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A series of sterically hindered biaryls have been obtained by palladium- and nickel-phosphinous acid-
catalyzed KumadaCorriu cross-coupling obrtho-substituted aryl halides and Grignard reagents. This
method allows formation of di- and tartho-substituted biaryls in 8798% yield under mild reaction
conditions even when electron-rich aryl chlorides are used. The reaction also proceeds with aryl iodides
at—20°C, and under these conditions, functional groups that are generally not compatible with Grignard

reagents are tolerated.

Introduction

The biaryl motif is a ubiquitous building block that determines
the properties and applications of many natural products,
pharmaceuticalcatalysts) and sensorélt has been established

Following Kharasch’s seminal work on cobalt(ll)-catalyzed
reactions with organomagnesium compouttdkumada and
Corriu independently reported in 1972 the first cross-coupling
of aryl halides and aryl Grignards. Despite these early

that the dihedral angle between the aryl planes and the barrier

to rotation about the pivotal bond of biaryls mainly depend on
the number and size ajrtho substituents, while buttressing
effects and electronic contributions frometaand para sub-
stituents, respectively, play a minor rélélhe synthesis of
sterically crowded biaryls by transition-metal-catalyzed cross-

(5) (a) Rieger, M.; Westheimer, F. H. Am. Chem. Sod95Q 72, 19—
28. (b) Bott, G.; Field, L. D.; Sternhell, §. Am. Chem. S0d.98Q 102
5618-5626. (c) Wolf, C.; Kmig, W. A.; Roussel, CLiebigs Ann.1995
781-786. (d) Weseloh, G.; Wolf, C.; Kag, W. A. Angew. Chem., Int.
Ed. Engl.1995 34, 1635-1636. (e) Wolf, C.; Hochmuth, D. H.; Kug,
W. A.; Roussel, CLiebigs Ann.1996 357-363. (f) Wolf, C.; Pirkle, W.
H.; Welch, C. J.; Hochmuth, D. H.; Kog, W. A.; Chee, G.-L.; Charlton,

coupling is quite challenging because strong repulsion betweenj. L. J. Org. Chem1997 62, 5208-5210. (g) Wolf, C.; Ghebremariam, T.

ortho substituents impedes formation of the incipient aigtyl

bond® Nevertheless, a wide range of congested biaryls has beenC:

prepared from aryl halides and boronic acidsannane8,or
organozinc compounds.

(1) Baudoin, O.; Guette, F. Stud. Nat. Prod. Chen2003 29, 355—
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discoveries, Suzuki, Stille, and Negishi reactions have been SCHEME 1. Formation of (t-Bu,POH),ML ,

studied in much more detail and gained considerably more £Bu
popularity due to the inherently superior functional group o , L \P‘\\“'B“
tolerance. A remaining drawback of these methods is the limited ;g P == f-BU‘} ~on Mtz Ny” TOH
reactivity of aryl boronic acids, stannanes, and zinc compounds 5 1 H tBu Hoﬁp/ L
which are usually prepared from Grignard or organolithium tBu ey M=Ni, Pd

precursors. The direct use of Grignard reagents therefore remains

an attractive alternative that eliminates an unnecessary synthetiGterically unhindered aryl chloridés,we decided to explore
step. Since Knochel et al. introduced elegant synthetic entriesthe possibility of nickel- and palladium-phosphinous acid-
to organomagnesium compounds which tolerate the presenceatalyzed formation of biaryls exhibiting at least twotho

of ester, nitrile, nitro, and other functional groups at“Z5or substituents from readily available aryl Grignard reagents. In
under cryogenic condition’,the Kumada-Corriu reaction has  particular, the development of a mild coupling method that

received increasing attentioh.However, many procedures ytilizes unactivated, sterically hindered aryl bromides and
require high temperatures, and transition-metal-catalyzed coup-chlorides would be very useful.

ling of sterically hindered aryl chlorides or bromides watftho- On the basis of our experience with palladium-phosphinous

substituted aryl Grignard reagents has not been repétted.  5cig-catalyzed Suzuki, Stille, and Hiyama reactions and because
) ) of the high nucleophilicity of organomagnesium compounds,

