Carbon—Carbon Bond Formation via
Palladium-Catalyzed Reductive Coupling
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ABSTRACT

ArX Pd(0) cat. Ar-Ar

Zn, H,O/acetone/air

Palladium-catalyzed reactions in general are known to be carried out under an inert atmosphere because the palladium intermediates in the
catalytic cycle are often known to be sensitive to oxygen. Herein we report a novel palladium-catalyzed Ullmann-type reductive coupling of
aryl halides under an air atmosphere and in aqueous acetone.

Palladium-catalyzed reductive couplings are among the mostcondition wherein the palladium catalyst seemed to be stable
important carbor-carbon bond-forming reactions in modern in air® The validity of the reaction was further confirmed
synthetic organic chemistdy.Such reactions include the when carried out under an oxygen atmosphere.

m-allyl chemistry (also asymmetrié)the Stille coupling’ As the first step, we wish to report the palladium-catalyzed
the Heck reactiof,the Suzuki reactionsthe Sonogashira  zinc-mediated aryl halide coupling in air at an ambient
coupling® and many others. These reactions are generally temperature (Scheme 1). Conventionally, reductive aryl
air sensitive. In addition to the requirement of an inert gas

atmosphere, these reactions are often carried out in th

presence of a phosphine compound (which serves as th_
coordinating ligand to stabilize the reactive palladium Scheme 1
intermediate). In the course of our quest for novel method- ArX Pa(0) cat. .
ologies in aqueous mediawe came across this unusual Zn, HeO/aceton, air

Ar-Ar
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halide coupling$ are carried out by using the Ullmann
conditions!® where copper is used in stoichiometric quanti-
ties!! Generally, the Ullmann coupling is also carried out
at a high temperature, often above 2@*?
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Table 1. Reductive Coupling of Aryl Halides under a Variety Table 2. Reductive Coupling of Aryl Halides Catalyzed by
of Condition$ Pd/C under Air Atmosphete

y i i yield (%)
entry substrate (1) conditions ggﬁgllglggén ation enty substrate (1) product 2)

1 H3COO| Zn/Pd(OAc)/acetone-H,0O (1:1) 48 50 ! Q_I .

2 HSCOOI Zn/Pd-Clacetone-H,O (1:1) 80 20 QBr o
3 Zn/Pd{OAc)/acetone 70
00O & m

N

w

4 HSCOQI Zn/Pd(OAc)/acetone/H,O (9:1) 30 30 ch H3C HSC
5 H3CO—©—I Sn/Pd(OAc)/acetone-H0 (1:1) 5 0 4 OI 8
CHs
6 ©—| In/Pd(OAc)/acetone-Ho0 (1:1) 26 0 5 HSC_QI H3CCH3 92
7 Hstl ZWPA(OACKICHCN 8 litt OCHs
3 Ittle
: OO -
o OO
8 Ql Zn/Ni/acetone-H,O (1:1)  N.R. HSOC HSCO
HsCO
H,CO 3
9 ©—| Zn/PO/acetone-HyO (1:1)  N.R. ! QI 79
H,CO HyCO OCHj
10 Q| Zn/PA(OACK/DMSO-H,0 (1:1) 19 80 s HyCO OI HaCO OCH3 0
OCH4

©

11 Q| Zn/PA(OAC)/DMF-HO (1:1) 20 40
L
70
aAll reactions were carried out at room temperature under an air | OO

atmosphere on a 100 mg scale of aryl halides with aryl halide/M (1:3) and
8 mmol % of the catalyst. Yields were based on GC/MS analysis of ether
extract of the reaction mixtures.

The results of the reaction are summarized in Table 1.
When p-iodoanisole was stirred with zinc in a mixture of " F‘@" FF %
water/acetone (1:1) in the presence of a catalytic amount of
palladium acetate (8 mol %) for 12 h under an air

atmosphere, GC/MS analysis of the reaction mixture revealed 12 ﬂ\l / S\ \S/ 64
the complete disappearance of the starting material, and the S

corresponding homo-coupled product was obtained in 48% ®)

yield together with dehalogenated anisole. It appears thatthe . .
use of a mixture of water/acetone is essential in the success Br O O reduced

of the reaction. The use of acetone alone resulted in very

low conversion of the starting material whereas in water . . .
. o All reactions were carried out at room temperature under an air

alone no reaction was observed. It appears that a 40% Ofatmosphere on a 100 mg scale of aryl halides with aryl halide/zn (1:3) and

acetone in water is required to obtain the-C bond 8 mmol % of Pd/C. Yields were based on GC/MS analysis of ether extract

