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Abstmct: Sequential radical a&iition/5-exo-cyclization&elimination reactions, accomplished by therm&y or 
photolyticalty induced decompositions of 0-acyl derivatives of N-hydroxypyridine-2-thione or other thiohydroxamic 
esters of 6-phenylthio-4-herenoic acids II in the presence of an excess of radicophilic ole~ns, afforded the 2- 
vinylcyclopentanc den’vatives 13 in 5090% yields, while decompositions of thiohydroxamic esters or 6-phenylthio-4- 
-hexynoic acids 24, under the same experimental conditions and in the presence of electron deficient oleflts, 
affordedthecorre.vponding2-vinylidenecyclopentane (2-o-alleniccyclopentane)derivatiws25 @I-72%). However, 
when &compositions of thiohydroxamic esters 39 were carried out in boiling toluene solution without rodicophilic 
olefins. 3-e-co-cyclization took place and the corresponding 2-vinylcyclopropane der&tives 40 were obtained in 43- 
-60% yields. 

Tandem sequence of radical addition/cyclization reaction represents a simple and very useful 
methodology for annulation of polysubstituted cyclopentane rings. te3 Starting from two appropriate unsaturated 
synthons 1 and 2, by this sequence of reactions, 3 + 2 cycloaddition takes place involving two carbon-carbon 
bonds formations. 134*5 In addition to the tandem sequences4*6-‘6 . higher sequential radical transformations were 

Scheme 1. 

systematically investigated by designing the appropriate substrates, selection of reaction conditions and 
reagents, and following sequences such as additionlcyclizationladdition, 1*2 addition/cyclization/atom transfer17 
and fragmentation/addition/cyclization’8 were successfully applied in the synthesis of complex polycyclic 
compounds. t6 

In all of these sequential radical reactions several radical intermediates were involved in the propagation 
step of these radical chain reactions. The reactivities of the intermediary radicals involved in the key sequence, 
e.g. addition/cyclization, have to be in accordance with the reactivity of the corresponding unsaturated bonds,” 
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and follows the rule: nucleophilic radicals readily react with the electron deficient alkenes, while electrophilic 
radicals rapidly undergo addition to the electron rich alkenes. 4J9$20 In order to achieve successful sequential 
reaction, all of the reactions involved in the key sequence must be faster than the reactions which could 
terminate the chain reaction. 

Herein, we investigated the sequence of reactions involving an addition/cyclization/B-elimination and 
its application to the construction of polysubstituted cyclopentane ring. In order to realize this sequence of 
reactions it was necessary to design appropriate substrates for generation of radical intermediates possessing 
a reactivity which corresponds to the expected reactivity of intermediary species, having in mind that addition 
of nucleophilic radicals to electron deficient olefinic bonds (K, = 3 x 16 sec-1)20 and 5-exe-cyclization of 
electrophilic radicals (K, = 1 x lo6 sec.‘)21 proceeds smoothly. When tributyltin hydride method is applied 
and cyclopentylmethyl radical has electrophilic character, termination reaction involves abstraction of hydrogen 
(KB = 2 x 106 %X-1)22, however, when cyclopentylmethyl radical has nucleophilic properties the addition to 
the electron deficient olefinic bonds takes place. 1*2 We assumed that the cyclopenfylmethyl radical 3, 
generated by 3 + 2 cycloaddition. could undergo the elimination reaction, as the termination step, if it 
possesses a good radical leaving group in the B-position. By inspection of rates of involved reactions we found 
that Barton method23 of generatio n of starting alkenyl radical 4 (Scheme 2.) from the corresponding 
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Scheme 2. 
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thiohydroxamic esters, could be a method of choice. In order to discipline the cyclopentylmethyl radical 3 to 
only one manner of stabilization in a termination step, it was necessary to introduce a phenylthio or 
tributylstannyl groups into the h-position in respect to radical center 3, i.e. in the position 5 of the initial 
alkenyl radical 4, because the rate of B-elimination of these groups (K, = 1.6 x lo7 sec-1)24 is higher than 
addition of cyclopentylmethyl radical onto the starting electron deficient olefinic compounds 1. This 
methodology could have synthetic value if th-e eliminated radical L. reacts with a radical precursor to propagate 
a chain (the rate of addition of alkyl radical to C =S group of thiohydroxamic ester is K = 1.3 x 106 sect).25 

We assumed that the sequence of addition(i)/cyclization(ii)/elimination(iii) reactions and construction 
of functional&x-l vinylcyclopentane derivatives 5 could be realized if thiohydroxamic esters of 6-phenylthio4 
-hexenoic acids were used as precursors of 5-phenylthio-3-pentenyl radical 4 (Scheme 3.).26 Since 5- 
phenylthio-4-pentenyl radical 4 is relatively nucleophilic with high-lying SOMO it was necessary to use as 
radical acceptors compounds possessing a low-lying LUMO of olefinic bond, such as compounds having an 
electron-withdrawing group attached on the olefinic carbon atom.47’9 

Synthesis of thiohydroxamic esters of 6-phenylthio-4-hexenoic acids 11 were realized according to 
Scheme 4. Preparation of 2alkylated 6-phenylthio-4-hexenoic acids 9 were carried out by alkylation of esters 
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Z = EWG 
L = Radical leaving group 

Scheme 3. 

6 by Q-l ,4-dibromo-2-butene using LDA as a base. By substitution of bromine with thiophenyl group and 
by hydrolysis of ester 8 (see Experimental) 2-alkylated 6-phenylthio-4-hexenoic acids 9 were prepared. 
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Scheme 4. 

Thiohydroxamic esters 11 (Scheme 4.) were prepared in good yields according to the Barton’s 
procedures,23V27 by addition of 6-phenylthio-4-hexenoic acid chlorides 10 to the equal amount of N- 
-hydroxypyridine-2-thione or 3-hydroxy-4-methylthiazole-2(3H)-thione, pyridine and 4-dimethylaminopyridine 
(DMAP) in benzene solution. Thiohydroxamic esters 11 prepared in benzene solution were decomposed in the 
presence of 3-5 molar excess of electron deficient olefins 12 by irradiation with a sunlamp (200 W) during 1 
h. However, when decomposition of thiohydroxamic esters were carried out under thermal conditions starting 
esters were prepared in ether solution, and after removal of solvent the ester was dissolved in toluene and then 
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was slowly added to the boiling solution of excess of radicophilic olefins and catalytic amount of AIBN in 
toluene. Decomposition was carried out at reflux temperature and reactions were completed during 15 min.26 

Under these experimental conditions thiohydroxamic esters 11 were converted into the 2- 
-vinylcyclopentane derivatives 13 and 2-pyridylphenyl disulfide 14 as final reaction products, and they were 
separated by chromatography on silica gel column. The reaction products and their yields are presented in the 
Scheme 5. 
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Scheme 5. 

