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Abstract. w-ethylenrc propargylrc ZUIC reagents undergo cychsatron Particularly eficrent are fhe reagents dewedfrom 
propargyhc ethers 

The mtramolecular carbon-carbon bond formatton to produce five membered rings via anionic cyclisatron of W- 

alkenyl main metals IS well documentedl, and has been partrcularly demonstrated by Bailey2 in the case of 

primary lithium derivatives. Vinyl lithium reagents cychse also3 to give exomethylenecyclopentanes. In the case 

of allyhc reagents, w-ethylemc allylic Gngnards are generally preferred, and the reaction mechamsm IS considered 

to be a metallo-ene reactron 4.5 although “direct” addition may occur6. In most mstances the substrate IS a 

metallated hydrocarbon, however a few heteroatom-substltuted metallated alkenes have been successfully 

tackled6.7. Particularly relevant are the work of Krief er al, who could cychse wethylenic benzyllithiums bearmg 

a methyl or methylselenyl* (but not a methylsulfinyl9) moiety rn benzylic positron : 

and that of Broka et allo who obtamed tetrahydrofuranyl methyllithiums via : 

n-Hex 

1)5eq BuLI-THF 
54% 

*) H20 3 n-Hex 

Dunng a study of the propargyl-allenyl metallatropy of zinc reagents we observed that some w-ethylemc 

metallated propargyhc ethers undergo an easy cyclisatron . 

1) n or see-BuLi 

2) ZnBrz 
OR OMe 

la Fi=Me 2 n = 1 yield 80% 3a 
Id R = SlM+Thex n = 2 yield 0% 
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Worthy of note is the fact that, even at room temperature, the lithium derivative of la (n = 1) proved totally 

unable to cychse (and, by standing 2h at 2O”C, led to heavy side products), whereas its zmc equivalent cyclised 

smoothly. The stereochemistry of the single isomer thus obtained in 80% yield was chfficult to surmise nnce, 

accorclmg to what is generally accepted for the cyclisation of the correspondmg Csp3-IA denvativeszc, the 

suprafacial ad&ion of C - met on C = C would bnng into competition two groups of low stenc requirements 

(Me0 and C I C - SiMe3). For la (n = 2) no cyclisation to a six membered ring occured. 

In order to prepare the free alcohol correspondmg to 3, we devised the preparation of other ethers, known to 

cleave easily The benzyl ether 1 (n = 1, R = benzyl), was not satisfactory since 1ts metallation led 

instantaneously to a Wittig rearrangementlt. Vanous silyl ethers were then tested, For lb and lc (n = l), 

hthiation followed by addition of zmc bromide, gave none of the cychc product but mstead a triene 5 as an almost 

pure isomer (contammated WA traces of its other three Isomers, and a trace of allene 6) : 

/ $I 
1) n-BULI -10°C 

= SiMe, 2) ZnBrz -70 to 20°C 

OR 3) H20 

;-/ra, 

Me,SI 

lb R = St& 
lc R = SIMe2tBu 5 6 traCes 

we suppose that a transmetallanon occurs, accordmg to : 

and that the protonolysls of the so-formed allenyl metal 1s highly stereoselecnve. 

Fortunately the thexyldlmethylsilyl reagent Id does not lead to such side reactions, and undergoes cyclisation to 

give also a single isomer 7. 

1) n-BULI -10°C 
Id 7 80% 

2) ZnBr2 -70 to 20°C -QE - SIMe, 

3) H2O 
&Me,Thex 

7 can be selectively, or totally desilylated, according to the fluonde used (respectively potassium or 

teuabutylammomum fluonde). 

Me 

CL BulNF 
Me 

KF 
7 

S -01, 8 quantltatrve 
I CIS 

OSIMe,Thex OH 

Protecnon by a MEM ether IS also suitable and leads to 3 (n = 1, R = MEM) 1n 8 1% yield. 

The stereochemistry of 8 has been assigned from previous work of Chodkiewicz et all2 who prepared both 

isomers of 8 and established then structures The ‘H NMR singlet of C e CH from 8 at 6 = 2.45 ppm correlates 
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with that of the CIS isomer of these authors (6 = 2.41 ppm) whereas the trans isomer gives a signal at 2.25 ppm. 

A second proof derives from the work of Cannone et a/l3 who prepared both isomers of the saturated analog of 8 

and described their l3C NMR spectra. Compound 9 is indeed smular to their CIS isomer. 

Me H2/Pd 

4: 3 

1 &Cl 165ppm SC3 642ppm 

9- 9 

Et quantltatlve 
CS 

‘k lltt 
OH I 

165ppm @4ppm CIS wmer 
12 6ppm 62 3 ppm Trans Isomer I 

The presence of a metal tn 2a (n = 1, R = Me) 1s shown by iodmolysis : 

Whereby no traces of 3a are found . this fact confirms the stability of 2a towards adventittous protonatlon 

Transmetallation to copper enhances its reacttvity towards vanous electrophilesl4, for example, acetyl chloride 

leads to the corresponding methyl ketone . 

1) 1 eq CuCN, 2 LICI 
2a 

2) 1 1 eq CH&OCl 63o/i 

OMe 

In order to delineate the scope of this cyclisation, we considered the case where the startmg enyne 1 bears a 

phenylacetylenic motety : / c- 1) SeeBuLl 
= Ph 

OMe 

10 

10 is easily metallated, but behaves as if its allemc zmc derivative were not in equilibrium with its propargyhc 

counterpart. This behaviour is an argument for considering that the cyclisation reaction 1s not relevant of a 

metallo-ene process . 

If substrate 1 is devoid of an alkoxy function, cyclisation still occurs, but to a much lower extent . 

1-tnmethylsilylocta-1,2,7-mene leads to only 38% of cycltsed product (single isomer), admixed with 50% of the 

protonated non cyclised mtermedlate organometallics in the form of a l/l mtxture of alkyne and allene : 
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cSIMe, ::;“~zlLto’c- WY S,Me +; + cLe3, 
3 

11 3)HzO 
38% 50% 

Finally1 1,2,7octatriene itself does not give any cychsation, since transmetallation of the intermediate terminal 

alkyne takes place before the cychsauon process occurs : 

In summary, a-alkynylcyclopentylmethylzinc denvatives can be obtained from S-ethylenic propargyhc zinc 

reagents. The cyclisation is synthetically useful when the alkynyl moiety is silylated, and when a propargyhc 

ether (OMe, OSiMe2Thex, OMEM) is used. In this case, only one stereoisomer of the cychsed product is formed 

m good yield. The application for the construction of angularly hydroxylated bicychc compounds is currently 

underway. 
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