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Abstract: Regioselective additions of 3-alkenyl radicals (10 and 20) to - - 
electron deficient olefinic bonds (1 and 171, followed by intramolecular 5- 

exo-cyclization and repeated addition to radicophilic double bonds were inve- 

stigated and combined into a sequence of reactions for the preparation ofcyc- 

lopentane derivatives (9_ and 19). - High regioselectivity of 3-alkenyl radical 

(lo) addition to the electron deficient olefinic bond (I) as well as of 5-exo 

-cyclization of intermediary 5-hexenyl type radical (s), was achieved. The 

fate of intermediary cyclopentylmethyl radicals (22 and 2'J) depends on the na- - 
ture of substituents attached to radical carbon. In case of alkyl groups (z), 

the nucleophilic reactivity of radical intermediates was increased and an 

intermolecular addition reaction occurred with the formation of a new C-C 

bond. However, in case of aryl groups, mesomeric stabilization of the radical 

(27) suppress the addition reaction to the radicophilic olefinic bond,even when - 

the latter was used in excess, in these cases only hydrogen abstraction takes 

place. 

Regioselective free radical additions to olefins were systematically in- 

vestigated and their wide synthetic applications 
1-7 

were everywhere reviewed. 

The selectivity of this type of radical addition reactions depends on the stru- 

cture and stability of the carbon centered radical species as well as on the 

structure of the unsaturated compounds used. 
?,8-10 

The effect of substituents 

on the selectivity has been explained by the FM0 theory. 
8 

By appropriate se- 

lection of substituents and the functionality of both reactive species, a 

high regioselectivity in a sequence of several addition reactions can be achi- 

3627 
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eved under mild experimental conditions. 11-13 Synthetic value of this metho- 

dclogy was confirmed by the construction of many carbocyclic, 11214*14 hetero- 

cyclic1'4Y15 and polycyclic molecules. 
16 

The methodolcgy of c.omb.ining several addition reactions into a sequence 

of reactions can be realized in cases where low energy differences between the 

SOMO-LUMO and/or SOMO-HOMO are existing. 3,8,17 A decrease in the SCMO-LUMO 

energy difference is achieved by increasing the nucleophilicity of the radical 

species, and/or by attaching an electron-withdrawing substituent to the olefi- 

nit carbon increasing thus the electrophilicity of double bond. "17'la However, 

the attachment of an electron-withdrawing substituent to the radical carbonatom 

decreases the energy of the SOMO increasing thus the electrophilic propreties 

of the radical; therefore in order to achieve the selectivity it is necessary 

to attach an electron-donating substituent to the olefinic carbon, which would 

reduce the difference of SOMO-HOMO and allow the selective interaction to be- 

come dominant. 3,10,19 

By adjusting the SOMO-LUMO as well as SOMO-HOMO interactions of several 

intermediary carbon radicals with olefinic bonds, the free radical intermedi- 

ates can be "disciplined" to render possible the combination of several C-C 

bond forming addition reactions into one sequence of reactions. 
12,13,20,21 

In this paper we designed to realize a threefold (thribble) addition re- 

action by combining into a sequence Of radical chain reactions (Scheme 1.): 

i) Giese‘s intermolecular addition of 3-alkenyl radicals 2 to the electron de- 

ficient, radicophilic, olefinic compound L, 3,S with ii) Walling-Beckwith's in- 

tramolecular 5-hexenyl radical 3 addition 5,22,23 and iii) repeated Giese's 

addition of cycloalkylmethyl radical 5 to the olefinic compound J_. The propo- 

sed design offers a new approach to the preparation of polysubstituted CyclO- 

pentane derivatives starting from two different classes of unsaturated COmpO- 

unds, i.e. olefinic compounds having different coeficients of their frontier 

molecular orbitals. 

To achieve the sequence of regiocontrolled radical addition reactions 

for cyclopentane ring annulation shown in Scheme l., the reactivity of all 

intermediary radical species should be brought in accord with the radi- 

cophilic propreties of the olefinic bond. 

When 3-butenyl radical, generated by thermal decomposition Of thio- 

hydroxamic ester of 4-pentenoic acid 8 (Barton‘s method 
24 

1, and a radico- 

philic olefinic compound (7a-7d) were used the regioselective threefold -- 

addition occurred affording polysubstituted cyclopentane derivatives 2 

(Scheme. 2.). 
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6 5 

Scheme 1. 

