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ABSTRACT

Ar-X or PEG-O-COATr-X Pd(DIPHOS), Ar-Ar’
+ —_— or
Ar'B(OH), base, solvent,  ppG.0.CO-Ar-Ar

reflux

Bis[1,2-bis(diphenylphosphino)ethane]palladium(0) [Pd(DIPHOS),] catalyzes cross-coupling reactions of free or polymer-bound aryl halides
with organoboron compounds to produce biaryls in overall yields of 60—96%.

Palladium-catalyzed Suzuki cross-couplings are important synthesis of natural produéespharmaceutical intermediatés,

strategies for organic synthesidThese coupling reactions
offer a powerful tool for the formation of €C bonds. In

and combinatorial libraries of organic compouddduzuki
couplings likely follow a catalytic cycle, which is initiated

the past few years a number of methods have been developetly the oxidative addition of organic halides to the Pd species
which permit the use of organoboron compounds that are and followed by transmetalation of the Ar group from boron

thermally stable and inert to water and oxygeirurther,

to Pd%deAfter transmetalation, the reaction proceeds smoothly

these coupling reactions have been used successfully for thevhen it has been activated by a suitable base.

T Presented in part at the following: De, D.; Krogstad, D. J. Palladium

Despite the broad synthetic utility of Pd(PPhn cross-
coupling reactions, it is air and light sensitive and often forms

catalyzed coupling of aryl bromides with aryl boranes, alkenes, and alkynes 3 number of byproducts in these reactiériBhus, a wide

to produce biaryls, substituted alkenes, and alkyne&bstracts of Papers
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range of Pd catalysts has been employed for the synthesis
of biaryls including Pd(OAg)plus PPk which is reported
to be rapidly reduced to Pd(0) complexes with phosphines
in situ2d6

As part of our research we were interested in a simple,
straightforward, and reliable method for cross-coupling
reactions. Herein we report the Pd(DIPH@E&atalyzed
coupling of aryl halides with organoboron compounds.
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Pd(DIPHOS) has been known in the literature and is || NG
avallable.commerc!ally. Howevgr,_the use of this catalyst t pe 2. Pd(DIPHOS)-Catalyzed Coupling Reactions of
for organic synthesis has been limitétand to our knowl- Organoborons with Aryl Halides
edge little is known about its use for the coupling of
organoborons with aryl halides (Scheme 1). We began these

entry (1) aryl boron

halides reagents@ product (2) yield (%)b

| a Br A Ph 95
Scheme 1. Pd(DIPHOS)-Catalyzed Couplings of
Organoborons with Aryl Halides CHO
Pd(DIPHOS), /©/Br O 65
Ar-X + ArB(OH), = Ar-Ar b B
base, solvent, reflux O;N O
ON CHO
. .. . Br O 60
studies by examining the effects of various Pd catalysts on B
the coupling of 1-bromo-4-nitrobenzene with phenylboronic F10,C HOLC
acid (Table 1). Pd(DIPHOgStatalyzed the coupling reaction 2
N(CO),Ph N(CO),Ph
d A 90
Table 1. Efficiency of Various Pd Catalysts on the Formation O
of 4-Nitrobiphenyl in THF-MeOH? Br O
Pd-catalyst
85
: g
entry catalyst mol %P time (h) yield (%) ¢ OzN/©/ O
1 Pd(PPhs)s 1.03 12 65 O;N
2 Pd(OACc); + PPhs 2.20 6 47 ¢ Br
3 Pd(DIPHOS), 1.32 2 90 /©/ A 60
4 Pd(DIPHOS),¢ 1.32 3 92 MeO O
5 PdCl,(dppf) 1.70 5 45 MeO
6 Pdy(dba)s 1.31 2 70 Br Ph
7 PdCI,(PPhs), 1.42 6 66
g X X
@ Reactions were carried out in 10 mL of THMeOH under reflux for P A P 80
specified hours with palladium catalyst, 2 M aqueou€&s, 1-bromo-4- Cl N cl N
nitrobenzene (1 mmol), and phenylboronic acid (1 mmbihol % of
palladium catalyst¢ Reaction was carried out in air; all other reactions were SN
carried out in an Matmosphere. Br | P
h
X AN 70
and produced 4-nitrobiphenyl in 90% vyield (Table 1). In c N7 D N
contrast, in our laboratory, traditional Pd catalysts such as : c
Pd(PPH),,° Pc(dba},° Pd(OAc) plus PPB2° PdCL(dppf) 1 _
and PdCJ(PPh),% produced the desired products in only ' ©/I A l 9%
(9) (a) Miyaura, N.; Ishiyama, T.; Sasaki, H.; Ishikawa, M.; Satoh, M.; ) I
Suzuki, A.J. Am. Chem. S0d.989,111, 314. (b) Ali, N. M.; McKillop, J
A.; Mitchell, M. B.; Rebelo, R.; Wallbank, P. Jetrahedron Lett1992, A 93
48, 8117. HO,C
(10) Yasuda, N.; Xavier, L.; Rieger, D. L.; Li, Y.; DeDamp, A. E,; HO,C