Sequential addition/cyclization/g-elimination reactions took place when decompositions of 
thiohydroxamic esters 11 were performed under photolytic (lla, c, d, e, g, j, k, I) and thermal (llb, f, h, 

i) conditions, however lower yields (50-6396) of 2-vinylcyclopentane derivatives 13 were obtained when 
reactions were performed by thermal decomposition of starting esters, than when thiohydroxamic esters were 
irradiated, when higher yields (64-9046) of annulation products were obtained. 

S-SPh 

14 
Yields (%) 

Isolated GC 
43 71 
33 50 
70 90 
50 76 
40 64 
32 63 
37 

40 52 
41 80 
39 89 
58 77 
58 89 

The sequence of radical chain reactions involving an addition/cyclir.ation/g-elimination is initiated by 
decomposition of N-hydroxypyridine-2-thione esters of ol-substituted 6-phenylthio-3-hexenoic acids. Reaction 
was induced by addition of phenylthio radical to the C=S bond of starting ester which proceeds with a 
concerted or stepwise homopolar cleavage of N-O bond thus arising an intermediary czuboxy radical 15 and 
by decarboxylation a S-phenylthio-3pentenyl radical 16 was generated (Scheme 6.). Possessing nucleophiic 
character a homoallyl radical 16, in the following step, preferentially undergoes the regioselective addition to 
the radicophilic olefins 12 thus generating a radical 17. In order to favour the addition of radical 16 to the 
electron deficient olefins 3-5 molar excess of oletins 12 were used. With this ratio of starting compounds the 
addition of homoallyl radical 16 to olefins was increased, while its addition to the C=S bond of starting 
thiohydroxamic esters 11 was suppressed. 



Sequential radical addition/cyclization/B-elimination 8979 

11 S 

R RI 
13 

Scheme 6. 

Electrophilic radical 17 rather undergoes the 5-exo-cyclization with formation of a cyclopentylmethyl 
radical 18 (Scheme 6.). Other reactions of radical 17 such as addition to the C=S bond of thiohydroxamic 
esters, or to the electron deficient oletins were not observed. 

Although cyclopentylmethyl radicals 18, possessing nucleophilic properties, are similar to the homoallyl 
radicals 16, they do not undergo the intermolecular addition to the starting olefinic compound as a radicophil, 
but possessing a phenylthio group as a good leaving group, at the neighboring carbon atom they rather undergo 
the S-elimination reaction (K, > 1.6 x lo7 set-‘) thus affording 2-vinylcyclopentane derivatives 13 as final 
reaction products and generating a phenylthio radical as a chain carrying radical. By addition of phenylthio 
radical to the C =S bond of starting esters a new propagation step involving addition/cyclization/B-elimination 
starts. 

This sequence of reactions involving two carbon-carbon bond formations and elimination reaction is 
named addition/cyclization/elimination, although this free radical chain reaction involves several steps, such 
as addition of PhS radical to the C=S bond, homopolar cleavage of O-N bond and decarboxylation of carboxyl 
radical prior to the formation of 5-phenylthio3pentenyl radical 16, which has to be considered as an initiation 
step in respect to the addition/cyclization/elimination sequence as a propagation step. 

Electrophilic 5-phenylthio-3pentenyl type radical, generated by addition of phenylthio radical to the 
vinylcyclopropane also undergoes the same sequence of addition/cyclization/elimination reaction, thus affording 
vinylcyclopentane derivatives in high yields.*’ However, when 5-tributylstannyl-3pentenyl radical was 
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generated by tributyltin hydride method (catalytic or equal amount of Bu.$nH was used) from the 
corresponding iodide, poor yields of the 2-vinylcyclopentane derivatives were obtained.29 

By this sequence of radical reactions polysubstituted vinylcyclopentane derivatives 13 were obtained 
as mixtures of stereoisomers. When acrylonitrile was used as a radicophile and secondary 5-phenylthio-3- 
-pentenyl radical 16 was involved, two stereoisomers were obtained in the ratio of 1 : 1, although three 
possible isomers exist. However, when esters of acrylic acid were used one stereoisomer predominates. The 
stereoisomeric vinylcyclopentane derivatives 13 were only detected by gas chromatography, we were not able 
to separate them, and they were characterized as mixtures of stereoisomers. According to Beckwith’s mode13’ 
for cyclization of primary and secondary 3-substituted hexenyl radicals, and Houk’s calculations3’ we believe 
that cyclixation of S-heptenyl radical 17 involves 5-exe-chair transition state 19 with equatorial-like substituent 
in the position 3. Transition state 19 having substituent at radical center (position 1) in equatorial-like position 
give a 1,5-&isomer 20, while a transition state 21 with axial-like position of substituent at the radical center 
affords a 1,5-trans-isomer 22 (Scheme 7.). By using acrylonitrile as a radicophile, the difference between the 
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Scheme 7. 

transition states 19 and 21 is very low, because of linearity of cyan0 group and 1,5-cis- (20) and 1,5-fruns- 
-isomer (22) were obtained in almost equal amounts. When other radicophilic oletins were used the ratio of 
isomers varied, because of stereochemical requirements in the transition state and usually one isomer 
predominates. 

Recently it was demonstrated that 3-butynyl type radical, generated by tributyltin hydrides or 
hexabutylditin methods,” undergoes the addition to the radicophilic olefins, thus generating an electron 
deficient 5-hexenyl type radical. By 5-exe-dig-cyclization reaction this radical affords 2-alkylidenecyclopentane 
derivatives.4*6 We undertook to realize our sequence of reactions, i.e. addition/cyclization/O-elimination 
involving a 5-phenylthio-3-pentynyl radical intermediates. Thus by photolytically induced decomposition of 
thiohydroxamic ester of 6-phenylthio-4-hexynoic acid 2432 in benzene solution, in the presence of 5-fold molar 
excess of radicophilic olefins 23, 2-vinylidenecyclopentane derivatives 25 were obtained in 61 to 72% yields, 
in addition to the 2-pyridylphenyl disultide as a side product (Scheme 8.). 



Sequential radical addition/cyclization@-elimination 8981 

SPh 

Z R 

K hv 

23 
S 

25 

a 
N S-SPh 

14 

a) 
b) 
c) 

R Z 

H CN 
H COOEt 

Me CN 

Yields 1%) 
Isolated GC 

32 65 
40 65 
41 72 

Scheme 8. 