Results and Discussion we anticipated that transmetalation might readily occur at room

temperature while oxidative addition would be the rate-limiting
step. We therefore focused our initial efforts on the cross-
coupling of Grignard reagents with aryl bromides which are
more reactive than chlorides. The effects of palladium precata-
lyst, ligand, and solvent on the reaction between 2-bromo-1-
isopropylbenzenel, and 2-tolylmagnesium bromide, were
systematically examined. Using 5 mol % of a nickel-phosphi-
(9) Selected examples: (a) Dai, C.: Fu, G.JCAM. Chem. So@001 nous acid prepared in situ from equimolar amounts of Ni(god)

123 2719-2724. (b) Milne, J. E.; Buchwald, S. 1. Am. Chem. So2004 and ditert-butylphosphine oxide in tetrahydrofuran, we found
126, 13028-13032. (c) Genov, M.; Fuentes, B.; Espinet, P.; Pelaz, B. that biphenyl 3 can be prepared in 89% yield at room

Tetrahedron: Asymmetr3006 17, 2593-2595. (d) Genov, M.; Almorin, i ; 0
A.: Espinet, P Tetrahedron: Asymmetr007, 18, 625-627. temperature within 15 h. Further studies revealed that 3 mol %

We and others have introduced palladium-phosphinous acids
to Suzuki, Stille, Hiyama, Sonogashira, and other cross-coupling
reactions'® This class of catalysts enjoys several synthetic
applications, and it is stable to air and water, which facilitates
operation and catalyst handling and storage (Scher{eSijce
Li demonstrated the feasibility of Kumad&orriu coupling with

(10) Kharasch, M. S.; Fuchs, C. F. Am. Chem. S0d.943 65, 504— of Pdx(dba} provides slightly better results (Table 1, entries 1,
507. 2, and 79). We then used this catalyst to evaluate the scope
0 4(}1?723) 42"’}”6“6‘?6)'(805”‘;[’1"2”3 KP-; ,K“l/‘lg‘;? J“"&?ﬁchim- nﬁ?&g% of the reaction. As shown in Table 1, a wide range of sterically
144 ' T A hindered biaryls was prepared in up to 96% yield with this

(12) (a) Kr?)sovskiy, A.; Knochel, PAngew. Chem., Int. EQ004 43, prOC(-Z‘dUI’el.8
3333-3336. is, I.; Li . Fi . : i i ;
Shem ot E2004 45, 4%64-4386. () Firyakkanavar. 1+ Bavon. G, When we employed aryl chlorides in the Kumadzorriu
Wagner, A. J.: Knochel, FChem. Commur2006 583-593. reaction, we realized that heating to 30 is necessary when

(13) (a) Bonnet, V.; Mongin, F.; Trecourt, F.; Queguiner, G.; Knochel, the nickel precatalyst is used while the palladium-phosphinous
P. Tetrahedron Lett2001, 42, 5717-5719. (b) Korn, T. J; Cahiez, G;;  acid affords much better results at room temperature (Table 2,

Knochel, P.Synlett2003 1892-1894. (c) Korn, T. J.; Schade, M. A;; : ; ; ;
Cheemala, M. N.; Wirth, S.; Guevara, S. A.; Cahiez, G.; Knochel, P. entries 1, 2, 4, and 9). The same yields were obtained by in

Synthesi006 3547-3574. situ formation of the palladium-phosphinous acid from(Blda)
(14) (a) Minato, A.; Suzuki, K.; Tamao, K.; Kumada, Nl.Chem. Soc., and ditert-butylphosphine oxide and by direct use of POPd

Chem. Commurl984 511-513. (b) Huang, J.; Nolan, P. $. Am. Chem. ; i
Soc.1999 121, 98899890, (0) Bm, V. P. W.: Gstttmayr, C. W. K.. which can be conveniently stored at room temperature and under

Weskamp, T.; Herrmann, W. Angew. Chem., Int. EQ00J, 40, 3387— air. This method provides di- and wirtho-substituted biaryls
3389. (d) Mongin, F.; Mojovic, L.; Guillamet, B.; Trecourt, F.; Queguiner, in excellent yields even when electron-rich chlorides, which are
G.J. Org. Chem2003, 67, 8991-8994. (e) Walla, P.; Kappe, C. Ghem. generally reluctant to oxidative addition under mild conditions,
So0 550 058, ?gﬁ?g%é?t?&r_‘kg?rgg;; \,Q‘_J'H(?;rg,_‘]’lggmgf' gh,%@g?g_ are used. For example, coupling of 1-chloro-2-methoxybenzene,
Chem 2005 70, 9364-9370. (h) Ackermann, L.; Althammer, Arg. Lett. 29, with 2-isopropylphenylmagnesium bromicB8), or di-ortho-