The decomposition of thiohydroxamic esters 8 was carried out underther- - 

ma1 conditions in boiling benzene or toluene, the reaction being initiated 

by AIBN. 
24 

The course of reaction was monitored by TLC. 

+ 
7 6 

a. Z = COOMe+ COOMe 

2 ff 
5. Z = -C-N-C- 

bh 

fl P 
c. Z = -c-p-c- 

t-m 

550/o* 

60 O/o 

63Ofo 

0 0 

cl. z = _&& 61°bb 

a The yields of compounds isolated by column chromatography 
b 
During the reaction elimination of 2-mercapto-4-methylthiazole occurs (see 

Scheme 4.) 

Scheme 2. 

The initially generated 3-butenyl radical 10 being enough nucleophilic .-- 

undergoes an intermolecular addition to the radicophilic olefinic bond of 

maleic acid derivatives I, because its high energy SOMO interacting with 

low energy LUMO 8,17 of electron deficient olefin. Since the rate constant 

of addition reaction of 3-butenyl radical 10 to the C=S bond of the star- - 
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ting thiohydroxamic ester 8 and the rate constant of intermolecular additin 

to the radicophilic olefin 1 are almost the same (10 6 M -ls-1)8,25 in order 

to increase the relative rate of C-C bond formation we used an excess ofthree 

equivalents of electron deficient olefinic compounds 1 (Scheme 3.). When 

equal amounts of starting thiohydroxamic ester 8 and olefinic compounds 1 

were used the cyclopentylmathyl radical 12 as well as 3-butenyl radical 10 - - 

attack rather the CtS bond of starting ester 2 instead of undergoing anint- 

ermolecular addition to the olefinic compound 1. Under these conditions the 

yields of cyclopentane derivatives 2 were considerably decreased, while the 

formation of the correspondin& thioethers was favoured. 

The newly generated radical 11 (Scheme 3.) having an electron-withdra- -- 

wing substituent at the radical carbon has electrophilic character and low 

energy SOMO; it reacts internally with high energy HOMO of the olefinic 

bond in the 5-position and generates the cyclopentylmethyl radical 12 with - 

high energy SOMO. In the latter cyclization reaction an inversion of the 

reactivity of radical species occurs, since an electrphilic radical llgives - 

rise to a nucleophilic radical 12. posse- - The carbon centered radical 11, 

ssing electrophilic propreties cannot react with an electron deficient ole- 

finic bond even when a high concentration of 1 was used. 

Scheme 3. 
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In the next step of this radical chain reaction the cyclopentylmethyl 

radical 12, being enough nucleophilic, reacts with radicophilicolefinic bond 

of compound 1, generating thus again an electrophilic radical species 13 - 

which has low energy SOMO. Carbon radical of type 13, as that of radical 

type 11, cannot react with low energy LUMO of electron deficient olefinic 

bond, but, its lifetime permits its addition to the C=S bond of the starting 

thiohydroxamic ester, 
26 

inducing thus the decarboxylation of ester 8, i.e. 

4-pentenoyloxy radical e, and generation of a new 3-butenyl radical 10. - 

When maleic anhydride 7d was used as the olefinic radical acceptor and - 

the reaction was carried out in boiling toluene (about 115'C), instead of 

compound of type 2, the unsaturated compound 15 was obtained (Scheme 4.).The - 

latter was formed by thermally induced elimination of 2-mercapto-ll-methylthi- 

azole 16 from 9d. Since the corresponding saturated compound was not dete- - - 

HS \“I -(3, N 
16 

Scheme 4. 

cted, the formation of the unsaturated product 15 cannot be assumed to pro- - 

teed by disproportionation of the intermediary radical of type13 (Scheme 3.). - 

In order to check the synthetic value of the proposed threefold (thribble) 

addition reaction which gives rise to the annulation of functionalized cyc- 

lopentane ring, the initialy 3-alkenyl radicals were generated by tributyl- 

tin hydride (TBTH) reduction of the corresponding 3-alkenyl halides.The co- 

rrelation of the reactivity and structure of the intermediary radicals in 

this chain cyclization reaction was also investigated. 