This annulation of cyclopentane ring involves the same sequence of reactions and the course of this 
chain reaction, the rates of generation of 5-phenylthio-3-butynyl radical 26, as well as the rate of its addition 
to the radicophilic olefins 23 (Scheme 9.) are quite similar to the above described sequence of reactions 
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25 

Scheme 9. 

affording a vinylcyclopentane derivatives (Scheme 6.). Somewhat lower yields of vinylidenecyclopentane 
derivatives 25, in comparison to vinylcyclopentane derivatives, could be explained by lower rate of cyclization 
of 5-hexynyl type radical 27 (I& s_,+ = 16 se&) than hexenyl radical and in such conditions the addition 
of 5-hexynyl type radical 27 to the C=S bond of starting thiohydroxamic ester 24 could be a considerable 
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competing reaction. We believe that g-elimination of PhS’ from the intermediary vinyl radical 28 is a fast 
reaction, although kinetic parameters for this type of elimination reaction were not yet described. 

Free radical annulation of substituted and functionalized cyclopcntane derivatives 29-33 from 
radicophiles 1 and 3-butenyl type radicals 34, involving a cyclopentylmethyl radicals 35, is a useful synthetic 
methodology for the construction of cyclopentane rings (Scheme 10.). Depending on the methods for the 

R, = Ph 

TBTH 
method 

Scheme 10. 

generation of 3-butenyl type radical and substituents on the radicophile 1 as well as the precursor of 3-butenyl 
radical 34 cyclopentane derivatives 29-33, bearing different substituents and functional groups were prepared. 

3+x0-Cyckarion of 5-Phenylihio3-pentenyl Radicals 

The rate of 3-exe-cyclization of 3-butenyl type radical is very low o(, 3_,_tia = 0.8- 1.3 x lo4 ~ec-~).~~ 
Due to the ring strain the rate of ring opening of cyclopropylmethyl radical is considerably higher (Kf = 1.3 
x lo* sec‘1)21734 and synthetic utility of this reaction was limited. Because of considerable difference between 
the rates of cyclization (K, 3-ur0-) and fragmentation (Kf) the equilibrium is on the side of 3-butenyl type 
radical, even when stabilizing substituents are present on the radical carbon atom at the cyclopropylmethyl 
radical.35 So, free radical cyclopropane ring formation was rather considered as a 3-butenylkyclopropylmethyl 
radical interconversion than as a method for the construction of a three membered carbocyclic ring?6 In 
several reactions cyclopropylmethyl radicals were observed as intermediates in 1 ,Zgroup migration and were 
usually in equilibrium with 3-butenyl type radicals. 12YM~35*37-4o Cyclopropane derivatives were only prepared 
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by a free radical displacement in 3-butenylcobaloximes by halomethyl radicals41 or when stereochemistry of 
the intermediary radical favours the 3-exo-cyclixation.42~43 

We assumed that 3-e..xo-cyclization of 3-butenyl radicals to cyclopropane derivatives could be achieved 
by an efficient quenching of the intermediary cyclopropylmethyl radicals. In order to favour 3-exe-cyclization 
and to suppress reversible opening of the cyclopropylmethyl radical it was necessary to design a radical 
precursor and to find a reaction for quenching of radicals (Ka) having a rate constant higher than a ring 
opening (K,>Kr) (Scheme 11.). Since it was estimated that the rate of elimination of phenylthio group, 

. 
-I_ -+ < ; 

36 
f PL (Z,) > v- q 

37 39 

Scheme 11. 

adjacent to a radical center would be higher than K, > 1.6 x 10’ set-’ , we wanted to check if this elimination 
could be a faster reaction than opening of cyclopropylmethyl radical 37 in boiling toluene and be a good 
propagation step in the radical chain reaction affording a cyclopropane 38 as a final reaction product (Scheme 
11.). 

Free radical 3-exe-cyclization with a cyclopropane ring formation was accomplished when 3-pentenyl 
type radical 36 possessed a phenylthio group, as a good leaving group, in the position 5.44 

We assumed that Barton’s method for the generation of 3-butenyl radicals was preferred and as a good 
precursor of radical allowing 3-exe-cyclization we selected thiohydroxamic esters of 6-phenylthio-4-hexenoic 
acid 39. Thermal decompositions were carried out by dropwise addition of toluene solutions of esters 39 to 
the refluxing toluene. Under these conditions the corresponding 2-vinylcyclopropane derivatives 40 were 
obtained in addition to 4-methyl-2-thiazolylphenyl disulfide 41 (Scheme 12.). 
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Scheme 12. 

The intermediary 5-phenylthio-3-pentenyl radicals 42 generated by decarboxylation of starting 
thiohydroxamic esters 39, in the absence of radicophilic oletins undergo the intramolecular 3-exo-cyclization 
thus giving a cyclopropylmethyl radical 43 (Scheme 13.). We believe that 3-exe-cyclization involves a 
transition state in which E-configuration of oletinic bond of radical 42 permits the coplanarity of four carbon 
atoms chain to be perpendicularly oriented to SOMO of homoallyl 42. Since the distance between carbon 
radical and attacking olefinic carbon atom for 3-Pxo-cyclization is about 2.50& which is considerably longer 
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Scheme 13. 

than the distance required for S-exe-cyclization (2.34.4) and optimal distance for radical addition reactions 
(LOOA), some additional activation is required in order 3-exe-cyclization to occur. In this case the activation 
of oletinic bond was achieved by phenylthio group in the allylic position which lowers a LUMO of olefinic 
bond and thus favours an interaction with SOMO (Fig. 1.). 

FhS 
\ 

Figure 1. 

3-era-Cyclization in this conformational circumstances proceeds with concomitant expulsion of 
phenylthio radical without full developing of cyclopropylmethyl radical 43. However, if a cyclopropylmethyl 
radical 43 is involved as an intermediate two competing manners of stabilization (ring opening and g- 
-elimination) could occur. Since the g-elimination of phenylthio radical in the acyclic systems is a fast feaction 
(K, 2 1.6 x 10’ see-‘) even at room temperature we estimate that at toluene boiling point (111 “C) it could be 
higher than the cyclopropane ring opening (Kr = 1.3 x 10’ see-‘) and in such a case 3-exe-cyclization could 
be a method of choice for the synthesis of vinylcyclopropane derivatives. 

Elimination of phenylthio radical could also be a reversible reaction with its addition to the 
vinylcyclopropane 40, 18128 but since its addition to the C=S group of starting thiohydroxamic esters 39 is 
irreversible process this competing reaction has not considerable influence on the yields of vinylcyclopropane 
derivatives. 

