zn (0.5 equiv) 87 (82)4

15 change PhZnBr to: Ph,Zn (0.5 equiv) without the use of LiCl 45

2 Using DMF (0.5 mL). Ph,Zn was generated from the reaction of PhLi with ZnCl, (99.999% purity). Cul (99.999%) was used.
b dppda: 2-(diphenylphosphino)-N,N-dimethylaniline; tmopd = N,N,N',N'-tetramethyl-o-phenylenediamine; phen = 1,10-phenanthroline; dppbe = 1,2-bis(diphenyl-
phosphino)benzene; 8-HQ = 8-hydroxyquinoline; tmhd = 2,2,6,6-tetramethylheptane-3,5-dione.

¢ Calibrated GC yields using 2-nitrobiphenyl as a standard.

d Reaction performed on a 1.0-mmol scale in DMF (5 mL); isolated yield. Addition of LiBr (1 equiv) instead of LiCl under the standard reaction conditions de-

creased the yield of 3 to 76% suggesting that Br- could inhibit the reaction.

The reaction tolerates a variety of functional groups such as
ester, trifluoromethyl, and nitrile on the aryl iodide (entries
2-6, 10-12, and 14-17) and alkoxy and alkyl on the aryl-
zinc reagent (entries 5-17). The reaction also tolerates ha-
lides such as chloride and bromide, and ortho-substituents
on both aryl iodides (entries 7, 8, 13, and 18) and arylzinc
reagents (entries 6-14 and 18). The tolerance of these func-
tional groups demonstrates the versatility of the current
coupling reaction and its potential synthetic utility.

Based on literature reports and our recent mechanistic
work on copper-catalyzed cross-couplings,?1912 we pro-
pose a catalytic cycle for the current reaction (Scheme 2). It
is evident from the optimization of the reaction conditions
that the use of lithium chloride is critical in this coupling of
diarylzinc reagents with aryl iodides (Table 1, entries 14
and 15). As such, we envision that diarylzincate complexes
such as 21, generated from the binding of lithium chloride
to the diarylzinc reagent, are the actual species in solution
that undergo transmetalation with copper(I) iodide to gen-
erate [CuAr] complexes as the reaction intermediates. Or-
ganozinc complexes are known to form organozincate spe-
cies in the presence of lithium halides in solution.'®»20 In
addition, diarylzinc reagents have been demonstrated to
undergo transmetalation with copper salts to form arylcop-

per(I) complexes.'*> We have previously shown that the
[CuPh] complex reacts with aryl iodides to afford biaryl
products.'®?! Therefore, we believe that a similar mecha-
nistic scenario can also be envisioned in the current
copper-catalyzed cross-coupling of diarylzinc reagents with
aryl iodides that involves [CuAr] as the reaction intermedi-
ate.

Ar'Zn + LiCl — [Ar'ZnCIT[Li* [AFZn(Cly(h]LiT*

21 22
Cul(solv) [CuAr!(solv)]
23 24
Ar'—Ar2 Arz—|

Scheme 2 Proposed catalytic cycle
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Table 2 Coupling of Diarylzinc Reagents with Aryl lodides?

Cul (5 mol%)
ArloZn &+ AP— Ar'—Ar2
LiClI (1.0 equiv)
DMF, 100 °C, 12 h

Entry Ar! Ar?l Ar'-Ar? Yield® (%)
OMe
s | g
O el
MeO O
4
CF3
511; |
2 AN 79¢
9 e UO
5
| yZ CN
O oy e
NC |/
6
CO-Me
: ' s
- U o]
MeO,C O
7
CO,Me
. | g
IS ol C :
Me MeO,C Me
8
CN
5 | )
N oy -
Me NC O Me
9
Cl
X ' g
& L ;
Me Cl O Me
10
Br
| 9
vy "
Br Me

-y
-

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2016, 48, 504-511

Downloaded by: Purdue University Libraries. Copyrighted material.



508

Synthesis S. Thapa et al.