When 3-alkenyl radical was generated by TBTH reduction of 3-alkenylha- 

lides 18 in the presence of an excess of electron deficient, radicophilic, - 

olefinic compounds 17 (AIBN as initiator and benzene as a solvent were used), - 

the thribble addition reaction also took place and formaly 3 + 2 cycloaddi- 

tion occurred. High selectivity of three C-C bond formation reaction lead- 

ing to cyclopentane ring 19 annulation was also observed. 
12 

The results ob- - 

tained are summarized in Scheme 5. 

In this sequence of reactions the radicophilic olefinic compounds17with - 
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BugSnH, h 
-- 
C6tiB~ AIBN 

17 : 18 

e. 2 =CN R=Me X=l 4h 
a,b 19 
44% 6cg% 

f. z=COOEt R=Me x=1 3h 58%, 75% 

9. Z=COMe R=Me Xzi 4h 46% 75%d 

h. Z=CHO R= Me )(= I 1.5 h 6046 

i. Z= CN R=H x= Br 5h 31% 58%d 

a The yields of compunds isolated by column chromatography. 
b 
Mixtures of cis- and trans-isomers. - 

' Gas chromatography yields. 
d 
Bu3SnH was prepared in situ by Bu3SnCl reduction with NaBHI in t-butanol. 

Scheme 5. 

only one electron-withdrawing group attached to the unsaturated carbon were 

used as acceptors of 3-alkenyl radicals. 

The first step in this cycloaddition reaction is the generation of 3-al- 

kenyl type radical 20 (Scheme 6.) which, - in the presence of a tenfold excess 

of acrilonitrile or other radicophilic olefinic compound 2, undergoes an 

intermolecular addition rather than hydrogen abstraction from TBTH, although 

the rates of these two reactions are almost the same (k," kHw lo6 M 
-ls-1 

, 

at room temperature and equal molar ratio). 
8 

The new arised 5-alkenyl type 

radical 21, possesses electrophilic propreties and has low energy SOMO; it 

preferentialy attacks the HOMO of the internal olefinic bond with the form- 

ation of a new carbon centered radical 22. - When two methyl groups are atta- 

ched to the tertiary cyclopentylmethyl radical 22 (R = CH3) the following - 

two competing reactions can be observed: hydrogen abstraction from TBTH and 

intermolecular addition to the electron deficient olefins (17). 8,17 Since - 

an excess of radicophilic olefin 17 used and possessing an increased nucleo- - 
philic reactivity radical species 22 undergoes to a third addition, i.e.the - 
C-C bond formation reaction and hydrogen abstraction reaction was completly 

suppressed. The new generated electrophilic radical 23 have not appropriate - 
LUMO for interaction, and abstracts rather the hydrogen from TBTH (Scheme6.J. 

In case 3-butenyl bromide 18i (R = H) was used as a precursor of 3-butenyl 

radical (0, R = H) the primary cyclopentylmethyl radical 22 also underwent - 
the third addition rather than hydrogen abstraction reaction. 
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BugSi I 

17 

Scheme 6. 

In addition to standard reaction conditions, reactions of alkenyl hali- 

des 18g and 18i were also carried out by preparing TBTH in situ by reducing 

tributyltin chloride with sodium borhydride. This experimental modification 

had no effect on yields of the products 19 (4 and L) (Scheme 5.). - 
In both reactions described for cyclopentane ring annulation (Schemes 

3. and 6.1, the primary (12 and 22i) and tertiary cyclopentylmethyl radi- - -- 

cals (22e-h) involved as intermediates displayed similar reactivities,inthe -- 

presence of an excess of electron deficient olefinic compounds 17 both und- - 
erwent the addition reaction rather than other stabilization reactions, re- 

gardless of the 3-alkenyl radical 20 precursor or experimental conditions - 

applied. 