The yields of cyclopropane derivatives did not change whether secondary or tertiary 5-phenylthio-3- 
-pentenyl radicals 42 were involved as intermediates, thus indicating that the intramolecular reaction leading 
to the cyclopropane ring does not depend on the nucleophilicity of the radical species. 
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In addition to the free radical 3-e.xo-cyclizations, 2-vinylcyclopropane derivatives were obtained from 
the similar precursors, involving an intramolecular addition of 5-bromo-3-pentenyl type carbanion and a 
concerted elimination of a bromide anion.45 

However, intramolecular addition of 5-phenylthio-3-pentenyl radical 42 (Scheme 13.), leading to the 
vinylcyclopropane derivatives 40, was completely suppressed when the reaction was performed in the presence 
of excess of radicophilic olefins, because the rate of intermolecular addition of 5-phenylthio3-pentenyl radicals 
to these olefins was higher than the rate of 3-exe-cyclization. Therefore, in such a case the formation of 5- 
-heptenyl type radicals 17 (Scheme 6.), by intermolecular addition to the radicophilic olefins and their 
subsequent cyclization to 2-vinylcyclopentane derivatives 13 took place. 

EXPERIMENTAL 

Solvents used in all of the experiments were distilled over calcium hydride. Purification and separation 
of the reaction products were carried out by column chromatography using silica gel 70-200 mesh (60 A). 
Analytical gas chromatography was performed on an Hewlett-Packard HP 1 or ULTRA 2 (25 m/0.2 mm 
capillary column). ‘H-NMR spectra @pm in 6 values) were recorded in CDCl, (if not otherwise stated) on an 
Varian FT 80-A (at 80 MHz); TMS was used as internal standard. IR spectra (v,, in cm-‘) were recorded 
on a Perkin-Elmer 457 grating instrument. Mass spectra were performed on Finnigan ITDS 700 and Hewlett- 
-Packard HP 5790 instruments. 

I. Decomposition of thiohydroxamic esters of 6phenylthio-4-hit acids 11 in the presence of 

radicophilic olefins. 

I.A. Synthesis of 6-phenylthio-4-hexenoic acids 9. General procedure for the synthesis of 2-alkyl-6- 
-phenylthio-4-hexenoic acids 9 involved alkylation of the corresponding esters 6 by (,!+1,4-dibromo-2-butene 
using lithium diisopropylamide as a base at -78 “C (Scheme 4.).& By this method following methyl a-alkylated 
6-bromo-4-hexenoates 7 were prepared: 

Methyl 2-benzyl-6-bromo-4-hexenoate 7a, b.p. 140 “C/O.3 mm Hg, (60%). ‘H-NMR (80 MHz), 6: 
2.25-2.45 (m, 2H), 2.65-3.10 (m, 3H), 3.65 (s, 3H), 3.80-4.00 2H), 5.60-5.80 2H) and 7.00-7.40 (m, (m, 

tm, 5H). 
Methyl 2-methyl-2-benzyl-6-bromo-4-hexenoate 7b, oil, (85%). ‘H-NMR (80 MHz), S: 1.00 (s, 3H), 

2.15-2.45 (m, 2H), 2.60-3.10 (m, 2H), 3.65 (s, 3H), 3.85-4.00 (m, 2H), 5.65-5.85 (m, 2H), 7.05-7.50 (m, 
5H). 

Methyl 2-decyl-6-bromo-4-hexenoate 7c, oil purified over silica gel column, (68%). tH-NMR (80 
MHz), 6: 0.80 (t, 3H), 1.00-1.35 (wide s, 18H), 2.05-2.50 (m, 3H), 3.65 (s, 3H), 3.80-3.95 (m, 2H), 5.55- 
-5.80 (m, 2H). 

Methyl 2-cyclopemyl-6-bromo-4-hexenoate 7d, b.p. 130-135 “C/2.2 mm Hg, (50%). ‘H-NMR (80 
MHz), 6: 0.80-1.90 (m, 9H), 2.15-2.35 (m, 3H), 3.65 (s, 3H), 3.80-4.00 (m, 2H), 5.60-5.80 (m, 2H). 

Methyl I-(4-bromo-2-butenylj-cyclopetuanecarboxylate 7e, b.p. 120-122 “C/l .2 mm Hg, (50%). ‘H- 
-NMR (80 MHz), 6: 1.10-1.80 (m, 6H), 1.80-2.20 (m, 2H), 2.25-2.40 (m, 2H), 3.65 (s, 3H), 3.80-3.90 (m, 
2H), 5.55-5.75 (m, 2H). 
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Methyl I-(4-bromo-2-butenyl)-cyclohexanecarboxylate 7f, b.p. 100 “C/O.2 mm Hg, (56%). ‘H-NMR 
(80 MHz), S: 0.80-1.85 (m, 8H), 1.85-2.15 (m, 2H), 2.15-2.30 (m, 2H), 3.65 (s, 3H), 3.70-3.95 (m, 2H), 
5.55-5.75 (m, 2H). 

Bromo esters 7 were converted to the corresponding phenylthio esters 8 by treatment with equal 
amounts of sodium ethoxide and thiophenol, and thus following methyl esters of 6-phenylthio-4-hexenoic acids 
8 were prepared (Scheme 4.): 

Methyl 2-benzyl-6-phenylthio-4hexenoate 8a, oil purified over silica gel column, (97%). ‘H-NMR (80 
MHz), 6: 2.10-2.35 (m, 2H), 2.40-2.90 (m, 3H)), 3.35-3.60 (m, 5H), 5.35-5.55 (m, 2H), 6.90-7.30 (m, 10H). 

Methyl 2-methyl-2-benzyl-6-phenylthio-hexenoate 8b, oil (91%). ‘H-NMR (80 MHz), 6: 1 .OO (s, 3H), 
2.20 (s, 2H), 2.60-3.05 (m, 2H), 3.45-3.60 (m, 2H), 3.65 (s, 3H), 5.45-5.65 (m, 2H), 6.90-7.50 (m, 10H). 

Methyl 2-decyl-6-phenylthio-4-hexenoate 8c, colorless oil (89%). ‘H-NMR (80 MHz), 6: 0.80 (t, 3H), 
1.10-1.40 (wide s, 18H), 2.15-2.30 (m, 3H), 3.40-3.55 (m, 2H), 3.65 (s, 3H), 5.40-5.60 (m, 2H), 7.10-7.40 

(m, 5H). 
Methyl 2-cyclopentyl-6-phenylthio-4-hexenoate 8d, yellow oil, (100%). lH-NMR (80 MHz), 6: 0.90- 

-2.08 (m, 9H), 2.10-2.45 (m, 3H), 3.40-3.55 (m, 2H), 3.67 (s, 3H), 5.40-5.65 (m, 2H), 7.05-7.45 (m, 5H). 
Methyl 1-(4-phenylthio-2-butenyl)-cyclopentanecarboxylate 8e, yellow oil, (99%). ‘H-NMR (80 MHz), 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5H). 

