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Abstract - Radical cycliions of various methyknecyclopropane dezivativcs have been studied. Cyclisation of 

diphenylsubstituted (methyknecyclopmpyl)butyl -10 gave the unexpected cyclohexene 5, vi0 a series of 

radical rearrangements. In tirtk stud& (methylenecyclqxopyl)prqyl mdicais underwent exclusive 5-ex0 

cyclktioo, while (methylenecyclopmpyl)butyl r&cals gave mixtures of prodtuXs resulting from 6-exe and 7- 

endo cyclisation. No cyckation produck? were de-t&ed in attempted cyclisations of (me4hylenecyclopmpyl)- 

pentylradkals. 

The regioselective 5-exo cychsation of S-hexen-l-y1 radicals, and related systems, has proved to be an 

extremely versatile and convenient method for the preparation of substituted cyclopentanes, and five 

membered ring hetemcycles, from acyclic precursors. 1 The analogous cyclisations to give cyclohexanes, or 

larger ring sytems. are not always as successtirl, due to lower regioselectivity on cycliition and competing 

reaction pathways, including hydrogen atom abstraction to form ally1 radicals.~ In an effort to develop new 

and efficient approaches to larger ring systems, using radical cyclisation methodology, we have been studying 

cyclisations of methylenecyclopropyl substituted alkyl radicals. The use of the methylenecyclopropa unit 

as a radical trap provides a number of intriguing possible pathways for the radical cyclisation.3 

Initial endo-cycliition might be favotned, due to less steric hindrance encountered in such a pathway, 

and would lead to a relatively stable cyclopropyl radical. Altanative1y. era-cychsation would lead to an 

intermediate cyclopropylmethy1 radical, which would be expected to open rapidly, to give either the ring 

expanded methy1enecycloalkyl radical or the cycloalkyhnethy1 rAicaL In this paper we describe in detail our 

initial studies on the cyclisations of such systema 

In our first efforts to prepam a methyknecyc1optopy1 radical precursor we chose to synthesise alcohol 2 

(Scheme 1). Thus. diphenyl acetic acid was converted into the pmtecmd alcohol 1 which was then reacted 
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with chloromthylcarbeme, followed by a base catalysed elimination, using methodology first outlined by 

Binger,5 and used more recently by Motherwell. Deprotection gave the neopentyl alcohol 2, which we 

were unable to convert into the corresponding bromide, due to competing phenyl migration. It could, 

however, be converted into the thioimidazolide 3 or into the phenyl selenide 4 via the mesylate (although this 

transformation was low yielding with large amounts of mesylate being recovered). 

. . . . . . 
1, “9 “I 

iv, v, vi 

-kx 
OH 

1 

i, a) 2.2 eq BuLi, THP, -WC. b) BrCHzCH#i=CHz ii, LiA&, Etfl, I ViiOrViii,iX 
Reagents: 

47 % Over two steps; iii, DHP, pTsOH, CH2C12, 77 S, iv, CH$HCl2, BuLi, 

EtzO. -350c. 78 %; v, KO’Bu, DMSO, 7O“C, 95 Q; vi. pTsOH, MeOH, WC L X 
Ph Ph 

85 %: vii, ImsC=S. THF, reflux, 95 %: viii, MeSO$Zl, Et3N, CH2C12, 95 %: 

ix, PhSeSePh, Na, THF, reflux. 38 96 
3 x= OC(S)Iol 
4 x=SePh 

SCHEME 1 

In order to encourage efficient generation of the primary carbon centered radical, from the 

thioimidaxolide 3, tributyltinhydride and catalytic AIBN were added vi0 syringe pump, over 6 hours, to a 

refluxing 0.014 M solution of 3 in xylene, according to Barton’s reported procedure.7 The reaction gave a 

mixture of largely unexpected products which were eventually identified as the cyclohexene Sa (do%), the 

methylene cyclohexane 6 (6 %), the diene 7 (7%) and the two dimers 8 (10 %) and 9 (10 %) (Scheme 2). 

Sa R=H 30-40% 6 6% 1 7% 

Sb R=D 

Reagents: i, Bu$nH and cat. AIBN (syringe pump addition). xykne, retlux 

SCHEME 2 

8 X-S 10 % 
9 x=0 10% 

The identification of 5a was aided by ozonolysis of 5a to give the corresponding diketone, and 

identification of 6 was supported by independent synthesis (Scheme 3). 

d- ’ Ph i 

Ph 

_ ph+ bph ii, iii,iv, eph 

5s 6 

Reagents: i, a) Q, CH2C12, b) Me& 32%; ii, (Me$i)#JH, CH$& Me&. 96%; 

iii, Phzp F, THP, -40°C. 3096; iv, Ph3P*CH3 I-. BuLi, THP, 5%. 

SCHEME 3 
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The dkne 7, generated during the cyclisation (Scheme 2) was presumably fanned by a simpk 

eliminative 1.2 phenyl migration and although the mechanism for the formation of the two dimeric 

compounds 8 and 9 is not entirely clear, we do not believe that it involves the intermediacy of the primsry 

radical 10 which was obviously not formed very readily i?om the thiohmdazolide 3, even u&r such high 

temperatum conditions. However, it seems that when this radical was fotmed, it was converted with 

reasonable efficiency to the two products Sa and 6. This is further suppormd by the cyclisation of the phenyl 

scknide 4 with tributyltin hydride and catalytic AIBN (syringe pump addition) in refluxing tohrene which 

gave Sa (-25 9b) and 6 (-25 %) along with recovered starting selenide 4 (33 %). 

In order to elucidate the mechanism of formation of 5a and 6 we mpeated the cyclisation of 3 using 

tributyhin deuteride, which gave the product Sb in 17 46 yield, and identifkd the fmal radical intermed& in 

the reaction. Formation of cyclohexene 5 could therefote occur via the sequence of steps outlined in 

Scheme 4. 

L wsm 
Ph Ph 

y &.-&ph-* 

xykne. dhlx 
Ph 

3 10 11 12 

Ph 

5 

SCHEME 4 

m&ph - .@Ph 

14 13 

Thus, the initially formed primary radical 10 first undergoes a 1.2 phenyl migration to give the more 

stable benylic radical 11. Such migrations ate well established in the literatum.* The radical 11 then 

cyclises in 5-exe fashion, to give an intermed& cyclopropyhnethyl radical 12, which appears to open to 

give exclusively the methylenecyclohexyl radical W. The regioselectivity of the kinetically controlkd 

opening of cyclopropyhrkthyl radicals has been invesdgamd in some detaiLg and the reaction is generally 

deemed to proceed under stereoelectronic controL However, there is no clear stemoekctmnic pn&mnce 

which would lead to exclusive ‘endo’ opening in our system, so it is probable that, under the high diktion 

conditions employed here, the opening is reversible and thus under thermodynamic cor~trol,~u to give 

ptefemntially the six-membered ring. In any event, radical 13 is either reduced to give small quantities of the 

methyknecyclohexane 6, or undergoes a nansannular 1.4 phenyl migration, to give the tertkry allylic radical 

14. Such phenyl shifts across cyclohexane rings (via a hoat transition state) are also -ted in the 

literature.It and are particularly favourabk when a more stabk radical results, the rate constant for such a 

process being estimated at ca 3 x 10s set-l at 150 Oc. Fiiy. radical 14 is reduced at the sterkally mom 

accessible allylic position, to give the major cyclohexene product 5. 



11270 C. DESTABEL et al. 

The initial study of radical cyclisation of3 led to an unusual rearrangement, but indicated that J-e.w 

cyclisation and subsequent opening of the cyclopmpyl radical so formed, may be a general process, providing 

a novel route to methylenecyclohexanes. We next sought to establish this by studying a series of 

methylenecyclopmpylalkyl derivatives, free of functionality tbat might allow ahemative matrangement 
pathways. 

The radical precursors, bromides U-24 and 2244, were prepared by successive deprotonation and 

alkylation, or silylation, of methylenecyclopropane following the wok of Singer12 and Thomas13 (Scheme 

5), followed by conversion of the protected alcohols into the desired bromides. The 13 disubstituted 

methylenecyclopropanes 18.19 and 24 were obtained as predominantly the mztts isomers (> 5 : 1). For 

the synthesis of 22,23, and 24 the sequence involving deprotonation of methylenecyclopropane, silylation, 

deprotonation and alkylation could be carried out in one pot.13 

IS 16 44% 17 

II . . . . 

18 n=l W%overaU 
19 n=2 36% 
20 n=3 41% 

A I, VI, 1, 111 iv, v 
hl 

IS Me$i 
- 4J 

a 

). 

21 MesSi 

Rewnls: i, But-i, ‘IT-IF, -78 Oc; ii, FhCH2Br; iii, BrCIiz(CH&CHz~ 
22 n=l 359bovemll 
23 n-2 51% 

iv, Ambalite lR-120, M&H: v, CBr4, Ph 3P. vi, Me$iCl 24 n= 3 36% 

SCHEME 5 

(hfethyletaecyciopropyl)propyl raakals 
Cyclisation of bromide 18 (0.015 M in toluene) gave methylenecyclohexane 25 (Scheme 6) as the only 

identifiable product, in 71% isolated yield (> 95 96 yield by GC analysis) via initial 54~~ cyclisation 

followed by ring-opening of the cyclopmpyhnethyl radical, as for radical 11 (Scheme 3). 

Ph ,,,..’ 

18 25 71 % 22 26 41 % 

Reagenls: i, Bu3SnH. AIBN, tolwne, reflux 

SCHEME 6 

Cyclisation of bromide 22 (0.028 M in toluene) similarly led to a methylenecyclohexane product 26 in 

an extremely clean reaction by GC analysis (> 85 % yield), although the volatility of the product made 

isolation difficult 
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(MethylenecyclopropylJbqyl radicals 
Cyclisation of 19 (toluene, syringe pump) (Scheme 7) gave a mixture of products, inseparable by 

column chromatography, but which were identifiable by NMR and by GC analysis with independently 

synthesised materials (see below), as a 1: 1 mixture of 28 and 29 resulting from initial 7-e&0 or 64~x0 

cyclisation respectively, along with mduced, uncychsed 27. Carrying out the cyclisation at lower temperattue 

(benzene, 80 OC!) merely increased the yield of 27. 

phA i ph& + ph* + -+J 
-_ 19 (cis : Irons 1 : 5) 27 (cis:trans1:2) 28 29 

Ratio 27 : 23 : 29 2.25 : 1 : 1 (GC analysis) ovemll isolated yield 45 % 

SiMe3 

Q + Q +Me$JijJ 
3 

23 30 313 32 

Ratio 30 : 31: 32 3.3 : 10.5 : 1 (GC analysis) overall isolated yield 59 % 

Reagents: BqSnH (syringe pump addition), AIBN, toluene, nflux 

SCHEME 7 

Cyclisation of 23 (benzene, syringe pump), however, proceeded in predominantly ‘I-eti fashion to 

give the bicyclo[5.1 .O]octane 31, with small amounts of methylenecycloheptane 32 derived from initial 6- 

e.w cyclisation, and reduced product 30. The trimethylsilyl moiety on 23 may be electronically promoting 

end0 attack.14 

To allow unambiguous identification of the various products formed in the cyclisations of the 

(methylenecyclopropyl)butyl radicals described above, compounds 27.29.30, and 32 were prepared by 

independent syntheses. Thus the methylenecyclopropane derkatives 27 and 30 wem prepared by sequential 

alkylation of methylenecyclopropane itself. 2-(2-Phenylethyl)metbylenecyclohexane 29 was prepared by 

alkylation of cyclohexanonel5 followed by Wittig methylenation. and 3-trimethylsilyhrtethylenecycloheptane 

32 was prepared by addition of trimethyl~ilyllithiumt~ to cycloheptenone, followed, again, by Wittig 

methylenation (Scheme 8). 

