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Summary: The coupling reaction of phenylsulphenyl-, phenylsulphinyl- and 
phenylsulphonyl-pentadlenyl metals 3a_g has been studied showing that whi- 
le 3c_g couple in any case regioselectively and stereoselectively, the 
coupling of 3a-b is countercation and electrophile dependent. The a-regio- 
rsomeric coupling products of phenylsulphenylpentadlenyl metals may un- 
dergo [1,5] sigmatropic rearrangement, those of phenylsulphrnyl- and phe- 
nylsulphonyl-pentadienyl metals give fast double [3,2] sigmatropic isome- 
rization. 

The coupling reactions of metallated pentadienyl sulphides, sulphoxi- 

des and sulphones have not been extensively investigated wrth reference to 

the inherent regio- and stereo-chemistry, notwrthstanding their remarkable 

synthetic potential for the preparation of functionalized dienes which are 

important as such and as substrates for Duels-Alder cyclization. 

In a recent paper1 we reported on the coupling reaction of phenylsul- 

phenylpentadrenyl metals with C-electrophrles showing that the regrochemi- 

stry and stereochemrstry much depend upon the nature of the metal and the 

electrophrle. Indeed, the coupling reaction of 3a_b turned out to be com- 

pletely a-regroselective and (Z)-drastereoselective wrth Me1 and cyclopen- 

tanone but was poorly regro- and drastereo-selective with aldehydes. 

As an extension of such an investigation we decided to study rn more 

details the coupling reaction of 3a_b with C-electrophiles and to compare 

it with that of the corresponding phenylsulphinyl- and phenylsulphonyl-pe- 

ntadrenyl derivatives. We have first investigated the C-C bond forming re- 

actions of phenylsulphenylpentadlenylllthlum 3a. As reported,1 & can be - 
readily produced by lithiation of the phenylpentadienyl sulphide la. It - 
could be trapped by methylatron either with Me1 or with bistrimethylsi- 

lylperoxrde. Interestingly, trapping with Me1 afforded a-regioselectively 

the sulphide & (E), whereas trapping wrth bistrimethylsilylperoxlde (BTM- 

SPO) led to the sulphrde 4 (geometric 1SOIIIerS). Moreover, trapping of 3a - 
with MeOD led to a 70 to 30 ratio of the monodeuterated isomeric sulphides 

zf (>95% deuteratron, E) and Id (50% deuteration). - 
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Ph 
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Phenylsulphenylpentadlenyllithlum 3a reacts - with 2-cyclopentenone in a 

highly regioselectlve (either with respect to & and to the enone), but 

poorly diastereoselective manner yielding the y-regioisomer & (E/2=2/1) 

togheter with small percentages of the (Z)-a-regioisomer 6a, which tends 

to undergo a [1,53 sigmatropic rearrangement to B, and the (El-a-regio- 

isomer a. It was worthy noting that 6b, in contrast with 6a, does not 

rearrange presumably for not having the proper geometry required for the 

[1,5] sigmatropic rearrangement.l Such a coupling proved to be metal de- 

pendent as the reactlon of J& (generated in situ upon transmetallation of 

a with ZnBr2) with 2-cyclopentenone afforded very poor yield of the a- 

and y-regioisomer 5a, and 6b and 7a. - - 
Similarly, & reacted with 2-cyclohexenone to give yet in y-regiose- 

lective manner the 1,4 addition product a (E+Z) togheter with compound B 

likely arising from the [1,51 sigmatropic rearrangement of the a-reglols- 

omer 6c (Z). - 
The coupling reaction of 3a - with 3-methyl-2-cyclopentenone looses in 

regloselectlvlty giving a mixture of the y-1,4-addition product 8 (E+Z) 

and the a-1,2-addition compound 2 (Z+E) with a 66 to 34 regioisomeric ra- 

t10. Still more complex turned out to be the reaction of 3a with chalcone - 
that afforded a 5.7:1:3.3 mixture of the y-1,4-addition product &Q (E+Z), 

the lsomerlzed a-1,4-addition product 11 (E,E) and the z-1,2-addition ad- 

duct 12 (geometric Isomers). 

The reaction of 3b with chalcone - was completely a-regioselective as 

for as the 1,4-addition giving a mixture of 13 (E) and 11 (E,E) and y-re- _ - 
gioselective with reference to the 1,2-addition producing 14 (geometric 

isomers). 