The reactivity and selectivity ct' the intermediary cyclopentylmethyl 

radical was considerably changed by introducing some radical stabilizinggro- 

ups in the b-position of 3-alkenyl halides 18 which can stabilize the car- - 

bon radical of cyclopentylmethyl type, and in such a case the tandem addi- 

tion only occurs. When one or two aryl groups are attached to the S-carbon 

atom of 3-butenyl radical 0, 2-substituted cyclopentylmethyl derivatives 

25 were obtained (Scheme 7.). - 

When 3-alkenyl type radical was generated by TBTH reduction of alkenyl 

halides of type 24 (R = Ph), the first addition reaction to the radicophilic - 
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Z 

1 
17 

+ 
Bu$nH, h 

l 
CgH6, AIBN 

X 
24 

j. Z=CN R=Ph X=i 

k. Z=CN R= Ph X= Br 

I. Z=COOEt R=Ph X= t 

m. Z= COOEt R= Ph X= Br 

n. Z=CN R=#e x= I 

40 h 

45 h 

48 h 

40 h 

40 (12?h 

Z Ph 

;;“s25 c 
0 75 “iJ 

26 $, 70 %* 

25 % 53 % 

45 % 

52 % 67%* 73%’ 

aThe yields of compounds isolated by column chromatography. 
b. Mixture of cis- and trans-isomers. - 

'Gas chromatography yields. 
d 
TBTH was prepared in situ by reduction of Bu3SnCl with sodium bor hydride in t-butanol. 

eThe reaction was carried out with irradiation of reaction mixture at r.t. In addition to 

the cyclic product 25n the corresponding alkene was isolated in yield of 4%. - 

Scheme 7. 

olefins 17 is the same as already described. The next intramolecularaddition, - 

from the standpoint of FM0 theory, proceeds in a similar manner as already 

shown, and a cyclopentylmethyl radical of benzylic type 27 isgenerated(Scheme - 

8.1. However, due to the presence of one or two phenyl groups at the radical 

carbon, the fate of radical 27 is changed with respect to that of radical22 - - 

(R = CH3). Phenyl group stabilize the carbon radical 27 by mesomeric effect - 

decreasing thus the nucleophilic reactivity and the rate of addition to the 

olefinic bond similar to the polar effect of electron-withdrawing groups in 

radicals of type 26. 3,8,17 Thus the benzylic type of cyclopentylmethyl radi- - 

cal 27 undergoes hydrogen abstraction reaction giving rise the cycclopentane - 

derivative 28 rather than the intermolecular addition reaction to olefin 17 - - 

(Scheme 8.1. The rate of intermolecular addition of stabilized radical 27 -- 

to the electron deficient olefinic bond 17 is much slower (lo6 M -'s-~) than - 
is the rate of hydrogen abstraction. Namely, by decreasing the nucleophilic 

reactivity and the energy of SOMO of cyclopentylmethyl radical 21, and its 

reactivity with LUMO is decreased affording thus the corresponding 2-substi- 

tuted cyclopentylmethyl derivatives 28. - 

The reaction of 3-alkenyl halides 24 with TBTH and olefinic compounds - 

17 proceeds considerably slower (40-48 hrs) than the reaction of 3-alkenyl - 

halides 18 (1.5-4 hrs), under the same conditions applied. Since substitu- - 
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Ph 

Z R 4 Bu$nH 

27 

Ph H 

Z $ R 

28 

Z 

29 

Scheme 8. 

ents at the s- carbon atom of 3-alkenyl radical 20 do not influence the ra- -- 

tes of reactions involved (reduction, inter- and intramolecular addition) 

we assume that the rate of hydrogen abstraction by stabilized cyclopentyl- 

methyl radical 27 (R 3 Ph) from TBTH is the rate determining step. - 

When the reaction nf 3-alkenyl halides with TBTH and acrylonitrile was 

carried out with irradiation of the reaction mixture, the reaction time was 

considerably shorter but the yield of cycloaddition product(25n) was uneffe- - 

cted (Scheme 7.). 

From the results presented it can be seen that by appropriate selection 

pf initial 3-alkenyl type radicals and unsaturated compounds with electron 

deficient olefinic bond, a rational design of a synthetic sequence of reac- 

tions for cyclopentane ring annulation can be achieved. Although the yields 

of polysubstituted cyclopentane derivatives obtained are not optimized, we 

believe that a new method for the construction of functionalized cyclopenta- 

ne molecules, in one step, is on choice. 

