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PALLADIUM-CATALYZED CYCUSATION 
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m. Vinyl and aryl halides react with E-acetylenic @liestem, &Let0 esters and g- 
sulfonylesters in the presence of a W(0) catalyst leading in good yields to the title 
compounds. The acetylenic homolog containing an additional carbon leads in the same 
conditions to a cyclohexane, but this process then competes with the arylation of the 
teminalacetyleniccatbon. 

There is presently au increasing interest in the development of palladium-catalyzed cyclisations using 

either a x-ally1 palladium route (1) or a process related to an intramolecular Heck reaction (2). 

An other cyclisation process utilizes the displacement, via an arylic o-palladium complex, of the halide of 

an aromatic substrate by a delocahzed enolate (3). (scheme 1). Related to this reaction is our previous work 

concerning the carbopalladation of substrates such as 1 which m converted to cyclopentauic compounds 2 in a 

two carbon-carbon bond forming reaction (4) (scheme 2). 

X= 1,Br w = CHZ, -(CH&r gq, CG 

1 2 

ZZ= -CN. -C!GR. -C&R R= phenyl or vinylic group 

We wete intemted in developing the same reaction in the case of the acetylenic homologs of 1. From a 

synthetic point of view this carbopelladation process woukl lead to arylldene or allylidene cyclopentane 4 ; on the 

other hand, the stereochemistry of the reaction could give informatIon on the mechanism of the cyclisation by 

confirmingorrulingoatapalladacycleintesmdiatepostulatedintheruction~inschaael.In.~caseof 

acetylenicsubstnues 5thisspecieswouldclearlyleads~OZZisancrof~product4(schem3). 
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Only a related heterocyclisation process involving the carbopalladation of acetylenic substrates been 

previously described the carbopalladation species was a x-ally1 palladium complex while a carboxylate was the 

intemal nucleophile (5) (scheme 4). 

n=lor2 

The substrates a necessary for this study were easily obtained by alkylation of methylmalonate, 

methylacetoacetate and a-phenylsulfonylmethylacetoacetate with the mesylate of commemially available pent4 

yne- l-01 . For the sake of comparison, we also prepared JI and 6 respectively fmm the mesylate of hex-5yne- l- 

01 and propargylbromide. 

- z & Z=Z’=CO,Me 
a Z= C&Me, Z’= COMe 

Z & Z= C&Me, Z’= SQPh 

Initially, the carbopalladation of 1 was run in the conditions pmviously used for the ethylenic 

homologs P ; the prefotmed sodium enolate @t + 1.1 molq. of HNa) was heated in DMSO at 80°C with 1.1 

mol. eq. of phenyliodide in the presence of 5 % mol. eq. of the complex palladium bis(dibenxylidene acetone) 

and 5 % of diphenylphosphinoethane, the evolution of the reaction being followed by GPC. After two hours, the 

starting Ja completely disappeared with the clean formation of a single isomer of h easily purified by flash- 

chromatography (table) (6). The E configtnation of this isomer was deduced from differential NOE experiments 

in 1H NMB : irradiation of the ethylenic proton (S 6.7 ppm) had no effect on the allylic protons of the ring (6 

272 ppm) while itradiation of the ammatic hydmgens (6 7.3 ppm) caused a neat Overhauser effect. 

The carbopalladation-cyclisation reaction proves easier than in the ethylenic serie : the same clean 

conversion of &t to & can be also observed when the reaction mixture is stirred overnight at 3O’C. On the 

ccntrary, the change of the counter-ion of the enolate, if slightly @roving the yield, dces not exerce a marked 

effect on the rate of the transfcnrnation (7). 
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*g iils? Expiximalml F%uduct idated 
aerial tz4nIdilicms+ yield** 

bsse-P.-time 

NaH-80%2h ph 18% 

3a IOdObUlZne N&I-30“-14h & ’ co2Me 70% 

tBuOK-3OT-14h 
COzMe 

4a 
80% 

aa 2&b anisole IBuOK-3OT-14h :I 

OMe 

YY 

70% 

I CO#e 
COzMe 

aa 2-bmmopropene tBuOK-30°C14h 

k 

I 
15% 

CO2Me 
COzMe 

Ph 

all iodobenzene t&OK-30“~-14h I 

& 
Co2Me 

88% 

cable 

Ah 

3s Mobemm e WOK-3OT-14h CQMe 57% 

SO2ph 

9e 

+ allIhereactionswatprafomudlnla1o-~molcscal~ 

** produas wcn isolated by chromatogrqhy on silica gel. 

Considering these first results, the carbopalladations of 1 with different entering halides and of & and 

L with phenyl iodide were run under the latter conditions : in every case the cyclopentanic compound was 

obtained in fairly good yields and with a single configuration, assumed to be E by specml comparison with L 

(Table). 

Tbeoneadditionalcarboahomdog~isonlyen~gedwhenthereactionisrunat8oocandisaansformad 

in 14 h to a mixture of Z and S. The fomation of 8 is a novelty, compared to the ethylenic series whm a 

cyclisation to a six-amnbered ring was nevcz observed (4). Again, only one isomer of & is formed, the t3C 

NMRspectnunofwhichis.withonemolesignal.almoQt~ktothatof48.Consequently.thesame 

E con@muia~ was attributed to 8. 
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1) tJhOK 
2) PM 5% W&W CozMe 

P 

d W Ph- = 
d-Me + 

DMSO, WC, 14h 

yield: 63% 2 (54%) s (46%) 

Finally, no reaction was observed in the case of 4, even when the mixture was heated for 12 h at 80’ and 

then 6 h at 110”. A large amount of the stat&g material was then recovered in addition to polymerized products. 

Jn conclusion, this study provides an easy access to cyclopentanes 4 obtained in high yield from easily 

prepared substrates 3. From a mechanistic point of view, it seems that the steteochemistry of the process rules 

out a palladacycle as the intermediate. The more plausible pathway is depicted in scheme 5 and involves i) 

ekctrophilic assistance by the a-aryl or r~&~yl palladitm~ of the attack by the carbon nucleophile of the acetylenic 

linkage (5-exe-dig process) ; ii) reductive elimination of the Cr-vinylic palladium species 2. This process is in 

competition in the case of 5, with a normal palladium catalyzed arylation of the terminal acetylenic carbon. % - Pd(o) - z’ 4 
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NMR spectra of &t tH (300 MHz, CDC13 - TMS) : 1.84 (2H, quint J=7Hz) ,2.39 (W, t, J=7Hz) t 

2.72 (2H. dt, J=2.5 and 7Hz) , 3.77 (6H. s) , 6.70 (1H. t, J=2,5Hz) , 7.18-7.40 (5H, m). t3C (75 

MHz, CDC13 - TMS) : 24.94 (t) , 32.13 (t) , 35.84 (t) ,52.90 (q) l 65.49 (s) , 126.94 (d) , 127.56 

(d) , 128.28 (d) , 128.80 (d) , 137.67 (s) , 141.08 (s) , 171.54 (s). 

Jn the case of the ethylenic homologs, the teplacement of HNa by tBuOK has a drama& effect on the 

rateofthereacdonwhichcanbenmatroomtempemmre in placeof WC : BalmeG., Bouyssi D., 

Foumet G.. Gate J. and Monteiro N. to be published. 
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