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Abstract: The Suzuki—Miyaura cross-coupling of potassium arylpondltlons' Herein we report an expansion of this method

and heteroaryltrifluoroborates with aryl- and heteroaryl triflates igo the.syntheSIS of blaryl? and heterobiaryl systems using
reported. The catalyst system provides good to excelient yields @Y! triflates as electrophiles.
ing sterically hindered and electronically diverse coupling partnerg g previous study of Suzuki-Miyaura couplings under
Key words: Suzuki-Miyaura, palladium, cross-coupling, biarylsligandless conditions that was optimized for aryl halide
aryltrifluoroborates, aryl triflates electrophiles [0.5 mol% Pd(OAG)K,CO,. MeOH]$ only
electron-poor aryl triflates underwent coupling with po-
tassium aryltrifluoroborates. When these conditions (as
The Suzuki—Miyaura reaction is one of the most effectivgell as the ligand-assisted conditiGnsere applied to the
and reliable methods of forming biaryl compouhdd-  coupling of electron rictp-methoxyphenyl triflate %)
though the synthesis of biaryls via cross-coupling procesth potassium phenyltrifluoroborat@)( only traces of
dures can be carried out using a variety of organometalficoduct were seen. Because of the importance of aryl tri-
reagents, organoboron compounds possess several adflates as substrates for biaryl coupling, targeted optimiza-
tages including their ease of preparation by a variety tén for these electrophiles was undertaken. A screen of
methods and low toxicity. Competent aryl electrophilesatalysts, ligands, bases, and solvents led to the combina-
for the Suzuki—Miyaura reaction include aryl halides (iotion of Pd(OAc), PCy, CsCO; and THF-HO which
dides, bromides, and chlorides) and trifluoromethangroduced an 80% assay yield (GC) of product in the cou-
sulfonates (triflates). A wide variety of functionality ispling between phenyltrifluoroborate apemethoxyphe-
tolerated in the coupling process using organobororsyl triflate. Further optimization of catalyst loading and
making the process amenable to complex molecule syeencentration led to a 92% isolated yield 3tising 5

thesis. mol% Pd(OAc), 10 mol% PCy, 3 equivalents of
Recently, organotrifluoroborates have been demonstraf CO,, ahnd a total concentration of 0.2 M in THR,H
to be effective partners in the Suzuki-Miyaura reaction 450:1, Scheme 1).

well as other carbon—carbon bond-forming reactfons.

These reagents offer many advantages over other orr~ 5% PA(OAC),

noborons such as boronic acids, boronate esters ¢ 10% PCys

trialkylboranes. The organotrifluoroborates are easily prinOO—OMe . @—BF3K _CoCOsBeaun) Ph—@—OMe
pared in large quantities and are indefinitely bench-stab e e

In contrast to boronic acids, they are monomeric specico, * 2 o 3
making the determination of stoichiometry very reliablescheme 1

The trifluoroborates are more atom economical than

boronate esters, and the exclusive production of iNOrgaRi test the generality of these conditions, various aryl
by-products makes work up of their coupling reactiongiates were then coupled to potassium phenyltrifiuoro-
more facile as well. borate (Table 1).

In 399|6k Geln(_e]:tl repobrted the cprl]Jpllng o(fj_potas_smm aNfectron-rich (entry 1), electron-poor (entries 3 and 8),
and alkenyltrifluoroborates with arenediazonium tetras,y gjactronically neutral (entry 4) triflates all coupled in

Sood to excellent yields with potassium phenyltrifluoro-
borate. Sterically hindered (entry 5) and naphthyl triflates
entries 2 and 6) coupled smoothly. Additionally, a het-

; - oaryl triflate (entry 9) underwent the coupling reaction,
In 2002, we reported the palladium-catalyzed reaction f y (entry 9) Ping

ing 8-phenylquinoline i d yield.
aryl- and heteroaryl trifluoroborates with aryl- anuBVIng 'p enylquinoling in goo yleld.
heteroaryl halides under ligandléssd ligand-assistéd nterestingly, when the bromophenyl triflate (entry 7) was
used as the electrophile, coupling occurred at the bromide

electrophiles under the same conditibi$ie coupling of
tetrabutylammonium aryltrifluoroborates with aryl io-
dides and bromides was first described by Batey in 200

rather than the triflate. However, when the chlorophenyl
triflate (entry 8) was subjected to the optimized condi-
tions, coupling occurred at the triflate. This is consistent
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with our previous observations for the cross-coupling @Methoxybipheny®® — General Procedure A for Suzuki

potassium alkyltrifluoroborates with aryl electrophiles, iFoupling of Potassium Aryltrifluoroborates with Aryl Triflates

which the order of reactivity is Br > OTf > €l. Tricyclohexylphosphine (0.10 mmol, 0.028 g) was added to a dry,
2-neck 25 mL flask equipped with a stirbar, reflux condenser and