Table 2 (continued)

Entry Ar! Ar?l Ar'-Ar? Yield® (%)
OMe
5 !
9 | | N 55
=
Me MeO =
Me
12
‘L{Z |
. o) CC :
M F3C =
OMe 3 OMe
13
COzMe
X ' g
I o :
OMe MeO,C
OMe
14
yZ CN
Z{Z |
S & oy oL :
oM NC
© & OMe
15
Br
. | g
- X oy C “
OM Br
© OMe
16
. FaC I
14 [ j O 59
@ CFs
OMe
CF3
OMe
17
CO,Me
. . g
AN
15 | O 73
MBOQC Z
OM
© OMe
18
CN
A~ . ¢
- C o) C :
NC
OMe

)
o
=
[v]

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2016, 48, 504-511

Downloaded by: Purdue University Libraries. Copyrighted material.



509

Synthesis S. Thapa et al. m
Table 2 (continued)
Entry Ar! Ar?| Ar'-Ar? Yield® (%)
wdn = CF3
|
; o ) ”
F3C
° Me
Me 20
o cl
' g
18 ©j 77
Me M
cl ©

10

2 performed on a 1.0-mmol scale using Ar',Zn (1 equiv) in DMF (5 mL) unless otherwise stated. Ar',Zn was prepared in situ from ZnCl, with Ar'Li (2 equiv) in THF

atr.t.
b Isolated yield.
¢Ph,Zn (0.5 equiv) was used.

In summary, we have developed an efficient ligand-free
copper(I) iodide catalyzed Negishi coupling of diarylzinc re-
agents with aryl iodides that furnishes cross-coupled biaryl
products in good to excellent yields. The reaction tolerates a
variety of functional groups, such as chloride, bromide,
ester, trifluoromethyl, and nitrile on the aryl iodide and
alkoxy, alkyl, and chloro on the arylzinc reagent.

All the reactions and handling of chemicals were done inside a N,-
filled glovebox unless stated otherwise. All the glassware were prop-
erly dried in an oven before use. Bulk solvents and reagents were ob-
tained from commercial sources and used directly without further
purification. 'H, 3C, and °F NMR spectra were recorded on a Bruker
instrument (300, 75, and 282 MHz, respectively) and internally refer-
enced to the residual solvent signals ("H NMR: CDCl;, & = 7.26; 3C
NMR: CDCl;, & = 77.16; for '°F NMR: CgFq, 6 = -164.9).

Biphenyls; General Procedure

Diarylzinc reagents were generated in situ as described below. In all
reactions, 1 equiv of diarylzinc reagent was used except for reactions
with diphenylzinc reagent, where only 0.5 equiv was used.

In a glovebox, ZnCl, (136.3 mg, 1.0 mmol) and aryllithium (2.0 mmol)
were weighed into a 4-dram and a 1-dram vial, respectively. Then a
solution of aryllithium in THF (2 mL) was added dropwise to the sus-
pension of ZnCl, in THF (2 mL) at r.t. The mixture was stirred for 1 h,
THF was removed, and the in situ generated diarylzinc reagent was
dissolved in DMF (5 mL). Cul (9.5 mg, 0.050 mmol), aryl halide (1.0
mmol), and LiCl (42.3 mg, 1.0 mmol) were weighed into a 15-mL
pressure vessel and the diarylzinc reagent was added. The pressure
vessel was then tightly capped, taken out of the glovebox, and placed
in an oil bath preheated to 100 °C with vigorous stirring. After 12 h,
the mixture was cooled to r.t., diluted with EtOAc (15 mL) and washed
with H,0 (3 x 5 mL); the aqueous fraction was back-extracted with
EtOAc (3 x 5 mL). All of the EtOAc extracts were combined and dried
(Na,S0,), and the solvent was removed on a rotary evaporator. The
product was purified by column chromatography (silica gel, 0-10%
EtOAc-hexanes).

