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Although Pd(0)-catalyzed cross-coupling polymerizations have Scheme 1. Hypothetic Controlled Pd(0)-Catalyzed Cross-Coupling
become extremely powerful tools for the synthesis of an array of Polymerization of AB-Type Monomers

. Reductive Preferentis I -
polydlspersg conjugateql pplymér%,controlled qu(O) catalyzed Q rmlc::aﬂm [ d *]Hmm ] Q' ]
cross-coupling polymerizations for the synthesis of conjugated ™) SR ®RE) .‘.... S
polymers with desired length remain elusd@crutiny of the cross- oy Proferetial Pd-x _
coupling polymerization mechanism suggests that such controlled ™| ] per T L [ Y v

polymerizations would be possible if the fate of the regenerated
Pd(0) catalyst could be controlled. For example, the polymerization scheme 2. Pd(0)-Catalyzed Cross-Couplings of Dihalobenzenes
of AB-type monomers would be controllable if the regenerated Pd- with 1 equiv of Arylboronic Acids

(0) catalyst could be oriented to undergo oxidative addition @ ABIOH), (1 equiv) Q andlor Q
preferentially with its homogenously generated coupling product Ml Pd(0) "Ar

(Scheme 1). Because Pd(0)-catalyzed cross-coupling polymeriza- lpdfﬂ) hecn, LI
tions proceed via repeating the oxidative addititiansmetalatior [ @ ] [ de-x @*x] L@pd.x]
reductive elimination catalytic cycle, we reasoned that it should be X-Pd X X Y ‘:’ e ' :a,h,_\
appropriate to study one particular catalytic cycle of a polymeri- § e x XLI_f
zation process to address whether and how the preferential oxidative L @ ] First Reductive Eliminatio @ ]
addition could be achieved. We also reasoned that cross-coupling r-Pd 4 Ar p;“d)(

reactions that possess the same particular preferential oxidative _

addition step as that of the hypothetical polymerization processes 7able 1. Room-Temperature Pd(0)-Catalyzed Cross-Couplings of
P yp POy P 1,2-Dibromobenzene with p-Tolylboronic Acid?

should be appropriate model reactions. In this communication, we

report our study on one type of such model reactions, the cross- ©B+ (HOLB : 2.5% Pdy(dba)y/10 % Ligand O O
coupling reactions of dihalobenzenes with 1 equiv of arylboronic : K;PO,, THF, 1.t,20 h B, N
Di

(1 equiv.)
acids (Scheme 2) to establish that it is possible to achieve such Mono-

: i o i ; ion (%)° Mono: DiP
preferential oxidative addition when appropriate Pd(0) catalyst is Entry Pd(0) + Ligand Conversion (%) =
employed 1 Pd,(dba), + 4 PPh, 10 92:8

As shown in Scheme 2, mechanistically, the Pd(0) catalyst i i:zijia;iit)fplpl(’;DWE <929% 4951

- N . . . . . 14 )y 0-10. N
regenerated from the first reductive elimination is expected to situate 2 iéy
nearby and interact with its homogenously formed 1-aryl- 4 Pdydbay, +4 o7 57143
halobenzene (AHB)n(= 2, 3, or 4)° It could undergo oxidative Pe-E,
addition with the AHB (Path A) or diffuse out of the vicinity of Pda(dba), = 4 » 831613
the AHB (Path B). The diffused Pd(0) catalyst is expected to Pag(dba), +4 CysP 66 35165
7 Pd,(dba); + 4 +-Bu;P 99 2:98¢

undergo oxidative addition with a dihalobenzene, because the
amount of dihalobenzene is in excess relative to that of AHB due 2 Reaction conditions (not optimized): 1,2-dibromobenzene (1.0 equiv),
to the use of a limited amount of arylboronic acid, and is more f;gg’ggtﬂrr‘; ;‘g'sde d(lo'r%He?\I“,\'A‘%_ {?PB(;“S e(g Oer?‘é"c_)'M-g_*F (2 mL), room
reactive than AHB due to electronic and/or steric effects (Path B).

We envisioned that the key to achieve the preferential oxidative entries 3-6). Bulky, electron-richi-BusP’ was found to give a very
addition would lie in how to achieve faster oxidative addition of satisfying result, with excellent conversion and excellent percentage
the regenerated Pd(0) with the AHB (Path A) over its diffusion of diaryloenzene (Table 1, entry ¥J.These results clearly showed
process (Path B), and the efficiency of the preferential oxidative that the preferential oxidative addition for the regenerated Pd(0)
addition could be assessed by examining the ratio of the Path A can be achieved by careful selection of the catalyst system.
product (diarylbenzene) vs the Path B product (AHB). It has been  With Pd(0)-t-BusP as the catalyst system, the cross-coupling
established that the nature of the ligands has great influence on thereactions of a number of 1,2-dibromobenzenes with arylboronic
oxidative addition rate of a Pd(0) catalyat/e thus began our study  acids were examined, and our results are listed in Table 2. As shown
by screening different ligands by using the cross-coupling of 1,2- in Table 2, all tested 1,2-dibromobenzenes including those with
dibromobenzene wittp-tolylboronic acid as the model reaction.  electron-withdrawing and electron-donating substitutents gave high
Our results are listed in Table 1. We found that triphenylphoshine disubstituted/monsubstituted product rétielggesting the prefer-
and bidentate DPPF or DPPE gave very poor results (Table 1, ential oxidative addition occurred efficiently. As expected, the cross-
entries +-2). More electron-rich monodentate phosphines including coupling of 1-chloro-2-iodobenzene wigktolylboronic acid, which
Buchwald-type monophosphirfegave high conversions with  involves the oxidative addition of an inert-l bond, gave
significant amount of diarylbenzene formations, suggesting the exclusively the monosubstitued product (Table 2, entry 9), sug-
preferential oxidative addition occurred to some extent (Table 1, gesting the diffusion process was much faster than the oxidative
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Table 2. Room-Temperature Pd(0)-Catalyzed Cross-Couplings of
1,2-Dihalobenzenes with Arylboronic Acids?