EXPERIMENTAL 

Purification of starting materials and separations of the reaction products were carr- 

ied out by column chromatography using silica-gel (0.063-0.200 mm), and/or by preparative 

gas chromatography on a Varian 920 instrument. Analytical gas chromatography was performed 

on a Varian GC-3400 instrument with a Varian 4270 integrator, using 5% OV-101 on Chromo- 

sorb WDMCS and 10% OV-275 on Chromosorb P columns. NMR spectra (ppm in S-values) were re- 

corded in CDC13 (if not 0th et-wise stated) on a Varian FT 80-A spectrometer ('H at 80 MHz 

and 13C at 20 MHz); TMS was used as an internal standard. IR spectra (pmax in cm -l) were 

recorded on a Perkin Elmer ‘157 Grating instrument. Mass spectra were obtained on a Finni- 

gan MAT 8230 instrument. 
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I. Decomposition of thiohydroxamic eater of 4-pentenoic acid 8. 

I.A. Synthesis of thiohydroxamic ester of 4-pentenoic acid 8. 

N-Hydroxy-4-methylthiazol-2-thion (Thiohydroxamic acid) 24 - To a cooled (O'C) solu- 

tion of 24.4 g (0.428 M) of KOH in 190 ml of water, a solution containing 15 g (0.078 M) 

of the oxime of S-acetonyl-0-ethyl-dithiocarbonate (obtained from S-acetonyl-O-ethyl-dithi- 

ocarbonate 27 ) in 190 ml of CH2C12 was added with stirring. The reaction mixture was then 

acidified with 4M HCl. The organic layer was separated and washed with water and saturated 

sodium chloride solution and dried (Na SO anh.). Solvent was removed by evaporation under 
2 4 

reduced pressure and the solid residue was crystalized from benzene. Pure thiohydroxamic 

acid, m.p. 93-94'C, was obtained in a 36% yield. lH-NMR: 2.40 (2, 3H, J=1.5 Hz); 6.30 (q, 

lH, J = 1.5 Hz); 8.50 (9 broad, 1H). 

Thiohydroxamic ester of 4-pentenoic acid 8. To a solution of 0.6 g (4.06 mM) of thio- 

hydroxamic acid and 0.237 g (3.0 mM) of pyridine in 10 mL of toluene, a solution of 4-pent- 

enoyl chloride (0.40 g, 3.38 mM) in toluene (5 ml) was added dropwise. The reaction mixture 

was stirred at r.t. for 1 h and then filtered off. A clear solution of thiohydrpxamic ester 

of 4-pentenoic acid in toluene was obtained and it was used in the following reactionswith- 

ot isolation of the pure ester. 

I.B. Decomposition of thiohydroxamic ester of 4-pentenoic acid 8 i; 

the presence of electron deficient olefins. General method. 

To a boiling solution of electron deficient olefinic compound (15 mM) 

in toluene (15 ml (argon was bubbled throughly during 10 min.), a solution 

containing 0.75 g (5 mM) of thiohydroxamic ester in 25 ml of toluene was added dropwise 

during 15 min. in argone atomsphere. The reaction mixture was then refluxed for further 

30 min., the course of reaction being monitored by TLC. Solvent was removed by evaporation 

under reduced pressure. The separation of the reaction products is carried out by chroma- 

tography on silica-gel column (benzene/ethyl acetate 8 : 2). 

i) In the presence of dimethyl maleate 7a. In the reaction of thiohydroxamic ester 

of 4-pentenoic acid 8 (4.4 mM) with dimethyl maleate (13.3 mM) in the presence of catalytic 

amount of AIBN, the cyclopentane detvative 2 was obtained in a 55% yield. 'H-NMR: 1.20- 

2.30 (m, 7H); 2.40 (2, 3H); 2.90-3.40 (m, 3H); 3.55-3.75 (99, 12 H); 4.15-4.75 (m, 1H); 6.80 

(s, 1H). Analysis: found: C, 50.10; H, 5.70; N, 2.55; S, 14.20%; C19H2708NS2 requires: C, 

49.35; H, 5.85; N, 3.03; S, 13.88%. 

ii) In the presence of N-phenylmaleinimide 7b. The reaction of thiohydroxamic ester 

5 with N-phenylmaleinimide afforded crystaline cyclopentane derivative E in 60% yield, m. 