4-Methylbiphenyl (3)
Purification by column chromatography (silica gel) gave 3 as a white
solid; yield: 137.9 mg (82%).

H NMR (300 MHz, CDCl,): & = 2.47 (s, 3 H), 7.33 (d, ] = 7.8 Hz, 2 H),
7.40-7.43 (m, 1 H), 7.50 (t, ] = 8.1 Hz, 2 H), 7.58 (d, J = 8.1 Hz, 2 H),
7.65-7.68 (m, 2 H).

13C NMR (75 MHz, CDCL): 8 = 21.2, 127.1, 128.8, 129.6, 137.1, 138.5,
141.3.

GC-MS: m/z=168.1.

4-Methoxybiphenyl (4)
Purification by column chromatography (silica gel) gave 4 as a white
solid; yield: 132.6 mg (72%).

H NMR (300 MHz, CDCl,): & = 3.91 (s, 3 H), 7.08 (d, J = 9.0 Hz, 2 H),
7.41(t,J=7.2 Hz, 1 H), 7.51 (t, ] = 7.4 Hz, 2 H), 7.61-7.68 (m, 4 H).

13C NMR (75 MHz, CDCl;): § = 55.3, 114.3, 126.7, 126.8, 128.2, 128.8,
133.8,140.8, 159.2.

GC-MS: mjz=184.1.

4-(Trifluoromethyl)biphenyl (5)
Purification by column chromatography (silica gel) gave 5 as a white
solid; yield: 175.5 mg (79%).

H NMR (300 MHz, CDCl,): 6 = 7.39-7.51 (m, 3 H), 7.59-7.62 (m, 2 H),
7.70 (s, 4 H).

13C NMR (75 MHz, CDCL): & = 122.7, 1259 (q, Jo = 3.5 Hz), 127.4,
127.6,128.3,129.1, 129.7, 139.9, 144.9.

19F NMR (282 Hz, CDCls): § = -60.8.
GC-MS: m[z =222.1.

Biphenyl-4-carbonitrile (6)
Purification by column chromatography (silica gel) gave 6 as a white
solid; yield: 148.7 mg (83%).

H NMR (300 MHz, CDCl,): § = 7.43-7.51 (m, 3 H), 7.58-7.60 (m, 2 H),
7.67-7.74 (m, 4 H).
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13C NMR (75 MHz, CDCl3): § = 111.0, 119.1, 127.3, 127.8, 128.8, 129.2,
132.7,139.3, 145.8.

GC-MS: mjz=179.1.

Methyl Biphenyl-4-carboxylate (7)
Purification by column chromatography (silica gel) gave 7 as a white
solid; yield: 165.5 mg (78%).

H NMR (300 MHz, CDCly): 8 = 3.95 (s, 3 H), 7.44-7.52 (m, 3 H), 7.64-
7.69 (m, 4 H), 8.11 (dd, J = 6.6, 1.8 Hz, 2 H).

13C NMR (75 MHz, CDCl,): § = 52.1, 127.0, 127.3, 128.1, 128.9, 130.1,
140.0, 145.6, 167.0.

GC-MS: mfz=212.1.

Methyl 2’-Methylbiphenyl-4-carboxylate (8)

Purification by column chromatography (silica gel) gave 8 as a white
solid; yield: 167.5 mg (74%).

'H NMR (300 MHz, CDCly): § = 2.28 (s, 3 H), 3.96 (s, 3 H), 7.24-7.29
(m, 4 H),7.41(d,J = 8.1 Hz, 2 H), 8.11 (d, ] = 8.4 Hz, 2 H).

13C NMR (75 MHz, CDCl3): & = 204, 52.2, 126.0, 127.9, 128.7, 129.3,
129.5,129.6, 130.6, 135.2, 140.9, 146.8, 167.1.

GC-MS: m[z = 226.2.

2'-Methylbiphenyl-4-carbonitrile (9)

Purification by column chromatography (silica gel) gave 9 as a white
solid; yield: 162.3 mg (84%).