2006 8, 3457-3460. (i) Rueping, M.; leawsuwan, VBynlett2007, 247— substituted aryl Grignards3, 27, and38 gave biaryls31, 35,

250. (i) Ackermann, L.; Born, R.; Spatz, J. H.; Meyer, Angew. Chem., ; ; O/ \/i ;

Int. Ed. 2005 44, 7216-7219. (j) Organ, M. G.; Abdel-Hadi, M.; Avola, % a_?d4|§), rESpeCft'Ve'yli n 8?23 % {;em (entries 1|'. S L’ﬁa”d
S.; Hadei, N.; Nasielski, J.; O'Brien, C. J.; Valente @hem—Eur. J.2007, )- 0 the best of our knowledge, the cross-couplingréio-

13, 150-157. (k) Martin, R.; Buchwald, S. LJ. Am. Chem. SoQ007, substituted aryl chlorides with sterically hindered Grignard
129 3844-3845. (1) Lau, S. Y. W.; Hughes, G.; O’, Shea, P. D.; Davies, nts is unor nt

I. W. Org. Lett.2007, 9, 2239-2242. €agents 1s unp ecedented.

(15) (3) Li, G. Y.Angew. Chem., Int. EQ001, 40, 1513-1516. (b) Li, As expected, our POPd-catalyzed coupling procedure is also
G. Y. J. Org. Chem2002 67, 3643-3650. (c) Wolf, C.; Lerebours, R.; suitable to aryl iodides. We obtained biargsand 28 in 90—
Tanzini, E. H.Synthesi®003 2069-2073. (d) Wolf, C.; Lerebours, R. 96% vyield from 1-iodonaphthalend?, and Grignard®7 and
Org. Chem?2003 68, 7077-7084. (e) Wolf, C.; Lerebours, R. Org. Chem. 30 hen the t t | &89 °C (Sch
2003 68, 7551-7554. (f) Wolf, C.; Lerebours, FOrg. Lett.2004 6, 1147 , éveén when (he temperature was lowere (Scheme
1150. (g) Wolf, C.; Lerebours, ROrg. Biomol. Chem2004 2, 2161 2). Under these conditions, the presence of an ester group is

2164. (h) Lerebours, R.; Wolf, Gynthesi2005 2287-2292. (i) Bigeault, well tolerated. Coupling 08B0 and methyl 4-bromo-3-methyl
J.; Giordano, L.; Buono, GAngew. Chemint. Ed.2005 44, 4753-4757.
(j) Lerebours, R.; Camacho-Soto, A.; Wolf, @. Org. Chem2005 70,

8601-8604. (k) Wolf, C.; Ekoue-Kovi, KEur. J. Org. Chem2006 1917 (17) Li, G. Y. J. Organomet. Chen2002 653 63—68.

1925. (18) During the preparation of this paper, a Pd-catalyzed Kum@deriu
(16) (a) Ackermann, LSynthesi2006 1557-1571. (b) Lerebours, R; coupling providing a 2,26-trimethylbiphenyl derivative in 93% yield from

Wolf, C. J. Am. Chem. So@006 128 13052-13053. an aryl iodide was reported; see ref 14k.
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TABLE 1. Kumada—Corriu Coupling of Aryl Bromides with Palladium- and Nickel-Derived Phosphinous Acids?

R' R
Pdy(dba)z or Ni(cod),
(3 mol%)
Br + MgBr —MMM@M@M8m™ >
. t-BupP(O)H O
THF, 25 °C R e

Q.

entry aryl bromide C}‘?;ignard reagent biaryl yield (%)
1 5)\ @;":QBT O 90, 89°
1 3 s
2 Br MgBr O
©1* ) 90, 88°
3 Br %
[ ]’1 ~ O O 7 94
4 Br MgBr3 g
o~ Y9 ol o
Q)
5 Br ’
<0 & Y o
)
Br
B O e R O
g
r MgBr
LG TR e
8 Br o l\;gBr 2
©/1s\ 3/ 89, 900
Br MgBr
’ @}L\ ©/\2 J w 83, 83°
O 19
10 Br MgBr8 O
11 Br rlw MgBrs g
.8 % 'N\ a
12 Br o MgBrs O »
0T o s
13 Br O Mesr O
or Yoo o
Br
) % 973’ OO 28 2
99

aReaction conditions: aryl bromide (1.0 mmol),Ritba} (3 mol %), ditert-butyl)phosphine oxide (6 mol %), arylmagnesium bromide (2.0 mmol) in
THF (2.0 M), 25°C, 15 h.P Isolated yields¢ Ni(cod), (5 mol %), ditert-butyl)phosphine oxide (5 mol %).
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TABLE 2. Cross-Coupling of Aryl Chlorides with Grignard Reagents?
R' R! t-Bu