p. 97-1OO'C. IR (KBr): 
-1 

1710, 1600, 1500, 1380, 1190, 1040, 750, 695 cm . lH-NMR: 1.20- 

2.70 (m, lOH, with s on 2.30); 3.97 and 4.40 Cfi, J = 5 Hz, lH, two stereiscmers); 6.80 

(2, 1H); 7.10-7.60 (fi, 10H). 

iii) In the presence of N-t-butylmaleinimide 7c. The cyclopentane derivative 9c was - 

obtained in 65% yield when decomposition of thiohydroxamic ester of 4-pentenoic acid 8 was 

carried cut in the presence of three fold excess of N-t-butylmaleinimide. Analysis: found: 
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C, 56.70; H, 6.80; N, 9.20; S, 13.75%; C23H3304N3S2 requires: C, 57.62; H, 6.88; N, 8.76; 

S, 13.36%. l H-NMR: 1.30-1.50 (99, 18H); 1.50-2.50 (2, lOH, with 2 on 2.40); 2.75-3.40 (m, 

3H); 3.15 (1, J '; 6 Hz) and 3.85 (d, J t 6 Hz) lH (cis- and trans-isomers on the second ma- - 

leinimide ring); 6.15 (2, 1H). 

iv) in the presence of maleinanhydride 7d. By decomposition of thiohydroxamic 

ester 8 (0.916 g, 4 mM) in the threefold excess of maleinanhydride (1.20 g, 12 mM), the un- 

saturated bicyclic product 15 was obtained in 62% yield. IR: 3120, 1850, 1750, 1240, 930, - 

895, 700 cm-l. 1H-NMR: 1.25-3.00 (m, 7H); 3.10-3.70 (I?, 2H); 6.87 (4, J = 1.3 Hz, 1H). Ana- 

lysis: found: C, 57.50; H, 4.25%; C12H1006 requires: C, 57.60; H, 4.25%. 

II. Reduction of 3-alkenyl halides by tributyltin hydride (TBTH) in the 

presence of electron deficient olefinic compounds 

1I.A. Synthesis of 3-alkenyl hylides 18 and 24. Alkenyl halides 18 and 24 were prepa- - - 

red by cyclopropane ring opening of the corresponding tertiary cyclopropanemethanols by mag- 

nesium halides in an inert atmosphere. 
28 

4-Phenyl-3-penten-l-y1 iodide 24n. 
28 

To a suspension of 5.35 g (0.22 gA) of magnesium 

in 350 ml of ether, 55.4 g (0.22 M) of iodine was added in a small portions in argon atmo- 

sphere. The reaction is exotherimic. After iodine was added the reaction mixture refluxed for 

0.5 h. Ethereal solution of magnesium iodide was filtered in argone atmosphere. To a clear 

ethereal solution of magnesium iodide, 17.8 g (0.11 M) of l-phenyl-1-cyclopropylethanol diss- 

olved in 50 ml of ether was added. The reaction mixture was refluxed and stirred in an inert 

atmosphere during 2.5 h. When reaction was completed the reaction mixture was washed with 

aqueous 10% solution of sodium thiosulfate and saturated sodium chloride solution. After dry- 

ing (Na2S04 anh.) ether was evaporated and residual oil was distilled under reduced pressure. 

LPhenyl-3-penten-l-y1 iodide was collected at 132'Cl 2 mm Hg, 23.3 g (75% yield). lH-NMR: 

2.00 (2, 3H); 2.80 (2, 2H); 3.20 (4, 2H); 5.20 (t, 1H); 7.20-7.50 (fl, 5H). Satisfactory IR 

spectra was obtained. 

4,4-Diphenyl-3-buten-l-y1 iodide 24j. According to the previously described procedure 

4,4-diphenyl-3-buten-l-y1 iodide was prepared from 3.93 g (17.5 mM) of diphenylcyclopropylme- 

thanol. It was obtained 4.68 g (80%) of 4,4-diphenyl-3-buten-l-y1 iodide, b.p. 172'~/0.8 mm 

Hg. 'H-NMR: 2.20 (9, 2H); 3.20 (4, 2H); b.05 (t, 1H); 7.10-7.70 (m, 10H). 