'H NMR (300 MHz, CDCl5): 6 = 2.26 (s, 3 H), 7.19 (d, J = 6.6 Hz, 1 H),
7.27-7.32 (m, 3 H), 7.44 (d,J = 8.1 Hz, 2 H), 7.71 (d, = 8.4 Hz, 2 H).
13C NMR (75 MHz, CDCl5): 6 = 20.4, 110.8, 119.1, 126.2, 128.4, 129.5,
130.1, 130.8, 132.1, 135.1, 140.1, 146.9.

GC-MS: mz=193.2.

4-Chloro-2'-methylbiphenyl (10)

Reaction of di-2-tolylzinc reagent and 1-chloro-4-iodobenzene fol-
lowed by purification by column chromatography (silica gel) gave 10
as a colorless oil; yield: 145.9 mg (72%). Reaction of di-4-chloro-
phenylzinc reagent and 2-iodotoluene followed by purification by
column chromatography (silica gel) gave 10; yield: 156.1 mg (77%).

H NMR (300 MHz, CDCl,): & = 2.32 (s, 3 H), 7.24-7.33 (m, 6 H), 7.44
(d,J = 8.4 Hz, 2 H).

13C NMR (75 MHz, CDCl5): § = 20.5, 126.0, 127.7, 128.4, 129.8, 130.5,
130.6, 132.9, 135.4, 140.5, 140.8.

GC-MS: m[z = 202.1.

4-Bromo-2'-methylbiphenyl (11)
Purification by column chromatography (silica gel) gave 11 as a color-
less oil; yield: 187.8 mg (76%).

H NMR (300 MHz, CDCl,): 6 = 2.29 (s, 3 H), 7.21-7.30 (m, 6 H), 7.57
(d,J = 8.4 Hz, 2 H).

13C NMR (75 MHz, CDCl,): § = 20.5, 121.1, 126.0, 127.7, 129.7, 130.6,
131.0, 131.3,135.3, 140.7, 140.9.

GC-MS: m[z =245.9.

4-Methoxy-2'-methylbiphenyl (12)
Purification by column chromatography (silica gel) gave 12 as a color-
less oil; yield: 109.0 mg (55%).

510

H NMR (300 MHz, CDCl,): § =2.29 (s, 3 H), 3.86 (s, 3 H) 6.94-6.97 (m,
2 H),7.22-7.28 (m, 6 H).

13C NMR (75 MHz, CDCl3): § = 20.6, 55.4, 113.6, 125.8, 127.1, 130.0,
130.3, 134.5, 135.6, 141.7, 158.6.

GC-MS: m[z=198.1.

2-Methoxy-4'-(trifluoromethyl)biphenyl (13)
Purification by column chromatography (silica gel) gave 13 as a color-
less oil; yield: 206.8 mg (82%).

H NMR (300 MHz, CDCl,): 6 = 3.83 (s, 3 H), 7.00-7.09 (m, 2 H), 7.33
(dt,J = 8.4, 1.8 Hz, 1 H), 7.38-7.41 (m, 1 H), 7.63-7.69 (m, 4 H).

13C NMR (75 MHz, CDCl,): § = 55.7, 111.5, 121.2, 125.0 (d, J = 3.6 Hz),
129.3,129.4, 129.6, 129.9, 130.9, 142.4, 156.6.

19 NMR (282 Hz, CDCl,): = -60.8.
GC-MS: m/z =252.1.

Methyl 2’-Methoxybiphenyl-4-carboxylate (14)

Purification by column chromatography (silica gel) gave 14 as a white
solid; yield: 138.1 mg (57%).

TH NMR (300 MHz, CDCl,): § = 3.82 (s, 3 H), 3.94 (s, 3 H), 6.99-7.08
(m, 2 H), 7.33-7.40 (m, 2 H), 7.62 (d, ] = 8.4 Hz, 2 H), 8.09 (d, ] = 8.7 Hz,
2 H).

