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Abs/ractz Reaction of different vinyl bromides (la-3~). bearing phcnyl substituted alkenyloxyalkyl 
~WII& with Ni(CO)4 affords the comsponding substituted cyclic ethers lb-3b in moderate to good 
yields snd high diaskrececk tivity. In the cyclii of la. k staeoselectivity of the process can be 
reversed by thez use of additives, such BS KOAc. ‘IlOAc. Cs2CO3, and KOCOCF3. 

In our continuing effort to widen the scope of our ncently developed nickel induced intramolecular 

cyclization and carbonylation of vinyl bromides with alkenes.13 we wish to report in this communication our 

efforts addressed to the construction of oxygenated heterocyclic systems. In order to gain information about the 

stereochemical course of the metal induced cyclization step, substrates la-3a bearing a phenyl substituent at 

diffaent sites of the chain were used as suitable models. 
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Initial experiments were carried out under our previously developed standard conditions,3 by 

treatment of halides la-3a with teuacarbonylnickel4 in acetonitrile in the presence of methanol (3 equiv.) and 

triethylamine. As expected, compounds lb-3b, arising from 5 or 6-Exo Trig cyclixation processes were obtained 

as the only cycloadducts in modest to good yields (see Table).5 As in the carbocyclic series.1 open chain 

compounds l&c were also obtained as side products in variable yields. Replacement of methanol by bulkier 

alcohols such as isopropanol or ter&utanol reduced the formation of these compounds (entries 2.8, 12, and 13). 

Concerning the stereoselectivity of the cyclization step, whereas in the tetrahydrofuran series 2b, 

truns isomers were pm&minant (entries 7-lo), major cis isomers were obtained in the isomeric series lb (entries 

1 and 2), and exclusive 15s stereoselectivity between phenyl and ester groups was observed in the case of 

tetrahydropyran derivatives 3b (entries 11- 13). Interestingly, we found a reversal in the stereochemical outcome 

under the presence of certain additives in cyclizations leading to lb (entries 3-6). This effect was not observed for 

the isomeric tetrahydrofurans 2b (entries 9 and 10). The use of additives in the related Heck reaction has been 

ptecedented in the literature,6 and thallium salts, specially TlOAc, have been extensively used by Grigg et al. to 

effectively control the rate and the stereochemistry in pallmdiumcatalyzed polyene cyclizations.7 

Our results concerning the use of acetate as additive in related Ni(CO)4 promoted intermolecular 

earbonylative cyc1oadditions.g although not fully understood, seem to indicate a ligand-like role for this ion within 

the coordination sphere of the metal. This behaviour could explain the stereoohemical inversion observed in the 

presence of TIOAc, KOAc, and KGCOCF3 under comparable conditions. Thus, as depicted below for la, 

coordination of acetate at the vinyl-Ni intermediate would shift the conformational equilibrium, presumably to 

avoid 1,2 steric interactions with the vicinal phenyl group, towards an alternative chair-like conformer leading to 

mm-lb. This conformational bias would not be operative in the case of 2a, where a relative 1.4 relationship 

between the phenyl group and the metallic atom is held 
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Although the role of carbonate ions in this system remains also unclear, a similar effect to that of 

acetate should be considered (entty 5). Therefore, in using carboxylic acid salts as additives, it seems as though 

the smhemical outcome of the process is mostly dependent on the natme of the subswte and, conceruing the 

additive, on the ligand ability of the anion. The cation would be important for solubilization and, presumably, for 

removal of the halide ion from the coordination sphere of the metal, as shown in the case of Tl and Cs salts, 

which do not require the addition of EQN as a base. 

Reaction of 3~ in MeOEl, even in the presence of acetate afforded, in all cases, the open chain 

derivatives 3c (compare entries 14 and 15 with entries 3.4,9, and 10). showing the less favourable nature of 6- 

Exe-Trig vs 5-Exo-Trig cyclizations. By using KOCOCF3 as additive (entry 16). McOH could be reduced to a 

stoichiometric amount without change in tbe stemochemisuy of the resulting cycloadduct (compare entries 11 and 

16). In agreement with the above assumption, a less sterically demanding 1,3 interaction between the phenyl 

group and the metaI makes imlevant the role of the additive on this process. 

Further studies addressed tc ascertain the role of additives and the influence of different substitution 

patterns in the chain on the sten~selectivity of this and related processes are currently underway in our laboratory. 

TABLE. Intramolecular Cyclizations of Vinyl Halides (a) 
entry halide solvent ROH (equiv) additiveb cyclec (%) ckzra& openC(%) 

1 la acetonitrile MeOH (3) - lb (76) 80~20 lc (13) 

2 la acetonitie iPrOH (5) - lb (23) 70:30 - 

3 la MeoH - KOAc lb (47) 30:70 lc (24) 

4 la MeOH - noAce lb (66) 30:70 - 

5 la MeoH - cs2co3 e lb (10) 20180 - 

6 la MeoH - KOCOCF3 lb (31) 30:70 - 

7 2a acetonimile MeOH (3) - 2b (40) 40~60 2c (26) 

8 2a acetonitrile iPrOH (5) - 2b (23) 20:80 - 

9 2a MeoH - nohe 2b (36) 20:80 2c (28) 

10 2a MeOH - KOAc 2b (50) 20:80 2c (26) 

11 3a acetonitdle MeOH (1.2) - 3b (28) loo:0 3c (38) 
12 3a acetonitrile iPrOH (5) - 3b (57) loo:0 3c (17) 

13 3a acetonitrile tBuOH (5) - 3b (51) loo:0 - 

14 3a MeOH - TlOAce 3b (0) - 3c (75) 
15 3a MeOH - KOAc 3b (0) - 3~ (98) 
16 3a acetonitrile MeOH (1.2) KOCOCF3 3b (20) loo:0 3~ (23) 
17 3a acebmitrile MeOH (3) BlyNOAcf 3b (0) - 3c (92)s 

a. For a general cyctizaIion procedure, see ref.3 b. 3 equivaknls; c. R=Me, iR oc I-Bu &pending on the alcoM1 used (See 
Scheme 1); d. Inseparable mixtme; e. No EQN was n?@rex! for cyclization; f. Contains IQ0 due to hypqicity; 
g. Carboxylic acid @=K-I) ~8s b&ted instead of the methyl ester. 
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heated with Ni(CQ4 (3 mmol) (CAUTIONI see ref.4). When the starting bromide was completely consumed 
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containing iodine to destroy any unreacted nickel carbonyl. The residue was taken up in CH2Cl2, filtered 
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extract affordad the m&Xiorl products. 

4. Ni(CO)4 is an extremely toxic, volatile compound and precautions have to be taken during its use. 
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