Methyl I-(4-phenylthio-2-butenyl)-cyclohexanecarboxylate 8f, oil (100%). ‘H-NMR (80 MHz), 6: 0.75- 
-1.60 (m, 8H), 1.70-2.00 (m, 2H), 2.05-2.20 (m, 2H), 3.35-3.50 (m, 2H), 3.55 (s, 3H), 5.30-5.50 (m, 2H), 
7.05-7.35 (m, 5H). 

Hydrolysis of methyl 2-alkyl-6-phenylthio-4-hexenoateesters 8 were carried out by KOH and l&crown- 
-6-ether in benzene solution and following 2-alkyl-6-phenylthio-4-hexenoic acids 9 were prepared (Scheme 4.). 

2-Benzyl-6-phenylthio-4-hexenoic acid 9a, (oil), (86%). ‘H-NMR (80 MHz), 6: 2.00-2.35 (m, 2H), 
2.40-2.95 (m, 3H), 3.35-3.50 (m, 2H), 5.35-5.55 (m, 2H), 6.90-7.40 (m, lOH), 10.60 (s, 1H). 

2-Methyl-2-benzyl-6-phenylthio-4-hexenoic acid 9b, yellow oil (95%). ‘H-NMR (80 MHz), 6: 1.00 (s, 
3H), 2.10-2.40 (m, 2H), 2.60-3.00 (m, 2H), 3.45-3.60 (m, 2H), 5.45-5.65 (m, 2H), 7.00-7.50 (m, 10H). 

2-Deql-6-phenylthio-4-hexenoic acid 9c, oil, (86%). ‘H-NMR (80 MHz), 6: 0.75 (wide t, 3H), 1 .OO- 
-1.25 (wide s, 18H), 2.00-2.30 (m, 3H), 3.30-3.45 (m, 2H), 5.30-5.50 (m, 2H), 7.00-7.20 (m, 5H). 

2-C’yclopentyl-6-phenylthio-4-hexenoic acid 9d, colorless oil, (70%). ‘H-NMR (80MHz), 6: 1.00-l .90 
(m, 9H), 2.10-2.35 (m, 3H), 3.40-3.55 (m, 2H), 5.40-5.75 (m, 2H), 7.10-7.40 (m, 5H). 

l-(4-Phenylthio-2-butenyl)-cyclopentanecarboxylic acid 9e yellow oil, (85%). ‘H-NMR (80 MHz), 6: 
1.25-2.20 (m, 8H), 2.25-2.35 (m, 2H), 3.45-3.55 (m, 2H), 5.45-5.60 (m, 2H), 7.10-7.40 (m, 5H). 

I-(4-Phenylthio-2-butenyl)-cyclohexanecarboxylic acid 9f, yellow oil, (67%). ‘H-NMR (80 MHz); 6: 
1.00-2.10 (m, lOH), 2.15-2.35 (m, 2H), 3.45-3.60 (m, 2H), 5.45-5.60 (m, 2H), 7.10-7.40 (m, 5H). 

I.B. Decomposition of thiohydroxamic esters of 2-a&l-6-phenylthio-4-hexenoic acids 9 in the presence of 

radicophilic olefins. Method A. Thiohydroxamic esters 11 were prepared in situ without isolation.23*27 Acids 
9 were converted to the corresponding acyl chlorides 10 by treatment with thionyl chloride in benzene solution. 
The excess of thionyl chloride and solvent were removed under reduced pressure. Acyl chloride (3 mM) 
dissolved in 3 ml of benzene was added to the mixture containing 3.1 mM of N-hydroxypyridine-2-thione, 0.27 
g (3.3 mM) of pyridine, 0.068 g (0.3 mM) of 4-dimethylaminopyridine (DMAP) and 7 ml of benzene in an 
argon atmosphere and protected from light. The mixture was stirred 15 min. at room temperature and under 
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these experimental conditions thiohydroxamic esters lla-f were prepared in almost quantitative yields (Scheme 
4.). 

To the prepared solution containing 3 mM of thiohydroxamic esters 11 12 mM of electron deficient 
olefinic compound was added and the reaction mixture was irradiated by a 200 W tungsten lamp and during 
irradiation temperature of mixture raised to about 50 “C. The course of decomposition was monitored by TIC 
using benzene as an eluent). The decomposition was completed after 1 h irradiation of mixture. Benzene was 
then removed and mixture was purified by chromatography on silica gel column using benzene as an eluent. 
The reaction mixture was analyzed by GC and yields of reaction products (as a mixture of stereoisomers) were 
determined (Scheme 5.). 

Method B. Decomposition of thiohydroxamic esters were also performed under thermal conditions. The 
toluene solution of esters of thiohydroxamic acid 11 was added during 5 min to the boiling toluene solution 
of 10 molar excess of electron deficient olefins and 10 mg of AIBN. The mixture was refluxed for additional 
15 min and starting ester, was completely decomposed (Scheme 5.). 

Ethyl 2-vinyl-4-benzylcyclopentanecarbaxylate 13a. Thiohydroxamic ester 11 was prepared starting from 
0.842 g (2.7 mM) of 2-benzyl-dphenylthio-4-hexenoic acid 9a and it was decomposed in the presence of 1 
g (10 mM) of ethyl acrylate according to Method A. After purification by column chromatography ethyl 2- 
-vinyl-4-benzylcyclopentane carboxylate was obtained as a colorless oil (0.3 g, 43 96). By GC analysis (using 
capillary column) mixture of two isomers was detected, in total yield of 71%. IR (film): 3090, 3080, 3020, 
2980, 2940, 1730, 1640, 1605, 1580, 1495, 1455, 1375, 1190, 1160, 1030, 915, 750 cm“. ‘H-NMR (80 
MHz), 6: 1.25 (t, 3H), 1.35-2.50 (m, 5H), 2.50-3.05 (m, 4H), 4.10 (q, 2H), 4.80-5.15 (m, 2H), 5.50-6.00 
(m, lH), 7.00-7.50(m, 5H). MS: (M+) 258, 214, 185, 168, 91, 65. 

