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I?h\ ;;;A I?\ ..__. c-_-_?%. 2_..‘_._2 +_; _.,a-: 
\-v, WA.2 \a, ZriG rulIIIaII_~ uszIIvcu uy auulrlon of l-T+ or Br+ 10 the CyclopropenP to genp_rate the 

cations (4, R = H, Me; R’ = H; X = H, Br) either directly or through the cations (S),g and 

cyclisation at the dialkyl-substituted terminus. 
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In the case of the bromination, a mole of HBr is apparently generated during the course of 

the reaction, but no products of protonation were observed; this may simply reflect the much 

greater rate of the bromination reaction. If the cation (5) were to be involved, the stereochemistry 

of (2a) would presumably reflect the preference for outward d&rotation of bromine in the 

cyclopropyl - ally1 ring opening, and electrophilic addition to cyclopropenes might provide a 

valuable probe of this process in the absence of the directing effect of the leaving group seen in 

solvolysis.~ 0 However, an examination of the acid induced cyclisation of (la) using a D-label 

shows that the mechanism is probably more subtle; the results are summar ised below: 
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2.7 1 
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The isomer ratios, determined by deuterium n.m.r., sb cannot be expIaine_d in terms of a planar 
1 vpy~ eakn+t% nut yet clear whether the results are best explained by r-attack concerted 

with ring-opening, by u-attack predominantly from the side of the C,-C, bond, or by a mixed 

mechanism. It is interesting to note, however, that the molecule is well arranged for a-attack 

concerted with cyclisation as in (6). 11 

The cyclopropene (lc) underwent a similar cyclisation to produce (2~);’ 2 a minor product, the 

alkene (2a), was also obtained when (2c) was treated with hydrogen bromide in acetic acid, and is 

probably produced by reaction with acid generated during the bromination of (1~). The regio- 

chemistry of (2~) may be explained by electrophilic attack of bromine at C-2 of (lc) leading to 

the development of positive charge p- to silicon. The origin of the E-stereochemistry is not 

clear; it is worth noting, however, that treatment of (lc) with p-toluene sulphonic acid as above 

leads to a 29 mixture of Z- and E-3-(trimethylsilylmethylene)- 2,2-dimethyltetrahydrofurans. 

The introduction of a methyl group at C-2 of the cyclopropene caused an alternative 

cyclisation. Treatment of (7a) with bromine in CH,Cl, led predominantly to the pyran @a): 
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A minor product was (9, X = Br) 13 (ratio ca 16). Reduction with Li - t-B&I .- THF led to 
(10, R = H, R’ = Me) and (9, X = H); the alkene hydrogen signal for (10, R = H, R’ = Me) 

was a very broad multiplet (W ,I 2 ca. 7 Hz), whereas that for (9, X = H) was a quartet of 

triplets, with a quartet coupling of 7 Hz. Once again, the optically pure alcohol (7b), in this case 

derived from S-( -)-methyloxirane, was converted to an optically active pyran @b), 14 while the 

2,3-dimethylcyclopropene (7~) gave only the pyran (8~). 15916 The reason that bromine apparently 

adds only or largely to C-l of the r-bond in (7) is not clear; however, related cyclopropene ring 

openings show subtle substituent effects. 1 2 It is not clear whether the cation (ll), if it is an 

intermediate, is formed exclusively with the geometry required for cyclisation, or whether an 

isomerisation occurs. 

Reaction of the alcohol (12) with p-toluene sulphonic acid in benzene led to three products: 

(12) (13) 
The allene (13) (35%)~ 8 may arise by protonation of (12) at the methylene-end of the 1,3-bond 

with subsequent or concurrent elimination of a proton from the vinylic methylene group. The 

dihydrofuran (14) (10%) may arise by acid induced ring closure of (13),19 while (15, X = H) 

(ES), is apparently derived by protonation at the less hindered end of the r-bond, ring opening 

and cyclisation. The reaction of (12) with bromine followed a different course. The minor product 

was the pyran (15, X = Br) (18%); the major product was the ketone (16) (61%).20 The origin of 
this is not certain. Addition of Br + to the less hindered end of the r-bond followed by intra- 
molecular trapping by the alcohol could lead to (17). Protonation of the &S-bond at C-5 by the 

acid generated and cleavage of the a-oxycation by bromide at C-3 could in turn lead to (16). 

(1 2) Brz’ CHzC” _ (1 5, X = Br) + 
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