13C NMR (75 MHz, CDCl;): § = 52.2, 52.6, 111.4, 121.0, 128.6, 129.4,
129.5,129.6,130.8, 143.5, 156.5, 167.2.

GC-MS: mfz =242.1.

2'-Methoxybiphenyl-4-carbonitrile (15)
Purification by column chromatography (silica gel) gave 15 as a white
solid; yield: 140.2 mg (67%).

H NMR (300 MHz, CDCl,): 6 = 3.83 (s, 3 H), 7.00-7.09 (m, 2 H), 7.31
(d,J=7.5Hz, 1 H),7.39 (t,] = 8.4 Hz, 1 H), 7.66 (q, ] = 8.4 Hz, 4 H).

13C NMR (75 MHz, CDCl,): § = 55.5, 1104, 111.4, 119.2, 121.1, 128.7,
129.9,130.2, 130.6, 131.8, 143.4, 156.4.

GC-MS: mfz=209.1.

4-Bromo-2'-methoxybiphenyl (16)
Purification by column chromatography (silica gel) gave 16 as a color-
less oil; yield: 134.2 mg (51%).

H NMR (300 MHz, CDCl3): = 3.82 (s, 3 H), 6.97-7.06 (m, 2 H), 7.27-
7.37 (m, 2 H), 7.41 (d, ] = 8.7 Hz, 2 H), 7.53 (d, ] = 8.4 Hz, 2 H).

13C NMR (75 MHz, CDCl,): § = 55.5, 111.3, 120.9, 121.1, 129.0, 129.5,
130.6,131.1, 131.2, 137.4, 156.3.

GC-MS: m/z = 262.0.

2-Methoxy-3',5'-bis(trifluoromethyl)biphenyl (17)
Purification by column chromatography (silica gel) gave 17 as a color-
less oil; yield: 188.9 mg (59%).

H NMR (300 MHz, CDCl,): 6 = 3.86 (s, 3 H), 7.04-7.12 (m, 2 H), 7.35
(dd,J=7.5,1.5Hz,1H),7.43 (dt,]=8.4,1.8 Hz, 1 H), 7.85 (s, 1 H), 8.02
(s,2 H).

13C NMR (75 MHz, CDCl3): 8 =55.7, 111.5, 120.7 (t, Jor = 4.1 Hz), 121.3,
123.7 (d, Jor = 270.9 Hz), 127.7, 129.1, 130.6 (d, Jo; = 28.6 Hz), 131.4 (d,
Jer = 33.0 Hz), 132.0, 140.7, 156.5.

19F NMR (282 Hz, CDCl3): & = ~61.2.

GC-MS: mfz =320.1.
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Methyl 3’-Methoxybiphenyl-4-carboxylate (18)
Purification by column chromatography (silica gel) gave 18 as a white
solid; yield: 176.9 mg (73%).

H NMR (300 MHz, CDCl,): 6 = 3.87 (s, 3 H), 3.94 (s, 3 H), 6.94 (dd, J =
8.1,1.8 Hz, 1 H), 7.15 (t, ] = 2.4 Hz, 1 H), 7.21 (d, J = 7.5 Hz, 1 H), 7.38
(t.J=7.8 Hz, 1 H),7.65(d, ] = 8.4 Hz, 2 H), 8.10 (d, ] = 8.4 Hz, 2 H).

13C NMR (75 MHz, CDCl;): § = 52.2, 55.4, 113.1, 113.6, 119.8, 127.2,
129.1,130.0, 130.1, 141.5, 145.5, 160.1, 167.0.

GC-MS: m[z = 242.1.

3’-Methoxybiphenyl-4-carbonitrile (19)
Purification by column chromatography (silica gel) gave 19 as a color-
less oil; yield: 148.5 mg (71%).

H NMR (300 MHz, CDCL,): & = 3.87 (s, 3 H), 6.97 (dd, J = 7.8, 2.1 Hz, 1
H),7.10(t,J = 2.1 Hz, 1 H), 7.17 (d,J = 7.5 Hz, 1 H), 7.40 (t, ] = 7.8 Hz, 1
H), 7.66-7.73 (m, 4 H).