The outcome of the above reactions of 3a-b confirms the previous ob- 

servations that the coupling of phenylthiopentadienyl metals actually de- 

pends upon the nature of the countercation and the electrophile, while the 

heteroatom function does not seem to affect such a coupling. 

The m-chloroperbenzoic acid (MCPBA) oxidation of phenylpentadienyl 

sulphlde la1 (E/Z=1/4) - furnished a mixture (E/Z=2/3) of phenylpentadienyl 

sulphoxide lb. - The geometric isomers could be separated by column chroma- 
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tography and assigned the configuration on the basis of coupling constants 

between the two hydrogens belonging to the internal double bond (J = 9.55 

Hz for the Z isomer versus J = 15.14 Hz for the E isomer). Lithiation of 

& (E or 2 or the mixture of the two) with n-BuLi at -78OC gave phenylsul- 

phinylpentadienyllithium 3c, which could not be trapped by methylation 

neither with Me1 or bistrimethylsilylperoxide2 and the quenching with aqu- 

eous NH4Cl afforded the conjugate (El-phenyl-2,4-pentadlenyl sulphoxide 

a. It is interesting to note that a adopts an exclusive trans geometry 

around the internal C-C double bond and this presumably because the lithi- 

ated precursor C prefers the W shaped (A) rather than the U shaped struc- 

ture (B). 

(A) (B) 

Treatment of & with cyclopentanone led to the allylic alcohols l7, 

adopting an E,E configuration, which presumably originates from a double 

[3,21 sigmatroplc rearrangment of the homoallylic alcohol 15 through the - 
sulphinate intermediate 16 _. The alcohol 15 corresponds to the a-regioiso- 

mer of the coupling reaction between & and cyclopentanone. Attempts to 

isolate and characterized 15 failed. The trans geometry around the central - 

C-C double bond of the chain of 15 would make the fast double [3,2] sigma- 

tropic rearrangment easy to occur. Moreover, the bias of 15 to undergo the - 

sigmatropic rearrangment above, which is synthetically interesting and not 

umprecedented,4 might be ascribed to the internalization of the diene unit 

that provides sufficient stabilization to 17.4 - 
Comparable results have been obtained when phenylsulphinylpentadienyl 

copper 3d and phenylsulphinylpentadienylzlnc bromide 3e, easily achieva- - 
ble by transmetallation of C with CuI and ZnBr2 respectively, were reac- 

ted with cyclopentanone leading finally to the allylic alcohol 17 (E,E). 

Also highly regio- and stereo-selective was the coupling reactions of 3c, 

3d, & and 25 (from transmetallation of 2 with MgBr2eEt20) with 2,6-dich- 

lorobenzaldehyde that furnished in all cases the allylic alcohol 19, which 

is likely the result of the sigmatropic rearrangement of the a-reglolsomer 

l8, that however could not be isolated. 

The reaction of C with chalcone yielded the ketones a (E,E) as the 

major product and the y-regiolsomer 22 (20/22=82/18). Probably, compound 

20 comes from the rearrangement of the a-reglolsomer 21. 
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Table. Reactions of 3a-g with electrophiles in THF at -78OC. 

Pentadienyl Electrophile Reaction Overall 
metal product (%) yield % 

22 

3a - 

3a 

3a 

2-cyclopentenone 

2-cyclohexenone 

3-methyl-2-cyclopentenone 

chalcone 

cyclopentanone 
II 
11 

2,6-dichlorobenzaldehyde 
II 
11 
11 

chalcone 

Me1 (1 equiv.) 

Me1 (excess) 

cyclopentanone 
2,6-dichlorobenzaldehyde 
chalcone 

2 (85) 
&3 (11) 
$& (4) 
5a 
z+6b -- 
5b (761 

i24j 
(66) 
(34) 
(57) 
(10) 
(33) 
(50) 
(25) 
(25) 

(82) 
(18) 
(55) 
(13) 
(32) 
(26) 
(74) 

66 

(trace) 
(trace) 

77 

58 

58 

40 

40 
55 
11= 
40= 
47 
2Sa 
43= 
73 

a3 

75 

47 
77 

a) The precursor of 3e, If and 2 (that is 12) was recovered as the isomer 
&J. b) Compound 22 undergoes isomerization to 24 during crystallization. 

It is also noteworthy that C gives a-1,4-addition on chalcone as 

y-1,4-addition has been reported for lithiated allylic sulphoxide.5 There- 

fore, the coupling of phenylsulphinylpentadlenyl metals 3c-f is always 

a-regio- and diastereo-selective whatever the countercation M and electro- 

phile. 