4-Benzyl-2-vinylcyclopentanenitrile 13b. Thiohydroxamic esters lla (prepared from 1 g, 3.2 mM of 
2-benzyl-6-phenylthio-4-hexenoic acid 9a) was decomposed in the presence of 1.59 g (30 mM) of acrylonitrile, 
in boiling toluene solution, according to Method B. By column chromatography (silica gel, using benzene as 
an eluent) it was isolated 0.22 g (33%) of title compound as a colorless oil. By GC analysis (50% yield) two 
isomers were detected in ratio 1 : 1. IR (film): 3080, 3060, 2920, 2240, 1640, 1600, 1495, 1455, 990, 920, 
750, 700 cm-‘. ‘H-NMR (80 MHz), 6: 0.80-2.50 (m, 6H), 2.50-3.15 (m, 3H), 5.00-5.30 (m, 2I-I) 5.50-6.20 
(m, IH), 7.00-7.40(m, 5H). MS: (M+), 211, 184, 170, 143, 120, 91, 77, 65. 

3-Qano-4-vinylbicyclopentane 13~. Thiohydroxamic ester lld (prepared from 0.7 g, 2.4 mM of 2- 
-cyclopentyl-6-phenylthio-4-hexenoic acid 9d) was decomposed in the presence of 0.636 g (12 mM) of 
acrylonitrile according to Method A. 4-Cyclopentyl-2-vinylcyclopentanenitrile 13c was purified by column 
chromatography using petroleum ether/acetone 9 : 1. It was isolated 0.3 g (70% and by GC 90% yield) of title 
compound as a colorless oil and by GC analysis a mixture of two isomers were detected in ratio of 1 : 1. IR 
(film): 3080, 2950, 2870, 2240, 1645, 1450, 950, 920 cm-‘. I H-NMR (80 MHz), 6: 0.75-2.40 (m, 14H), 
2.45-3.10 (m, 2H), 4.95-5.30 (m, 2H), 5.50-6.25 (m, 1H). 

3-Ethoxycarbonyl-4-vinylbicyclopentane 13d. Starting from 0.7 g (2.4 mM) of 2-cyclopentyld- 
-phenylthio-4-hexenoic acid 9d the corresponding thiohydroxamic ester lld was prepared and decomposed 
in the presence of 1.2 g (12 mM) of ethyl acrylate as it was described in Method A. From the reaction mixture 
was isolated by chromatography on silica gel (petroleum ether/acetone = 9 : 1) 0.28 g (50%, and GC yield 
of 76%) of the title compound. IR (film): 3080,2950,2860, 1730, 1640, 1450, 1375, 1185, 1160,920 cm-‘. 
‘H-NMR (80 MHz), 6: 1.25 (t, 3H, J = 6 Hz), 1.30-2.15 (m, 14H), 2.25-3.00 (m, 2H), 4.05 (q, 2H, J = 
6 Hz), 4.75-5.10 (m, 2H), 5.45-5.95 (m, 1H). MS: (M+) 236. 

3-Methoxycarbonyl-3-methyl-4-vinylbicyclopentane 13e. 2-Cyclopentyl-6-phenylthio-4-hexenoicacid9d 
(0.56 g, 1.93 mM) was converted to the corresponding thiohydroxamic ester lid and allowed to react with 
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1.00 g (10 mM) of methyl methacrylate according to Method A. By chromatography on silica gel column 
(petroleum ether/acetone = 9 : 1) it was isolated 0.18 g (40%, and GC yield of 64%) of title compound. GC 
analysis shows presence of two isomers in ratio of 1 : 1. IR (film): 3080, 2950, 2870, 1730, 1640, 1450, 
1380, 1000, 920 cm-‘. 1 H-NMR (80 MHz), 6: 1.05 and 1.20 (ss, 3H), 1.25-2.40 (m, 14H), 2.60-3.05 (m, 
lH), 3.05 and 3.15 (ss, 3H), 4.50-5.10 (m, 2H), 5.45-6.00 (m, 1H). MS: (M+) 236. 

4-Decyl-2-vinylcyclopentanenitrile 13f. 2-(4-Phenylthio-2-butenyl)-dodecanoic acid 9c (1.00 g, 2.76 
mM) was converted to the corresponding thiohydroxamic ester llf and it was decomposed in the presence of 
0.636 g (12 mM) of acrylonitrile (Method A). Title compound was isolated by column chromatography (0.22 
g, 32%) as a colorless oil. By GC analysis of reaction mixture two isomers (1: 1) were obtained in total yield 
of 63%. IR (film): 3060, 2930, 2900, 2830, 2220, 1630, 1465, 1370, 1015, 980, 910 cm-‘. ‘H-NMR (80 
MHz), 6: 0.85 (wide s, 3H), 1.25 (wide s) and 1.30-2.00 (m, 23H), 2.10-2.50 (m, lH), 2.50-3.00 (m, IH), 
4.95-5.30 (m, 2H), 5.50-6.00 (m, 1H). 

3-Benzyl-5-vinyl-N-phenyl-I ,2qclopentanedicarboximide 13g. Thiohydroxamicester 1 lgprepared from 
the 2-benzyl-6-phenylthio-4-hexenoic acid 9a (0.85 g, 2.7 mM) was reacted with N-phenylmaleinimide (0.69 
g, 4 mM) according to Method A. Title compound was isolated (0.35 g, 37%) as a white crystals, m.p. 146 
-148 “C by chromatography on silica gel column using diisopropyl ether/petroleum ether 6 : 4 as an eluent. 
IR (KBr): 3070, 3020,2950,2910,2840, 1700, 1640, 1600, 1495, 1450, 1390, 1200, 1160, 780, 765, 705, 
700 cm-‘. ‘H-NMR (80 MHz), 6: 1.10-1.60 (m, 2H), 1.75-2.10 (m, lH), 2.45-3.00 (m, 3H), 3.30-3.40 (m, 
2H), 4.95-5.25 (m, 2H), 5.85-6.30 (m, lH), 7.20-7.50 (m, 10H). 

4-Methyl-4-benqyl-2-vinylcyclopentanenitrile 13h. Thiohydroxamic ester llh prepared from the 0.3 g 
(0.92 mM) of 2-methyl-2-benzyl-6-phenylthio-4-hexenoic acid 9b was allowed to react with 0.265 g (5 mM) 
of acrylonitrile by applying Method B. It was obtained, after chromatography on silica gel column (benzene), 
0.08 g (40%, and GC yield of 52%) of the title compound as a colorless oil. IR (film): 2950, 2930, 2240, 
1640, 1585, 1200, 1030, 995, 970, 920, 740, 705 cm- ‘. ‘H-NMR (80 MHz), 6: 1.00 (s, 3H), 1.10-2.10 (m, 
4H), 2.10-3.15 (m, 4H), 4.90-5.30 (m, 2H), 5.60-6.15 (m, IH), 6.90-7.40 (m, 5H). 

