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Abstract: In the presence of PdCl(PPh3); and Et3N, chloroenynes and chlorodienes react rapidly under
mild conditions with various Grignard reagents to give isomerically pure conjugated enynes, dienes,
dienynes and trienes in good isolated yields. © 1997 Published by Elsevier Science Ltd.

Transition metal-catalyzed cross coupling reactions of organometallic compounds with organic halides,
offer an attractive method for carbon-carbon bond formation.! Although the substitution of vinyl halides mostly
vinyl iodides or bromides under palladium catalysis is now well documented,? Less common are Pd-catalyzed
coupling reactions of organometallic reagents with vinyl chlorides? since these compounds are considered
generally poor reactants and show low reactivity toward oxidative addition in the catalytic cycle except for the
nickel-catalyzed coupling with Grignard reagents.# We have recently reported that vinyl chlorides including
chloroenynes and chlorodienes undergo rapid coupling with 1-alkynes when performing the reaction under
appropriate conditions (PdClp(PhCN),-Cul in piperidine). The use of these compounds would be interesting in
synthesis since they are considerably more accessible,b less photosensitive and thus more stable than the
corresponding iodides or bromides. Herein we report that chloroenynes and chlorodienes react easily and
rapidly under mild conditions with Grignard reagents in the presence of PdCl2(PPh3)3, thus providing an
efficient access to stereodefined substituted enyne and diene derivatives. Such structures are of great interest
since they are found in various biologically active compounds.’
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R = alkenyl, alkyny] R! = alkenyl, aryl, alkyl
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A first series of experiments was effected with (E)-chloroenyne 1a and phenyl magnesium chloride as
partners to establish the best reaction conditions (Table I). It is noteworthy that both the nature of catalyst and
the cosolvent show a critical influence for the success of the reaction. Thus, when treating (£)-chloroenyne 1a
at room temperature with phenyl magnesium chloride (2 equiv), in THF, in the presence of PdCly(PPh3); (5%)
a 68% isolated yield of (E)-enyne 2a was obtained (entry 1). It may be pointed out that all our attempts to
improve this result by using other palladium catalyst resulted in similar or lower yields (23 to 71%, entries 2 to
9). However, by adding triethylamine or TMEDA to the reaction mixture, the (E)-enyne 2a was obtained

stereospecifically in high isolated yield (90-91%, entries 13 and 14) within 15 min.

R!MgCl, THF, 20°C R
A Z > X F
cl 5% PdLn, Cosolvent R!
1 1 2
a R=CsHp; R =C¢Hs
Table I
Entry PdLn Cosolvent Isolated yield of 2a (%)
1 PdCly(PPh3)y - 68
2 PdCl(bipy) - 37
3 PdCl5(o-phen) - 67
4 PdCl3(AsPh3); - 66
5 PdCly(dppe)® - 23
6 PdCly(dppp)P - 71
7 PdClx(dppb)° - 40
8 Pd(OAc), - 45
9 Pd(OAc); + 2PPhj - 38
10 PdCIy(PPh3), DME 57
11 " Sulfolane 82
12 " i-ProNEt 83
13 N EizN 91
14 " TMEDA 90

a/ dppe: 1,2-bis(diphenylphosphino)ethane. b/ dppp: 1,3-bis(diphenylphosphino)propane. ¢/ dppb:

1,4-bis(diphenylphosphino)butane.

As can be seen from table II, the reaction described above has been successfully applied to various
chloroenynes and chiorodienes. Good yields of geometrically pure unsaturated compounds (enynes, dienes,
dienynes and trienes) have been obtained when using aryl and alkenylmagnesium halides. However, with
alkylmagnesium halides containing B-hydrogen(s), the cross coupling was less successfull and gives as side

product reduction of the vinyl chloride even by using PdCly(dppf) as catalyst? (entry 19).




Table II: Pd-catalyzed cross coupling reaction of unsaturated vinyl chlorides with Grignard reagents.?

Entry Vinyl chloride® RMgCl Product® Yield (%)d
a
15 C,H,,a—/— CIMg —O— Me Me 95
CsHyy
N BrMg m
16 —\»'Me CsHj; Me %
" CiMg
17 A\ cy—=—7_ \ 7
18 ! Bng—( 1_/—( 62
Me CsH)—== Me
Oct
19 . CIMgOct T / 42¢
H
20 “ } CIMgCeHs o V4 86f
C5Hll CgH“ =
Me Me
21 " #MSB, j 638
CsHj—==
Cl CeHs
2 Me3Si —=f CIMgCeHs Me3Si =——f 70
ca CeH
CIMgCgH 5
23 Csﬂs‘——L/_ 5 CsHs“=—/_ 93
CsHyy cl CsHy, C.H
24 ) . 4 CIMgCeHs — o 76
t-BuMe;,SiO t-BuMe,Si0
25 o o /7 C CIMgCeHs o N\ S -
Cl C:H
N\ / CIM, /\ J~ Cots
26 Et0CO = £CeHs Et0CO = 51
27 CHu_ CIMgCeHs CHu o~ 81
NN CeHs
28 BMg (A~ NN N 70
" Me Me
BrMg CsHy,
” } \K AN .
Me Me
O N R o W L

a/ Unless otherwise stated, all reactions were performed with 2 equiv of RMgCl, 8 equiv of Et3N and 5% of PdCly(PPh3);.
For a typical procedure see ref. 8, b/ Chloroenynes were prepared from the corresponding 1-alkynes and (E) or (Z)-
dichloroethylene, see ref. 6. Chlorodienes were prepared according to ref. 6a. ¢/ Satisfactory spectral data were obtained for all
new compounds, see ref. 8. d/ Isolated yields. e/ Yield using PdCly(dppf) (dppf: 1,1"-bis(diphenylphosphino)ferrocene); a 15%
were obtained when using PdCly(PPh3);. #/ Yield using PdCly(dppp) as a 95:5 mixture of Z:E isomers. ¢/ Isolated in a 92:8

mixture of Z: E isomers.
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In conclusion, the Pd-catalyzed cross coupling reaction of vinyl chlorides with Grignard reagents provides
a simple and alternative route to stereodefined unsaturated compounds. Furthermore, the use of chloroenynes
and chlorodienes is more attractive than the corresponding bromides and iodides since they are easily accessible,
and can be stored at -20°C for several months without isomerisation.
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