The a-regioselectivity of the coupling reactions of 3c-f might be 

interpreted in terms of a higher negative charge density in the a posi- 

tion due to the sulphinyl group that provides stabilization to the car- 

banionic species with its electronic and coordinating effects. Moreo- 

ver, such an a-regioselectivity might be rationalized by assuming that 

the coupling reaction to give the a regioisomer proceeds through the re- 

latively stable six-membered chair-like transition state (C) in the case 

of saturated carbonyls and a eight-membered crown-like transition state 
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(D) in the case of unsaturated carbonyls. 

(Cl (D) 
(E+Z)-Phenyl-1,4-pentadienyl sulphone lc, promptly available by MCPBA 

oxidation of the corresponding sulphide &, has been lithiated to give 2s 

upon treatment with n-BuLi at -7BOC. Lithiated sulphone & has been found 

to couple a-regioselectively with Me1 to produce both the trans-monomethy- 

lated compound a and the trans-dimethylated diene 2b togheter with some - 
isomerized trans-phenyl-2,4-pentadlenyl sulphone 2c. In contrast, no coup- - 
ling occurred when 3~ was treated with cyclopentanone and 2,6-dichloroben- 

zaldehyde; after quenching with aqueous NH4Cl it was lust recovered the 

(El-diene sulphone 2~.~ - 
Coupling reaction occurred when 2s was treated with chalcone to give 

still a-regioselectively the carbonyl sulphone 23 (E+Z) which is prone to - 
undergo isomerization to 24 (E). We presume that the conversion a-->= 

can be considered as a double [3,2] sigmatropic rearrangement passing 

through the sulphinate 25. of the - Such a conversion is noteworthy in view 

fact that, as for as we know, no [1,53 like rearrangement of pentadienyl- 

sulphones has ever been reported so far.7f* 

As in the coupling reaction of phenylsulphinylpentadlenylllthlum 3c, 

the a-regioselectivity observed in the reaction of phenylsulphonylpentadi- 

enyllrthium 3 with chalcone might be explained by assuming a higher nega- 

tive charge density in the a position due to the proximity of the sulpho- 

nyl group and by considering that the coupling through the a carbon of 2 

would pass through a eight-membered crown-like transition state (E) of 

relatively low energy. 

*;::::;+ (E) 

8 Ph 

In conclusion, our work shows that while regio- and stereo-chemistry 

of the coupling reaction of phenylsulphenylpentadlenyl metals much depends 

upon the countercation M and the electrophile with the sulphenyl group aP- 

parently not affecting the coupling, that of phenylsulphinyl- and phenyl- 

sulphonyl-dienyl metals is substantially unaffected by either the metal 

and the electrophile being whatsoever a-regioselective with the sulphinyl 
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and the sulphonyl group playing a malor role in determlning the regioche- 

mlstry of the reactlon. This sounds Interesting from the synthetic view- 

point as regio- and stereo-defined functionalized dienes can be prepared 

and these can rather easily be rearranged to other stereodeflned dienes. 

More work 1s in progress in order to rationalize the different beha- 

viour of phenylsulphenyl-, phenylsulphinyl- and phenylsulphonyl-penta- 

dlenyl metals with respect to C-electrophlle and to get structural infor- 

mation on such dienyl metals. 

EXPERIMENTAL 

lH-NMR spectra were recorded on a Varian XL-200 or EM 360A spectrome- 
ter; chemical shifts are reported in part per million (6) from internal 
standard using CDCl 

a 
as solvent. IR spectra were recorded on a Perkin-El- 

mer spectrometer mo el 598 and refer to films. GC analyses were carried 
out with a Hewlett-Packard HP-5890 series II gaschromatograph (dimethyl- 
silicon capillary column, 30 m, 0.25 mm 1.d.); GC-MS spectrometry analyses 
were performed on a HP-5890A gaschromatograph equipped with a HP-5970B Mass 
Selective Detector operating at 70 eV (E.1.). Melting polnts,taken on an 
Electrothermal apparatus, and boiling points were uncorrected. Flash chro- 
matographles were done with Merck 230-400 mesh silica gel. 