R POPd o LtBu
(5 mol%) N ,/"SOH
Cl + MgBr ——> Pd
@ O T 25°C Y O HO~ " g
- R ge tBu g, POPd
entry aryl chloride Grignard reagent product yield (%)°

Cl MgBr
| ©/29\ C%/ N o O 3 91, 83¢
2 cl MgBr 2
©/32 @[O/ * :;;/ 98, 76"
3 Cl MgBr O
el | SO
O 15
4 Cl MgBr O
@ﬁz é@ > 90° ,81¢
5 Cl ;
e o ; o
6 Cl ‘
©/32 gB;, O 36 89°
o 0 se
SO eI
8 cl O OO
3 9 o 92
Sl o<l
9 Cl MgBr O
©/32 OOO 58 39 90°, 65°
900
10 Cl MgBr
SIS CorIIE o S
11 Cl MgBr gge
y T Y y 85°
900

aReaction conditions: aryl chloride (1.0 mmol), POPd (5 mol %), aryilmagnesium bromide (2.0 mmol) in THF (2.0 M), 25 h.P Isolated yields.
€24 h.9Ni(cod), (5 mol %), ditert-butyl)phosphine oxide (5 mol %), 5TC, 24 h.
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SCHEME 2. POPd-Catalyzed Kumada-Corriu Coupling 1-(2-Isopropylphenyl)naphthalene, 5.Purification by flash
Using Aryl lodides chromatography (hexanes) gave 0.90 mmol of a colorless oil (90%

POPd from bromide): 'H NMR 6 1.03 (d,J = 6.8 Hz, 3H), 1.05 (dJ =
I, MgBr (6 Mol%) $2 96% (25 °C) 6.8 Hz, 3H), 2.64 (sepfl= 6.8 Hz, 1H), 7.177.50 (m, 9H), 7.82
TR en P ) %00 7.88 (m, 2H);“C NMR 6 24.1, 25.5, 30.7, 125.9, 126.0, 126.1,
30 5

94% (-20°0) 126.4, 126.5, 127.0, 127.5, 128.0, 128.7, 128.8, 131.2, 133.4, 134.1,
139.7, 140.4, 148.3. Anal. Calcd fordElig C, 92.64; H, 7.36.

4

N

O A

POPIg/ O Found: C, 92.60; H, 7.23.
by O MgBr (5 mol%) S O 00% 2-Isopropyl-2'-phenylbiphenyl, 7. Purification by flash chro-
42 ' 27 T_';’;'DLO " 28 ° matography (hexanes) gave 0.94 mmol of colorless crystals (94%
O from bromide): IH NMR & 0.64 (d,J = 6.8 Hz, 3H), 0.95 (dJ =
| 6.8 Hz, 3H), 2.66 (septl = 6.8 Hz, 1H), 7.06-7.46 (m, 13H)13C
vgBr @ o ML~ 0 ) NMR 6 22.4, 25.6, 30.0, 125.3, 125.5, 126.7, 127.3, 127.8, 127.9,
+ m 86% 128.0, 130.0, 131.1, 140.3, 140.6 141.3, 141.6, 146.7. Anal. Calcd
Moo, 43 30 0°C 44 for CoiHzo: C, 92.60; H, 7.40. Found: C, 92.24; H, 7.35.

2-Cyclohexyl-2-isopropylbiphenyl, 9. Purification by flash
. . h t hy (h 0.95 | of lorl il (95%
benzoate43, gave ested4 in 86% yield. Our method thus fcroﬁr%?oﬁ{gg):m Eﬁ?{eg)gg\gl.34 r(nmmOSHo) afgé;%is (on|n( °

extends the scope of this reaction to sterically hindered substrategy 2 29 (m, 1H), 2.70 (sepd = 6.8 Hz, 1H), 7.03-7.38 (m,
bearing functional groups that are usually not compatible with gH): 13 NMR 6 23.8, 25.4, 26.8, 27.4, 30.5, 34.1, 36.0, 41.2, 125.7,

organomagnesium reagents. 125.8, 126.5, 126.6, 128.0, 128.2, 130.3, 130.4, 140.8, 141.1, 146.4,
147.3. Anal. Calcd for gH»s C, 90.59; H, 9.41. Found: C, 90.51;
Conclusion H, 9.11.