. . . . of the reaction mixtures.
formation with satisfactory results. Interestingly, the presence
of triphenylphosphine inhibits rather than facilitates the

) ) ) reaction. DMSO or DMF can also serve as the cosolvent,
(11) For Ni-catalyzed Ullman-type couplings, see: Takagi, Hayama, . .
Sasaki.Bull. Chem. Soc. Jpi984 57, 1887. Meyer, Rollin, Perchorl. but they are much less effective (entries 10 and 11). When
Ore()fzn)oget- CtTerril_9g7, iS?:j263- ed bient ¢ wre Ul the catalyst was changed from Pd(OA¢dp Pd/CI3 the
ecently, LiepeskKind reported an ambpient temperature mann- L . . ra .
type coupling, Sée: Zhang, S.- zhang, D.: Liebeskind. L1.©rg. Chem.  €fficiency of the coupling was significantly increased (from
1997 62, 2312 and references cited therein. 48% to 80%) where the dehalogenated product has been
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diminished. The use of other metals (such as tin and indium) zinc, and Pd/C in aqueous acetone) under nitrogen, oxygen,
as the reducing agent resulted in a low reactivity (entries 5 and air atmospheres; virtually identical results were obtained
and 6). The yield of the homo-coupled product can be in all cases. As an indication of the promise of the air-stable
optimized when the reaction temperature was controlled at palladium catalytic system, both Suzuki and Stille couplings
0—10 °C. This might suggest that the coupling reaction is were briefly examined (Scheme 2). Both reactions generated
kinetically favored. Attempts to reduce the dehalogenated
product by further lowering the temperature resulted in low [ EEGcINNININGGEGEGEGEGEGEES
conversion of the starting material. However, reduced Scheme 2
reactivity was observed at10 °C with Pd/C as the catalyst.
Subse(;)tljently, a variety of aromatic iodides were coupﬁed in @‘B(OH)z ©—| w:;i;iﬁ:?: ”
high yields at ambient temperature under the P&/@ 45%
conditions (Table 2}* Bromobenzene is similarly coupled _ _
in generating the carbercarbon bond formation product @éSnBuy @—I w:;f:;ﬁ::” <\:> = @
(compare entries 1 and 2). An iodothiophene was also '
efficiently coupled in generating the thiophene dimer (entry
12), which illustrates its potential in synthesizing advanced
electronic material®> Chloro and fluoro groups are inert the desired coupling products when Pd(OAwps used as
under the reactions conditions, which imparts chemoselec-the catalyst in aqueous acetone and under an air atmosphere,
tivity (entries 10 and 11). On the other hand, only dehalo- albeit with a low conversion of the starting materials. These
genation was observed with an electron-deficient aryl halide results suggest that there might be a larger scope for air-
(entry 13). stable palladium-catalyzed reactions. Interestingly, no reac-
To validate the air-stability nature of this palladium tion was observed when Pd/C was used as the catalyst in
catalytic system, the reductive coupling was examined andthese cases.
found to be successful even under an oxygen atmosphere. The mechanism of the present catalytic reactions seems
Comparative experiments were carried out (with iodoanisole, intriguing as it is well known that palladium intermediates
| - Wr— i in the course of catalytlc reductive couplings are highly
ety PO s o 2 he ety fo Ulmanr e <ouplnd sensitive toward air. It is likely that the intermeiate is
°C, see: Bamfield, P.; Quan, P. Mynthesi197§ 537. somehow coordmated with the carbonyl group, which
(14) Representative Experimental ProcedureA mixture of PdIC (80 stahilizes the intermediate and facilitates the reaction, as no
mg, 10%) and zinc powder (80 mg, 1.2 mmol) in 4 mL of water/acetone . . . .
(1:1) was stirred at ambient temperature under an atmosphere of air for 30f€action was observed in the absence of acetone. This air-
min. To the mixture vgjas addqﬂri?ﬂ?lzgirsgfs(slgg] gn?é :C-t‘ilornrggrl])aietligﬂ sthﬁ'he stable palladium catalytic system provides an operational
féggggnwgisxﬁ?rgu\/r\]lgg egt\:'ggtltle% with ether. GC/MS analysis of the reaction Conveni_ence forlsyntheslis' Further. studies on th_e scope and
gurﬁ(stglree Eg;%e)aled two components with 4dimethoxybiphenyl (92%) and ~ mechanism of this intriguing catalytic system are in progress.
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