13C NMR (75 MHz, CDCLy): 8 = 55.5, 111.1, 113.2, 114.0, 119.0, 119.8,
127.9,130.3, 132.7, 140.7, 145.6, 160.2.

GC-MS: mfz=209.1.

4-Methyl-4'-(trifluoromethyl)biphenyl (20)

Purification by column chromatography (silica gel) gave 20 as a white
solid; yield: 177.2 mg (75%).

'H NMR (300 MHz, CDCl;): § = 2.42 (s, 3H), 7.29 (d, ] = 8.4, 2 H), 7.49-
7.52 (m, 2 H), 7.69 (s, 4 H).

13C NMR (75 MHz, CDCl,): & = 21.3, 122.7, 125.8 (d, Jr = 3.8 Hz), 126.1
(d, Jee = 3.8 Hz), 127.2, 127.3, 127.8, 129.2 (d, J& = 32.3 Hz), 129.9,
137.0,138.3, 144.8.

19F NMR (282 Hz, CDCl;): § = -60.8.

GC-MS: mjz = 236.1.

Acknowledgment

We thank the University of New Mexico (UNM) for financial support,
and upgrades to the NMR Facility (NSF grants CHE08-40523 and
CHE09-46690).

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0035-1560397.

References

(1) For reviews, see: (a) Diederich, F.; Stang, P. ]. Metal-Catalyzed
Cross-Coupling Reactions 1998. (b) Negishi, E.-i.; Hu, Q.; Huang,
Z.; Qian, M.; Wang, G. Aldrichimica Acta 2005, 38, 71. (c) Fu, G. C.
Acc. Chem. Res. 2008, 41, 1555. (d) Organozinc Reagents: A Prac-
tical Approach; Knochel, P.; Jones, P., Eds.; Oxford: New York,
1999.

511

(2) (a) Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Knochel, P.
Angew. Chem. Int. Ed. 2006, 45, 6040. (b) Huo, S. Org. Lett. 2003,
5,423.

(3) Nicolaou, K. C.; Bulger, P. G.; Sarlah, D. Angew. Chem. Int. Ed.
2005, 44, 4442.

(4) Yang, Z.-Q.; Geng, X.; Solit, D.; Pratilas, C. A.; Rosen, N,;
Danishefsky, S. J. J. Am. Chem. Soc. 2004, 126, 7881.

(5) Getmanenko, Y. A.; Twieg, R. ].J. Org. Chem. 2008, 73, 830.

(6) For reviews, see: (a) Thapa, S.; Shrestha, B.; Gurung, S. K.; Giri,
R. Org. Biomol. Chem. 2015, 13, 4816. (b) Beletskaya, I. P.;
Cheprakov, A. V. Coord. Chem. Rev. 2004, 248, 2337.

(7) For selected examples, see: (a) Yang, C.-T.; Zhang, Z.-Q.; Liang, |.;
Liu, J.-H.; Lu, X.-Y.; Chen, H.-H.; Liu, L. . Am. Chem. Soc. 2012,
134, 11124. (b) Terao, ].; Todo, H.; Begum, S. A.; Kuniyasu, H.;
Kambe, N. Angew. Chem. Int. Ed. 2007, 46, 2086. (c) Cahiez, G.;
Gager, O.; Buendia, ]. Angew. Chem. Int. Ed. 2010, 49, 1278.
(d) Hintermann, L.; Xiao, L.; Labonne, A. Angew. Chem. Int. Ed.
2008, 47, 8246.

(8) For selected examples, see: (a) Takeda, T.; Matsunaga, K. L;
Kabasawa, Y.; Fujiwara, T. Chem. Lett. 1995, 771. (b) Falck, J. R;;
Bhatt, R. K;; Ye, J. J. Am. Chem. Soc. 1995, 117, 5973. (c) Allred, G.
D.; Liebeskind, L. S. J. Am. Chem. Soc. 1996, 118, 2748. (d) Kang,
S.-K.; Kim, ].-S.; Choi, S.-C.J. Org. Chem. 1997, 62, 4208.