Electronically diverse potassium aryltrifluoroborateseptum in a glove box. The flask was removed from the glove box
were then reacted under the optimized conditioremd placed under nitrogen gas. Potassium phenyltrifluorobbrate
(Table 2). (1.20 mmol, 0.221 g), GEO; (3.00 mmol, 0.975 g), and palladium

. . cetate (0.050 mmol, 0.011 g) were sequentially added to the flask.
Electron-rich (entry 2), electron-poor (entries 4 and 6)ter addition, the flask and condenser were evacuated and refilled
and electronically neutral (entry 3) aryltrifluoroborates alkith nitrogen. 4-Methoxyphenyl triflate (1.00 mmol, 0.256 mL) and
coupled, providing good to excellent yields of the desiretHF-H,0 (4.55 mL:0.45 mL) were then added to the flask. The
products. A heteroaryltrifluoroborate (entry 1) coupled t@nixture was heated at reflux for 20 h at which point GC-MS indi-
1in good yield as well. cated consumption of the triflate. The resulting mixture was parti-

. . _tioned between EtOAc (20 mL) and,® (10 mL). The aqueous

In summary, potassium aryltrifluoroborates are readilgyer was extracted with EtOAc 410 mL), and the organic layer
prepared, easily handled, and stable to indefinite storages then washed with brine. The organic layer was then dried with
Their outstanding physical properties and synthetic utilityigSO, and concentrated. The resulting product was purified by
as described herein, combined with the facile preparatidgsh chromatography (0.5% EtOAc-hexanes) to give 0.169 g

; ot : (92%) of 4-methoxybiphenyl. Product appearance: white solid; mp
ff "’;ryl t”ﬂatfs irom p_r:jenol denvfa}tlve?, a"?.ws dakr)‘. 'mrl)or87.5—88.5 °CR = 0.37 (5% EtOAc—hexanedH NMR (300 MHz,
ant new entry to a wide array of functionalized biaryls. CDCL): 5 = 7.62 (t.J= 6.7 Hz, 4 H), 7.49 ( = 8.0 Hz, 2 H), 7.38
(t,J=6.7 Hz, 1 H), 7.05 (d] = 8.6 Hz, 2 H), 3.91 (s, 3 H¥C NMR

Table 1 Reaction of Potassium Phenyltrifluoroborate with Aryl (75 MHz, CDCY): 3 =159.2, 140.9, 133.8, 128.8, 128.2, 126.8,
Triflates® 126.7,114.3, 55.3.

Entry ArOTf Product Yield of 4-(3-Thienyl)anisolé! — General Procedure B for Suzuki
Product (% Coupling of Aryltrifluoroborates with Aryl Triflates
In a glove box, tricyclohexylphosphine (0.20 mmol, 0.056 g) was

1 92 added to a dry, 10 mL flask or 20 mL vial. The flask was removed
TfO@OMe PhOOMe from the glove box and the phosphine was dissolved in THF (1 mL)

under nitrogen gas. Potassium 3-thienyltrifluoroborate (2.40 mmol,

2 oTf Ph 86 0.456 g), CgLO; (6.00 mmol, 1.95 g), and palladium acetate (0.10

mmol, 0.022 g) were sequentially added to a separate 25 mL, 2-neck
round-bottomed flask. After addition, the flask was evacuated and
refilled with nitrogen. 4-Methoxyphenyl triflate (2.00 mmol, 0.512

&
&

3 65 g), THF (8 mL), and KD (0.9 mL) were added to the flask. The so-
Tfo@Noz Ph@NOZ lution of the phosphine was then added via double-ended needle to
the reaction vessel. The mixture was heated at reflux for 48 h at
4 94 which point GC-MS revealed consumption of starting material. The

resulting mixture was partitioned between EtOAc an® HThe
agueous layer was extracted with EtOA& (20 mL) and the organ-