Dolling, U. H. Tetrahedron Lett1993,34, 3211.
(11) (a) Giroux, A.; Han, Y.; Prasit, Fletrahedron Lett1997 38, 3841.
(b) Ishiyama, T.; Murata, M.; Miyaura, Nl. Org. Chem1995,60, 7508.
(12) Typical procedure: A mixture of aryl bromides (1 mmol) and Pd-
(DIPHOSY) (12 mg, 0.01 mmol) in THF was stirred at rt for 20 min before
the addition of a solution of the appropriate arylboron compound in-FHF
'}\</|60003H C(>£ EMF- Alf)ter 1(:3 ﬁlllin(gf Stirrir;)g, an Kf;lgl())rso?zriate ball)s]e [2M aqueous 45—70% yield. The reduced yield of products from reactions
2 .4 mmol), or mmol), or mmol)] was adde ; ; ; ;
with stirring. The reaction mixture was then heated to reflux ferl2 h. I,n which Pd compllexes- were used with BRigands was .
Thereafter, the reaction was cooled before the addition of EtOAc (10 mL). likely due to undesired side reactions between phenylboronic

The reaction mixture was then passed through a pad of Hyflo Super Cel 5¢id and pphs,llb Furthermore. the presence or absence of
and washed with EtOAc, and the combined filtrate was evaporated to '

dryness. After the residue was dissolved in water and extracted with EtOAc, @n inert atmosphere gNhad little effect on the catalytic
the organic layer was dried over anhydrous,8@, concentrated, and activity of Pd(D|PHOS) (entries 3 and 4, Table ]_)_ This is

purified by recrystallization (2O or EtO—CH,Cl,) or by being passed : - - : -
through a short column of silica gel{3.0% EtOAc—petroleum ether) to an advantage for the industrial use of this coupllng reaction

obtain the desired product in 6@6% yield. with organoborons and aryl halides. Although coupling

aA = PhB(OH); B = (4-CHO)-PhB(OH); C = (4-CH,CH)-PhB(OH);
D = 3-E,B—pyridine.? Isolated yield.
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proceeded slowly at ambient temperature, the reactionstrategy. In contrast, our attempts to cross-couple aryl
proceeded relatively rapidly under reflux. bromides with aliphatic boron derivatives suchrabutyl-

A variety of aryl halides (1a—j) and organoboron com- boronic acid were unsuccessful. Although the mechanism
pounds (A—D) were studied (Table ®)In the presence of  responsible for these reactions is not yet understood, the
Pd(DIPHOS) (1.0 mol %) and aqueous,RO; (2.0 M), bidentate phosphine ligand likely facilitates coordination with
2-bromonaphthalene (1a) was reacted with phenylboronic aromatic groups.
acid (A) in THF—MeOH (4:1) under reflux for 4 h. The potential scope of Pd(DIPHOS)romoted cross-
Following the reaction, produ@awas isolated in 95% yield  coupling is not limited to the above reactions. We also
after recrystallization from ether. Polar solvents such as DMF synthesized several biaryl carboxylic acids using polymer-
and THF—MeOH and bases such agliO; and EtN were bound aryl bromides with aryl boronic acids (Scheme 2).
suitable for Pd(DIPHOS)cross-coupling reactions (Table
3). In addition, Pd(DIPHOS)was sufficiently stable that

Scheme 2. Poly(ethylene glycol)-Supported Liquid-Phase

| Synthesis of Biaryl Carboxylic Acids
Table 3. Reaction Conditions of Pd(DIPHOSTatalyzed : _ COOH i

Coupling Reactiorts + MeO-PEG-OH ——»

product® solvent base hours Br 3 4
2a THF—MeOH® aqueous K,COzd 4 0
2b THF-MeOH  aqueous K,COs 5 PG —o—< it i, iv
2c THF—MeOH EtsN 10 —_— >
2d DMF® K,COsf 2 5 Br
2e THF—MeOH aqueous K2COg3 5
2f THF—MeOH aqueous K,CO3 10 | R
29 THF—MeOH aqueous K,CO3 4 HOOC
2h THF—MeOH aqueous K»CO3 12 ba | 4F
2i THF—MeOH aqueous K,CO3 4 N g be|  3NO,
2j THF—MeOH aqueous K>COs3 3 l _ 6c |  4-vinyl

aReactions were carried out on &2 mmol scale of aryl halide$.1—
2 mol % of Pd(DIPHOS)was used as cataly$StTHF—MeOH (4:1).92