1-(2-Isopropylphenyl)-2-methylnaphthalene, 11Purification

In summary, we have developed a broadly applicable pal- by flash chromatography (hexanes) gave 0.92 mmol of a colorless
ladium-catalyzed KumadaCorriu cross-coupling method that  oil (92% from bromide): *H NMR 6 0.95 (d,J = 6.8 Hz, 3H),
utilizes sterically hindered substrates under mild reaction 1.06 (d,J = 6.8 Hz, 3H), 2.15 (s, 3H), 2.47 (sept,= 6.8 Hz,
conditions. Our procedure furnishes di- andariho-substituted 1H), 7.04 (ddJ = 7.6, 1.5 Hz, 1H), 7.2687.41 (m, 6H), 7.45 (dd,
biaryls in 87-98% yield and is suited for a range of aryl halides, J = 7.8, 1.5 Hz, 1H), 7.72 (dJ = 8.3 Hz, 1H), 7.77 (d) = 7.8
including electron-rich aryl chlorides. The reaction proceeds with ?226 gH%;% ’\i'\z/'gf 1221846 21452172?2% 20-1%018251?21626}% 32?-;4 0
aryl iodides at—20 °C, and under thgse co.ndltlo_ns, functional 138.2. 138.5, 148.2. Anal. Calcd for@he C. 92.26: H. 7.74.
groups that are generally not compatible with Grignard reagents Found: C, 91.84: H. 7.41.
are '_[olerate_d: The POPd-cataIyzed Kumegsrriu reaction 2,2,6-Trimethylbiphenyl, 14.2° Purification by flash chroma-
p_rowdes eff|C|_en_t access to sterically conges_ted ml_JItlfunctlo_naI tography (hexanes) gave 0.89 mmol of a colorless oil (89% from
biaryls and eliminates the need for conversion of intermediate promide): 1H NMR 6 1.94 (s, 6H), 1.96 (s, 3H), 7.607.27 (m,

aryl Grignard reagents to the corresponding boronic acids or 7H); 3¢ NMR ¢ 20.1, 21.0, 126.7, 127.6, 127.7, 127.9, 129.5,

stannanes prior to the cross-coupling step. 130.6, 136.2, 136.5, 141.2, 141.7.
1-(2-Tolyl)naphthaleng 152° Purification by flash chromato-
Experimental Section graphy (hexanes) gave 0.96 mmol of colorless crystals (96% from

) ) bromide): *H NMR 6 2.00 (s, 3H), 7.23+7.36 (m, 6H), 7.4+
All chemicals used were of reagent grade, and reactions were7 51 (m, 3H), 7.83 (dJ = 8.3 Hz, 1H), 7.87 (dJ = 8.5 Hz, 1H);
carried out under nitrogen. Flash chromatography was performedi1sc NMR ¢ 20.7, 126.0, 126.2, 126.4, 126.6, 126.8, 127.3, 128.1,
on Kieselgel 60, particle size 0.032.063 mm. NMR spectrawere 1282, 128.9, 130.5, 131.0, 132.7, 134.2, 137.4, 140.4, 140.9.

obtained at 300 MHz'{ NMR) and 75 MHz {°C NMR) using 2-Methoxy-2-methylbiphenyl, 172 Purification by flash chro-
CDQIg as solvent. Chemical shifts are reported in parts per million matography (hexanes/GEll, 10:1) gave 0.89 mmol of a colorless
relative to TMS. _ _ _ oil (89% from bromide): 1H NMR 6 2.13 (s, 3H), 3.70 (s, 3H),
General Procedure for the Palladium-Phosphinous Acid- 6.90-7.33 (m, 8H);13C NMR 6 20.3, 55.7, 111.1, 120.9, 125.9,
Catalyzed Cross-Coupling of Aryl Halides and Aryl Grignard 127.7, 129.0, 130.0, 130.4, 131.3, 131.4, 137.2, 139.1, 157.0.