Materials: Tetrahydrofuran (THF) and diethyl ether of commercial gra- 
de (RS, C. Erba) were purified by dlstlllatlon (twice) from sodium wire in 
N atmosphere. Petroleum ether refers to the 40-6O'C boiling fraction. 
A 1 other chemicals were of commercial grade and used wlthout further pu- 1 
rlflcatlon or eventually dlstllled or crystallized prior to us 
(Z)-1-bromo-2-phenylthioetheneg and bls-trimethylsilylperoxide 3. were pre- 
Dared as reoorted. 
& 

1-Phen;lsulphenyl-1,4-pentadlene la: a mixture of (Z)-1-bromo-2-phe- 
nylthioethene (6.5 gr, 30 mmol) and [1,2-Bls(diphenylphosphino)ethanelnic- 
k&1(11) chloride tNiC1 

z 
(dppe)] (0.57 gr, 1.1 mm011 in 150 ml of ether was 

treated with 36 mm01 o allylmagneslum bromide in ether at room temperatu- 
re under N2 and stirring. After 5 h a solution of aqueous NH4Cl was slo- 
wly added and the mixture extracted with Et20 (3 x 100 ml), washed with 
H20 and dried over MgS04. Evaporation of the solvent under reduced pres- 
sure gave a residue that was distilled (b.p. 55-57°c/1 mm Hg) to give 4.6 
gr (8 % yield) of la (Z/E = 80/20). 

I,-NM, (200 Mz) 6: 2.88-3.10 (m, 2H), 5.04-5.22 (m, 2H), 5.77-6. 
Im. 2HI. P 

5 
6.18-6.35 fm. 1Hj. 7.17-7.49 (m. 5H). I.R. 3080. 3000. 1480 Cm- . 

l-Phenylsulphkyi-l,i:pentadiene ibi phenylpentadienyls&phlde la 
(3.40 gr, 19 mmol, Z/E = 80/20) was dissolved in chloroform (100 ml) as 
cooled in a ice bath. m-Chloroverbenzolc acid (4.00 gr, 22.8 mmol) in 40 
ml of chloroform was then dropped in with constant StirrIng. The reaction 
was complete in 2 h (monitored by TLC E.E./E.P.=8/2). The reactlon mixture 
was washed successively with sodlJm thlosulphate, sodium bicarbonate (twl- 
ce) and water, then dried (MgSO 

3 
). The solvent was removed under reduced 

pressure and the crude sulphoxl e (3.16 gr, 87% yield) was column chroma- 
tographed (E.E./E.P.=8/2) yielding @ as the Z (2.0 gr) and the E isomer 
(1.0 gr). 

(Z)-1-phenylsulphinyl-1,4_pentadlene lb: 011. lH-NMR (200 MHz) 6: 
3.00-3.05 (m, 2H), 4.79-4.86 (m, 2H), 5.49-5.62 [m, lH, when lrradlated at 
3.02 6 the multlplet changed to a double doublet: 5.55 (dd, Jz9.77 HZ, J= 
17.73 Hz)], 5.85-5.98 (m, 2H, when Irradiated at 3.02 6 the multiplet gave 
two doublets: 5.89 (d, lH, J=9.55 Hz), 5.95 (d, lH, J=9.52 Hz)], 7.11-7.34 
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(m, 5H). I.R. 3060, 3010, 1040 cm-l. 
jE)-1-phenylsulphinyl-1.4-pentadiene lb: oil. lH-NMR (200 MHz) 6: 

2.83-2.90 (m, 2H), 4.94-5.05 (m, 2H), 5.59-5.79 [m, lH, when irradiated at 
2.87 6 the multiplet changed to a double doublet: 5.69 (dd, J=9.65 Hz, 
J=17.47 Hz)]. 6.13-6.22 (m. 1H. when irradiated at 2.87 6 the multiolet 
became a doublet: 6.18 (d,.J=l5.14 Hz)], 6.55 (dt, lH, J=6.35 Hz, J=li.li 
Hz, when irradiated at 2.87 6 the dt changed to a doublet), 7.37-7.55 (m, 
SH). I.R.: 3060, 3010, 1040 cm-l. 