(9) For selected examples, see: (a) Gurung, S. K.; Thapa, S.; Kafle, A.;
Dickie, D. A.; Giri, R. Org. Lett. 2014, 16, 1264. (b) Yang, C.-T,;
Zhang, Z.-Q.; Liu, Y.-C.; Liu, L. Angew. Chem. Int. Ed. 2011, 50,
3904. (c) Thathagar, M. B.; Beckers, ].; Rothenberg, G. J. Am.
Chem. Soc. 2002, 124, 11858. (d) Zhou, Y.; You, W.; Smith, K. B.;
Brown, M. K. Angew. Chem. Int. Ed. 2014, 53, 3475. (e) You, W.;
Brown, M. K. J. Am. Chem. Soc. 2014, 136, 14730.

(10) For selected examples, see: (a)Gurung, S. K.; Thapa, S.;
Shrestha, B.; Giri, R. Synthesis 2014, 46, 1933. (b) Gurung, S. K;;
Thapa, S.; Vangala, A. S.; Giri, R. Org. Lett. 2013, 15, 5378.
(c) Tsubouchi, A.; Muramatsu, D.; Takeda, T. Angew. Chem. Int.
Ed. 2013, 52, 12719. (d) Cornelissen, L.; Lefrancq, M.; Riant, O.
Org. Lett. 2014, 16, 3024. (e)Cornelissen, L.; Cirriez, V.;
Vercruysse, S.; Riant, 0. Chem. Commun. 2014, 50, 8018.

(11) (a) Thapa, S.; Basnet, P.; Gurung, S. K.; Giri, R. Chem. Commun.
2015, 51, 4009. (b) Takahashi, T.; Li, Y.; Stepnicka, P.; Kitamura,
M.; Liu, Y.; Nakajima, K.; Kotora, M. J. Am. Chem. Soc. 2002, 124,
576.

(12) Thapa, S.; Gurung, S. K.; Dickie, D. A.; Giri, R. Angew. Chem. Int.
Ed. 2014, 53, 11620.

(13) Hofstee, H. K.; Boersma, J.; Van Der Kerk, G. ]. M. J. Organomet.
Chem. 1978, 144, 255.

(14) Thaler, T.; Knochel, P. Angew. Chem. Int. Ed. 2009, 48, 645.

(15) Hjelmgaard, T.; Tanner, D. Org. Biomol. Chem. 2006, 4, 1796.

(16) Karstens, W. E. J.; Moolenaar, M. ].; Rutjes, F. P. ]. T.; Grabowska,
U.; Speckamp, W. N.; Hiemstra, H. Tetrahedron Lett. 1999, 40,
8629.

(17) Malosh, C. F; Ready, J. M. J. Am. Chem. Soc. 2004, 126, 10240.

(18) Thapa, S.; Kafle, A.; Gurung, S. K.; Montoya, A.; Riedel, P.; Giri, R.
Angew. Chem. Int. Ed. 2015, 54, 8236.

(19) (a) Hansen, A. L.; Ebran, ].-P.; Gegsig, T. M.; Skrydstrup, T. J. Org.
Chem. 2007, 72, 6464. (b) Hunter, H. N.; Hadei, N.; Blagojevic, V.;
Patschinski, P.; Achonduh, G. T.; Avola, S.; Bohme, D. K.; Organ,
M. G. Chem. Eur. J. 2011, 17, 7845.

(20) Koszinowski, K.; Bohrer, P. Organometallics 2009, 28, 771.

(21) Nilsson, M.; Wennerstrom, O. Acta Chem. Scand. 1970, 24, 482.

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2016, 48, 504-511

Downloaded by: Purdue University Libraries. Copyrighted material.



