
Te~&Cmon Lams, Vol. 33, No 25. pp 3683-3686.1992 w4o-lo39m ss.lM + .a0 
Rimed in Great Britain Pergunan Press Lrd 

Nickel-promoted Intramolecular Cyclization of Vinyl bromides with Alkenes and Alkynes 

Amadeu Llebmia’, J?m~~lsco Camps and J-P M* MmeM. 

Ah#mct: The. reactron of vinyl bromides bearing distal oletin or acetylene functionalities with tetmmbmytickd 

in the presence of alcohols sod triethylamiue results iu the formation of em-usthylene cyclic eaters in a 
regioselectra3 process. High idhence of the h&in= of the dcdml is found. 

Synthesis of cyclic compounds is a strategic goal in organic chemistry’ and, consequently, development 

of new methodologies towards this type of compounds is the subject of current extensive work in organic 

synthesis. In this context, transition-metal based methods increase the synthetic efftciency by forming more 

than one C-C bond with high selectivity2, In connection with our work on tctraca&m ylnickel induced 

cyclization reactions3 we have found that exe-metbylene carbocylic compounds could be obtained from 

bromovinyl substrates bearing olefin or acetylene functionahties in a linear chain according to scheme I. 

Ni(COj4 COzR 

ROH, NEtI 

Scheme 1 

When substrate 1 was treati with tetracarbonylnickel (CAUTION!)s in the presence of methanol and 

triethylamine we obtained the corresponding linear ester 2a as a single isolated product in yields ranging from 

65-90 %6. This linear ester was the main product obtained regardless of the MeOH/ ratio used, After 

methanol was replac~I by a bulkier alcohol, such as t_BuOH, we found two new compounds in a 3.2 to 1 ratio 

and 85 % overall isolated yield that according to their spectral data we assigned structures 3b and 4. 

o, R= Me; b, R= t-Bu; c, R= Et; d, R- i-I%: e, R= menthyl 4 R= Ii 
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The effect of the size of the group R in the alcohol on product distribution was studied and the results 

obtained are summarized in table I. As it can be seen, the ratio of cyclic vwsw non cyclic products parallels 

the bulkiness of the alkyl group in ROH. Acid 4 was obtained mainly using t-BuOH and its formation may be 

explained by hydrolysis of the corresponding t-butyl ester during work up or purification. In the case of using 

Gmenthol the corresponding esters 3e were obtained as a 1:l mixture of diastereomers. 

Table 1. Influence of the alcohol in the cyclization of 1. 

PRODUC?S (Isolated yield 96) 

R in ROH ROH/l ’ 2 3 4 

Me 10 89 - -- 

Me 5 78 __ __ 

Me 2 66 6 4 

Me 0.5 42 mces -- 

t-Bu 10 -- 65 20 

t-Bu 3 __ 57 12 

Et 3 Ml 28 - 

i-Pr 3 35 61 - 

L-menthyl 1.2 *- 92 -- 

J molar ratio alcohol/substrate 

The results so far obtained show that this cyclization occurs under very mild conditions with high 

selectivity through a 5-Exe-Trig pathway with no products arising from the competitive 6-Endo-Trig process. 

In addition, no isomerization of the exocyclic double bond was observed in any of the reactions carried out. 

5-ho-Trig 

* 

6-Endo-Trig 

OT COzR 

CO,R 

cl 

The same regioselectivity was found when other substrates related to 1 were reacted under similar 

conditions to give cyclic exomethylene esters as described in table II. Formation of seven member cyclic 

compounds was not observed in spite of d ecrekng the alcohol/substrate ratio employed, the product obtained 

being always the corresponding linear ester. 
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Table II. Cyclization reactions of bromovinyl derivatives. 

Substrate ROH Products (isolated yields W) ester/acid * 

5% 
MeO& 
MeO,C 5 Rr 

f-BuOH 

r-BuOH 

I&OH 

t-BuOH 

t-BuOH 

1.5:1 
MeO2C 

MeO2C 

* 

COIR (n) 

__b 

4Cbl 

Me02C 

Me02C 

Ii 

(46) __b 

’ molar ratio t-butyl ester (R= t-Bu) to acid (R= H). b Only ester was obtained. 

These results agree with those obtained in other transition metal promoted cyclixation pmcesses from 

similar substrates. Thus, Origg ef al.’ reported a general preference for the 5-ExoTrig versus dEndo-Trig 

cyclixation in a series of studies of non carWnylative Heck type reaction mediated by palladium catalysts. 

Negishiy and Oppolzerio showed the feosibiity of inducing ester formation by carbonylation in related 

palladium catalyzed cyclization reactions but usually higher pressurea and temperatures than those used in the 

present Ni-promoted process are required. 

When the reaction was performed on compound 5 in the presence of f-BuOH a mixture of two related 

compounds, r-butyl ester 6 and the correqmding acid 7, were exclusively produced in a 2: 1 ratio and 77% 

overall yield. The structure of these products was deduced from spectroscbpc data i&udiig COSY, 

HETCOR, COLOC and NOE difference experiments; 6 and 7 arise from a 6EndoTrig cycliition that, 

unexpectedly, took place to give the in&resting truns fused decalin system. This change in the cyclixation 

trends can he tentatively explained by considering the conformational constrainm imposed by the six member 
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cyclic oleiin’. Work is in progress to gain further insight on factors influencing the selectivity of this process. 
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