1-Phenylsulphonyl-1,4-pentadiene lc: to a solution of 6.7 gr (38.0 
mmol) of sulphide 2 in 80 ml of CHC13 was added (0°C) a solution of 16 
gr (95 mmol) of MCPBA in 120 ml of CHC13; then the mixture was refluxed 
for 15 h and workup as above gave 9.2 gr of crude product which was column 
chromatographed (ether) to obtain a Z/E=2 1 mix ure of sulphone lc, 6.5 
gr (82% yield). I.R. 3070, 1310, 1140 cm- 4 f . The H-NMR (200 MHz) spectra 
were extracted from that of the isomeric mixture: for (Z)-l-phenylsulpho- 
nyl-1,4-pentadiene 6: 3.28-3.35 (m, 2H), 4.86-5.00 (m, 2H), 5.52-5.73 (m, 
lH), 6.09-6.31 [m, 2H, when irradiated at 3.31 6 the multiplet transformed 
in two doublets: 6.15 (d, 1H. J=10.82 Hz), 6.24 (d, 1H. J=10.83 Hz)], 7.35- 
7.53 (m, 5H); for (E)-liphenylsulphonyl-1,4-pentadiene 6: 2.80-2.87 (m, 
2H), 4.86-5.00 (m, 2H), 5.52- 5.73 (m, lH), 6.23-6.30 [m, lH, when irra- 
diated at 2.83 6 the multinlet became a doublet: 6.26 (d. J=15.13 Hz)], 
6.88 (dt, lH, J=6.11 Hz, 5=15.14 Hz, when irradiated at- 2.83 6 the dt 
changed to a doublet), 7.73-7.88 (m, 5H). 

General metallation procedure: To a solution of diene la or j.& or 
& (1.6-2.3 mmol) in THF under N2, stirred and cooled at -78OCwere added 
dropwise 1.1 molar equiv of n-BuLi in hexane. After 30 min the pentadienyl- 
lithium 3a, 3c and a were formed. 
(1.3 equiv) -Fn 

Addition of CuI or ZnBr2, or MgBr 
i 
*Et20 

THF to a 2 or & solution led to the transmeta lated 
species 3b, 3d, * and 2f. 

Reactions of phenylsulphenylpentadienylllthlum 3a: a) Methylation 
with methyliodide: A 2.3 mm01 sample of &X in 20 ml of THF at -78'C, under 
N2 and stirring, was added with Me1 (4.6 mmol) in 10 ml of THF. After 30 
min (monitored by GC) quenching with NH4C1, usual workup and column chro- 
matography (by petroleum ether) g ve 0.38 gr (88% yield) of ( 
sulphenyl-1,3-hexadiene 2e: 011. f 

E)-S-phenyl- 
H-NMR (200 MHz) 6: 1.42 (d, 3H, J=6.8 

Hz, when irradiated at 3.80 6, the doublet became a singlet), 3.77-3.84 
(m, lH), 5.00-5.14 (m, 2H), 5.70 (dd, lH, J=7.9 Hz, J=15.10 Hz, when irra- 
diated at 3.80 6 the double doublet became a doublet J=15.1 Hz), 5.94 (dd, 
1H. J=lO.OO Hz. J=lS.OO Hz), 6.28 (dt, lH, J=lO.OO Hz, J=17.05 Hz), 7.24- 
7.44 (m, 5H). ’ 
b) Methylation with his-trimethylsilylperoxide: to 1.7 mm01 of & in 20 ml 
of THF at -78OC. under N7 and with stirring were added 3.4 mm01 of BTMSPO 
in 10 ml of THF.and the&mixture stirred for lh, then quenched with sat 
NH4C1, extracted with Et 0 
of the solvent under re uced pressure gave an oil, which was purified by 3 

(30 ml x 3), and dried over MgSO4. The removal 

short column chromatography on silica gel (petroleum ether) to give l-phe- 
pylsulphenyl-1,3-hexadiene 4 (0.26 gr, 80% yield) as an isomeric mixture. 
H-NMR (200 MHz) 6: 1.04-1.14 (m, 3H), 2.13-2.26 (m, 2H), 5.69-6.57 (m, 
4H), 7.21-7.45 (m, 5H). MS m/e (rel. int.): 190 (M+, loo), 175 (a), 161 
(16), 109 (20), 81 (91). A small amount of PhSSPh (5%) was also isolated. 
c) Deuteration: a solution of 1.7 mm01 of 3a in 20 ml of THF was treated 
at -78Oc with 1.0 ml of CH30D (99.8%) in 5Kl of THF. After 30 min usual 
workup yielded the monodeuterated sulphides 2f (E): 0.1 gr, 33% yield 
(95% deuteration) and H (E+Z): 0.2 gr, 66% yield (50% deuteration), which 
were separated by column chromatography on silica gel (ether/petroleum et- 
her=1/50). 
(B)-1-Phenylsulphenyl-1-deutero-2,4-pentadlene 2f: oil. lH-NMR (200 MHZ) 
6: 3.57 (d, lH, J=5.61 Hz), 5.01-5.17 (m, 2H), 5.74 (dd, lH, J=7.02 HZ, J= 
14.70 Hz, when irradiated at 3.56 6 this dd produced a doublet J=14.40 HZ), 
6.04-6.39 (m, 2H), 7.14-7.36 (m, 5H). 