To obtain pure samples of the bicyclo[5.1 .O]octane products 28 and 31, for characterisation, the 

mixtures of products from the cyclisations were treated with ozone, in order to oxidise the alkene containing 

components 27 and 29. or 30 and 32. Column chromatography of the oxonolysed mixtures then gave clean 

samples of 28 and 31. 
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A . . . . . I, ll, 1, 111 

0 

b v, vi, vii 

Ph 

27 (cis : trans 1 : 4) 

Ph 

29 

i, iv, i, iii 

6 viii, vii L3sib 
32 

Reagents: i. BuLi, THF, -78oc; ii, PhCHzBr, iii, CH$H+ZH$ZH2Br; iv, Me3Sic1, 

v, cyclohexylamine, 4 A molecular sieves; vi, a) EtMgBr, ‘IWE b) PhCHgH2Br, 

vii. Ph#CH31. B&i, TI-IF; viii, MqSiSiMe~, MeLi, HMPA. 

SCHEME 8 

It is noteworthy that the 6-em cyclisation of the radical derived tirn 19, was followed by an “ew” 

ring opening of the intermediate cyclopropylmethyl radical (to give 29). as opposed to the WeM opening 

found in the case of (me&ylenecyclopropyl)propyl radicals (Schemes 3 and 6). but in both cases this led to 

six membered rings as the tinal products. These observations, and the lack of any conformational restriction 

on the intermediate cyclopmpylmethyl radicaLg again suggest that this opening is reversible,tO and under 

thermodynamic control (Scheme 9). 

SCHEME 9 

The thermodynamic preference for ring opening can be biased by placemen t of suitable functionality. 

Thus, the small amount of 64x0 cyclised product from 23 leads, via an “e&F opening of the intermediate 

cyclopropylmethyl radical, to a seven membered ring 32. with the final radical h&mediate presumably 

stabilised by the silyl group.17 

(iUethylenecyclopropyr)pentyl radicals 
Attempted cyclisation of bromide 20 gave only the reduced methylenecyclopmpane derivative 33 

(Scheme 10). Similarly, cyclisation of 24 gave largely the reduced methylenecyclopropane derivative 34, but 

trace amounts of bicyclo[l.6.0]nonane 35, from an 8-e& cyclisation. could be detected in the lH NMFC 
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A$-- AJ +.Q 
20 33 > 90% by GC 24 

SiMej SiMej 

34 > 95 % 35 trace 

Reagents: i. Bu3SnH (syringe pump addition), AIBN, toluenc. reflux 

SCHEME 10 

Conclusion 
The high yielding cyclisations of 18 and 22 suggest that the sequence leading to methylenecyclo- 

hexanes is general for (methylenecyclopmpyl)propyl radicals. The cyclisation of the homologous 

(methylenecyclopropyl)butyl radicals, patticularly that derived from 23, provides access to medium sized 

rings, although reduction, without cyclisation. is a ptoblem, under the conditions described hem. 
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Experimental 
Thin layer chmmatography (tic) was performed on plastic or album backed sheets (Camlab) coated with 

silica gel (SiO,; 0.25 mm), containing fluorescent indicator UVzw Column chromatography was performed 

on Sorbsil C60,40-60 mesh silica. All melting points were determined in open capillary tubes using a 

GaBmkamp Electrothermal Melting Point Apparatus and are uncorrected. Inframd spectra were recorded on 

a Perkin-Elmer 1600 series FTIR machine. Gas Chromatography analyses were carried out at Glaxo, Ware, 

using a 30 m x 0.32 mmid SPB-1 column with hydrogen carrier at a flow rate of 20 psi., the temperature 

being held at 50 ‘C for 10 mm then increasing to 250 ‘C (at 15 Y&in). Quoted percentages from GC 

analyses refer to area ratio of peaks. NMR spectra were obtained on a JEOL FX 90 Q spectrometer, a JEOL 

GX 270, a Bruker 250 spectrometer and a Bruker aspect 3000 spectrometer. Mianalytical data were 

obtained from Glaxo, Ware. Mass spectra were obtained on a VG analytical 70-250-SE normal geometry 

double focusing mass spectrometer. All EI data were acquired at 70 eV, with the source temperature at 200 “C 

and with an accelerating voltage of 6 kV. All CI data were obtained using ammonia reagent gas, the source 

temperature being at 200 “C and with an emission current of 0.5 mA. 

2.2Diphenyl-S-fzxen-Z-01. n-Butyllithium (2.4 M solution in hexanes. 92 ml, 0.22 mo1)wa.s added to a 

stirred solution of diphenyl acetic acid (23.50 g, 0.11 mol) in dry THF (75 ml) at - 15 ‘C! under nitrogen, the 

solution was stirred for 45 min. The orange solution was cooled to - 40 ‘C! and Cbromo-1-butene (15.50 g. 

0.11 mol) dissolved in dry THF (20 ml) was added and the tempemtum was allowed to reach room 

temperatum. The reaction mixture was quenched with a saturated solution of ammonium chloride (100 ml) 

and the aqueous layer was extracted with diethyl ether (3 x 50 ml). The combined organic extract was dried 

over sodium sulphate. and the solvent removed under reduced pressure to yield 2.2~diphenyl-5-hexenoic acid 

as a foam (27.85 g, 95 %I) containing residual solvent. Crude 2&diphenyl-5-hexenoic acid (26.64 g, 0.1 
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mol). suspended in diethyl ether (300 ml), was slowly added at mom tempemmre to a stirred suspension of 

lithium aluminium hydride (11.45 g. 0.3 mol) in dicthyl ether (150 ml). After completion of the addition, the 

mixture was stirred at mflux for 24h and was then quenched by cat&l addition of water (50 ml) at 0 'C!. Ice- 

cooled 2.5 M sulphuric acid (150 ml) was added until complete dissolution of the aluminium salts. The acidic 

layer was extracted with diethyl ether (3 x 100 ml), the combined organic extract was washed with a saturated 

sodium bicarbonate solution (2 x 100 ml) and brine (2 x 100 ml), then dried over sodium sulphate and the 

solvent removed under reduced pressure. The crude product (24.54 g) was purifii by flash column 

chromatography. Elution with petrol then ethyl acetat+trol(2/98 to 2OBO) yielded 2,2-dipheny-5-he.rcx- 

l-01 as a colourless oil (11.86 g, 47 %); Rf = 0.60 (20 % ethyl acetate/petrol); vrnax (ccl,) 3453,2929, 

14%, 1445 cm- 1. , s, (270 MHz; CDCl$ 1.20 (1 H, t, J = 6.8 Hz, OH), 1.90 (2 H, m, C(4)&), 2.35 (2 H, 

m, C(3)Hg). 4.20 (2 H. d, J = 6.8 Hz, C(l)H$, 5.00 (1 H. d with fine coupling, J = 10 Hz, C(6)HA). 5.05 

(1 H, d with fine coupling, J = 17 Hz, C(6)Hu). 5.86 (1 H, ddt, J = 17. 10.6.6 Hz, C(5)I-I). 7.25 ppm (10 

H, m, Ph x 2); k (67.94 MI-Ix; CDCl+ 145.55 @mm. C), 138.93 (C-5). 12844.12840, 126.57 (atom. 

CH). 114.58 (C-6). 68.27 (C-l), 52.13 (C-2). 35.68 (C-3), 28.89 ppm (C-4). 

2_(2’Z’-Diphenyf-~-henenyloxy)tetrohydr (1). 2,2-Diphenyl-5-hexen-l-01(11.80 g, 0.047 mol) 

dissolved in dichloromethane (15 ml) was &led dmpwise to a refkxing solution of 3,4dihydro-2 Bpyran 

(5.12 g, 0.061 mol) and p_TsOH (0.30 g) in dichloromethane (5 ml), the condenser being fitted with a 

drying tube. The reaction was stirred at reflux for 12 hours, more 3&lihydm-2 H-pymn (1.10 g, 0.013 

mol) was added and the reaction was stirred at reflex for one mom day. After cooling the mtion mixtum to 

room temperature, sodium bicarbonate (0.20 g) was added and the reaction was stirred for two hours. The 

mixture was filtered and concentrated under mduced pressure. The crude mixture (17.22 g) was purified by 

flash column chromatography. Elution with petrol then ethyl acetate&&ml (l/99 and 2/9@ yielded2-(2’,2’- 

diphenyl-S’-hexenyloxye~uh (1) (12.20 g, 77 96) as an oil; Rt = 0.48 (5 96 ethyl acetate/petrol); 

v_ (14. film) 2942,2870,14%, 1445 cm- I; S, (270 MHz; C!DCl+ 1.50 (6 H, br m, C(3)%. C(4)H,, 

C(5)H.& 1.90 (2 H, m, C(4’)H2). 2.39 (2 H, m,C(3’)H2), 3.35 (2 H, m, C(6)H2). 3.90 (1 H, d, J = 9.5 

Hz, C(l’)H*), 4.35 (1 H, d. J = 9.5 Hz, C!(l’)Hn). 4.5 (1 H, br s. C(2)H), 4.8 (1 H, d with fine coupling, 

J = 10 Hz, C(6’)HA), 5.05 (1 H. d with fine coupling, J = 17.2 Hz, C(6’)HB), 5.84 (1 H, ddt. J= 17.2, 10. 

6.5 Hz, C(S)H). 7.25 ppm (10 H, m, Ph x 2); S, (22.49 MHz; CDC!l$ 147 (arom. C), 139.29 (C-5’), 

128.39. 127.91, 126.01 (atom. CH). 114.27 (C-6’). 98.77 (C-2), 72.85 (C-l’), 61.53 (C-6). 50.68 (C-2’). 

36.14 (C-3’). 30.60, 29.17, 25.65, 19.04 ppm (C-3, C-4, C-5, C-4’). 

2-12’2’~diphenyl-4’-(2”-chforo-2” -methylcrclopropyi~~~~te~~y~opyran. Following Motherwell’s 

procedure.6 n-butyllithium (2.35 M solution in hexanes, 50 ml, 0.117 mol) was added dropwise over six 

hours, by moans of a syringe pump, to 2-(2’, 2’-diphenyl-5’-hexenyloxy) tetrahydropyran (12.00 g, 0.035 

mol) and 1 , 1-dichloroethane (4.00 g, 0.040 mol) in diethyl ether (120 ml) at - 35 ‘C under nitrogen. Three 

further portions of 1 .l-dichloroethane (1 .OO g. 0.0 10 mol) wem added at hourly intervals. The solution was 

allowed to warm to room temperature and stirred overnight. The reaction mixtum was mcooled to - 35 ‘C, the 

above sequence of additions of n-butyllithium followed by 1,l dichlomethane was repeated, and the solution 
was then warmed to mom temperatum. This operation was repeated several times, until tic showed no 

starting material (total n-butyllithium used in reaction .= 85 ml, 0.199 mol, total CH$!H~ used in reaction 

= 25 g, 0.252 mol). The reaction mixture was quenched with water (100 ml), and extracted with 
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diethyl ether (3 x 50 ml), the combined organic extract was dried over sodium sulphate and the solvent 

removed under reduced pressure. The crude mixture (17 g) was pmified by flash column chromatogtaphy. 

Elution with petrol and ethyl acetateIpetm1 (from 1199 to 5/95) yielded 2-[2’2’~pk~l~‘i2”-chloro-2”- 
methyl~ciopropyl)-bte~uhy&o~run (11.17 g, 78 96) as an oil and a mixture of diastereomers; Rr = 

0.42 (5 96 ethyl acetate/petml); v_ (liq. film) 2941.2870,14%; 1~444,1352.1260.909,815 cm- ‘; S, 

(270 MHz; CMJ13)0.80-1.60 (11 H, br m. C(l”)H, C(Y)H,, C(3)Hz. C(4)H2, C(5)Hz. C@‘)Hi), 1.65 (3 

H, s. CH$, 2.40 (2 H. m, C(3’)H& 3.35 (2 H, m. C(6)H& 3.90 (1 H. 2 x d, J = 9 Hz, C(l’)H*), 4.33 

(1 H, 2 x d, J = 9 Hz, C(l’)HB), 4.52 (1 H. br s, C(2)H), 7.25 ppm (10 H, m, Ph x 2); S, (22.65 MHz; 

CDCl,) 146.80, 146.57 (atom. C), 128.33, 127.73, 125.89 (arom. CH), 98.65 (C-2). 72.73, 72.49 (C-l’), 

61.23 (C-6), 50.56 (C-2’). 45.74 (C-2”). 36.44.36.26 (C-3’), 30.54 (CH2) ,29.05 (CH$, 26.37 (c-l”), 

26.07 (CH2). 25.53 (CHZ). 21.90 0-Ql8.92 ppm (CH& m/z 416 ((M + NH4)+. 70 96). 282 (58). 102 

(100). 85 (CsH90+, 51). 

