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A wide range of polyfunctional aryl, heteroaryl, alkyl, and benzylic zinc reagents were coupled with unsaturated halides bearing an acidic NH
or OH function, using Pd(OAc), (1 mol %) and S-Phos (2 mol %) as catalyst without the need of protecting groups.

Pd-catalyzed cross-couplings that allow linking of unsatur-
ated molecular fragments are of centra importance in
synthetic organic chemistry. The resulting products are highly
relevant for applications in the pharmaceutical or agrochemi-
cal industry, aswell as for the preparation of new materials.*
The most popular Pd-catalyzed cross-coupling, the Suzuki
cross-coupling, uses as substrates boronic acids or deriva
tives® and is compatible with many functional groups,
especialy with functional groups bearing relatively acidic
hydrogens such as amines,® anilines,* acohols,® or hetero-
cyclic NH groups.® Due to the covalent nature of the C—B

(1) (a) Metal-Catalyzed Cross-Coupling Reactions, 2nd ed.; de Meijere,
A., Diederich, F., Eds., Wiley-VCH: Weinheim, 2004. (b) Tsuji, J. Transition
Metal Reagents and Catalysts: Innovations in Organic Synthesis; Wiley:
Chichester, 1995. (c) Transition Metal Reagents and Catalysts: Innovations
in Organic Synthesis; Beller, M., Bolm, M., Eds.; Wiley-VCH: Weinheim,
1998. (d) Miyaura, N., Ed. Cross-Coupling Reactions. A Practical Guide
Top. Curr. Chem. 2002, 219.

(2) (a) Miyaura, N.; Suzuki, A. Chem. Rec. 1995, 95, 2457. (b) Littke,
A. F.; Fu, G. C. Angew. Chem,, Int. Ed. 1998, 37, 3387. (c) Wolfe, J. P,;
Buchwald, S. P. Angew. Chem,, Int. Ed. 1999, 38, 2413. (d) Zapf, A,
Ehrentraut, A.; Beller, M. Angew. Chem., Int. Ed. 2000, 39, 4153. (e)
Molander, G. A.; Biolatto, B. J. Org. Chem. 2003, 68, 4302.

(3) Villard, A.-L.; Warrington, B. R.; Ladlow, M J. Comb. Chem. 2004,
6, 611.

(4) Miura, Y.; Oka, H.; Momoki, M. Synthesis 1995, 11, 1419.

10.1021/018009013 CCC: $40.75
Published on Web 06/05/2008

[0 2008 American Chemical Society

bond of boronic acids, these cross-couplings proceed as a
rule under harsher conditions as the corresponding cross-
couplings using organozincs (Negishi cross-couplings).”
Although organozinc reagents are reactive toward acidic
hydrogens, herein we report reaction conditions and a
catalytic system allowing an efficient cross-coupling between
various organozinc reagents (1) and a broad range of aryl
halides bearing relatively acidic NH or OH groups of type
2, leading to polyfunctional products of type 3 (Scheme 1).

Scheme 1. Pd-Catalyzed Cross-Couplings between
Functionalized Zinc Reagents and Aromatic Substrates Bearing
an Acidic NH or OH Function
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Preliminary experiments show that arange of active catalyst
systems® alow the cross-coupling of arylzinc halides with
various bromoanilines. However, we have found that S-Phos



