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Abstract 'Ihe acylatlon of acetylenes mth ol,a-disubstltuted, B,y-unsaturated acid chlorides was 
found to lead to 5,5-disubstltuted 2-cyclopentenones by a novel intramolecular cycll- 
zatlon-rearrangement process. 

lhe acylatlon of trimethylsilyl substituted acetylenes Fnth allphatlc and aromatlc acid chlo- 

rides, activated by aluminum chloride, generally leads to a-acetylenic ketones by substltutlon 

of the trlmethylsllyl group.ly2 We have found that this reaction mth 3,y-unsaturated acid chlo- 

rides takes a different course, depending on the c+substitutlon of the acid chloride. 

Upon addltlon of a mixture of 13 and trlmethylsllylacetylene to aluminum chloride In dichlo- 

rcmethane at -70°C, followed by acid hydrolysis after warmlng up to 
4 was obtalned4y5, separable by column chromatography. 

-20°C, a mixture of 2, 3 and 

CL H--E-SfMe3 

1 2 63% 3 13% 4 8% 

The formation of 2 and 2 1s ratlonallzed by a process lnltlated by the electrophllic attack 

of the acyl cation 5 at the trlmethylsllyl substituted acetylenlc carbon to form the sillcon 
stabilized vinyl cation 5. The intramolecular cycllzatlon to 7, induced by the InteractIon of 

the catlonic center and the $,y-double bond In 6, is followed by a 1,2-acyl shlft6 to form S, 

which IS stablllzed either by addition of a chloride ion yielding 2 or by loss of a proton 

yielding 1. Tne formation of 2 is explalned by a related sequence initiated by the attack of 2 
at the unsubstltuted acetylenlc carbon, so that the trlmethylsilyl group 1s dlrected to C(3). 
‘ihs transformation represents a new variety of the behavlour of Lew1.s acrd activated acyl hal- 

ides towards alkynes.7 
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While the presence of an acetylenlc trlmethylsllyl group is essential for the the formation 
of z-acetylenlc ketones’, It is not a prerequisite for the transformation presented here, as 
shown by the reaction of lath propyne. ‘Ihe exclusive formation of the +methyl-2-cyclopent- 
enones 2 and 10 can be attributed to the stabilizing effect of the acetylenlc methyl group on 
the vinyl cat& intermediate corresponding to 6. 

H--=_- 

I c 
ALU3 

9 53% 10 11% 

With x,3-unsaturated acid chlorides bearing cl-hydrogens however, the ring contraction does 

not occur, as demonstrated by the reactlon of 118 and 13g with propyne and 2-butyne, respec- 
tively , leading to the phenols 12 and 14 afterhydrolyzs. In these cases, the stabilization 
takes place at the six membered zng stage corresponding to the intermediate 1. 

0 OH 

CL H-E- 

ALU3 l ti 
0 

0 OH 

e CI -=_- c 
\ AK13 

11 12 69% 13 14 39% 

The transformation of cr,z-dlsubstituted, 3 ,y-unsaturated acid chlorides to 2-cyclopentenones 
can be applied to the synthesis of Spiro compounds. lhe acylation of propyne with the carbo- 
cyclic acid chlorides 15 and 173 led exclusively to the splrodienones 16 and 18 respectively, - - - 
Fnthout formatlon of chloro compounds. Although the corresponding-splro compounds tJlth 
+unsubstituted cyclopentenone moleties are not directly accessible by reaction with acetylene 
Itself, these derivatives were obtained through the trlmethylsilyl substituted intermediates, as 
shown by the reaction of 15 mth trimethylsllylacetylene to 19 and 20. Subsequent deimtosllyla- 
tion of 19 mth hydrogen chloride in chloroform” 

- - 
afforded 21 - -. 
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In view of the functional versatility of the 2-cyclopentenone moiety, these results may pro- 

vlde an easy entry into certain cyclopentanoids, including spire systems. 
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4. Satisfactory elemental analyses were obtained for all new compounds. 

5. The data of 2, 1 and 4 serve to illustrate the spectral characterlstlcs of the 2-cyclopent- 
enones described here 

2 mp.79'C, UV (EtOH) &ax 226 run (E 7400), IR (CHCl3): v 169Os, 1585s cm-', 'H-NMR (200 

MHz, CDCl3) bH 7.73 (t, J = 2.6 Hz, 1 H, H-C(3)), 3 17 (dd, J = 20.0 & 2.6 1 Hz, H, 

H-C(4)), 2.48 (dd, J q 20 0 & 2.6 Hz, 1 H, H-C(4)), 1.74 (s, 3 H, 1.47 3 

H3C-Ccl), I.26 (s, 3 H, H3C-C(5), 0.17 (s, 9 H, 3 H3C-S1) ppm, 

H3C-Ccl), (s, H, 
13C-NMR (20 MHz, 

6c 212.6 (s, C(l)), 169.4 (d, 

CDCl3): 

(C(3)), 146.0 (s, C(2)), 74.7 (s, Ccl), 55.1 (s, C(5)), 
45.4 (t, C(4)), 28.7 and 28.4 (each q, 2 CH3-Ccl), 21.4 (9, -2.0 CH3-C(5)), ppm (9, C-S1) 

Ppm. 

1 rnD 46OC; UV (EtOH) hax 223 nm (E 8000), IR (CHC13). v 169Os, 1645m, 1580s cm-', 'H-NMR 

(200 MHz, CDc13)' 6~ 7.73 (t, J = 2.6 Hz, 1 H, H-C(3)), 4.93-4.85 (m, 2 H, H2C=), 2.85 

(dd, J = 19.6 & 2.6 Hz, 1 H, H-C(4)), 2.49 (dd, J = 19.6 & 2.6 Hz, 1 H, H-C(4)), I.58 

(dd, J = 1.3 & 0.7 Hz, 3 H, H3C-C=), 1.21 (s, 3 H, H3C-C(5)), 0.18 (s, 9 H, 3 H3C-S1) 
ppm, 13C-NMR (20 MHz, CDcl3) 6C 214.6 (s, C(I)), 169.1 (d, (C(3)), 145.9 and 145.7 (each 
s, C(2) and quart. C of isopropenyl), 111.1 (t, CH2=), 52.5 (s, C(5)), 45.4 (t, C(4)), 
22.1 and 19.3 (each q, CH3-C(5) and CH3-C=), -2.2 ppm (q, C-S1) ppm. 

": mp 35OC, UV (EtOH) bax 233 nm (E 13100), IR (film) v 169Os, 1575s cm-', IH-NMR (200 

MHz, ClX13) 6H 6.25 (t, J q 2.0 Hz, 1 H, H-C(2)), 3.22 (dd, J q 19.4 & 2.1 Hz, 1 H, 

H-C(4)), 2.48 (dd, J = 19.4 & 1.9 Hz, 1 H, H-C(4)), I.74 (s, 3 H, H3C-Ccl), 1.46 (s, 3 H, 

H3C-Ccl), 1.26 (s, 3 H, H3C-C(5)), 0.22 (s, 9 H, 3 H3C-S1) ppm; 13C-NMR (20 MHz, CDcl3) 

Bc 210.4 (s, C(l)), 181.7 (s, (C(3)), 139.9 (d, C(2)), 75.0 (s, Ccl), 54.8 (s, C(5)), 
47.0 (t, C(4)), 28.7 and 28.5 (each q, 2 CH3-Ccl), 21.7 (9, CH3-C(5)), -2.5 ppm (4, C-S1) 

ppm. 
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