X P Ar Ar
@ b OB A 2,5% Pd,(dba),/10% (-Bu,P @ n CL
X' K;POy, THF, 1.t., 20 h X Ar

(1 equiv.)
Mono Di
Entry Dihalide ~ Ar-B(OH),  Mono:Di?  Yield(%)°
Br
B(OH >99 9%
1 @[Br @'( )2 <l :>
B
2 Br _O_B(OH)Z 2:98 98
T
B
5 " Mo -Biom, <1:>99 96.5

[e=Re]
= =

63(0]{)2 4:96 90

-siom, <1 :>99 94
—-B(oH), <1 :>99 )
— som, <> 78
—O'B(OH)Z <1 :>99 82
—O'B(OH)Z >99:<1 994
—O'B(OH)Z 21:79 72

aReaction conditions (not optimized): dibromide (1.0 equiv), arylboronic
acids (1.0 equiv), POy (3 equiv), Pd(dba) (2.5%),t-BusP (10%), THF
(2 mL), room temperaturé.Ratio based on GEMS. ¢ Isolated yields of
diarylbenzenes! Conversion ofp-tolylboronic acid based otH NMR.
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Table 3. Room-Temperature Pd(0)-Catalyzed Cross-Couplings of
Dihaloarenes with Arylboronic Acids?

, 2.5%Pdy(dba)y/10% -BusP AT, Ar,
X.Ar.X + (HO)2B Ar '0 2( )3 ° 3 . )
(1 equiv.) K;PO,, THF, r.t,,20 h Mono Di

Entry Dihalide  Ar-B(OH), Mono : Di ® Yield(%)©

1 I© : —O'B(OH)2 0.3:99.7 9

(1:332)

2 Br @ Br @'B(OH)z 15:985 91
B(OH -

3 Br©Br —H-Bom), 1:99 86

4 1 1~ )-som, 3:97 13

s s —{)-nom, 6:94 2

6 adds  —O-Bom, 9:91 80

a Reaction conditions (not optimized): dihalide (1.0 equiv), arylboronic
acid (1.0 equiv), KPOy (3 equiv), THF (2 mL), room temperatureRatio
based on GEMS. ¢Isolated yields of diarylarenes.

addition process for the regenerated Pd(0) catalyst. Surprisingly,

the coupling of 1,2-diiodobenzene wightolylboronic acid, which
involves the oxidative addition with a very reactive-Cbond,©
gave only a 21:79 ratio of mono:di product (Table 2, entry 10).

This less efficient preferential oxidative addition might suggest that
the larger size of the second iodo group destabilizes the interaction
of the regenerated Pd(0) catalyst with the homogenously generated ®

product, leading to a formally faster diffusion process.

To address whether the preferential oxidative addition could
occur for substrates with spatially separated reactive sites, we have (g
examined the cross-couplings of 1,3- and 1,4-dihalobenzenes with

1 equiv of arylboronic acids. We found that excellent ratios of

diarylbenzenes vs monoarylbenzenes were observed for both 1,3-

observed for 1,4-dihalobenzenes (Table 3, entrie§)4 Interest-

ingly, the 1,4-dihalobenzenes underwent much slower Suzuki cross-
couplings than their 1,2- and 1,3-analogues (Table 3, entri&g.4

Such unusual results suggest that the oxidative addition of the
regenerated Pd(0) to-€Br or C—I bond, although faster than the
diffusion process, occurs slower than the similar oxidative addition
processes for the 1,2- and 1,3-analogues, and serves as the rate-
limiting step1® Finally, we have also carried out the Suzuki cross-
couplings of 2,5-dibromothiophene, and efficient preferential
oxidative addition was also observed (Table 3, entry 6).

In summary, we have demonstrated that the regenerated Pd(0)
catalyst in the cross-coupling of dihaloarenes with arylboronic acids
could undergo oxidative addition preferentially with its homog-
enously formed coupling product when the appropriate Pd(0)
catalyst system is employed. The Pd{®L3P was identified as a
powerful catalyst system to achieve efficient preferential oxidative
addition. Our study may lead to the development of controlled Pd-
(0)-catalyzed cross-coupling polymerizations for the preparation of
conjugated polymers with desired lengths. Future work in this
direction is under active investigation.
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diiodobenzene and 1,3-dibromobenzene, suggesting the preferential Chem. Soc200Q 122, 4020-4028,

oxidative addition also occurred efficiently (Table 3, entries3)
That the preferential oxidative addition occurred more efficiently

for 1,3-diiodobenzene than for 1,2-diiodobenzene and 1,3-dibro-

(8) Self-coupling products of boronic acids were observed in low yields (0
3%). See Supporting Information.

(9) 1,2-Dibromobenzene exhibited higher reactivity than 2-bromobiphenyl in
Pd(0)-t-BusP-catalyzed Suzuki cross-coupling reaction. See Supporting

mobenzene suggests that the size of the second iodo group no longer,, , 'nformation.

interferes with the diffusion process and is consistent with the

established results of-@ bonds having a higher oxidative addition
rate with Pd(0) than €Br bonds dd:’¢ Such a trend was also

(10) Completed conversion was observed when the reaction was carried out
at 60°C for 20 h, with 79% isolated yield and 9:91 of mono:di product
ratio.
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