Reagents A solution of Pd(dba) (0.03 mmol) and diert-butyl)- 2_Dimeth T i 22 pyyrificati

. - d ylamino-2-methylbiphenyl, 1922 Purification by flash
phosphine QX|de (0.06 mmol) in anhydrous tetrahydrqfuran (2.0 chromatography (hexanes/@El, 9:1) gave 0.83 mmol of a
mL) was stirred under nitrogen for 4 h. Then, a solution of the ;5ress oil (83% from bromide)*H NMR o 2.15 (s, 3H), 2.50
aryl halide (1.00 mmol) in anhydrous tetrahydrofuran (1.0 mL) was (s, 6H), 6.95-7.30 (M, 8H):1C NMR 6 20.6, 43.8 1i8.1 '121.7

?Ol'lded- da'gd (tjhe mixture  nas S“rf“;-‘ﬁ for "’l‘“c?the’ 1(;3 min. Thisz"(‘)’gs 126.3,127.4, 128.6, 130.6, 130.7, 132.4, 135.2, 136.8, 142.4, 152.2.
ollowed by dropwise addition of the aryl Grignard reagent (2. 1-(2-Cyclohexylphenyl)naphthalene, 21Purification by flash

mmol, ~2 M, prepared prior to use from another aryl halide (2.0 o atography (hexanes) gave 0.94 mmol of a colorless oil (94%
mmol) and magnesium (3.0 mmol) in anhydrous tetrahydrofuran) from bromide): IH NMR 6 0.78-1.75 (m, 10H), 2.25 (m, 1H)

at room temperature. The mixture was stirred at’@5for 15 h, 7.06-7.41 (m -7H) 7.45 (t) — 8.8 Hz 2H’) 782 (tj —88Hz
guenched with water, extracted with diethyl ether, and dried over ZH)' 13(': NMR‘é 26'7.27 3 343' 366 a1 ’3 '125 8 125' 9 12'6 3
anhydrous MgSQ The solvents were removed under vacuum, and 126,4 126.8 127 0' 1‘27 4 1128' O 128 ‘5 128 7 131 2 1é3’4 1é4’1
the crude product was purified by flash chromatography on silica 139.8 140.3 147.3. Anal. Calcd fOrz.éH,zz' C 9226 H. 7.74.

gel. . .

2-Isopropyl-2'-methylbiphenyl, 3. Purification by flash chro- Found: C, 91.80; H, 7.83.
matography (hexanes) gave 0.90 mmol of a colorless oil (90% from - —
bromide): IH NMR ¢ 1.07 (d,J = 6.8 Hz, 3H), 1.14 (d) = 6.8 (19) Ohta, H.; Tokunaga, M.; Obora, Y.; lwali, T.; Iwasawa, T.; Fujihara,
Hz, 3H), 2.05 (s, 3H), 2.69 (sept= 6.8 Hz, 1H), 7.047.40 (m, '~ Isuli Y. Org. Lett. 20079, 89-92. _

. (20) Navarro, O.; Marion, N.; Oonishi, Y.; Kelly, R. A.; Nolan, S. P.

8H); 13C NMR 6 20.2, 23.2, 24.7, 29.8, 125.3, 125.5, 127.1, 127.6, Org. Chem 2006 71, 685-692.
129.3,129.4,129.6, 129.7, 136.0, 140.3, 141.5, 146.5. Anal. Calcd  (21) Dhudshia, B.; Thadani, A. NChem. Commur2006 668-670.