83 ic layer was washed with brine, dried with MgS@nd concentrat-
ed. The resulting product was purified by flash chromatography
(1.0% EtOAc—hexanes) to give 0.300 g (79%) of 4-thienylanisole.
Product appearance: yellow solid; mp 123-125RG; 0.15 (1%
EtOAc—hexanes}H NMR (500 MHz, CDC)): = 7.54-7.52 (m,

92 2 H), 7.38-7.34 (m, 3 H), 6.95-6.93 (m, 2 H), 3.84 (s, 3.
NMR (125 MHz, CDCJ): § = 159.0, 142.2, 128.9, 127.7, 126.4,
126.2,119.1, 55.5.

Y]
=

ege
oge

=
[e)

OTf

8@
3

! Tfo@Br Tfo@Ph 43 1-Phenylnaphthalené?
General procedure A was used, but the reaction was heated at reflux
8 82 for 22 h. Yield 86%. Product appearance: colorlessRpi. 0.33
Tfo@u Ph@q (0.5% EtOAc—hexanes)H NMR (500 MHz, CDCJ): 5 = 8.29 (d,
J=7.5Hz,1H),8.19 (d=8.6 Hz, 1 H), 8.13 (1] = 7.7 Hz, 1 H),
9 oTf Ph 81 7.83-7.69 (m, 9 H}*C NMR (125 MHz, CDC)): § = 140.9, 140.4,
N N 133.9,131.8,130.2,128.8, 128.4, 128.3, 127.7, 127.3, 127.0, 126.1,
= = 125.8, 125.5.
X X
4-Nitrobipheny! 13
a Conditions: Pd(OAG)(5 mol%), PCy (10 mol%), CsCO, General procedure A was used, but the reaction was heated at reflux
(3 equiv), THF-HO (10:1), reflux. for 4 h. Yield 65%. Product appearance: yellow solid; mp 107.5—

108.0 °C;R = 0.35 (5% EtOAc-hexanes)H NMR (500 MHz,
CDCL): $=8.29 (d,J=8.3 Hz, 1 H), 7.74 (d)=8.8 Hz, 1 H),
7.64-7.62 (m, 1 H), 7.53-7.44 (m, 2 HYC NMR (125 MHz,
CDCL): 3 = 147.6, 147.1, 138.8, 129.2, 129.0, 127.8, 127.4, 124.1.
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Table 2 Reaction of Potassium Aryltrifluoroborates with Aryl Triflaétes

Entry ArBFK ArOTf Product Yield (%)

= 79
OMe S/ OMe

76
OMe MeOOMe
3 66
—QBF3K TfO OMe O O OMe
4 59
Fac@BFgK TfO OMe F3COMe

5 71
0 e O
2% o

6 OTf CF; 92
e 0

aConditions: Pd(OAg)(5 mol%), PCy (10 mol%), CsCO; (3 equiv), THF—HO (10:1), reflux.

1 BF3K

TfO
o
S

elolelele

4-Methylbiphenyl2 °C; R =0.34 (hexanes)}H NMR (500 MHz, CDCJ): § = 7.57—
General procedure B was used, but the reaction was heated at refi86 (m, 9 H).**C NMR (125 MHz, CDC)): § = 140.2, 139.8,

for 22 h. Yield 94%. Product appearance: white sdfd; 0.32  133.5,129.1, 129.0, 128.5, 127.7, 127.1.

(hexanes); mp 43.5-44.5 °&1 NMR (500 MHz, CDC)): § = 7.63

(d,J=8.2Hz, 2 H), 7.55 (d]= 7.7 Hz, 2 H), 7.47 ({] = 7.7 Hz, 2  8-Phenylquinoline‘®

H), 7.37 (tJ=7.7 Hz, 1 H), 7.30 (d] = 7.7 Hz, 2 H), 2.44 (s, 3 H). General procedure B was used, but the mixture was heated for 24 h.
13C NMR (125 MHz, CDC)): § = 141.3, 138.5, 137.2, 129.6, 128.8,Yield 81%. Product appearance: brown Bjl= 0.16 (5% EtOAc—