2-[2’2’-Diphenyl_4’-(methylenecyclopropyl)butaxyltetrohydropyran. 2-[2’,2’-Diphenyl-4’-(2”-&lot&!“- 

methylcyclopmpyl)butoxyltetrahydropyran (4.20 g. 0.0105 mol) in dry DMSO (20 ml) was added to a 

stitred solution of potassium rerr-butoxide(2.35 g, 0.021 mol) in dry DMSO (10 ml) at 70 ‘C over 2 hours, 

the mixture was stirred one hour at 70 ‘C and cooled to room mmpemmm. The tea&on mixture was poured 

into ice+mole4i water (30 ml) and extracted with didyl ethm (4 x 30 ml). The combind organic extract was 

washed with water (3 x 30 ml), dried ovez sodium sulphate and the solvent mnoved under reduced pressum 

The crude product (3.94 g) was purified by flash column chnmatography. Elution with petrol then ethyl 

acetate/petm1(2.98 and 5195) yielded 2-[2’2’~~nyl_4’-(methylenecyclopropyl~~o~]~~~~o~r~ 

(3.60 g, 95 %) as an oil; Rf = 0.45 (5 % ethyl acetate&etrol); v, (liq. film) 2940,1742,1599,14%, 

1444,1385 cm- ‘; S, (270 MHZ; CDC$) 0.65 (1 H, m, C(3”)HA), 1.30 (10 H, br III, C(l”)H, C(3”)HB, 

C(3)H,, C(4)H,, C(5)H,, C(4’)H23, 2.40 (2H, m, C(3’)H2). 3.35 (2 H, m, C(6)H2), 3.85 (1 H, dd, J = 

2.5 and 9.5 Hz, C(l’)H& 4.29 (1 H, dd, J = 2.5 and 9.5 Hz, C(l’)HB), 4.49 (1 H, br s, C(2)H& 5.33 (1 

H, br s, =CH), 5.42 (1 H, br s, =CH), 7.30 ppm (10 H, m, Ph x 2); S, (22.65 MHz, CDC13) 146.92 

Worn. C). 137.09 (C-2”). 128.33. 127.85. 125.95 (arom. CH), 102.65 (=CHi), 98.71 (C-2). 72.79 (C- 

l’), 61.41 (C-6), 50.50 (C-2’). 36.56 (C-3’). 30.60, 28.28, 25.65, 19.04 (C-3, C-4, C-5, C-4’). 16.36 (C- 

l”). 9.51 ppm (C-3”); m/z 380 (04 + NH$, 80 %) ,296 (12). 102 (100). 85 (C&O+. 35). 

2,2-DiphenyH-methylenecyclopropylbutan-l-01(2). 2-[2’,2’-DiphenylQ’-(methylemcyclopropyl)butoxy]- 

tetrahydropyran (4.70 g, 12.9 mmol) and p-TsOH (0.02 g, 0.1 mmol) were stirred in methanol (100 ml) at 

50 “C for 3 hours. The mixture was cooled to room temperahue and the solvent was removed under red& 

pressure. The crude product (3.% g) was puti&d by flash column chromatography. Elution with petrol then 

diethyl ether/petml(5/95 to 20/80) yielded 2~-rfiphenyl-4-methylenecycloproWlbutM-l-oi (2) (3.05 g, 85 

96) as a viscous oil; Rf = 0.31(20 % diethyl ether/petrol); v_ (liq. film) 3425,2938,1599,14% cm- l; s, 

(270 MHz; CDCl+ 0.70 (1 H, m, C(3’)HA), 1.30 (5 H, m, C(l’)H, C(3’)HB, C(4)\, OH), 2.36 (2 H, t, J 

= 7.9 Hz, C(3)H$, 4.18 (2 H, d, J = 6 Hz, C(l)H& 5.37 (1 H, br s, =CH), 5.46 (1 H, t, J = 1 Hz, =CH), 

7.25 ppm (10 H, m, Ph x 2); S, (22.65 MHz. CDCls) 145.61 (atom. C). 136.79 (C-2’). 128.27, 126.36 

(arom. CH), 102.71 (=CH& 68.32 (C-l), 51.87 (C-2). 36.08 (C-3). 27.97 (C-4). 16.12 (C-l’), 9.45 ppm 

(C-3’); m/z 260 ((M - %O)‘. 5 96). 247 (68). 205 (35), 169 (75). 143 (33), 129 (25). 105 (45), 91 



(C7H7+* lOO), 77 (23), 41 (20), 28 (7); found: C, 85.92; H, 8.06 %5. C$&lz20 (278.395) requires C, 86.29; 

H. 7.97 %. 

f22-DiphenyM-methylenecyclopropyl)butyl methane$ulphonate. Methanesulphonyl chloride (0.1 ml, 1.3 

mmol) was added slowly to 2~~phenyi~-~~ylen~yc~pylbu~-l~l(2~ (0.26 g, 0.9 rnmol) and 

trkthyl amine (0.2 ml, 1.4 mm011 in dichloromethane (4 ml) at - 15 l C umles nitrogen The reaction mixture 

was stirred between - 15 “C and 0 ‘C during one hour. The mixtum was poured into a saturated sodium 

bicarbonate solution (10 ml), and extracted with dichloromethane (4 x 5 ml), the combined organic extract 

was washed with brine (2 x 10 ml), dried over sodium sulphate and the solvent mmovai under reduced 

pressure to give f2~~p~nyl~-~thyle~~lo~~l~b~l methunesulphomate (0.37 g. 100 %) as yellow 

oih Rf = 0.65 ~~cho~~~~e); vu,= (liq. film) 2971,1495,1445,1357,1175, %2cm’ f; s, (270 MHG 

CDC1$0.70 (1 H, br m, cyclopropyl CH), 1.10-1.40 (4 H, br m, cyclopmpyl CH x 2, C(4)Hz). 2.39 (2 H, 

t, J = 8.4 Hz, C(3)H2 ), 2.45 (3 H, s, SOZCH& 4.75 (2 H, s, C(l)H$, 5.33 (1 H, s, =CH), 5.41 (1 H, s, 

=CH), 7.25 ppm (10 H, m, Ph x 2); k (67.94 MHz; CDCI,) 144.46 (arom C), 134.44 (C-2’), 128.40, 

127.98, 126.86 (arom. CH), 102.99 (=CH& 74.82 (C-l), 49.% (C-2), 36.67 (SO&H$, 36.06 (C-3), 

27.77 (C-4), 15.83 (C-l’), 9.47 ppm (C-3’). 

ffz’,~-Diplienyl~-~thy~@~9c~5pr~l~t~~~nyl~-~-~~le (3). Following the m&xi of 

Barton6 2~~p~yl-lr-~~ylethylemcyclopropylbutan-‘ (2) (0.28 g, 1 mmol) and l,l’-thiocarbonyl- 

diimidazole (0.50 g, 2.3 mmol) were stirred at reflux in THP (5 ml) under nitrogen for two hours, the 

reaction mixture was then cooled and the solvent was removed under reduced pressure. llre crude mixuuc 

(0.85 g) was purified by flash column c~~~~y. Ektion with ethyl acemte&tro1(10/90) yiekkd 

(~2’2’-~~nyll-4’-~t~~e~~clopr~l~~~t~~~yi~-Z-imidazole (3) (0.37 g, 95 96) as an oik E+ 

= 0.35 (10 48, ethyl acetate/petrol ); v_ (hq. film) =2970,17&I, 1601,14%, 1327,1104, cm* l; S, (270 

MHz; CDC13) 0.65-1.20 (5 H, m, C(l”)H, C(3”)H2, C(4’)H.& 2.40 (2 H, m, C(3’)H& 5.20 (2 H, s, 

C(l’)H$, 5.30 (1 H, s, =CH), 5.40 (1 H, s, =CH), 6.95 (1 H, s, C(4)H), 7.25 (11 H, m, C(5)H, Ph x 2). 

8.05 ppm (1 H, s, C(2)H); S, (67.94 MHz, CDCL$ 183.92 (OC(S)N), 144.57, 144.53 (atom. C!), 136.52, 

136.25 (C-2, C-2”), 130.83 (C-4 or C-S), 128.50, 127,72, 126.89 (arom. CH), 117.92 (C-4 or C-51, 

103.02 (=CH$, 78.34 (C-l’), 49.96 (C-2’), 37.09 (C-3’), 28.03 (C-4’), 15.76 (C-l”), 9.47 ppm (C-3’9; 

m/z 388 (M*‘, 1 %), 297 (ll), 205 (38), 194 (21). 178 (48). 169 (77), 141 (23), 129 (29), 115 (36), 103 

(2S), 91 (C+H7+, 100). 41 (31). 

Radical cyclisation of [(2’ ,2’ diphenyl-4 -methylenecyclopropyl)buto~thiocarbonyl]-I -imi&zole (3). 
Tributyhio hydride (1.55 ml, 1.68 g, 5.76 mrnol) and AIBN (0.085 g, 0.52 mmol) dissolved in dry xylene 

(10 ml) were added via syringe pump over 6 h to a mfkuting solution of [(2’,2’-diphenyW- 

~~yl~yclop~pyl~bu~xy~i~~~nyl]-l-bale (3) (2.00 g, 5.15 mmol) in dry xylene (350 nil) 

under uitrogen. The reaction mixture was stirred at mflux for 12 h, cooled and the xylene removed uuder 

reduced pressure. The crude product (3.86 g) was purified by flash column chromatography. Elution with 

petrol then ethyl acetate/pet& (l/99 to 20/80} gave the following products: 

Starting material (3) (0.26 g, 13 8 recovery) and l-methyl-2-benzyl=r-p~ny~~~lo~~ @a) (0.04 g, 40 

96) as a colourless oil; FQ = 0.62 (5 96 ethyl acetate&trol ); vmax (liq. Elm) 2923,16Ol, 1494,1452 cm’ l; 
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S, (360 MHz; CDCl$1.65 (1 H, m, C(4)HA), 1.75 (3 H, s. Me). 1.85 (1 H, m, C(4)HB), 2.00 (2 H, m, 

C(3)H& 2.20 (2 H, d with very fine splitting, J = 6.6 Hz, C(6)H& 2.75 (1 H, m, C(5)@, 3.33 (1 H, d, J 

= 14.9 Hz, C(l’)H& 3.42 (1 H, d, J = 14.9 Hz, C(l’)Hb), 7.25 pprn (10 H, m, Ph x 2); s, (90.56 MHz, 

CDCl$ 147.32 (arom. C), 141.04 (arom. C!), 128.76, 128.59, 128.47, 128.41 (atom. CH), 127.66 (C-l or 

C-2). 126.99 (arom. CH), 126.73 (C-l or C-2). 126.06, 125.85 (atom. CH), 40.93 (C-5), 40.38 (C-6), 

39.01 (C-l’), 30.43 (C-4). 30.22 (C-3). 19.54 ppm (Me); m/z 262 fMc’, 93 %), 171 (42). I58 (32). 143 

(741, 129 (52), 115 (33), 104 (56), 91 (C7H7+, 100); found: m/z 262.1721. C&i~requires m/z, 

262.1722; 

Z-Ben~Z-2-p~~yl~~y~~cyclohawne (6) (0.08 g, 6 %) as a colourless liquid; Rf = 0.72 (5 % ethyl 

acetate/petrol ); v_ (liq. film) 2932,1636,1602,1494,891 cm- l; SH (360 MHz, CDC$) 1.39 - 1.52 (3 H, 

m, C(4YQ C(5)HA, C(3)HA), 1.58 (1 H, m, C(4)HB), 1.70 (1 H, m, C(S)H,), 1.91 (1 H, m, C(6)HA), 

2.20 (1 H, m, C(6)HB), 2.31 (1 H, m, C(3)HB), 2.95 (1 H, d. J = 12.4 Hz, C(l’)H& 3.01 (1 H, d, J = 