(4), introduced by Buchwald,® affords reproducible results
for abroad range of substrates under mild conditions. Thus,
the reaction of 4-cyanophenylzinciodide (1a, 1.2 equiv) with
2-amino-5-bromobenzoic acid methyl ester (2a, 1.0 equiv)
in the presence of Pd(OAc), (1 mol %) and S-Phos (4, 2
mol %) provides the desired cross-coupling product 3a within
2hat25°Cin98% isolated yield (entry 1 of Table 1). The
relatively acidic NH, protons™ of 2a do not disturb the cross-
coupling reaction, which obviously occurs faster than the
competitive deprotonation of the aniline 2a with the zinc
reagent 1la. The use of S-Phos (4) as ligand is crucia and
allows a generdlization of these results to various zinc
reagents. Thus, the arylzinc iodide 1b prepared by the direct
insertion of zinc in the presence of LiCI** reacts smoothly
with the bromoanilines 2b within 2 h at 25 °C, leading to
the bipheny! aniline 3b in 87% yield (entry 2). Interestingly,
this behavior can be extended to functionalized alkylzinc
bromides prepared similarly by direct zinc insertion.** Thus,
the cyano- and ester-substituted alkylzinc bromides 1c and
1d (1.2 equiv) react with the bromoanilines 2a and 2c (1.0
equiv), affording the substituted anilines 3c and 3d in 98%
and 73% yield (2 h, 25 °C, entries 3 and 4). In addition, the
functionalized benzylic zinc reagent 1e, prepared by direct
zinc insertion into benzylic chlorides,*? reacts with the
bromide 2cin 1 h at 25 °C, leading to the diarylmethane 3e
in 88% yield (entry 5). In the case of the secondary amine
2d, the cross-coupling occurs also satisfactorily. The depro-
tonation of these less acidic amines (pKa ~ 40)*° is not a
concern; however, we have observed a paladium catalyst
desactivation due to the high donor ability of these amines.
The reaction temperature has therefore to be increased to
65 °C (16 h), providing the polyfunctional amine 3f in 78%
yield (entry 6). 5-Bromoindole (2€) was also suitable for the
cross-coupling procedure, leading to the arylated indoles 3g
and 3h in 85% and 94% yield (25 °C, 1 h, entries 7 and
8).2® Encouraged by these results, we have investigated
various unsaturated bromides bearing an acohol function.
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To evaluate the kinetic basicity of various types of zinc
reagents with acohols, we have treated an equimolar mixture
of PhzZnl-LiCl (1j), PhCH2ZnCI-LiCl (1k), and OctZnBr-LiCl
(1 L) with various amounts of 2-propanol (Scheme 2).

Scheme 2. Selective Protonation of Organozinc Reagents®
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2Yields are determined by quenching with CuCN/allyl bromidein THF
and GC analysis with n-tetradecane as internal standard.

Interestingly, we have observed that a chemoselective
protonation occurs. Thus, after the addition of 1 equiv of
i-PrOH at —10 °C, 80% of Phznl-LiCl (1j) and 20% of
OctZnBr-LiCl (1 L) were protonated, whereas almost no
protonation of PhCH,ZnCI-LiCl (1k) was observed. After
the addition of the second equivaent of i-PrOH, the
protonation of more than 97% of Phznl-LiCl (1j) and 90%
of OctznBr-LiCl (1) was observed. These results indicate
the relative kinetic basicity of zinc reagents. arylzinc halide
> akylzinc halide > benzylzinc halide.**

Thus, adding 2-chlorobenzylzinc chloride (1f, 1.2 equiv)
dowly over 90 min (via syringe pump) to a solution of
4-bromobenzyl acohol (2f, 1.0 equiv), Pd(OAC), (1 mol %),
and S-Phos (4, 2 mol %) led to the cross-coupling product
3i in 98% yield (entry 9 of Table 1). The slow addition of
the zinc reagent was crucial for obtaining a high yield. Also,
the aniline derivative 2g and the substituted indole 2h,
bearing relatively acidic NH and OH protons, react with the
benzylzinc chlorides 1g and 1h, leading to the coupling
products 3j and 3k in 64% and 72% yield (entries 10 and
11). To our delight, even more acidic phenolic protons were
tolerated by our protocol. Adding 2-chlorobenzylzinc chlo-
ride (1f, 1.3 equiv) slowly (over 90 min) to a solution of
4-bromophenol (2i, 1 equiv), Pd(OAc), (1 mol %), and
S-Phos (4, 2 mol %) provided the phenol 3| in 98% yield
(entry 12). Similarly, the benzylzinc chlorides 1f and 1i react
smoothly with 5-bromosalicylaldehyde (2j), leading to the
polyfunctional phenols 3m and 3n in 81% and 73% yield
(entries 13 and 14). The more basic arylzinc reagents 1a and
1b reacted only with the sterically hindered tertiary iodo-
benzyl acohol 2k, furnishing the biaryls 3o and 3p in 78%
and 87% yield (entries 15 and 16). The less basic akylzinc
bromide 1c could be coupled with the less hindered second-
ary iodobenzyl alcohol 2i, leading to the benzylic alcohol
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Table 1. Pd-Catalyzed Cross-Couplings between
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@ Reaction time at 25 °C. P Isolated yield of analytically pure product. © Reaction temperature 65 °C.
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Scheme 3. Pd-Catalyzed Cross-Couplings between the
Functionalized Benzylic Zinc Reagent (1m) and the Cyclopentyl
lodide 5 Bearing an Acidic OH Function
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3q in 88% yield (entry 17). In addition, 2-iodocyclopent-2-
enol (5) could be coupled with 2-chlorobenzylzinc chloride
(1f, 1.2 equiv, slow addition over 90 min) to afford the
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functionalized unsaturated alcohol 6 in 91% yield (Scheme
3).
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