Ethyl 3-vinyl-spiro[4,4]nonane-2-carboxylate 13i. Starting from 1.0 g (3.62 mM) of 1-(4-phenylthio-2- 
-butenyl)-cyclopentanecarboxylic acid 9e the corresponding thiohydroxamic ester lli was prepared and reacted 
with 1.5 g (15 mM) of ethyl acrylate according to Method A. Title compound 13i was isolated by column 
chromatography (eluent: petroleum ether/acetone 9 : l), as an oil, in 41% and GC yield of 80% (0.33 g). GC 
analysis shows presence of two isomers in ratio of 1 : 1.7. IR (film): 3080, 2950, 2880, 2860, 1730, 1640, 
1450, 1380, 1175, 1160, 920 cm- ‘. ‘H-NMR (80 MHz), 6: 1.20 (t, 3H), 1.30-2.00 (m, 12H), 2.10-3.10 (m, 
2H), 4.10 (q, 2H), 4.80-5.10 (m, 2H), 5.50-6.00 (m, 1H). MS: (M+) 222, 193, 176, 149, 119, 93, 79, 41. 

2-Ace@-3-vinyl-spiro[4.4]nonane 13j. Thiohydroxamicester of 1-(4-phenylthio-2-butenyl)cyclopentane- 
carboxylic acid lle was prepared as described in previous experiment and its decomposition was carried out 
in the presence of 0.27 g (15 mM) of methylvinyl ketone (Method A). Title compound was isolated by 
distillation, b.p. 147-152 “C/12 mm Hg in yield of 37%, GC yield 89% (0.27 g). The ratio of two isomers 
of 7.7 : 1 was detected by GC analysis (total yield 89%). IR (film): 3090, 2950, 2860, 1740, 1710, 1450, 
1360, 1170, 1000, 915 cm-‘. l H-NMR (80 MHz), S: 1.25-1.90 (m, 12H), 2.10 (s, 3H), 2.55-3.00 (m, 2H), 
4.80-5.10 (m, 2H), 5.50-6.00 (m, 1H). MS: (M+) 192, 149, 122, 93, 43. 

2-Cyano-2-methyl-3-vinyl-spiro[4.S]decan.e 13k. 1-(4-Phenylthio-2-butenyl)-cyclohexanecarboxylic 
acid 9f (0.9 g, 3.1 mM) was converted to the corresponding thiohydroxamic ester Ilk and decomposed in the 
presence of 1.0 g (15 mM) of methacrylonitrile according to Method A. By chromatography on silica gel 
column (benzene) it was isolated 0.3 g (50%, GC yield 77%) of title compound as a pale yellow oil. TWO 

isomers were obtained in ratio of 1 : 2. IR (film): 3080,2920, 2860, 2240, 1640, 1450, 1380, 1000,925 cm-‘. 
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‘H-NMR (80 MHz), 6: 1.20 (s, 3H), 1.25-2.35 (m, 14H), 2.75-3.25 (m, lH), 4.95-5.30 (m, 2H), 5.55-6.10 
(m, 1H). MS: (M+) 203. 

2-Formyl-3-vinyl-spiro[4_5]decune 131. Thiohydroxamic ester 111 of 1-(4-phenyltbio-2-butenyl)- 
-cyclohexanecarboxylic acid 9f (0.77 g, 2.65 mM) was prepared as described in the previous experiment and 
it was decomposed in the presence of 0.84 g (15 mM) of acrolein, according to Method A. Title compound 
was isolated (0.25 g, 58%, GC yield 89%) as a colorless oil and consisting two isomers in ratio of 3 : 1. IR 
(film): 3080, 2920, 2860, 1730, 1640, 1450, 1000, 920 cm-‘. ’ H-NMR (80 MHz), 6: 1.00-1.85 (m, 14H), 
2.10-3.05 (m, 2H)), 4.60-5.05 (m, 2H), 5.35-5.95 (m, lH), 9.40 and 9,50 (d, lH, J = 3 Hz): MS: (I@) 
192, 163 (lOO%), 149, 121, 107, 81, 67, 41. 

II. Decomposition of thiohydroxamic ester of 3-benzyl-6-phenylthio-4-htxynoic acid 24 in the presence of 
radicophilic ole#ns. 

HA. Synthesis of 2-benzyl-6-phenylthio-4-hexynoic acid 24. Synthesis of 2-benzyl-6-phenylthio-4-hexynoic 
acid was carried out by alkylation of methyl 3-phenylpropionate (12 g, 73 mM) by 1,4_dibromobutyne (17 g, 
80 mM) in the presence of 80 mM of lithium diisopropylamide (from 7.74 g, 85 mM of diisopropylamine and 
53.2 ml of 1.6 molar solution of butyl lithium in hexane, 85 mM).46 It was obtained 9.1 g (43%) of methyl 
2-benzyl-6-bromo-4-hexynoate, b.p. 168 “C/O.3 mm Hg. ‘H-NMR (80 MHz), 6: 2.40-2.60 (m, 2H), 2.60-3.05 
(m, 3H), 3.70 (s, 3H), 3.95 (t, 2H, J = 3 Hz), 7.05-7.25 (m, 5H). 

2-Benzyl-6-phenylthio-4-hexynoic acid was obtained as a pale yellow oil, according to procedure 
described for the synthesis of corresponding olefinic acid (LA.). ‘H-NMR (80 MHz), 6: 2.20-2.45 (m, 2H), 
2.60-3.00 (m, 3H), 3.50-3.60 (m, 2H), 7.00-7.35 (m, lOH), 11.00 (wide s, 1H). 

1I.B. Decomposition of thiohydroxamic ester of 2-benzyl-6-phenylthio-4-hexynoic acid 24 in the presence of 
radicophilic olefins. 
Thiohydroxamic ester 24 was prepared by reaction of 2-benzyl-6-phenylthio-4-hexynoic acid (1 .O g, 

3.2 mM) with oxalyl chloride (1.5 g) and DMF (0.1 g) in benzene solution (10 ml). Acyl chloride obtained 
in this experiment was converted to the thiohydroxamic ester by reaction with 0.41 g (3.2 mM) of N- 
-hydroxypyridine-2-thione, 0.25 g (3.2 mM) of pyridine, and 0.06 g of DMAP, and it was decomposed in the 
presence 15 mM of radicophilic olefins. 