12.4 Hz, c(l’)H~). 5.10 (1 H, f J = 1.6 Hz, =CH), 5.15 (1 H, t, J = 1.1 Hz, =C!H), 6.45 (1 H, m, atom. 

CH), 6.46 (1 H, m, arom. CHI, 7.15 ppm (8 H, m, 8 x arom. CH); k (67.94 MHz; CDQ,) 155.82, 

142.87, 137.98 (2 x arom C, C-l), 131.17, 128.31, 127.97, 127.18, 125.94, 125.91 (arom. CH), 107.96 

(=CH& 49.57 (C-l ‘1.49.09 (C-2), 35.04 (C-3). 34.73 (C-6), 29.20 (C-5). 22.36 ppm (C-4); m/z 262 

(M+*, 32 %), 171 (100). 129 (62), 91 (C+H7+, 50); found: m/z 262.1728. C2$JD requires m/z, 262.1722 

and identical with mate&J prepared by an ahernative procedure - see Scheme 3 in text 

I,2Dr;phenyl4-methylenecyciopropyl-l-burette (7) (0.10 g, 7 %) as an oil; Rf = 0.69 (5 % ethyl 

acetate&etrol); vmax Oiq. film) 2971,1598.1494,1444, cm‘ t; S, (270 MHz; CDC&) 0.65-1.50 (5 H, 3 x 

m. C(l’)H. C(3’)H2, C(4)H& 2.85 (2 H, t, J = 7.7 Hz, C(3)H& 5.30 (2 H, br s, =CH& 6.70 (1 H. s, 

C(l)H), 7.25 ppm (10 H, m, Ph x 2); S, (67.94 MHz; C.!DCl$ 142.97, 142.68 (arom. C). 138.36 (C-2), 

136.72 (C-Z’), 129.15, 128.99, 128.70, 128.56, 128.40, 128.30, 127.98, 127.83, 126.76 (arom. CH, C- 

1X 102.91 (=CH& 32.29 (C-3). 30.07 (C-4). 15.78 (C-l’), 9.60 ppm (C-3’); m/z 278 ((M + NH4)+, 97 

8). 261 ((M + H)+, lOO), 232 (411,205 (28), 183 (73), 169 (67), 157 (33), 115 (27), 91 (C7H,+, 28); 

Di-t2Z~henyt-4-m (8) (0.15 g, 10 %) as a very viscous oil; Rf = 

0.55 (5 % ethyl acetate/petrol ); v_ (liq. film) 2928,1714,1600,1495, cm’ l; S, (270 MHz; CDCl$O.60 

(1 H, m, cyclopropyl 0, 1.10 (4 H. br m, 2 x cyclopropyl CH, C(4)H& 2.22 (2 H, t, J = 8.2 Hz, 

C(3W& 4.72 (2 H, s, C(l)H$, 5.20 (1 H, br s, =CH), 5.30 (1 H, br s, ==CH), 7.15 ppm (10 H, m, Ph x 

2); 8~ (67.94 MHZ; CDCl.$l94.86 (thiocarbonate Cj, 144.94, 144.86 (arom C), 136.46 (C-2’), 128.01, 

127.85, 126.33 @mm. CH), 102.69 (=CH& 76.52 (C-l), 49.64 (C-2), 36.45 (C-3), 27.87 (C-41, 15.81 

(C-X’), 9.30 ppm (C-3’); m/z 616 ((M + NH4)+, 9 %I. 2% (88), 261 (C2,-,Hz1+, lOO), 183 (78). 91 

(C7H7+, 16); found: m/z 616.3249. C!41H4aN02S [@4 + NJ-&)+] requires m/z, 616.324% 

Di-t2’f’-diphenyl4’-m (9) (0.14 g, 10 %) as a very viscous oil; % = 

0.45 (5 %I ethyl acetate/petrol ); v_ (liq. fii) 2928.1748.1600.1495 cm- l; S, (270 MHZ; CDCl,) 0.61 

(1 H, m, cyclopmpyl CHI, 0.90-1.30 (4 H, br m, 2 x cyclopropyl CH, C(4)H& 2.26 (2 H, f J = 8.3 HZ, 

C(3)H& 4.55 (2 H, s, C(l)H$, 5.30 (1 H, br s, =ClQ, 5.35 (1 H. br s, =CH). 7.15 ppm (10 H, m, Pb x 

2); SC (67.94 MHz; CDC13) 154.89 (carbonate CT), 145.19, 145.15 (arom. CT), 136.69 (C-2’). 128.14, 

128.04, 126.44 (atom. CH), 102.84 (=CH& 72.25 (C-l), 49.74 (C-2), 36.29 (C-3), 27.% (C-4). 15.99 

(C-13,9.47 ppm (C-3’); m/z 600 04 + NH$, 21 %), 261 (C&IZ1+, 89), 183 (75), 169 (76), 91 
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(C$7+, iOf)); found: dZ 600.3466 C4rHMNCs KM + NH~)+] requires &z, 600.3478. 

Radical ~cl~~~n of tf2’3’~~~nyi~-~thyle~~c~~o~l~~o~t~ ~~nyl~-~-~i~zole (3) with 
tributyitin deuteride yielded (Jb) @04g, 17 96); same spectra as for (5a) except for the methyl group signals 

which were m@‘Xd by : s, (270 MHz; cDC$) 1.75 (2 H, br s, CH$); k (67.94 MHz; CDCQ 19.32 (t, 

3 = 19 Hz, CHZD). 

~2z2-D~~nyi~-~thylene~eiopropyi~~I phenyl selenide (4). To a solution of ~p~yl~l~ (0.310 

g, a.99 mmol) in dry THF (a.8 ml) was added sodium metal pieces (a.osa g, 2.17 ~3~1301)~ the mixnue wit3 

stirred at reffux under nitrogen for 2.5 h.l* After allowing to cool to room alms, the flask was 

sequentially charged with HMPA (0.017 ml. 0.018 g, 0.1 mmol) and (2,2diphenyl-4- 

methyleneeyclopropyl)butyl methanesulphonate (0.50 g, 1.40 rnmol) in dry THF (1 ml). The reaction mixtum 

was stirred at reflux for 2 days, methanol (1 mIf was then added the mixture was poured into water (2 ml) 

and extracted with diethyl ether (4 x 5 ml). The combined organic extract was washed with water, dried over 

sodium sulphate and concentrated under reduced pressme. The crude mixture (0.60 g) was purified by Sash 

column chromatography. Elution with petrol, then petrol/diethyl ether (9/l) gave (2&z@henyl4- 
methylenecyclopropyl~bu@ phenyl selenide (4) (0.22 g, 38 %) as a pale yellow oil, Rf = 0.48 (5 % ethyl 

acetau$petrol); v,, (liq. f&n) 2970,1597,1578,1494,1476,1443 cm” l; S, (270 MHz; CDCl.$O.60 (1 

H, m, cyclopropyl CH), 0.95 -1.34 (4 H, br m, cyc#oprepyl CH x 2, C(4)%), 2.48 (2 H, t, 3 = 8.3 HZ, 

C(3)Hz >, 3.76 (2 H, s, C(l)H& 5.32 (1 H, br s, =CH), 5.40 (1 H, br s, =CH), 7.20 ppm (15 H, m, Ph x 

3); 6, (67.94 MHz; CDCl,) 147.25 (arom. C), 136.82 (C-2’), 133.44, 129.03.128.08, 128.00, 127.02, 

126.33 (arom. 0, 102.83 (=CH& 49.99 (C-2), 40.74 (C-l), 38.28 (C-3), 28.04 (C-4), 15% (C-l’), 

9.49 ppm (C-3’); m/z 419 (@I + HI”, 4 %), 261(25). 167 (28). 91 (C7H7+, 100); found: m/z 418.1181. 

C2eH$e reqmres m/z, 418.1200. 

Cy&wtio~ o~~2,2-di~~nyl~-~thylene~lop~opyl~b~l phenyl sekide (4): Tributyltin hydride (0.17 

ml, 0.18 g, 0.63 mmol) and AIBN (0.012 g, 0.07 mmol) dissolved in dry toluene (10 ml) were added via 

syringe pump over 6 h to a refhtxing solution of selenide (4) (0.21 g, 0.50 mmol) in dry toluene (20 ml) 

under nitrogen. The maction mixture was stirred at reflux for 12 h cooled and the toluene was removed 

under mduced pressure. The crude product (0.46 g) was purified by flash column Cathy. Ehttimr 

with petrol then ethyl acetatefpetml (l/p) yielded recovered selenide (4) (0.07 g. 33 96 recovery), I-methyl- 
2-benzyl-S-phenylcyclohexene (5) (0.03 g, 23 5b) and 2-benIyl-2ip~ny~thyie~~clo~ (6) (0.03 
g, 23 %) with spmxaI data as reported previously. 

l~-Dip~nyl-2,7~~~o~. Umm was bubbl& &IV@ a solution of l-~~yl-2-~~1-5- 

phenylcyclohexene (5) (0.14 g, 0.5 mmol) in dichloromethane (10 ml) at - 70 ‘C, for one hour to give a 

persistent blue colour. The solution was then purged for 15 mins with nitrogen and treated with 

~~1s~~ (0.20 ml, 2.7 mmol] and the reaction mixtum was stirred overnight, the temperature being 

allowed to warm to IO ‘C. The excess of dimethylsuiphide and the solvent were evaporated under reduced 

pressnre. The residue was diluted in ~hio~~~ and washed with water. The organic layer was dried 

over sodium sulphate and concentrated under redueed pmsure. The crude mixtm (0.16 g) was purifkd by 



Alkyl radical cyclisations 11279 

flash column chromatography. Elution with ethyl acetanr&etrol(5/?Z and 20/80) a&r&d 1,5diphenyl-2,7- 

ocrune~Sone (0.05 g, 32 %) as an oil; Rf = 0.30 (20 % ethyl aceuWpetro1); v_ (liq. film) 2929,1759, 

1714. 1602. 1495, 1453, 1161 cm- l; s, (270 MHz; CDC13 1.70-1.95 (2 H. m, C(4)%), 2.00 (3 H. s, 

C(8)H3). 2.28 (2 H, br rn, C(3)HZ), 2.65 (1 H. dd, J = 7.3 and 16.4 Hz, C(6)HA), 2.73 (1 H, dd, J = 7.0 

and 16.4 Hz, C(6)Hu). 3.05 (1 H. m, C(5)H). 3.55 (2 H, s. C(l)H& 7.25 (10 H, m, Ph x 2); 8, (67.94 

MHz; CDC13)208.07. 207.64 (C-2, C-7). 143.46, 134.25 (arom. C). 129.52. 128.82. 128.24. 127.65, 

127.12, 126.85 (atom. CH), 51.00 (C-6), 50.17 (C-l), 40.46 (C-5), 39.95 (C-3). 30.68 (C-8). 29.99 ppm 

(C-4); m/z 294 &I+‘, 17 %). 203 (17), 185 (67). 167 (48). 160 (30). 145 (100). 117 (37). 105 (22). 91 

(C7H7+. 72); found: m/z 294.1620. C&l,,O, requires m/z 294.1620. 

Benzylmethylenecycfopenecyclopropane (16). Metbylenecyclopropane~ (15) (25 ml, 0.39 mol) was added to a 

stirred solution of n-butyl lithium (2.3 M solution in hexanes, 109 ml, 0.25 mol) in dry THF (80 ml) under 

nitrogen at - 15 ‘C. The reaction was warmed to 10 ‘C over one hour and kept at this mmpemmm for an 

additional hour. The Empemmm was then lowered to - 70 ‘C and benxyl bromide (44.22 g, 0.26 mol) in dry 

THF (20 ml) was added. The reaction mixture was stirred overnight the &mpemmm being allowed to warm 

to room tempetatute. The reaction was quenched with a saturated solution of ammonium ChJorick (100 ml) 

and the aqueous layer was extracted with diethyl ether (4 x 50 ml). The combined organic extract was dried 
over sodium sulphate and concentrated under teduced pressure. llte cmde product (39.04 g) was distilled 

under reduced pressure to yield benzylmeft#enecyclopopropane (16) (16.13 g, 44 %); b.p. 92 ‘C/12 mm of 

Hg; Rf = 0.50 (petrol); vmax (liq. film) 2989,1604,14%, 1453.1030 cm-l; S, (270 MHz; CDC13) 0.88 (1 

H, m, C(~)HA), 1.30 (1 H. rn, C(l)H), 1.67 (1 H, m, C(~)HB), 2.66 (2 H, d, J = 7 Hz, C(l’)H2), 5.40 (1 

H, br s. =CH). 5.45 (1 H, m with fine splitting, =CH), 7.25 ppm (5 H, m. W); S, (67.94 MHz, CDC13) 

141.52 (arom. C), 136.26 (C-2). 128.50, 126.20 (arom. CH), 103.55 (=CH2), 39.07 (C-l’), 16.64 (C-l), 

9.76 ppm (C-3); Found: C, 91.58; H, 8.41. Cl 1H12 requires C. 91.61; H, 8.39 %. 

