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Cobalt-Catalyzed Alkenylation of Zinc Organometallics
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Summary: Organozinc halides and diorganozincs undergo cross- coupling

reactions with either F- or Z- auceny1 iodides in the prcscn(,c of catalytic amounts
of Co(acac)y or Cofacac)s in THF:NMP at 55 °C leading to polvfunctional

alkenes with retention of the stereochemistry of the double bond. © 1998 Elsevier
Science Ltd. All rights reserved.

h:
o
.
@]
=
w
]
-
O
CI’Q
o
=1
o}
N
S,
=
[¢]
w
P“'
> :!"
5
7]
-4
-
g
8
g
&
o
[ -
[+%]
<
[¢]

in the synthesis of various polyfunctional unsaturated compounds? and applications in combinatorial
chemistry3 have been described. Recently, we have described that cobalt salts are able to catalyze several
carbon-carbon bond formations.4> Herein, we wish to report a new cobalt-catalyzed cross-coupling of
zinc organometallics R2Zn (1) or RZnX (2) with alkenyl halides (3) leading to alkenes of type 4 in good
yields with retention of the configuration of the double bond (Scheme 1).
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Scheme 1

In optimization studies, we have treated (E)-iodooctene (3a) with BuZnX (X = I, Br) in the presence
of various cobalt salts under several reaction conditions (Table 1 and Scheme 2). We noticed first that
cobalt(IT) bromide was not suited for these coupling reactions due to the formation of homo-coupling
products (7,9-hexadecadiene). On the other hand, cobalt(Il) acetylacetonate (Co(acac)2) proves to be an

efficient catalyst giving generally less than 2 % of homo-coupling. Long reaction times were observed at rt
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and mosi reaciions have to be carried out at 55 °C (7 h reaction time instead of 48 h; entries 1 and 2). By
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increasing the amount of the cobalt saits, better yieids were obtained but a leveling was reached with 20-
30 mol % of catalyst (compare entries 2, 3 and 4 of Table 1). An increase of the amount of zinc reagent
has a positive effect and the use of 3 equivalents of BuZnl increases the yield up to 80 % and reduces the
reaction time to 3 h (see entries 3, 5 and 6). The use of Co(acac)3 is also possible and leads to shorter
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mnmﬂaﬂcc of the reaction at rt. In the absence of LiBr, a 40 % y eid is obtained at rt whereas Dy mﬂg

LiBr (1.2 equiv.), the reaction is complete in less than 12 h and affords the product § in 68 % yield
(compare entries 1 and 8). Thus, starting with BuZnBr instead of BuZnl and using Co(acac)3 (5 mol %)
leads after 20 h at 25 “C to 65 % yield of the product § (entry 9). Increasing further the amount of catalyst
to 10 mol % leads to 75 % of § (entry 10). Finally, an increase of the reaction temperature under these
conditions reduces the reaction time to 0.5 h (67 % yield; entry 11). Applying these optimized conditions
to octylzinc iodide (2b) allows to couple this alkylzinc iodide with 3a and the functionalized (E)-S-chloro-
1-iodopentene (3b) leading to E-alkenes 6 and 7 in 81 and 74 % as pure E-is s (> 99 % E as shown by

13C-NMR and 'H-NMR spectroscopy; Scheme 3).

Colacac), (10-30 mol%)
Hex N+ BuZnX Hex Ty
n=223
3a 2a: X =Br, | THF : NMP 5

Table 1. Optimization of the Cobalt-Catalyzed Cross-Coupling Reaction Between BuZnX and 3a Leading
o5