4,4-Diphenyl-3-buten-l-y1 bromide 24k. Toanethereal solution of magnesium bromide, 

prepared from 3.9 g of magnesium and 22.5 g of 1,2-dibromoethane in ether, 7.5 g (33.25 mM) 

of diphenylcyclopropylmethanol, dissolved in 20 ml of ether, was slowly added. The reaction 

mixture was refluxed during 1 h, and worked up as described above. It was obtained 4.8 g 

(50%) of 4,4-diphenyl-3-buten-l-y1 bromide, b.p. 158'~/ 1 mm Hg. 'H-NMR: 2.70 (9, 2H); 3.45 

(4, 2H); 6.10 (t, 1H); 7.10-7.50 (m, 10H). 

4-Methyl-3-penten-l-y1 iodide 18e. Iodide 18e was prepared - from 1-methyl-1-cyclopropyl, 

ethanol (3.44 g, 34.4 mM) according to the described procedure. It was obtaiend 3.4 g (47%) 

of 4-methyl-3-penten-l-y1 iodide, b.p. 29'Cl 2 mm Hg. lH-NMR: 1.00 (2, 3H); 1.80 (2, 3H); 

2.55 (q, 2H); 3.10 (4, 2H); 5.15 (4, 1H). 
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3-Buten-l-y1 bromide 18i. This bromide was prepared according to the described pro- 

cedure. 29 

Reduction of 3-alkenyl halides 18 and 24 by TBTH. General procedure. 1I.B. 

The solution of 1 mM of 3-alkenyl hylides, 10 mM of electron deficient olefinic compounds, 

1.1 mM of TBTH and catalytic amount of AIBN in 20 ml of benzene was heated to reflux in argon 

atmosphere. The course of reaction was monitored by TLC. When TBTH was completly consumed, an 

excess of electron deficient olefinic compounds and benzene were removed by distillation un- 

der reduced pressure. The residue was dissolved in ether and treated with a saturated aqueous 

solution of sodium fluoride (to remove tributyltid halide by precipitation as a tributyltin 

fluoride3'). Ethereal solution was dried by anh. Na2S04, ether was removed by evaporation 

under reduced pressure and residual mixture was analyzed by gas chromatography and separated 

by chromatography on silica-gel column. 

Reductions were carried out under photolytical conditions (Hg-lamp) at room temperature 

in an ethereal solution. 31 Almost the same yields of cyclization products were ohtained,see 

Schemes 2 and 5, while 'reaction times were considerably shorter. 

Sirrilar results were obtained when TBTH was prepared in sit.u by using 0.4 mM of tributyl. --- 

tin chloride and 2.22 mM of sodium borhydride as a reducing agent. Catalytic amount of AIBN 

was also used. These reactions were carried out in t-butanol. 32 

2-Cyano-l-o-cyclopentane This cyclopen- 

tane derivative was obtained in 75% yield by TBTH reduction of 4,4-diphenyl-3-buten-l-y1 iod- 

ide (24j) in acrylonitrile. 
-1 

- IR: 3018, 2242, 1600, 1500, 1455, 750, 710 cm . 'H-NMR: l.lO- 

2.20 (fi, 7H); 2.80-3.00 (1, 1H); 4.00 (d, J = 12 Hz, 1H); 7.10-7.40 (m, 10H). 

Cyclopentane derivative 253 was also obtai".ed by modified procedure where TRTR was pre. - 

pared in situ by using Bu3SnC1 (0.4 mM) and sodium borhydride (2.2 mM) and 4,4-diphenyl-3- -- 

buten-l-y1 bromide as starting material. Reaction was carried out in t-butanol. Compound 25j - 

was obtained in 70% yield. 

Ethyl 2-diphenylmethyl)cycl~pentanecarboxylate 25 1. By TBTH reduction of 4,4-diphenyl- 

3-buten-l-y1 bromide (24m) in the presence of ethyl acrylate in excess the title compound - 

25 1 was obtaiened in 45% yield. However, by using the corresponding iodide 24 1 a asprecur- _- 

sor of 3-alkenyl radical, the cyclonentane derivative 25 1 was obtained in 5% yield. 'H-NMR: 

1.20 (4, 3H); 1.40-2.00 (m, 7H); 2.20-3.90 (m, 2H1; 4.10 (9, 2H!; 7.10-7.40 (m, 10H). Analy- 

sis: found: C, 81.45; H, 7.90%; C21H2402 requires: C, 81.81; H, 7.79%. 