2-~3’-(3”-Benzyl-2”-methylenecyclopropyi~propan-l-o1. nButy1 lithium (1.45 M solution in hexanes. 5.5 
ml, 7.98 mmol) was added to a sthred solution of benxylmethylenecyclopropane (16) (1.16 g, 8.04 mmol) in 

dryTHF(2oml)at-4o’C~~nitrogen.ThereactionmixturewasallowedtowarmtoO’Cover3ollrin 
and kept at 0 “C for lh. After cooling to - 60 l C, 2-(3’~bromopropoxy)tetrahydropyran (0.90 g, 4.03 mmol) 
was added to the deep ted solution. The reWion mixtute was allowed to warm to room tcmperaaue and was 

stirred overnight The solution was quenched with a saturated ammonium chloride solution (3 ml), and the 
aqueous phase was extracted with diethyl ether (3 x 3 ml). The combined organic extract was dried over 

sodium sulphate and concentrated under mduced pressure. The crude mixture was stirred with Amber& JR- 
120 (+) resin (0.9 g) in methanol (50 ml) under nitrogen at 50 ‘C for 20 h. The reaction mixture was cooled, 
f~~andconcentratcdunderreducedpressurtaadthc~mixturewasprnifiedbyflashcolumn 
chromatography. Elution with ethyl acenWpetro1 (lODO to 3W70) gave 343 -buyI-2’- 
methylenecyclopropyln-I d(O.67 g, 45 %) as a pale yellow oil and as a mixture of cisltrans isomers 

(tram assumed to be major); Rf = 0.40 (20 % Ethyl acetaWPetro1); vmax (liq. film) 3346,2929,1602, 

1495, 1453, 1057 cm-‘; S, (270 MHz; CDC13) 1.20-1.80 (7 H, b m, OH, C(l’)H. C(3’)H, C(2)H2, 

C(3)H2), 2.68 (2H, m C(l’?H2), 3.62 (2 H. 2 x t, J = 6.4 Hz, rraxs/cis C(l)H2). 5.40 (2 H, br s, =CH2), 

7.25 ppm (5 H. m, Ph); S, (67.94 MHz; CDC13) 141.83, 141.56 (arom. C and C-2’). 128.43. 128.37, 
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126.04, 125.95 (arom CH). 103.10 (=CH2 frans). 102.18 (=CH2 cis), 62.51 (C-l cis). 62.36 (C-l 

truns), 38.63 (C-1”). 33.01 (CH2 cis). 32.41 (C-2 trans). 28.81 (C-3 rruns), 24.03 (CH2 cis). 23.54, 

22.44 (C-l’, C-3’ truns), 20.37, 19.72 ppm (C-l’, C-3’ cis); m/z 184 ((M - H20)+, 3 96). 143 (86). 129 

(75). 111 (29), 104 (68). 91 (C7 H7+, 100). 

4-(3’-Benzybnethyienecyclopropyl)butan-l-01 was prepad according to the procedm described above, 

using benzyhnethylenecyclopropane (16) (0.71 g. 4.92 mmol) and 2-(4’chlorobutoxy)tetrahydropyran (0.95 
g, 4.93 mmol), to give recovered benzylmethylenecyclopropane (16) (0.20 g, 28 % recovery) and 4-(3’- 

benzyrntethylenecycropropyl~#an-l-ol(0.44 g, 42 %) ak a colourless oil and as a mizture of ckltrans 

isomers (Wuns assumed to be major); Rf = 0.40 (20 % ethyl acetateIpetro1); vmaz (liq. film) 3348.2931, 

1602, 14%, 1453, 1059 cm-l; S, (270 MHz, CDC13) 1.20-2.00 (9 H, br m, C(l’)H. C(3’)H. C(2)H2, 

C(3)H2, C(4)H2, OH), 2.65 (2 H, m. C(l”)H2), 3.60 (2 H, m, C(l)H2), 5.40 (2 H, br s, =CH2). 7.25 

ppm (5 H, tn. Ph); 6C (67.94 MHz, CDC13) 142.08, 141.72 (arom C and C-2’). 128.85, 128.46, 128.40, 

126.04 (arom CH), 102.92 (=CH2 ncms), 102.02 (=CH2 cis). 62.97 (C-l rrcuts), 62.05 (C-l cir), 38.73 

(C-l”), 33.52, 32.67 (CH2 cis). 32.42 (CH2 rruns), 32.38 (CH2 tram), 27.61.26.29 (CH2 CL@. 25.65 

(CH2 trots), 23.60.22.79 (C-l’ and C-3’ tram), 20.34.20.02 ppm (C-l’ and C-3’ cis). 

5-(3’Benzyimethylenecyclopropyl)penran-l-01 was ptepared auxrding to the procedure described above, 

using benzylmethylene cyclopropane (16) (0.65 g. 4.51 mmol) and 2-(5’-chloropentyloxy)tetrahydropyran 

(1.00 g, 4.84 mmol). to give recovered benzylmethylenecyclopropane (16) (0.07 g. 11 96 recovery) and 5- 

(3’~benzyl methylenecyclopropyl)pentan-I-ol(O.51 g. 49 %) as a yellow oil and as a mizture of cisltrans 

isomers, (mans assumed to be major); Rf = 0.45 (30 % ethyl acetat&yclohexane); vmaz (liq. film) 3337. 

2928, 1604, 1456, 1054 cm-‘; $.J (250 MHz; CDC13) 1.20-1.70 (10 H, br m, C(l’)H. C(3’)H. C(2)H2, 

C(3)H2, C(4)H2 , C(5)&). 2.70 (2 H. m, C(l”)H2). 3.62 (2 H, m, C(l)H2), 5.40 (2 H. br s, =CH2). 

7.25 ppm (5 H, m, Ph); 6C (67.94 MHz; CDCl3) 142.32, 142.02, 141.81 (arom. C and C-2’ cisltruns), 

128.50, 128.44, 126.10, 126.00 (arom. CH). 102.86 (=CH2 truns), 101.97 (=CH2 cis). 63.16 (C-l), 

38.83 (C-l”), 33.57 (CH2 cis). 32.91 (CH2 truns), 32.65 (CH2 fruns), 29.99 (CH2 cis), 29.35 (CH2 
truns), 27.8 1 (CH2 cis). 25.77 (CH2 cis), 25.50 (CH2 rrunr), 23.64,22.93 (C-l’ and C-3’ tram). 

20.41, 20.11 ppm (C-l’ and C-3’ cis). Found: C, 83.14; H, 9.29. Cl6H220 requires C, 83.43; H, 9.63 

%. 

I-Bromo-3-(3’~benzylmethylenecyclopropyl)propane (18). Triphenylphosphine (2.31 g ,8.8 mmol) was 

added portionwise over lh to a stirred solution of 3-(3’-benzyl-2’-methylenecycloptopyl)propan-l-ol(O.89 g, 

4.4 mol) and carbon tetrabromide (1.82 g, 5.5 nknol). in dichloromedtane (15 ml), under nitrogen at 0 ‘C. 
The mixture was stirred for 3 h and was concentrated under reduced pressure and purified by flash column 

chromatography. Elution with dichloromethane/petrol(2/98 to 10/90) afforded 1 -bromo-3-(3’- 
benzybnethylenecyclopropyl)propane (18) (0.89 g, 76 %) as an oil and as a mixture of cisltratw isomers in 

- 1:4 ratio (trans assumed to be major); Rf = 0.50 (5 96 dichlotometbane/petrol); vmaz (liq. fiJm) 2924, 

2851, 1602, 1496, 1246. cm-l; h (270 MHz; CDC13) 1.19 (1 H, m, C(l’)H), 1.35 (1 H, m, C(3’)H), 

1.50 (2 H. m, C(3)H2), 1.90 (2 H, m, C(2)H2), 2.68 (2 H, m, C(l”)H2). 3.33 (1.6 H, f J = 6.8 Hz, 

C(l)H2 trans), 3.44 (0.4 H. t, J = 6.8 Hz, C(l)H2 cis), 5.40 (2 H, br s, =C!Hz). 7.25 ppm (5 H, m, Ph); 
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SC (67.94 MHz; CDC13) 141.58, 141.37, 141.19, 140.91 (arom. C, C-2’ ciskrans), 128.75, 128.44. 

128.37, 126.14, 126.03 (arom. CH), 103.41 (=CH2 trans). 102.50 (=CH2 cis). 38.61 (C-l”), 33.57, 

33.17 (CH2 cis), 33.44, 32.59, 30.95 (C-l, C-2, C-3 frans), 26.39 (CH2 cis), 23.64.21.68 (C-l’, C-3’ 

rrans), 20.37, 19.03 ppm (C-l’, C-3’ cis); m/z 284,282 ((M + NH4)+, 30.33 %), 266 (30). 264 (28), 

185 (17). 157 (26). 143 (100). 130 (30). 104 (57). 91 (C7 H7+. 60). Found WI/Z 282.0839. C14H2lBrN 

(M + NJ-Q) requires m/z 282.0857. 

I-Bromo4-(3’-benzylmethylenecyclropyi~~ (19) was pmpared according to the procedure described 
above, using triphenylphosphine (0.46 g. 1.76 mmol), 4-(3’~benzylmthylenecyclopropyl)butan-l-01(0.19 
g, 0.88 mmol) and carbon tetrabromide (0.36 g, 1.09 mmol), to give I-bromo4-(3’- 
benrylmerhylenecyclopropyl)butane (19) (0.25 g, 100 %) as an oil and as a mixture of cisltrans isomers in 

- 1:4 ratio (trans assumed to be major); Rf = 0.50 (5 % dichloromethane/petrol)romcthanc/petrol); vmax (liq. film) 2932, 

1602, 14%. 1453 cm-‘; $J (270 MHz; CDC13) 1.20-1.95 (8 H. br m. C(l’)H. C(3’)H. C(4)H2, C(3)H2, 

C(2)H2), 2.70 (2 H, m, C(l”)H2), 3.37 (1.4 H, t, J = 6.8 Hz, C(l)H2 tram), 3.44 (0.6 H. f J = 6.8 Hz, 

C(l)H2 cis), 5.35 (2 H, br s, =CH2), 7.25 ppm (5 H, m, Ph); 6C (67.94 MHz; CDC13) 141.81, 141.59, 

141.52 (arom. C and C-2’ cidtrans). 128.83, 128.49, 128.43, 126.11. 126.01 (arom. CH), 103.12 (=CH2 

tram), 102.22 (=CH2 cis), 38.70 (C-l”), 33.%, 32.44, 31.73.28.10 (C-l, C-2, C-3, C-4 trans), 33.53, 

32.68, 28.66, 26.96 (C-l, C-2, C-3, C-4 cis), 23.65, 22.56 (C-l’, C-3’ trans), 20.37. 19.81 ppm (C-l’, 

C-3’ cis); m/z 280 and 278 @I+‘. 8 B), 157 (31), 144 (26), 143 (lOO), 130 (36). 129 (85), 128 (35), 115 

(27), 104 (79), 91.(C7 H7+. 95). Found: m/z 278.0664. CJ5Hl9Br requires m/z 278.0670. 