127.1,127.1, 21.2. hexanes)*H NMR (500 MHz, CDCJ): 5 = 8.97 (ddJ=4.2, 1.8
Hz, 1 H), 8.21 (ddJ = 8.2, 1.8 Hz, 1 H), 7.83 (dd,= 8.0, 1.4 Hz,
2,6-Dimethylbiphenyf 1H), 7.76-7.73 (m, 3 H), 7.61 &= 7.3 Hz, 1 H), 7.53-7.50 (m, 2

General procedure B was used, but the mixture was heated for 721)y. 7.44—7.40 (m, 2 H}*C NMR (125 MHz, CDC)): § = 150.4,

Yield 83%. Product appearance: colorlessRik 0.33 (hexanes). 146.2,141.1,139.7,136.4,130.4,130.4, 128.9, 128.1, 127.7, 127.5,
H NMR (500 MHz, CDC)): § = 7.49-7.12 (m, 8 H), 2.05 (s, 6 H). 126.4, 121.1.

13C NMR (125 MHz, CDC)): 6 =142.0, 141.2, 136.2, 129.2, 128.6,

127.4,127.2, 126.7, 21.0. 4-4-Dimethoxybipheny[*®
General procedure A was used, but the reaction was heated at reflux
2-Phenylnaphthalené® for 38 h. Yield 76%. Product appearance: off-white solid; mp 172—

General procedure A was used, but the reaction was heated at refld® °C; R =0.27 (2.5% EtOAc-hexanes}d NMR (500 MHz,
for 20 h. Yield 92%. Product appearance: white solid; mp 100-1@DCl,): 6 = 7.50 (dJ = 8.4 Hz, 4 H), 6.98 (d] = 8.8 Hz, 4 H), 3.86
°C; R =0.27 (5% EtOAc-hexanesH NMR (500 MHz, CDCJ)): (s, 6 H). 3C NMR (125 MHz, CDC)): § = 158.9, 133.6, 127.9,
§=8.1(s,1H),7.98-7.91 (m, 3 H), 7.84-7.77 (m, 3 H), 7.60-7.5214.3, 55.5.

(m, 4 H), 7.47-7.43 (m, 1 HC NMR (125 MHz, CDC)):

§=141.3, 138.7, 133.8, 132.8, 129.0, 128.6, 128.3, 127.8, 12746Methoxy-4-methylbiphenyl?°

127.5, 126.4, 126.0, 125.9, 125.7. General procedure A was used, but the reaction was heated at reflux
for 21 h. Yield 66%. Product appearance: white solid. Recrystalli-
4-Trifluoromethylsulfonyloxybiphenyl 16 zation from EtOH gave an analytical sample (42%); mp 107-108

General procedure B was used, but the mixture was heated for 48¢1.R; = 0.32 (2.5% EtOAc—hexanesi NMR (500 MHz, CDCJ):
Yield 43%. Product appearance: yellow solid; mp 57-61 °G.=7.61 (d,J=9.6 Hz, 2 H), 7.55 (dJ=7.9 Hz, 2 H), 7.32 (d,
R =0.22 (1% EtOAc-hexanesjH NMR (500 MHz, CDC)): J=7.7 Hz, 2 H), 7.06 (d] = 9.0 Hz, 2 H), 3.91 (s, 3 H), 2.48 (s, 3
§=7.69-7.34 (m, 9 H*C NMR (125 MHz, CDC)): § =149.1, H). 3C NMR (125 MHz, CDCJ): = 159.1, 138.1, 136.5, 133.9,
1419, 139.5, 129.1, 129.0, 128.2, 127.4, 121.8, 118.9 (§28.1, 126.7,114.3,55.5, 21.2.
Jee = 321.4 Hz).

4-Methoxy-4-(trifluoromethyl)biphenyl 2
4-Chlorobiphenyl*” General procedure B was used, but the mixture was heated for 40 h.
General procedure B was used, but the reaction was heated at refliedd 59%. Product appearance: white solid; mp 117-121 °C;
for 24 h. Yield 82%. Product appearance: white solid; mp 76.0-76%= 0.14 (1% EtOAc—hexanesH NMR (500 MHz, CDCJ): § =
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7.68-7.64 (m, 4 H), 7.55 (d,=8.8 Hz, 2 H), 7.00 (d]=8.8 Hz, 2 References
H), 3.86 (s, 3 H)X*C NMR (125 MHz, CDC)): § = 160.0, 144.4, _ _
132.3, 128.8 (qJcr = 32.6 Hz), 128.5, 127.0, 125.8 (@ = 3.8 (1) (a) Suzuki, A. IMetal-Catalyzed Cross-Coupling

Hz), 125.6 (q,Jcr = 271.6 Hz), 114.6, 55.5. Reactions; Diederich, F.; Stang, P. J., Eds.; Wiley-VCH:
New York,1998 (b) Miyaura, N.; Suzuki, AChem. Rev.
1-(4-Methoxyphenyl)naphthalené! 1995 95, 2457.