for CigH1g: C, 91.37; H, 8.63. Found: C, 90.95; H, 8.41. (22) Sugasawa, S.; Matsuo, Bhem. Pharm. Bull1958 6, 601—607.
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2-Cyclohexyl-2-dimethylaminobiphenyl, 22. Purification by of a colorless oil (91% from chloride)*H NMR ¢ 2.17 (s, 3H),
flash chromatography (hexanes/g&H, 9:1) gave 0.94 mmol of a  3.50 (s, 3H), 6.92 (d) = 8.3 Hz, 1H), 7.00 (ddd) = 7.3, 7.3, 1.2
colorless oil (94% from bromide)*H NMR ¢ 0.83-1.65 (m, 10H), Hz, 1H), 7.10 (ddJ = 7.4, 1.8 Hz, 1H), 7.267.38 (m, 5H), 7.69
1.79 (m, 1H), 2.47 (s, 6H), 6.947.34 (m, 8H);:3C NMR ¢ 27.0, (d, J = 8.3 Hz, 1H), 7.74 (dJ = 8.3 Hz, 1H);3C NMR ¢ 21.1,
27.7,34.0,36.2,41.4,43.8, 118.1,121.8, 126.1, 127.0, 127.7,128.556.0, 111.7, 121.3, 125.2, 126.3, 126.5, 127.8, 128.4, 128.8, 129.1,
130.8, 132.6, 135.6, 141.2, 146.4, 152.2. Anal. Calcd foH&N: 129.4, 132.4, 132.6, 133.6, 134.4, 135.3, 157.9.
C, 85.97; H, 9.02; N, 5.01. Found: C, 85.71; H, 8.52; N, 4.94. 9-(2-Tolyl)anthracene, 3%8 Purification by flash chromato-
2-Cyclohexyl-2-methoxybiphenyl, 23. Purification by flash graphy (hexanes/Ci€l, 10:1) gave 0.90 mmol of white crystals
chromatography (hexanes/@i, 10:1) gave 0.93 mmol of a  (90% from chloride):*H NMR 6 1.84 (s, 3H), 7.247.41 (m, 8H),
colorless oil (93% from bromide)*H NMR ¢ 1.04-1.87 (m, 10H), 7.50 (d,J = 8.8 Hz, 2H), 7.97 (dJ = 8.6 Hz, 2H), 8.42 (s, 1H);
2.36 (m, 1H), 3.68 (s, 3H), 6.907.35 (m, 8H);3C NMR 6 26.9, 13C NMR 6 20.41, 125.8, 126.1, 126.5, 127.1, 127.2, 128.5, 129.1,
27.6,34.3,35.6,41.5,55.8,111.0, 121.0, 125.9, 126.4, 128.2, 129.0,130.6, 130.7, 131.9, 132.1, 137.1, 138.4, 138.8.
130.8,131.5, 131.9, 138.2, 147.0, 157.3. Anal. Calcd fgHgO: 9-(2-Methoxyphenyl)anthracene, 4@° Purification by flash
C, 85.67; H, 8.32. Found: C, 85.75; H, 8.06. chromatography (hexanes/@El, 9:1) gave 0.89 mmol of white
2-Cyclohexyl-2-phenylbiphenyl, 25.Purification by flash chro- crystals (89% from chloride)*H NMR ¢ 3.53 (s, 3H), 7.08 (d)
matography (hexanes) gave 0.96 mmol of colorless crystals (96% —"g 3 Hz, 1H), 7.12 (ddd) = 7.3, 7.3, 1.0 Hz, 1H), 7.24 (dd,=
from bromide): 'H NMR 0 0.56 (m, 1H), 0.921.23 (m, SH), 75 1.8 Hz, 1H), 7.267.32 (m, 2H), 7.367.42 (m, 2H), 7.47
1.43-1.57 (m, 4H), 2.22 (m, 1H), 7.067.45 (m, 13H):*C NMR (4dd,J = 7.8, 7.8, 2.0 Hz, 1H), 7.59 (dd, = 9.8, 1.0 Hz, 2H),
(5 268, 276, 328, 362, 41.1, 125.7, 1266, 127.1, 127.7, 1280,797 (d,J =83 HZ, ZH), 8.42 (S, 1H)J;3C NMR 6 56.3, 111_9’
128.1,128.3,130.3,130.4, 131.5, 131.7, 140.9, 150.0, 141.6, 142.04 51 3 125 6, 125.8, 126.5, 127.4, 128.0, 129.1, 130.0, 131.0, 132.1,
146.0. Anal. Calcd for QH24Z C,92.26; H, 7.74. Found: C,91.98; 133.5, 134.4, 158.7.
H, 7.52.
2-Methyl-1,1'-binaphthyl, 28.23 Purification by flash chroma-
tography (hexanes) gave 0.92 mmol of colorless crystals (92% from
bromide): 'H NMR ¢ 2.07 (s, 3H), 7.067.56 (m, 9H), 7.86-
7.89 (m, 4H);3C NMR 6 21.2, 125.5, 126.0, 126.3, 126.5, 126.6,
126.7,126.8, 126.9, 128.2, 128.3, 128.4, 128.9, 129.3, 132.6, 133.2
134.1, 134.4, 135.0, 136.7, 138.2.