2-(l-Phenylethylj-cyclopentanecarbonitrile 25n. In the reaction of 4-phenyl-3-penten-l- 

yl iodide 24n (mixture of 2 and E isomers was used) with acrylonitrile, according to the de- - - - 
scribed procedure, the title compound was obtained in 67% yield as a mixture of cis- and - 

trans-isomers. When the reaction was carried out under thermal conditions, in boiling benzene 

it was csmijleted for 40 hrs; however, by running the reaction under irradiation cocditions 

(Hg-lamp) at r.t. and using ether as solvent, the reaction time was only 12 hrs and the same 

yield of cyclic product 25 was obtained. - IR: 3040, 2240, 1500, 1460, 770, 710 cm-l. lH-NMR: 
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1.35 (d, 3H); 1.40-2.25 (m, 7H); 2.60-3.20 (m, 2H); 7.10-7.30 (m, 5H). MS: M+ 199 (9.5%),115 

(4.4%), 105 (lOO%), 91 (11.8%1, 77 (9.5%). 

4-(Z-Cyanocyclopentyll-4-methylpentanonitrile 19e (R = Me, i! m CN). The reaction of 

4-methyl-3-penten-l-y1 iodide with TBTH, in the presence of 15-fold excess of acrylonitrile 

afforded the title compound 19e in 65% yield. IR: 2985, 2890, 2250, 2240, 1480, 1460, 1400, - 

1380 cm-l. 1 H-NMR: 0.90 and 0.97 (ss from one isomer) and 1.05 and 1.10 (ss from other iso- - - 

mer) 6H (two methyl groups), 1.50-2.15 (m, 9Hl; 2.20-2.60 (4, 2H); 2.75-3.00 (2, 1H). 

Ethyl 4-(2-ethoxycarbonylcyclopentyl)-4-methylpentanecarboxylate 19f (R = Me,Z=COOEtl. 

When the reaction of 4-methyl-3-penten-l-y1 iodide with TBTH was performed in in the presence 

of 15-fold excess of ethyl acrylate, the title compound 19f was obtained in 75% yield. IR: - 
2970, 2880, 1740, 1380, 1180, 1160, 1050 cm -1. lH-NMR: 0.85 and 0.90 (99, 6H); 1.25 (4, 6H); 

1.40-2.00 (m, 9H); 2.05-2.90 (m, 3H), 3.90-4.25 (B!, 4H). 

2-(2-Acetylcyclopentyl)-2-methyl-5-oxohexane 19g (R = Me, 2 = COMe). 4-Methyl-3-penten- 

l-y1 iodide was reduced by TBTH in the presence of 15-fold excess of methyl vinyl ketone affo. 

rding the title compound 19g in 75% yield. IR: 2960, 2890, 1710, 1370, 1360, 1170 cm -l.lH-NMR - 

0.65 and 0.70 (z, 6H); 1.10-1.90 (m, 9H); 2.05 (2, 3H), 2.10 (2, 3H); 2.20-3.00 (m, 3H). An- 

alysis: found: C, 74.75; H, 10.80%; C14H2402 requires: C, 75.00, H, 10.71%. 

4-(2.-Formylcyclopentyl)-4-methylpentanal 19h (R = Me, 2 = CHO). This cyclopentane deri- 

vative 19h was obtained in the reaction of 3-alkenyl iodide 18h with TBTH in the presence of - - 
ten-fold excess of acroleine (60% yield). IR: 2960, 2880, 2720, 1725, 1475, 1455, 1395,1375 

cm-l. lH-NMR: 0.85 (2, 6H); 1.20-2.10 (!, 9H); 2.20-2.70 (2, 3Hl; 9.75 (d, J 9 5 Hz, 1H); 

9.85 (4, J 3 Hz, 1H). 

4-(2-Cynocyclopentyl)-butironitrile 191 (R = H, 2 = CN). By reaction of 3-butenyl brom- 

ide with TBTH in the presence of ten-fold excess of acrylonitrile, the title compound 19i was - 
formed in 58% yield. IR: 2950, 2880, 2245, 2240, 1460, 1430 cm -l. 'H-NMR: 0.90-2.70 (m, 13H); 

2.85-3.25 (m, 1H). 
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2. 

3. 
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5. 

6. 
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