General procedure A was used, but the reaction was heated at refluf¢) Darses, S.; Genét, J.&ur. J. Org. Chem. 2003 4313.

for 3.5 h. Yield 71%. Product appearance: off-white solid; mp 113— (3) (a) Darses, S.; Brayer, J.-L.; Demoute, J.-P.; Genét, J.-P.
115 °C; R =0.11 (1% EtOAc—hexanes)H NMR (500 MHz, Tetrahed[on Lett. 1997 38, 4394. (b) Darses, S.; Michaud,
CDCl,): $=8.00 (dJ=7.9 Hz, 1 H), 7.95 (dl = 8.4 Hz, 1 H), 7.90 G.; Genét, J.-Feur. J. Org. Chem. 1999 1875.
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(s, 3 H).1%C NMR (125 MHz, CDCJ): 5 = 159.1, 140.0, 134.0, (5) Batey, R. A.; Quach, T. Oetrahedron Lett. 2001, 42, 9099.
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2-(4-Trifluoromethylphenyl)naphthalene (9) Lipshutz, B. H.; Siegmann, K; Garcia, E.; Kaysed. Am.
General procedure A was used, but the reaction was heated at reflux Chem._ Soc. 1993 115, 9276. . )
for 24 h. Yield 92%. Product appearance: white solid; mp 127-12¢10) Vedejs, E.; Chapman, R. W.; Fields, S. C.; Lin, S.; Schrimpf,

°C; R = 0.35 (EtOAc-hexanes 1%H NMR (500 MHz, CDC)): M. R.J. Org. Chem. 1995 60, 3020.
5=8.08 (s, 1H), 7.99-7.89 (m, 3 H), 7.85-7.77 (m, 5 H), 7.60-7.5311) Rieke, R. D.;Kim, S.-H.; Wu, X. Org. Chem. 1997 62,
(m, 2 H).%*C NMR (125 MHz, CDC)): § = 144.8, 137.2, 133.7, 6921.

133.1, 129.5 (qJer = 32.6 Hz), 128.9, 128.5, 127.8, 127.8, 126.7, (12) Mowery, M. E.; DeShong, B. Org. Chem. 1999 64, 3266.
126.6, 126.5, 125.9 (der = 3.8 Hz), 125.3, 124.5 (Gor = 271.6 (13) Wa||QW, T. L.; Novak, B MJ. Org. Chem. 1994 59, 5034.
Hz). IR (KBr): 3062, 2368, 1926, 1617, 1595, 1503, 1436, 1408(14) Kamikawa, T.; Hayashi, Bynlett 1997 163.
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H, 4.07. Found: C, 75.04; H, 3.98. 2001, 3, 3049.
(16) Littke, A. F.; Dai, C.; Fu, G. Q. Am. Chem. Soc. 200Q 122,
4020.
Acknowledgment (17) Klement, |.; Rottlander, M.; Tucker, C. E.; Majid, T. N.;

. Knochel, P Tetrahedron 1996 52, 7201.
The authors wish to thank the NIH, Johnson & Johnson, Merck Re18) Echavarren, A. M.; Stille, J. K. Am. Chem. Soc. 1987, 109,

search Laboratories, and Amgen for their support of this program. 5478.

We thank Johnson-Matthey for the generous donation of palladiurmg) Hennings, D. D.; Iwama, T.; Rawal, V. 6rg. Lett. 1999
catalysts used in this study. 1, 1205. ’ ’ L ’

(20) Tang, Z.-Y.; Hu, Q.-S1. Am. Chem. Soc. 2004 126, 3058.
(21) Denmark, S. E.; Ober, M. I@rg. Lett. 2003 5, 1357.

Synlett 2005, No. 11, 1763-1766 © Thieme Stuttgart - New York

Downloaded by: NYU. Copyrighted material.