9-(1-Naphthyl)anthracene, 413 Purification by flash chroma-
tography (hexanes/GRl, 9:1) gave 0.85 mmol of white crystals
(85% from chloride):*H NMR ¢ 7.06-7.09 (m, 2H), 7.1+7.17
(m, 2H), 7.32-7.40 (m, 5H), 7.46 (dd) = 7.1, 1.2 Hz, 1H), 7.58
(dd,J = 7.6, 7.6 Hz, 1H), 7.91 (d] = 8.3 Hz, 1H), 7.97 (ddJ =
8.3, 8.3 Hz, 3H), 8.49 (s, 1H}3C NMR 6 125.8, 126.2, 126.6,
2.ISopropyl-2-methoxybiphenyl. 312¢ Purification by flash 126.9, 127.2,127.6,128.7, 128.9, 129.0, 129.7, 131.6, 132.1, 134.2,

chromatography (hexanes/@El, 10:1) gave 0.91 mmol of a 134.3, 135.6, 137'2',. .

colorless oil (91% from chloride)iH NMR o 1.04 (d,J = 6.8 _Methyl 2-methyl-2"-isopropylbiphenyl-4-carboxylate, 44.Pu-

Hz, 3H), 1.19 (d,J = 6.8 Hz, 3H), 2.77 (sept] = 6.8 Hz, 1H), rification by flash chromatography (hexanes/ethyl acetate 50:1) gave

3.69 (S, 3H), 6.93 (CU = 8.3 Hz, 1H), 6.08 (ddd] =73,7.3,1.0 0.86 mmol of a colorless oil (86%)1H NMR 6 1.06 (d,J = 6.8

Hz, 1H), 7.16-7.15 (m, 2H), 7.19 (ddd] = 7.6, 7.6, 2.2 Hz, 1H),  HZ 3H), 1.14 (dJ = 6.8 Hz, 3H), 2.10 (s, 3H), 2.62 (sepk=

7.29-7.38 (m, 3H)°C NMR 6 23.6, 25.0, 30.5, 55.6, 110.8, 120.7, -8 Hz, 1H), 3.92 (s, 3H), 7.01 (dd.= 1.1, 7.2 Hz, 1H), 7.17

125.4,125.6, 128.1, 128.8, 130.4, 131.2, 131.6, 137.7, 147.8, 157.1/-23 (M, 2H), 7.32.7.41 (m, 2H), 7.90 (dd)=1.2, 7.8 Hz, 1H),
2-Methoxy-2,6-dimethylbiphenyl, 3525 Purification by flash 7.97 (s, 1H);*C NMR 6 20.7, 23.7, 25.2, 30.5, 52.6, 126.0, 126.1,

chromatography (hexanes/@E, 10-1) gave 0.93 mmol of a  127:2,128.6,129.4,129.6, 130.4, 1315, 137.0, 139.9, 146.7, 147.1,

colorless oil (93% from chloride)*H NMR 6 2.00 (s, 6H), 3.65  167.7. Anal. Calcd for GHz02: C, 80.56; H, 7.51. Found: C,

(s, 3H), 6.93 (dJ = 8.3 Hz, 1H), 6.977.02 (m, 2H), 7.067.16  80-25/ H, 7.31.

(m, 3H), 7.29 (m, 1H)}33C NMR ¢ 21.1, 55.9, 111.4, 121.3, 127.6,

129.0, 130.1, 131.2, 137.1, 138.8, 157.1. Acknowledgment. We thank Combiphos Catalysts, Inc.
2-Methyl-1-(2-tolyl)naphthalene, 36?6 Purification by flash (www.combiphos.com) for a generous supply of palladium-

chromatography (hexanes) gave 0.89 mmol of a colorless oil (89% phosphinous acids.

from chloride): '"H NMR 6 1.88 (s, 3H), 2.12 (s, 3H), 7.07 (d=

6.6 Hz, 1H), 7.26:7.36 (m, 7H), 7.71 (dJ = 8.3 Hz, 1H), 7.77 Supporting Information Available: NMR spectra of all

(d, J = 8.1 Hz, 1H);**C NMR 6 20.2, 21.0, 125.4, 126.4, 126.6, compounds. This material is available free of charge via the Internet
126.7,127.8,128.1,128.5,129.2,130.7, 132.7, 133.2, 133.7, 137.4 4t nttp://pubs.acs.org.

138.1, 139.8.
1-(2-Methoxyphenyl)-2-methylnaphthalene, 377 Purification JO701893M
by flash chromatography (hexanes/&CHy 10:1) gave 0.91 mmol
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