I-Bromo-S-(3’~benzylmethylenecyclopropyl)pet&zne (20) was prepared according to the procedure 
described above, using triphenylphosphine (1.05 g, 4.00 mmol), 4-(3’~benzylmethylenecyclopropyl)pentan- 
l-01 (0.46 g, 1.99 mmol) and carbon tetrabromide (0.82 g, 2.47 mmol), to give bromide (20) (0.50 g, 85 %) 

as a colourless oil and as a mixture of cisltrans isomers (trunk assumed to be major); Rf = 0.63 (10 8 

drchlommethane/petrol); vmax (liq. film) 2927,1496,888,699 cm-‘; S, (250 MHZ, CDC13) 1.19-1.90 (10 

H, br m. C(1 ‘)H, C(3’)H, C(2)H2, C(3)H2, C(4)H2. C(5)H2), 2.75 (2 H, m. C( l”)H2), 3.4 (2 H, 2 

overlapping t, J = 6.8 Hz, C(l)H2 cisltrans). 5.35 (2 H, br s. =CH2). 7.25 ppm (5 H, m, Ph); 6C (67.94 

MHz; CDCl3) 142.17. 141.88, 141.75 (arom. C and C-2’ cisltrans), 128.50. 128.46, 126.11. 126.03 

(arom. CH), 102.96 (=CH2 trans), 102.07 (=CH2 cis), 38.80 (C-l”), 34.12 (CH2 trans), 33.57 (CH2 

cis), 32.94 (CH2 trans). 32.46 (CH2 trans), 29.34 (CH2 cis), 28.72 (CH2 trans). 28.20 (CH2 cis), 
27.93 CH2 trans), 27.67 (CH2 cis), 27.09 (CH2 cis), 23.70,22.82 (C-l’, C-3’ trans), 20.41, 20.02 

ppm (C-l’, C-3’ cis); m/z 292 and 294 (M+.,l %), 129 (64). 104 (55), 9l.(C7H7+, 100). Found: m/z 
292.0813. Cl6H2lBr requires m/z 292.0827. 

3-(1’-Trirnethylsilylmethylenecyclopropyllpropan-l-ol. n-Butyllithium (2.17 M solution in hexanes, 12 ml, 
26.0 mmol) was added to a stirred solution of methylenecyclopropane (1J) (2.5 ml, 2 g, 37 mmol) in dry 
THF(5Oml)at-4O”Cundernitrogen.ThemactionmixtumwaswanmdtoO’Cover30minandstirredatO 
‘C for 40 min, then cooled to - 70 ‘C. Chlorotrimethyl silane (3.4 ml, 2.91 g, 26.8 mmol) was added and the 
reaction mixture was warmed to 0 ‘C over 30 min and stirred at 0 ‘C for 30 min. tben cooled again to - 70 ‘C. 
n-butyll$hium (2.17 M solution in hexanes, 12 ml. 26.0 mmol) was added and the warming procedure 
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repeated before addition at - 70 ‘C of 2-(3’~bromopropoxy)tetrahydropyran (5.80 g, 26.0 mmol) in dry THF 

(3 ml). The teaction mixture was allowed to warm slowly to room temperature and stirred overnight. The 

solution was quenched with saturated ammonium chloride solution (50 ml), and the aqueous phase was 

extracted with diethyl ether (4 x 25 ml). The combined organic extracts were washed with brine (3 x 50 ml), 

dried over sodium sulphate and concentrated under reduced pressure. The crude mixture was stirted with 

Amberlite IR-120 (+) resin (7 g) in methanol (350 ml) under nitrogen at 50 ‘C for 6 h, then at room 

temperature overnight. The reaction mixture was filtered, concentrated under reduced ptessute and purified by 

flash column chromatography. Elution with ethyl acetate@trol (O/100 to 10/90) gave 3-(Z’drimethylsi~l- 
methylenecycfopropyl)propan-I-ol(l.90 g, 40 % overah) as a colourless oil; Rf = 0.40 (20 % ethyl 

acetate/cyclohexane); vmax (CHBr3) 3609,2951,1728,1248 cm-l; S, (270 MHz; CDC13) 0.00 (9 H, s, 

Si(CH3)3), 0.81 (1 H, dt, J = 7.5 and 1.9 Hz, (I(~‘) 1.05 (1 H, dt, J = 7.5 and 1.7 Hz, C(3’)HB). 

1.60 (5 H, m, OH, C(2)H2, C(3)H2), 3.60 (2 H, t. J = 6 Hz, C(l)H2), 5.21 (1 H, br s, =CH), 5.26 ppm (1 

H, br s, =CH); SC (67.94 MHz; CDC13) 139.95 (C-2’), 100.47 (=CH2), 63.21 (C-l), 31.74, 31.50 (C-2, 

C-3). 13.63 (C-l’), 12.61 (C-3’). - 2.44 ppm (Si(CH3)3); found C, 64.86; H. 11.17. ClOHmOSi requires 

C, 65.15; H, 10.94 %. 

4i1’-Trimethylsilylmethylenecyciopropyi)butan-l-ol was prepared according to the proceda described 
above, to give 4-( 1’-trimthylsilylmethylenecyclopropyl)butan-l-ol(57% overall) as a colourless oil; Rf = 

0.40 (20 96 ethyl acetatekyclohexane); vmax ( CHBr3) 3607,2935,1728,1248 cm-l; S, (270 MHz; 

CDC13) 0.00 (9 H, s, Si(CH3)3), 0.81 (1 H, ddd. J = 1.7, 2.3 and 7.5 Hz, C(~‘)HA), 1.04 (1 H, ddd. J = 

1.5,2.3 and 7.5 Hz, C(3’)HB), 1.45 (7 H, m, OH, C(2)H2, C(3)H2, C(4)H2), 3.62 (2 H, t, J = 6.4 Hz, 

C(l)H2), 5.19 (1 H, dt, J = 1.2 and 2.3 Hz, =CHx), 5.25 ppm (1 H, br q. J = 1.5 Hz, =CHxv); SC (67.94 

MHz; CDC13) 140.08 (C-2’), 100.22 (=CH2), 62.87 (C-l), 35.56, 33.18, 24.56 (C-2, C-3, C-4). 14.06 

(C-l’), 12.57 (C-3’), - 2.44 ppm (Si(CH3)3); found C, 66.54; H, 10.84. Cl lH220Si requires C, 66.60, 

H, 11.18 %. 

5-(1’-TrimethyMybnethy~enecyciopropyl)pentan-l-ol was pmpamd according to the procedure described 

above, to give 5-( l’-trimethylsily~ethylenecyclopropyl)pentan-l-ol(43% overall) as a colourless oil; Rf = 

0.42 (20 % ethyl acetatekyclohexane); vmax (liq. film) 3342,2928,1728,1249 cm-l; S, (250 MHz; 

CDC13) 0.00 (9 H, s, Si(CH3)3), 0.80 (1 H. dt, J = 7.5 and 1.9 Hz, C(~‘)HA), 1.05 (1 H, df J = 7.5 and 

1.7 Hz, C(3’)HB). 1.40 (9 H, br m, OH, C(2)H2. C(3)H2, C(4)H2, C(5)H2), 3.65 (2 H, m, C(l)H2), 

5.20 (1 H, m with very fine splitting, =CH), 5.26 ppm (1 H, br s, =CH); 8~ (67.94 MHz; CDC13) 140.25 

(C-2’), 100.11 (=CH2), 63.06 (C-l), 35.79, 32.80. 28.25.26.23 (C-2, C-3, C-4, C-5). 14.09 (C-l’), 

12.62 (C-3’), - 2.39 ppm (Si(CH3)3); found: C, 68.03; H, 11.20. Cl2H24OSi requires C, 67.86; H, 

11.39 %. 

1 -Bromod-(1 ‘-trimethylsilybnethyletuxyclopropyl)pr (22) was prepared according to the bromination 

procedure described above, to give l-bromo-3-(l’-trimethylsilylmethylenecyclopropyl)propane (22) (87 96) 
as a colourless oil; Rf = 0.66 (petrol); Vmax ( CHBr3) 2922.1728.1249.877 cm-l; S, (270 MHz; CDC13) 

0.00 (9 H. s, Si(CH3)3). 0.83 (1 H, dt, J = 7.5 and 1.9 Hz, C(3’)H,Q, 1.08 (1 H, ddd, J = 1.5. 2.1 and 

7.5 Hz, C(3’)HB). 1.59 (2 H, m, C(3)H2), 1.88 (2 H, m. C(Z)H2)), 3.35 (1 H, df J = 11.4 and 6.8 Hz, 

c(l)H~), 3.39 (1 H, dt, J = 11.4 and 6.8 HZ, C(l)HB), 5.22 (1 H, dt , J = 1.0 and 2.1 HZ, =CH), 5.29 
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ppm (1 H, br s, =CH); S, (62.90 MHz; CDC13) 139.27 (C-2’), 100.57 (=CH2). 340533.83, 31.61 (C-l, 

C-2, C-3). 13.16 (C-l’), 12.52 (C-3’), - 2.64 ppm (Si(CH3)3); found: C. 48.73; H, 7.79; Br, 31.27. 

CJOHl9BrSi requires C, 48.58; H, 7.75; Br, 32.32 %. 

I-Bromo4-(l’-trimethylsilybnethylenecyclopropyl)butane (23) was prepared according to the procedure 

described above, to give bromide (23) (90 %) as a colourless oil; Rf = 0.65 (petrol); vmax (CHBr3) 2956, 

1456,1250,877 cm-l. , S, (270 MHz; CDC13) 0.00 (9 H, s, Si(CH3)3), 0.80 (1 H, ddd, J = 1.7,2.3 and 

7.5 Hz, C(3’)HA), 1.06 (1 H, ddd, J = 1.4, 2.3 and 7.5 Hz, C(3’)HB), 1.50 (4 H, m, C(3)H2, C(4)H2), 

1.82 (2 H. quintet, J = 7.0 Hz, C(2)H2), 3.40 (2 H. t, J = 7.0 Hz, C(l)H2). 5.21 (1 H, dt, J = 1.2 and 2.3 

Hz, =CH), 5.27 ppm (1 H, br q. J = 1.4 Hz, =CH); SC (67.94 MHz; CDC13) 139.93 (C-2’), 100.44 

(=CH2), 34.97, 33.92, 33.18.27.05 (C-l, C-2, C-3, C-4). 13.95 (C-l’), 12.74 (C-3’), - 2.37 ppm 

(Si(CH3)3); m/z 280 and 278 ((M + NH4)+, 10 S), 263 and 261 ((M + H)+. 45). 109 (97). 90 (100). 

Found: C, 50.91; H, 8.45; Br, 30.45. CllH2lBrSi requires C. 50.57; H, 8.10; Br, 30.58 96. 

1 -Bromo-5-(l’-n-imethylsilylmethylenecyclopropyf~entane (24) was prepared according to the procedure 

described above, to give bromide (24) (83 %) as a colourless oil; Rf = 0.66 (petrol); vmax (CHBr3) 2931. 

