
TetrahedronLetters, Vol. 38, No. 14, pp.2447-2450.19974!!9Pergarnon

PII: S0040-4039(97)00365-1

An Efficient Synthesis of Stereodefined

031997 Publishedby EkevierScien&Ltd
All rightsreserved.Printedin GreatBritsin

oo40-4039/97$17.00+O.lm

Enynes and

Dienes via Pd=CatalyzedReaction of

and Chlorodieneswith Grignard

Chloroenynes

Reagents

Parfait Ramiandrasoa,8Bernard Br4hon,bArmelle
Mou6d Akmi*@ and G6rardCahieza

Thivet,a

a/ D6partementde Cbirnie,Ecole Sup6rieurede CbimieOrganiqueet Min&ale,13M de l’Hautil,95092Cergy-Pontoise,France.
Fax: (+33) 10130756021

h/ Ecole NormeleSup6rieure,D4partementde Cbimieassoci6au CNRS,24 me Lhomond,75231Paris Cedex05, France.

KeyWords:chlorodienes,chloroenynes,enynes,dienes,dienynes,trienes,palladium.

Abstract: In the presenceof PdC12(PPb3)2and Et3N,cbloroenynesandchlorodienesreact rapidly under
mild conditions with various Grignard reagents to give isometricallypure conjugated enynes, dienes,
dienynesandtrienes in goodisolatedyields. 01997 Publishedby Elsevier Science Ltd.

Transitionmetrd-catrdyzedcrosscouplingreactionsof organometalliccompoundswithorganichalides,
offeran attractivemethodforcarbon-carbonbondformation.lAlthoughthe substitsttionof vinylhalidesmostly
vinyliodidesor bromidesunderpalladiumcatalysisis nowwelldocumented,2LesscommonarePal-catalyzed
couplingreactionsof organometallicreagentswith vinyl chlorides3since these compoundsare considered
generallypoorreactantsandshowlowreactivitytowardoxidativeadditionin thecatalyticcycleexceptforthe
nickel-catalyzedcouplingwithGrignardreagents.4Wehaverecentlyreportedthat vinylchlorides including
chloroenynesand chlorodienesundergorapidcouplingwith l-alkynes whenperformingthe reactionunder
appropriateconditions(PdC12(PhCN)2-CuIin piperidirte).Theuseof thesecompoundswouldbe interestingin
synthesis since they are considerablymore accessible,6less photosensitiveand thus more stable than the
correspondingiodides or bromides.Hereinwe report that chloroenynesand chlorodienesreact easily and
rapidly under mild conditionswith Grignardreagentsin the presenceof PdC12(PPh3)2,thus providingan
efficientaccessto stereodefinedsubstitutedenyneand dienederivatives.Suchstructuresare of great interest
sincetheyarefoundinvariousbiologicallyactivecompounds.7

R’MgCl,THF-cosolvent
~~cl *

PdC12L2
RhR’
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A first seriesof experimentswas effectedwith (E)-chloroenynela and phenylmagnesiumchlorideas
partnersto establishthe bestmction conditions(TableI). It is noteworthythatboththe natureof catalystand
the cosolventshowa criticalinfluencefor the successof the reaction.Thus,whentreating(E)-chloroenynela
at roomtemperaturewithphenylmagnesiumchloride(2equiv),inTHF,in thepresenceof PdC12(PPh3)2(5%)
a 68% isolatedyield of (E)-enyne2a wasobtained(entry 1). It may be pointedout that all our attemptsto
improvethisresultby usingotherpalladiumcatalystresultedin similaror loweryields(23to 71%,entries2 to
9). However,by addingtriethylamineor TMEDAto the reactionmixture,the (~-enyne 2a was obtained
stereospecificallyin highisolatedyield(90-91%,entries13and 14)within15min.

RIMgCl, THF, 20”C

‘\cl ~
5% PdLn, Cosolvent ‘~ R,

1

Table I
a R = C5H11 R1 = C&15

2

Entry PdLn Cosolvent Isolated yield of 2e (%)

1 PdC12(PPh3)2 68

2 PdCf2(bipy) 37

3 PdC12(o-phen) 67

4 PdC12(AsPh3)2 66

5 PdC12(dppe)s 23

6 Pdcf2(dppp)b 71

7 PdC12(dppb)c 40

8 Pd(OAc)2 45

9 Pd(OAc)2+ 2PPh3 38

10 PdC12(PPh3)2 DME 57

11 ,! Sulfolene 82

12 ,! i-Pr2NEt 83

13 ,, Et3N 91

1 14 ,! TMEDA 90

al dppe: 1,2-bis(diphenylphosphino)erhane.b/dppp: l,3-bis(diphenylphosphino)propsne.c/dppb:
1,4-bis(diphenylphosphino)butene.

As can be seen from table II, the reactiondescribedabove has been successfullyapplied to various
chloroenynesand chlorodienes.Goodyieldsof geometricallypureunsaturatedcompounds(enynes,dienes,
dienynesand trienes) have been obtainedwhenusing aryl and alkenylmagnesiumhalides. However,with
alkylmagnesiumhalidescontaining&hydrogen(s),the crosscouplingwas less successful and gives as side
productreductionof thevinylchlorideevenbyusingPdC12(dppf)ascatalystg(entry19).
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TableII:Pal-catalyzedcrosscouplingreactionof unsaturatedvinylchlorideswitbGrignardreagents.a

Entry Vinyl chlorideb RMgCl Productc Yield (%)d

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

C,H,,-J” Cl”gu Me .5.,1AM’
c,~,,~&f.

c5f’f,,--A

c5H,,-ff,Me
c5H,,4rli!rxm

C6H5

2C5H11—

95

90

71

62

42c

86f

63g

70
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76

77
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Me
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,,

C5H$-==JC’
t-BuMe#iO

clMgc’H5

CIMgc’Hs

clM&jH5

clMgc&5

‘M! +%Me

BrMg

Y
Me

,,

,,

‘H2h-Xc’ ‘+2’-’LJH’H’ClMgC,5H5

a/ Unless otherwisestated, all reactionswere performedwith 2 equiv of RMgCl, 8 equiv of Et3N and 5% of PdC12(PPh3)2.
For a typical procedure see ref. 8. b/ Chloroenynes were prepared from the comesponding l-alkynes and (E) or (Z)-
dichloroethylene,see ref. 6. Chlorodieneswerepreparedaccordingto ref. 6a. c/ Satisfactoryspectraldata were obtainedfor afl
new compounds,see ref. 8. d/ Isolatedyielda.e/ Yield usingPdC12(dppf)(dppf: 1,1’-bis(diphenylphosphino)femocene);a 15%
were obtainedwhen using PdC12(PPh3)2.V Yield using PdC12(dppp)es a 95:5 mixtureof Z:E isomers. g/ Isolated in a 92:8
mixture of Z:E isomers.
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In conclusion,thePal-catalyzedcrosscouplingreactionof vinylchlorideswithGrignardxeagentsprovides
a simpleand alternativerouteto stereodefinedunsaturatedcompounds.Furthermore,the use of cbloroenynes
andchlorodienesis moreattractivethanthecorrespondingbromidesandiodidessincetheym easilyaccessible,
andcanbe storedat -20°Cforseveralmonthswithoutisomerisation.
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