Metallatedpentadrenylsulphldes 7497 

d) Reaction with 2-cvclopentenone: to a solution of 3a in THF (20 ml) (2.8 
mmol) was added a THF solution (10 ml) of 2-CyclopeGenone (3.4 mmol) at 
-78OC, under N2. After 5 min usual workup left an oil residue Of four maln 
compounds. They were separated by Column chromatography using diethyl 
ether-petroleum ether mixture of increasing polarity starting from Petro- 
leum ether. The first eluted compound was (E)-1-phenylsylphenyl-1-(3-oxo- 
cyclopentyl)-2,4-pentadiene 6b as an oil (2% yield). IH-NMR (200 MHz): 
6 1.9-2.5 (m, 7H), 3.5 (dd, lo, Jc9.3 Hz, Jz7.5 Hz), 5.0-5.2 (m, 2H), 5.6 
(dd, lH, J=9.2 Hz, J=15.2 Hz), 5.8 (dd, lH, J=15.2 Hz, J=12.5 Hz), 6.1-6.3 
(m, lH), 7.2-7.4 (m, 5H). 
The second eluted compound was: (Z)-l-phenylsulphenyl-3-(oxocyclopentyl)- 
-1,4-pentadiene 5a (18% yield). Oil. IH-NMR (200 MHZ): 6 1.9-2.4 (m, 7H), 
3.24 (ddd, lH, Jz6.9 Hz, 5~7.1 HZ, J= 9.4 Hz), 5.06-5.2 (m, 2H), 5.7 (ddd, 
lH, J=10.3 Hz, J=7.1 Hz, J=16.9 Hz), 5.71 (dd, lH, J=9.4 Hz, J=9.4 Hz), 
6.34 (d, lH, J=9.4 Hz), 7.1-7.4 (m, SH). I.R. 1740 cm-l lC=O). 
The third eluted compound was (E)-5a (36% yield). Oil. H-NMR (200 MHz): 
6 1.9-2.4 (m, 7H), 2.7-2.8 (m, lH), 5.0-5.2 (m, 2H), 5.6-5.9 (m, 2H), 6.2 
(d, lH, J=lS.l Hz), 7.1-7.5 (m, 5H). 
The fourth eluted compound was 5-phenylsulphenyl-1-(3-oxocyclopentyl)-1,3- 
-pentadiene 7a (8% yield): oil., IH-NMR (200 MHZ): 6 1.9-2.4 (m, 6H), 2.80- 
2.85 (m, lH), 3.6 (d, 2H, J=7.0 Hz), 5.6 (dd, lH, J=6.8 Hz, J=14.3 Hz), 
5.7 (dt, lH, J=7.0 Hz, J=14.0 Hz), 6.0 (dd, lH, J=8.3 Hz, 5=14-O Hz), 6.1 
(dd, lH, J=8.3 Hz, J=14.3 Hz), 7.2-7.4 (m, 5H). I.R. 1740 cm-l (C=O). 
e) Reaction with 2-cyclohexenone: to a THF solution (20 ml) of G (2.8 
mmol) was added a THF solution (10 ml) of 2-hexenone (3.4 mmol) at -78OC 
under N2. After 5 min usual workup left an oil residue of three maln com- 
pounds, which were separated by column chromatography using a 1:l diethyl 
ether-petroleum ether mixture as elutlng system. 
The first eluted product was 1-phenylsulphenyl-3-(3-oxocyclohexyl)-1,4- 
-pentadiene 5b [(E+Z), oil, 59% yield). The iH-NMR (200 MHZ) spectra were 
extracted from that of the isomeric mixture; for (Z)-5b: 6 1.8-2.5 (m, 9H), 
3.11-3.23 (m, lH), 4.98-5.14 (m, 2H), 5.55-5.7 (m, 2H), 6.3 (d, lH, J=9.3 
Hz), 7.1-7.4 (m, 5H). For (E)-5b: 6 1.8-2.5 (m, 9H), 2.68-2.8 (m, lH), 
5.0-5.1 (m. 2H). 5.5-5.7 (m. 2H). 6.15 (d. 1H. J=14.7 Hz). 7.1-7.4 (m. 5H). 
The second.elutkd compound was 5:phenylsulphknyl-1-(3-oxocyclohexyl)~l,3- 
-pentadiene 7b. Oil (18% yield). 'H-NMR (CC14, 60 MHZ): 6 1.5-2.6 (m, 9H), 
3.6 (d. 2H. J=7.0 Hz), 5.4-6.4 (m. 4H). 7.2-7.5 (m. SH). 
f) Reaction with 3-methyl-2-cyclopentenone: to a stirred THF solution (20 
ml) of 3a (2.8 mmol) was added a THF solution (10 ml) of 3-methvl-2-cvclo- 
pentenone (3.4 mmol) at -78"C, under N2. After‘20 min usual workup affor- 
ded an oil residue of three main compounds. They were separated by column 
chromatography (1:9 diethyl ether/petroleum ether) and are described in 
order of increasing retention time. 
l-phenylsulphenyl~3-(l-methyl-3-oxocyclopentyl)-l,4-pentadiene 8: 38% yi- 
eld. (Z)-8: oil. IH-NMR (200 MHz): 6 1.07 (s, 3H), 1.9-2.4 (m, 6H), 3.27 
(dd, lo, J=8.5 Hz, J=9.6 Hz), 5.15-5.19 (m, 2H), 5.6-5.9 (m, lH), 5.8 (dd, 
lHllJ=9.6 HZ, J=9.7 Hz), 6.37 (d, lH, J=9.7 Hz), 7.1-7.4 (m, 5H). 1.R 1740 
cm (C=O). 
(E)-8. Oil. lo-NMR (200 MHZ). 6 1.0 (s, 3H), 1.8-2.4 (m, 6H), 2.8 (dd, lH, 
$0 Hz J-8 1 Hz) 7.1;_7;3.(mB ,,;.S;",'.:,~~,,~"~,(~~~~~.O (m, 2H), 6.2 (d, lH, 5=15-O 