M aqueous KCOs. € DMF (75 °C). fK,C owder. i) EIN=C=N(CH,)3;NMe,, HOB, Et;N. CH,Ch. 11,

. KOs ( ) L0 p 20h: ii) RCgH4B(OH),, K,CO3, DMF, 70-80 °C, 3-4h;
iii) 1N NaOH, 90 °C, 1h; iv) 12N HCL. “Reaction
conditions were not optimized.

short exposures to air during handling had no detectable
effects on its activity as a catalyst. The structural assignments ) ] ) ) ]
of 2a—j were based ofH and *C NMR and MS!3-152D The starting material MeO-PEG-OH is commercially avail-
NMR experiments further confirmed the structure2ef The ~ able and soluble in Ci€l;, CHCL, or DMF 7bUt is insoluble
results in Table 2 suggest that biaryls with a variety of N €ther, 2-propanol, or absolute ethafol’

functional groups can be synthesized readily using this 4-Bromobenzoic acid3) was reacted with MeO-PEG-OH
(M, ~5000) @) in the presence dfl-ethyl-N'-dimethylami-

(13) Grushin, V. V.; Alper, HOrganometallics1993,12, 1890. nopropylcarbodiimide hydrochloride (EDAC), DMAP, HOBT,
g1 (apang. S. K.; Lee, H.W.; Jang, S. B.; Ho, PJSOrg. Chem1994 and EtN in CH,Cl, at rt for 20 h. The product was isolated

(15) Wright, S. W.: Hageman, D. L.; McClure, L. 3. Org. Chem. by precipitation using EO—2-propanol (5:1) at 0—58C in
1994,59, 6095. ~95% vyield!® The structure of the polymer-bound product

(16) (a) Han, H.; Wolfe, M. M.; Brenner, S.; Janda, K. Broc. Natl. . .
Acad. Sci. U.S.AL995,91, 11422, (b) Gravert, D. J.; Janda, K. chem.  (5) was confirmed byH NMR, and no detectable starting
Rev.1997,97, 489. material was found in the product. In general, coupling

29é17) Blettner, C. G.; Konig, W. A.; Stenzel, W.; Scotten Synlett199§ reactions were performed in DMF with,RO; and heating

(18) Typical procedure: A mixture of MeO-PEG-OH (6.0 g, 1.2 mmol), ~ at 70—80°C for 3—4 h. In the preliminary studies, we used

4-bromobenzoic acid (0.36 g, 1.8 mmoN;ethyl-N'-dimethylaminopro- i i _ i i
pylcarbodiimide hydrochloride (300 mg), HOBt (100 mg), angN\E(0.2 ﬂ:(rehe z.a'ryl bor?jr.nc aCIC:]S [ga .C’dSCh%me 2]. Aftertl)sqlatlgr;)
mL) in CH.Cl, (20 mL) was stirred at rt for 20 h. The reaction was quenched Of the intermediates, the desired products were obtained by

by the addition of 2-propanol (50 mL), followed byEx (100 mL). After saponification with 1 N NaOH, followed by neutralization
the reaction mixture was cooled at°C for 2 h, the precipitate® was with 12 N HClI (yield 55—60%).

filtered, washed with EO, and dried under vacuum overnight. Compound - ]
5 (1.5 g) was then dissolved in DMF and degassed by passirtgrbugh In conclusion, Pd(DIPHOS)promotes the coupling of

the reaction mixture before Pd(DIPHQ%$20 mg, 0.019 mmol) was added : _ : :
with stirring for 20 min. Thereafter, aryl boronic acid (0.60 mmol) and either free or polymer-bound aryl halides with organoboron

K,COs (100 mg, 0.7 mmol) were added sequentially. The reaction mixture compounds in good to excellent yield. Additional studies to

was then heated at #B0 °C for 3—4 h. After cooling, E2O was added i i i i
and the precipitated solid was filtered, washed witfCEtand dried under delineate the mechanism and further use of this CatalySt n

vacuum. The solid was then dissolved in 1 N NaOH and heated €90  carbon—carbon bond formation are in progress.
for 1 h. After cooling, the reaction mixture was neutralized with concentrated

HCI and extracted with EtOAc. The organic layer was washed with water . .
and dried over anhydrous p&O4, and solvent was evaporated. The desired ACknOW|Edgment' The National Institute of AIIergy and

product was recrystallized from 8. Infectious Diseases (Al 25136, D.J.K.) and the Burroughs-
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