1248, 839 cm-‘; 6H (270 MHz; CDC13) 0.00 (9 H. s, Si(CH3)3), 0.80 (1 H, ddd. J = 1.7.2.1 and 7.5 Hz, 

C(3’)HA). 1.04 (1 H, ddd, J = 1.5, 2.1 and 7.5 Hz, C(3’)HB), 1.40 (6 H, m, C(3)H2, C(4)H2, C(5)H2, 

1.82 (2 H, quintet, J = 6.8 Hz, C(2)H2), 3.39 (2 H, t, J = 6.8 Hz, C(l)H2), 5.20 (1 H, br s, =CH), 5.25 

ppm (1 H, br s, =CH); SC (67.94 MHz; CDC13) 140.08 (C-2’), 100.25 (=CH2), 35.63,34.06, 32.88, 

28.69,27.63 (C-l, C-2, C-3, C-4, C-5). 14.05 (C-l’), 12.65 (C-3’), - 2.38 ppm (Si(CH3)3); m/z 294 and 

292 ((M + NH4>+, 7 %), 277 and 275 ((M + H)+, 47). 123 (60). 90 (10). Found: C, 52.64, H, 8.35; Br, 

28.62. Cl2H23BrSi requires C, 52.35; H. 8.42; Br, 29.02 96. 

Radical cyclisation of I -bromo-3-(3’ -benzylmethylenecyclopro~l) propane (18). Tributyltin hydride (0.90 

ml, 0.97 g, 3.34 mmol) and AJBN (0.050 g, 0.30 mmol) were added to a refluxing solution of bromide (18) 
(0.80 g, 3.02 mmol) in dry toluene (200 ml) under nitrogen. After 12 h at reflux, the reaction mixture was 

cooled, concentrated under reduced pressure and purified by flash column chromatography. Elution with 

petrol afforded 2-benzyimethylenecyclohexane (25) (0.40 g, 71 %) as a colourless oil; Rf = 0.60 (petrol); 

Vmax (liq. Elm) 2929, 1644, 1602, 1495 cm-‘; $.J (270 MHz; CDC13) 1.10-1.70 (6 H. m, C(4)H2, 

C(5)H2, 2 x CH), 2.06 (1 H, m, CH), 2.3 (2 H, m, 2 x CH). 2.52 (1 H, dd, J = 9.3 and 13.3 Hz, 

C(l’)HA). 2.97 (1 H, dd, J = 5.4 and 13.3 Hz, C(l’)HB), 4.60 (1 H, s. =C!H), 4.68 (1 H, s, =CH), 7.25 

ppm (5 H, m, Ph); SC (67.94 MHz; CDC13) 152.99 (C-l), 141.45 (arom. C), 129.24, 128.29, 125.84 

(arom. CH), 105.74 (=CH2), 44.80 (C-2), 39.13 (C-l’), 35.70, 33.11. 28.95, 24.96 (C-3, C-4, C-5, C-6); 

m/z 186 (M+‘, 65 %), 95 (100). Found: C, 89.95; H, 9.87. Cl4Hlg requires C, 90.26; H, 9.74 %. 

Radical cyclisation of Z-bromo-3-(Z’-trimethylsilybnethylenecyc~propy~)propa~ (22) . 1-Bromo-3-(l’- 

trimethylsilyl methylenecyclopropyl)propane (22) (0.68 g. 2.75 mmol). tributyltin hydride (0.82 ml, 0.89 g, 

3.05 mmol) and AJBN (0.075 g, 0.45 mmol) in dry, degassed toluene (100 ml) under argon were heated in a 

pm-heated oil bath at 90 “C. After stirring at 90 ‘C overnight, the reaction mixture was cooled and most of the 
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toluene was removed under reduced pressure. Diethyl ether (30 ml) was added to the crude mixture, 1,8- 
diaxabicyclo [5.4.0] undec-7-ene (DBU, 0.7 ml, 0.71 g. 4.68 mmol) was added and the solution stirred for 

10 min. A solution of iodine (0.2 M in diethyl ether) was added dmpwise until the iodine colour persisted.u 
The reaction was passed through a short silica gel column eluding with diethyl ether. After concentration under 

reduced pressure, the crude product (0.65 g) was purified by tlash column chromatography. Elution with 
pentane gave 3-(trimethyisiiyl)methylene cyclohe_ume (26) (0.19 g, 41 %) as a colourless oil; Rf = 0.70 

tpentane); vmax (liq. film) 2954,1648,1443,1247 cm-l (which is consistent with the mported data, lit.%); 

S, (360 MHz; CDC13) 0.00 (9 H, br s, Si(CH3)3), 0.70 (1 H. tt, J = 3 and 13 Hz, C(3)Hax), 1.22 (1 H, 

dq, J = 3 and 13 Hz, C(4)H,), 1.35 (1 H, q. J = 4 and 13 Hz, C(5)Hax). 1.75 (lH, dddd, J = 1.6.3.4.6 

and 13 Hz. C(4)Heq), 1.85 (1 H. ddt, J = 1.4.3 and 13 Hz, C(2)Hax), 1.91 (1 H. m, C(5)Heq), 2.00 (1 H, 

dddt, J = 1.6, 3,4.5 and 13 Hz, C(6)Hax), 2.26 (1 H, ddt, J = 1.8.3 and 13 Hz, C(Z)%), 2.33 (1 H, ddt, 

J = 1.8.4 and 13 Hz, C(6)Hrq), 4.58 ppm (2 H, m with very fiie splitting, =CH2); 8~ (67.94 MHz; 

CDC13) 151.16 (C-l), 105.85 (=CH2), 36.04, 35.65, 30.26.27.18 (C-2, C-3, C-4, C-5, C-6). 28.45 (C- 

3), - 3.37 ppm (Si(CH3)3); found: C, 71.13; H, 12.05. ClOH2OSi requires C,71.34, H, 11.97 %. 

3-Bemy/-I-butylmethylenecyclopropane (27) was prepared according to the procedure described above for 
the alkylation of benxyl methylenecyclopmpaneopane. using iodobutane as alkylating agent, to give 3-benryl-l- 
butylmethylene q&propane (27) as a colourless oil and as a mixture of cisl trans isomers in a ratio of 1:4 

by CC analysis (assuming truns major); Rf = 0.50 (n-hexane); vmax (liq. film) 2926,1601,14%, 1450, 

886 cm-l; S, (270 MHz; CDCl3) 0.90-1.55 (11 H, m, C(l)H, C(3)H. (CH2)3CH3), 2.68 (2 H. m, 

C( l”)H2), 5.38 (2 H, m, =CH2), 7.25 ppm (5 H. m, Ph); 6C (67.94 MHz; CDCl3) 142.51, 141.83 (atom. 

C, C-2), 129.26. 128.49, 128.43. 128.22, 126.05, 125.97 (arom. CH). 102.74 (=CH2 rrans), 101.85 

(=CH2 cis). 38.84 (C-l”), 33.60 (CH2 cir), 32.46 (CH2 truns), 32.42 (CH2 cis). 31.79 (CH2 ?rux.r), 

27.58 (CH2 cis), 23.57,23.08 (C-l, C-3 rrutrs), 22.73 (CH2 cis), 22.52 (CH2 tram), 20.44.20.21 (C- 

l, C-3 cis), 14.28, 14.24 ppm (CH3 cis ltruns); m/z 200 (M+‘, 7 %), 143 (58), 129 (86), 104 (61). 91 

(C7H7+. 100). 

2-(2’-Phenylethyl)cyclohexunone was prepared according to the method of Stork and Dowd.15 N- 

cyclohexylidene cyclohexylaminez (1 SO g) was added to ethylmagnesium bromide (1 M solution in THF, 
15 ml, 15 mmol) in dry THF (35 ml) and stirred at reflux under nitrogen for one hour. After cooling to room 
temperature, (2bromoethyl)benxene (2.1 ml, 2.85 g. 15.38 mmol) was added. The reaction mixture was 
stirred at reflux overnight, 2 N HCl(20 ml, 40 mmol) was added and the mixture stirred at mflux for a further 
90 min. The reaction was cooled and the aqueous phase was extracted with diethyl ether (3 x 25 ml). The 
combined organic extract was washed with brine (3 x 40 ml), dried over sodium sulphate and concentrated 
under reduced pressure. The crude mixture (3.52 g) was purified by flash cohunn chromatography. Elution 
with cyclohexane, then ethyl acetat&yclohexane (J/p5 and 101’90) gave 2-(2’-pheny~thyl)cyclohexatw~ 

(1.09 g, - 66 96) as an oil; Rf = 0.50 (10 % ethyl acetate/cyclohexane); vmax (liq. film) 2930.2850, 1710, 

708 (m) cm-l; $_J (250 MHz; CDCl3) 1.40-2.45 (11 H. br m, C(2)H, C(3)H2, C(4)H2, C(5)H2. C(6)H2, 

C(l’)H2). 2.63 (2 H, t, J = 8 Hz, C(2’)H2). 7.25 ppm (5 H, m, Ph); found C, 83.14; H, 8.93. C14H180 

requires: C, 83.12; H, 8.97 %. 
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2-(2’-Phenylethyl~methylenecyclohexane (29) was prepared from 2-(2’-phenylethyl)cyclohexanone (0.92 g, 

4.55 mmol) using the same procedure described for the preparation of 2-benxyl-2pheny&thylene- 
cyclohexane (6). to give 2-(2’-phenylethyl)methylenecyclohexane (29) (0.79 g, 87 %) as a colourless oil; Rf 

= 0.53 (cyclohexane); vmax (liq. film) 2929,1650.1490,740 cm-l; s, (250 MHz; CDC13) 1.25-2.30 (11 

H, br m, C(2)H. C(3)H2, C(4)H2, C(5)H2. C(6)H2, C(l’)Hz), 2.63 (2 H, t, J = 8 Hx, C(2’)H2),.4.62 (1 

H. br s, =CH). 4.70 (1 H, br s, =CH), 7.25 ppm (5 H. m. Ph); S, (62.90 MHz; CDCl3) 152.59 (C-l), 

142.96 (arom. C). 128.38, 128.26. 125.58 (arom. CH), 105.85 (=CH2), 42.77 (C-2). 34.67, 34.08, 

33.91, 33.77, 28.83.24.14 mm (C-l’, C-2’..C-3. C-4, C-5, C-6); found: C. 90.32; H. 10.34. Cl5H20 

requires C. 89.94; H, 10.06 %. 

Raakal cyclisation of I -bromod-(3’~benzybnethylenecyclopropyl)butane (19). Tributyltin hydride (0.48 
ml, 0.52 g, 1.77 mmol) and AJBN (0.027 g, 0.16 mmol) dissolved in dry tolwne (10 ml) were added via 
syringe pump over 6 h to a refluxing solution of l-bromo-4-(3’~benxyhnethylenecyclopropyl)butane (19) 
(0.45 g. 1.61 mmol) in dry toluene (50 ml) under nitrogen. The reaction mixture was stirred at reflux for a 
further 5 h, cooled, and the toluene removed under reduced pressure. The crude product was purified by flash 
cohnun chromatography. Elution with petrol. then dichlomtr~&ane&etrol(5/95) yielded recovered bromide 
(19) (0.19 g, 42 96 recovery) and a mixture of four different compounds (0.11 g, 44 %) which were 
identified by GC analysis as: 3-benzyl-I-butybnethylenecyclopropane (27) (trans (16 %) and cis (8 %)), 
2-(2’-phenylethyl) methylenecyclohexune (29) (11 %), and 8-benzylbicyclo[S.I .O]octane (28) (11 96). the 
last of which was identified from the following oxonolysis experiment. 

8-BenzylbicycloL5.1 .OIoctane (28). A solution of the mixture isolated from the above reaction (0.057 g. 
0.28 mm01) was treated with ozone following the procedure described for the preparation of 1,5diphenyl- 
2,7-octanedione, to give 8-benzyfbicyclo[5.1 .O]octane (28) (0.01 g) as a colourless oil and as a single 

isOnKX; Rf = 0.68 (petrol); 6H (360 MHZ; CLICl3) 0.72078 (3 H, m, C(l)H, C(7)H. C(8)H). 0.85-1.05 (2 

H, m, C(2)HA, C(6)A), 1.15 (1 H, m. C(4)HA). 1.28-1.40 (2 H, C(3)HA. C(5)HA), 1.67-1.77 (2 H, 

C(~)HB, C(~)HB), 1.82 (1 H, m, C(4)H& 2.15-2.22 (2 H. m, C(~)HB, C(~)B), 2.59 (2 H, d, J = 6.1 

Hz, C(l’)H2), 7.30 ppm (5 H, m. Ph); SC (67.94 MHz; CDC13) 142.71 (arom. C), 128.39, 128.34, 125.79 

(arom. CH), 39.84 (C-l’), 32.94 (C-4), 30.90 (C-2, C-6), 30.09 (C-3, C-5), 29.63 (C-8), 24.44 ppm (C-l, 

C-7); m/z 218 ((M + NH4)+, 45 %), 200 (M+‘. 100). 104 (68). 91 (C7H7+, 32). 52 (55). Found: m/z 
200.1562. Cl5H20 requires m/z 200.1565. 