(E)-l-phenylsu~pheny~-l-(l-hydroxy-3-methyl-2-cyclopentenyl)-2,4-pentad~en~ 
2, oil (20% yield). 1 H-NMR (CClj15"sO;m602;I)If': 6 1.75 (s, 3H), 1.8-2.3 (m, 
4H). 3.7 (d. 5.3-6.3 
5Hj: 

1H. J=(8.0 Hz), 4. 
I.R..3650-3150_cm-1 (OH). 

(m, 4H), 7.1-7.6 (m, 

g) Reaction with chalcone: to a THF solution (20 ml) of 3a (2.8 mmol) 
was added a THF solution (10 ml) of chalcone (3.4 mmol) at-78OC, under 
N2- After 30 min usual workup left a crude oil residue of three main com- 
pounds, which were separated by column chromatography using 1:9 diethyl e- 
ther/petroleum ether mixture as eluent. 
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5 1,3-diphenyl-4-vrnyl-6-phenylsulphenyl-5- 
aid]. The IH-NMR (200 MHz) spectra were ex- 

The first eluted compound wa! 
-hexen-l-one 10 t(E+Z), 33% yic 
tracted from that of the isomers mixture 6 3.2-3.7 
4.9-5.1 (m, 2H), 5.55-5.95 (m, 

(m, 4H), 
2H), 6 3; $r liZ)-lo: J=9.7 Hz), 

15H). For (E)-10: 6 3.2-3.7 (m, 4H), 4.9-5.; cm: 
7.1-8-O (m, 

2H), 5.55-5.95 
6.17 (d, 

(m, 
lH, J=15.1 Hz), 7.1-8.0 

2H), 
(m, 15H). 

The second eluted compound was 1,3idiphenyl-8-phenylsulphenyl-4,6-octadi- 
en-l-one 11. Oil (6% yield). lH-NMR (200 MHz): 6 3.4 (d, 2H, 
3.54 (d, 2H, J=7.1 Hz), 4.15 (dt, lH, 

J=6.9 Hz), 

J=14.4 Hz, 
J=6.9 Hz, J=6.8 Hz), 5.62 (dt, lH, 

J=7.1 Hz), 5.82 (dd, lH, J=14.5 Hz, J=6.8 Hz), 
2H), 7.1-8.0 (m, 15H). 