Entry BuZnX Catalyst T Reaction Time Yield
X (equiv)d mol % (n)b o) (h) (%)
1 1(2) 10 (2) 25 48 40
2 1(2) 10(2) 55 7 44
3 1) 20 (2) 55 12 68
4 1(2) 30 (2) 55 12 68
5 1(2.5) 20(2) 55 8 73
6 13) 20 (2) 55 3 80
7 12) 20 3) 55 5 60
8 1(2) 10 (2) 25 12 68d
9 Br(2) 53) 25 20 65
10 Br(2) 10 (3) 25 5 75
11 Br (2) 10(3) 45 0.5 67¢

a BuZnl was prepared by the insertion of zinc dust in Bul, whereas BuZnBr was obtained by the reaction
of BuLi with ZnBrp. b Co(acac)y; n = 2 or 3. € Isolated yield of analytically pure product.
d 1.2 Equivalents of LiBr was added. ® Only THF was used as solvent.
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Scheme 3
Table 2. Functionalized Olefins of Type 8 Obtained by the Lobait(ﬂ) Catalyzed Cross-Coupling of
Functionalized Organozinc Halides with Various Alkenyl Iodides in THF/NMP.
Entry Organozinc Alkenyl Product of Type 8 Yield
Todide 2 Todide 3 (%)2
i : /\/\/\/\/ Cl
1 PivO(CHj)3Znl 3b PivO o 77
2 | PivO(CHg)4Znl 3b PivO/\V/\V/\\V/\V/\ c 65
8b
3 | AcO(CHj)4Znl 3b A CO\/ \/ NN \/V' 77
OL
4 | AcO(CHp)sZnl 3b AN | B
8d
5 | NC(CHp)3Znl |  E-hexenyl NG /‘\"/‘\/‘\ Bu 75
iodide 3e
3c
6 | NC(CH2)Znl | E-styryl iodide WG 50
3d T gt
4 Isolated ylclc_i of analytically pure product; > 99 % isomer as determined by IH- and 13C-NMR
Spectroscop, a typical procedure see note 6

The more reactive diorganozincs can be cross-coupied in some cases with bromoalkenes. Thus, the
reaction of dipentyizinc with a 91:9 E:Z-mixture of 2-bromostyrene furnishes 1-phenylheptene in 70 %
yield as a 91:9 E:Z-mixture of isomers. The reaction with various functionalized organozinc iodides
bearing an ester or nitrile function and alkenyl iodides 3b-d using Co(acac), (25 mol %) in THF:NMP (55
°C, 12 h) furnishes polyfunctional E-alkenes of type 8 (> 99 % E) in 50-78 % yield (Table 2).
Interestingly, these cobalt-catalyzed reactions are highly stereoselective. Thus, the cross-coupling reaction
of octylzinc iodide (3 equiv.) with either (E) - or (Z)-1-iodohexene (3¢ and 3e) furnishes either E- or Z-9 in

excellent yield (Scheme 4). Unfo inately, longer reaction times are necessary and lower yields are
obtained with benzylzinc bromide which decomposes slowly under the reaction conditions. The products
E- and Z-10 are obtained with high stereoselectivity (> 99 % pure as indicated by !H- and 13C-NMR

Spectroscopy).
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Scheme 4
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b . . /! I.
ure: Pre naragign_ of (E)-10-chloro-6-decenyl acetate (8d). A dry three-necked flask
magnetic stirring bar, a thermometer and a septum wa charged w1th Co(acac)y (320
in a 5:2 mixture of THF:NMP (7 mL) and heated to 5 °C (E)-5-Chloro-1-iodo-1-
1.15 g 5 mmol) was added dropw1se followed by 5-a ctoxypentylzmc iodide (15

PPN | L‘. om ezt anatnta 2 QA ~ Al Ao 20 o &N e ~l) 10 THID /7Q
U 1IOI J lUUUPClllyl aLvialv (0.0 g, lJ llllllUl}, Llllb Uudl \J.7 g, VU llllllUl) 1 1511 \O

mL). The reaction mixture was stirred at 55 °C for 8 h and worked up as usually. The crude reaction

oil obtamed after evaporation of the solvents was purified by chromatography (hexane:ether 95:5)
yielding pure unsaturated chloroester 8d (804 mg, 69 % yield).
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