I-(I’-Trimethylsilylmethylenecyclopropyl)butane (30) was prepared according to the procedure described 
above for the silylation and alkylation of methylenecyclopmpane, using iodobutane as alkylating agent, to 
give1 -(I’-trimethylsilylmethylenecyclopropyl) butane (30) (64 96) as a colourless oil; Rf = 0.88 (petrol); 

vmax (liq. film) 2957, 1249,872 cm-l; S, (270 MHz; CDC13) 0.00 (9 H, s. Si(CH3)3). 0.80 (1 H, dt, J = 

7.3 and 1.9 Hz, C(3’)HA), 0.88 (3 H, t, J = 6.6 Hz, C(4)H3), 1.04 (1 H, dt, J = 7.3 and 1.7 Hz, 

C(3’)HF), 1.30 (6 H. m, C(l)H2, C(2)H2, C(3)H2), 5.19 (1 H, m with very fine splitting, =CH), 5.24 

ppm (1 H. br s, =CH); SC (67.94 MHz; CDC13) 140.41 (C-2’). 100.09 (=CH2), 35.79.30.88.23.35 (C-l, 

C-2, C-3). 14.28 (C-4, C-l’), 12.72 (C-3’). - 2.31 ppm (Si(CH3)3); m/z 200 (@I + NH4)+, 14 46). 183 

(@I + J-J)+, 76). 90 (100). 
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(3-Trimethylsilyljcycloheptanone. A solution of hexadimethyldiGlane (0.5 ml, 0.36 g, 2.5 mmol) in dry 
HMPA (2 ml) was cooled to 0 ‘C under nitrogen. Methyllithium (1.4 M in ether, 1.5 ml, 2.1 mmol) was 
added and the resulting deep red solution was stirred for 15 mitt to compkte the pmpar&on of trin&ylsilyl- 

lithium.t6 Dry THF (10 ml) was added and the solution was immedkly cooled to - 78 l C. A solution of 2- 
cycloheptenone (0.17 g, 1.5 mmol) in dry THF (1 ml) was added dropwise. After stirring for an additional 
10 min, methanol (1 ml) was added and the reaction mixture was allowed to warm slowly to 10 ‘C. The 

reaction mixtute was poured into pentane (50 ml), washad with water (2 x 25 ml), dried over sodium @hate 
and concentrated under reduced pressure. The crude mixtute (0.20 g) was purified by flash column 
chromatography. Elution with ether@tro1(1019O and 2WO) gave (3-tdmethylsilyl)cycloheptanone (32) 
(0.07 g, 25 %I) as a colourless oil; Rf = 0.38 (10 % ether/petrol); vmax (liq. film) 2953, 1700,1445,1’249 

cm-l; $.J (270 MHz; CDC13) - 0.01 (9 H, s. Si(CH3)3). 0.80 (1 H, m, CH), 1.20 (2 H, m, CH x 2). 1.50 

(1 H. m, CH), 1.92 (3 H, m, CH x 3), 2.41 (4 H, m. 4 x CH); k (67.94 MHz; CDC13) 215.70 (C-l), 

44.60. 43.55 (C-2, C-7). 32.02, 31.23.24.53 (C-4, C-5, C-6). 23.81 (C-3). - 3.43 ppm (Si(CH3)3). 

(3-Trimethylsilyl)methylenecycloheprane (32) was prepad from (3-trhnethylsilyl)cycloheptanone (0.06 g, 
0.32 mmol) using the same procedute described for the pteparation of 2-benxyl-2- 
phenylmethyknecyclohexane (6). to give (3-timethylsilyljmethylenecycloheptatte (32) (0.02 g, 33 %) as a 

colourless oil; Rf = 0.88 (petrol); vmax (liq. film) 2954,1638,1248,856 cm-l; S, (270 MHZ; CDC13) - 

0.01 (9 H, s. Si(CH3)3), 0.66 (1 H, ddt. J = 2.5,3.6 and 11 5 Hz, C(3)H), 1.05-2.45 (10 H, br m, 

C(2)H2. C(4)H2, C(5)H2, C(6)H2. C(7)H2). 4.67 ppm (2 H. s, =CH2); k (67.94 MHz; CDCl3) 153.77 

(C-l), 109.97 (=(X2), 37.16, 36.15 (C-2, C-7). 31.51, 29.96.28.82 (C-4, C-5, C-6). 27.41 (C-3). - 3.20 

ppm (Si(CH3)3); m/z 200 ((M + NHq)+, 4 %). 183 ((M + H)+. 70). 90 (100). 

Radical cyclisation of I-broke-(I’-~~thysily~t~ie~~ciopro~l~~~ (23). Tributyltin hydride 
(0.29 ml, 0.31 g, 1.05 mmol) and AJBN (0.016 g, 0.10 mmol) in dry benxene (3 ml) were added via 

syringe pump over 7 h to a refluxing solution of I-bromo4(1’-trimethysily~ylenecyclopropyl)butane 
(23) (0.25 g, O.% mmol) in dry, degassed benzene (30 ml, 32 n&i) under nitrogen. The reaction mixture 

was stirred at teflux for 24 h. cooled and the benzene removed by distillation. DBWiodine work-up.23 as 
previously described, gave the crude product which was purifii by flash column chromatography. Elution 
with pentane yielded a mixture of products (0.10 g, 59 96 overall) a~signcd by GC analysis as: I-(1’- 
trimethylsilybnethylenecyclo propyl)butane (3) (13 96). Q-mkethylsi~l)methylenecyclohep&ne (32) 
(4 %) andbicyclo[5.1 .O]oct-I -yi trimethylsilane (31) (42 96) which was identified from the following 

ozonolysis experiment. 

Bicyclo[5.l.O]oct-I-y1 timethykilane (31). A solution of the mixture isolated from the above reaction 
(0.18 g. 0.98 mmol) was treated with ozone following the pmcedum described for the preparation of 1.5 
diphenyl-2,7-octanedione, to giv&icyclo[S.l .O]oct-I-yl trimethylsilane (31) (0.03 g) as a colourless oil; Rf 

= 0.89 (pentane); V- (hq. tilm) 2954, 1247,850 cm-l; $.J (360 MHz; CDC13) -0.05 (9 H, s, Si(CH3)3), 

0.19 (1 H, t, J = 4.3 HZ, C@)HA), 0.63 (1 H, dd, J = 3.8 and 7.7 Hz, C(8)HB), 0.85 (1 H, m, C(7)H), 

1.03-1.21 (3 H, m. C(2)HA. C(6)HA. C(4)HA). 1.27-1.46 (2 H, m. C(5)HA. C(3)HA). 1.60-1.83 (3 H, 

m. C(3)HB, C(S)HB, C(4)HB). 2.1 l-2.23 ppm (2 H, m, CQ)HB, C(6)HB); S, (67.94 MHz; CDCJ3) 

33.44 (C-2), 33.18 (C-4). 31.77 (C-6). 29.86 (C-5). 29.44 (C-3). 21.22 (C-7). 20.85 (C-8). 11.40 (C-l), - 
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2.16 ppm (Si(CH3)3); m/z 200 ((M + NH4)+, 8 %), 183 ((M + H)+, 37). 90 (100); found m/z 183.1567. 

CLLH23Si (M + H) requires m/z 183.1569. 

Anempted radical cyclisation of I-bromo-S-(3’~benzybnethylenecyclopropyl)pentane (20). Tributylbn 
hydride (0.15 ml, 0.16 g, 0.56 mmol) and AJBN (0.008 g, 0.05 mmol) in dry benzene (2 ml) were added 
via syringe pump over 7 h to a refhnd.ng solution of 1-~~5-(3’-byl~~~ylenecyclopropyl) 
(20) (0.15 g, 0.51 mmol) in dry and degassed benzene (20 ml, 26 mM) under nitrogen. The reaction mixture 
was stirred at reflux for 7 h. cooled and concentrated under reduced pressure. The crude product (0.44 g) was 
puritYed by flash column chmmatography. Elution with petrol yielded, 3-benzyl-Z-pentybnethylene- 
cyclopropane (33), as a mixture of cisltrans isomers in a 1:4 ratio from GC analysis (assuming trans 
major) (0.05 g, 45 %); Rf = 0.72 (petrol); vmar (liq. film) 2957.14%. 1454 cm-l; $.J (270 MHz; CDCl3) 

0.92 (3 H, m. C(5’)H3), 1.35 (10 H, m, C(l)H. C(3)H, (CH2)4), 2.75 (2 H, m, C(l”)H2). 5.42 (2 H. m 

with fine splitting, =CH2), 7.25 ppm (5 H, m, Ph); S, (67.94 MHz; CDC13) 142.53, 142.22, 141.83 

(atom. C. C-2 cisltrans), 128.49, 128.43. 126.07, 125.97 (atom. CH). 102.73 (=CH2 trans), 101.85 
(=CH2 cis). 38.86 (C-l”), 33.60 (CH2 ciz). 32.74 (CH2 trans), 31.90 (CH2 ciz). 31.67 (CH2 trans), 
29.90 (CH2 cis), 29.28 (CH2 trans), 27.86 (CM2 cis), 23.58, 23.12 (C-l, C-3 trans), 22.82 (CH2 

trans), 20.44,20.26 (C-l, C-3 cis), 14.28 (CH3 cis), 14.25 (CH3 trans); m/z 232 ((M + NH4)+, 16 

%). 215 ((IV! + H)+, 99). 143 (62). 123 (52), 104 (73). 91 (C7H7+, 100). All properties were identical to 

those of a sample prepared by alkylation of methylenecyclopropane with 1-bromopentane, using the 
alkylation procedum used for the preparation of 3-(3’~bet@-2’-nWhylenecyclopmpyl)propan-I-0L 

Attempted radical cyclisation of Z -bromo-S-(Z ’ -trimethysilybnethylenecyclopropyl)pentane (24). Tributyltin 
hydride (0.18 ml, 0.19 g, 0.68 mmol) and AJRN (0.010 g, 0.06 mmol) in dry benzene (2.5 ml) were added 
via syringe pump over 7 h to a refluxing solution of I-Lxomo-S-(1 *-trimethysilylmethylenecyclopropyl)- 
pentane (24) (0.17 g, 0.62 mmol) in dry and degassed benzene (20 ml, 31 mM) under nitrogen. The reaction 
mixtum was stirted at reflux for 24 h, cooled and concentrated under teduced pressure. The crude product 
(0.49 g) was purified by column chtomatography. Elution with petrol yielded a colourless oil (0.12 g, 100 
%) containing mainly the reduced product Z-(I’-trimethylsilylmethylenecyclopropyl) pentane (34) with 
traces of bicyclo[tXZ.O]non-Z-yltrimethylsilane (35) based upon the reported lH NMR data26 of (35); Rf = 

0.88 (petrol); representative data for (35): $.J (270 MHz; CDC13) 0.51 (1 H, dd, J = 4 and 8 Hz), 2.10 ppm 

(2 H, m). 
A sample of l-( 1 ‘-trimethylsilylmethylenecyclopmpyl)pentane (34) was alternatively prepamd according to 
the procedure described above for the silylation and alkylation of metbylenecyclopropane, using iodopentane 
as alkylating agent, to give I-(I’-trimethylsilylmethylenecyclopropyl)pentane (34) (0.70 g, 64 %) as a 

colourless oil ; Rf = 0.88 (petrol); vrnart (liq. film) 2957.1248 cm-‘; S, (270 MHz; CDC13) 0.00 (9 H, s, 

Si(CH3)3), 0.80 (1 H. dt, J = 7.3 and 1.9 Hz, C(3’)HA). 0.89 (3 H, t, J = 7.4 Hz, C(5)H3), 1.04 (1 H, dt, 

J = 7.3 and 2.1 Hz, C(3’)HR). 1.30 (8 H, br m. C(l)H2. C(2)H2. C(3)H2, C(4)H2). 5.19 (1 H, br s, 

=CH), 5.24 ppm (1 H, br s, =CH); 8~ (90.56 MHz; CDC13) 140.44 (C-2’), 99.% (=CH2), 35.93, 32.41, 

28.18,22.73 (C-l, C-2, C-3, C-4), 14.28 (C-l’), 14.22 (C-5). 12.65 (C-3’), - 2.38 ppm (Si(CH3)3); 

found: C, 73.12; H, 12.41. CL2H24Si requites C, 73.38; H. 12.32 96. 
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