4-Be~l-2-vinylidenecyclopenta~nit~le2Sa.Thiohydroxamicesterof2-benzyl-6-phenylthio-4-hexynoic 
acid 24, prepared as it was described above, and decomposed in the presence of 0.8 g (15 mM) of 
acrylonitrile, according to Method A. 4-Benzyl-2-ethenylidenecyclopentanenitrile 25a was isolated as a 
colorless oil (0.21 g, 32%, GC yield 61%) by chromatography on silica gel column (benzene). Two isomers 
were detected by GC analysis. IR (film): 3090, 3070,3030,2930,2250, 1970, 1610, 1580, 1500, 1450,860, 
745 cm-‘. ‘H-NMR (80 MHz), 6: 1.40-2.50 (m, 5H), 2.50-2.70 (m, 2H), 3.25-3.70 (m, lH), 4.75-5.00 (m, 
2H), 6.90-7.50 (m, 5H). MS: (M+) 209, 182, 167, 118, 117, 92, 91 (lOO%), 65. 

Ethyl 4-benql-2-vinylidenecyclopentanecarboxylate 2% Thiohydroxamic ester 24 (3.2 mM) was 
decomposed in the presence of 1.5 g (15 mM) of ethyl acrylate (Method A) and title compound was obtained 
in 40% yield (isolated 0.33 g, GC yield 65%) as a colorless oil. By GC analysis two isomers were observed. 
IR (film): 3080,3060,3020,2980,29tXl, 2920, 1965, 1730, 1605, 1580, 1495, 1455, 1180, 1160, 1030,855, 
740, 700 cm-‘. ‘H-NMR (80 MHz), 6: 1.25 (t, 3H, J = 6 Hz), 1.40-3.10 (m, 7H), 3.20-3.75 (m, IH), 4.15 
(q, 2H, ./ = 6 Hz), 4.60-4.85 (m, 2H), 6.90-7.60 (m, 5H). 
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l-Methyl-4-benqyl-2-vinylidenecyclopentanenitrile 2%. By applying Method A thiohydroxamic ester of 
2-benzyl-6-phenylthio-4-hexynoic acid 24 (3.2 mM) was reacted with 1 g (15 mM) of methacrylonitrile and 
title compound was isolated (0.27 g) as an oil in yield of 4146, GC yield 72%. Two isomers were detected 
by GC analysis. IR (film): 3080, 3060, 3020, 2930, 2870,2230, 1960, 1605, 1580, 1495, 1455, 860, 750, 
705 cm-‘. ‘H-NMR (80 MHz), 8: 1.45 and 1.50 (ss, 3H), 1.50-3.00 (m, 7H), 4.75-5.00 (m, 2H), 6.90-7.50 
(m, 5H). MS: @I+) 223, 181, 155, 141, 132, 131, 117, 115, 105, 104, 92, 91 (WI%), 77, 65. 

III. Decomposition of thiohydroxMic ester of 2-alkyl-6-phenylthio-4-hexenoic acid 39 in the absence of 
radicophilic olefins 

2-Ben&-I-vinylcyclopropane Ma. Thiohydroxamic ester 39a was prepared by conversion of 1.8 g (5.77 
mM) of 2-benzyl-6-phenylthio-4-hexenoic acid !Ja into the corresponding acyl chloride (by treatment with 0.71 
g, 6 mM of thionyl chloride) and then by reaction with 0.87 g (5.9 mM) of 3-hydroxy-4-methylthiazole_2(3H)- 
thione, 0.474 g (6 mM) of pyridine and 0.06 g of DMAP. Thus prepared ester 39a was dissolved in 20 ml 
of toluene and the solution was added slowly to the 50 ml of boiling toluene. After the addition was completed 
the reaction mixture was refluxed for additional 30 min. Toluene was removed by distillation and residue was 
purified by chromatography on silica gel column (benzene/ethyl acetate 98 : 2). It was isolated 0.29 g (3296, 
GC yield 47%) of title compound as a colorless oil. IR (film): 3060, 3030, 3000, 2920, 2860, 1640, 1605, 
1585, 1495, 1480, 1455, 1440, 1030, 740, 700 cm-‘. ’ H-NMR (80 MHz), 6: 0.55-0.75 (m, 2H), 0.85-1.50 
(m, 2H), 2.65 (dd, 2H, J, = 8 Hz, J2 = 4 Hz), 4.75-5.15 (m, 2H), 5.25-5.70 (m, lH), 7.25 (s, 5H). MS 
(M+) 158, 143, 129, 115, 104, 91 (lOO%), 79, 65, 51. 

I-Methyl-I-benzyl-2-vinylcyclopropane 40b. 4-Methyl-N-hydroxythiazole-2-thione ester of 2-methyl-2- 
-benzyl&phenylthio-4-hexenoic acid 39b (prepared from 1.4 g, 4.3 mM of acid and 0.63 g, 4.3 mM of 4- 
-methyl-N-hydroxythiazole-2-thione) was decomposed in boiling toluene (50 ml) as it was described in previous 
experiment and it was isolated 0.185 g (25 96, GC yield 43%) I-methyl-1-benzyl-2-vinylcyclopropane 40b as 
a colorless oil. IR (film): 3080, 3060, 3020, 2995, 2905, 1640, 1605, 1495, 1455, 1385, 1085, 1030, 990, 
900,760,725,700 cm-‘. 1 H-NMR (80 MHz), 6: 0.35-0.90 (m, 2H), 1.00 (s, 3H), 1.10-1.65 (m, lH), 2.60 
and 2.65 (ss, 2H), 4.80-5.25 (m, 2H), 5.35-6.00 (m, lH), 7.05-7.40 (m, 5H). MS: (M’) 172, 157, 143 
(lOO%), 129, 128, 91. 

2-Decyl-l-vinylcyclopropane 4oc. Thiohydroxamic ester 39c was prepared from 3.Og (8.3 mM) of 2-(4- 
-phenylthio-2-butenyl)-dodecanoic acid and 1.28 g (8.7 mM) of 4-methyl-N-hydroxythiazole-2-thioneaccording 
to described procedure and decomposed in refluxing toluene (50 ml). From the reaction mixture was isolated 
0.5 g (30%, GC yield 60%) of 2-decyl-1-vinylcyclopropane as an oil. By GC analysis was found that it is a 
mixture of two isomers with ratio of 1.75 : 1. IR (film): 3080,3070,3000,2960, 1640, 1470, 1030,990, 895 
cm-‘. ‘H-NMR (80 MHz), 6: 0.10-0.65 (m, lH), 0.65- 1 .OO (m, 4H), 1.05-l .50 (m, 2OH), 4.70-5.80 (m, 3H), 
MS: (M+) 208, 180, 166, 152, 138, 124, 110, 108, 96, 82, 81, 79, 69, 67, 54 (lOO%), 43, 41. 
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