5.9-6.15 (m, 

The third eluted compound was: 1,3-diphenyl-8-phenylsulphenyl-1,5,7-octa- 
trien-3-01 12, oil (19% yield). 'H-NMR (200 MHz): 6 2.5 (s, lH, 
with D 0) 

exhange 
2.86-2.97 (m 2H), 

(m, 3H?, 5.2-7.6 (m, 1SH). 
5.5-5.9 (m, 1H) 6.2-6.4 (m, 2H), 

I.R. 3600-3200 cmwi (OH). 
6.5-6.9 

Reactions of phenylsulphenylpentadienylzlnc bromide 3b: 
a) Reactlon with 2-cyclopentenone: to a THF solution 
nznol) was added a THF solution (5 ml) 

(5 ml) of j& (0.6 
of 2-cyclopentenone (0.7 mmol) at 

-78OC, under N2. After 4h TLC analysis showed only trace of 5a, 7a and 6b. 
b) Reaction with chalcone: to a THF solutlon (20 ml) of 3b (1.7 Eel) was 
added a THF solution (10 ml) of chalcone (1.9 mmol) at -s°C under N2. Af- 
ter 20 min usual workup afforded an oil residue of three compounds. They 
were separated by column chromatography using 15:85 diethyl ether-petro- 
leum ether mixture as eluent. The first eluted compound was 1,3-diphenyl- 

lH-NMR -4-phenylsulphenyl-5,7-octadien-l-one (200 MHz): 6 3.3-3.65 
13: oil 

(m, 2H), 3.7-3.85 (20% (m, yield). 3.9-4.0 lH), (m, lH), 
4.9-5.1 (m, 2H). 5.6 (dd, 1H. 
Hz, J=lO.l Hz), 

J=15.1 Hz. J=9.3 Hz). 5.8 Idd. 1H. 
6.1-6.35 im, lH), 7.2-8.0.(m, 15H)..- ’ ’ 

J=lS.l 

The second eluted compound was 11: or1 (10% yield). The third eluted com- 
pound was 1,3~d~phenyl-6-phenyl~lphenyl-4-v~nyl-l,5-hexad~en-3-ol 14: oil 
(10% yield). IH-NMR (200 MHz): 6 2.4 (s, 
4.1 (m, lH), 5.1-5.3 (m, 2H), 

lH, which exhange with D20), 4.0- 
5.6-6.4 (m, 3H), 6.6-6.8 (m, 2H), 7.1-8.0 

(m, 15H). 
Reactions of phenylsulphinylpentadlenyllithium 3c: 
a) With Me1 or BTMSPO: a 1.6 nun01 sample of 3c in 10 ml of THF at -78OC 
under N7 and stirrina was added with Me1 orBTMSP0 (4.6 mmol) rn 10 ml 
of THF &d the reaction allowed to strrr for 6h and additional 3h at room 
temperature, then quenched with sat NH Cl; 

1 
usual workup affo ded 

(90% yield) of (E)-phenylsulphinyl-2, -pentadiene 2d: oil; f 
0.27 gr 

H-NMR (200 
MHz) 6: 3.30-3.50 (m, 2H), 4.91-5.04 (m, 2H), 5.23-5.39 [m, lH, when irra- 
diated at 3.41 6 the multrplet was transformed in a doublet: 5.32 (d, J= 

cm 14:$5 . 
Hz)], 5.85-6.20 (m, 2H), 7.29-7.46 (m, SH). I.R. 3060, 2920, 1040 

b) With cyclopentanone: to a solution of 1.6 mm01 of 3c in 10 ml of THF at 
-78OC, under Nq and stirring was added 0.16 ml (1.8 m&l) of cvclopentano- 
ne in 10 ml of&THF. After 15 min the mixture was quenched with sat NH4Cl 
and extracted with ether (3 x 30 ml), washed with water, dried over MgSO 
and the solvent removed under reduced pressure. The crude product (0.3 3 
gr) was chromatographed on column (silica gel, ether) to give 0.18 gr of 
(E,E)-5-phenylsulphinyl-l-~l-hydroxycyclopentyl)-l,3-pentad~ene 17 (40% 
yield). iH-NMR (200 MHz) 3.41-3.62 (m, 
2H), 5.1 -5.48 

CDC13/D 0 6: 1.56-1.95 (m, 8H), 

2 
(m, 2H), 6.02-6.43 fm, 2H), 7.43-7.65 (m, 5H). I.R. 3450, 

1040 cm- . 
c) With 2,6-dichlorobenzaldehyde. a 1.6 mm01 sample of 3c in 10 ml of THF 
at -78OC, under N 

z 
and stirring, was added with 0.31 <r (1.76 mmol) of 

2.6-dichlorobenza dehyde in 10 ml of THF. After 30 mm the mixture was qu- 
enched with sat NH4Cl and workedup as usual. The crude mixture (0.45 gr) 
was separated by column chromatography on srlaca gel (ether) to give 0.15 
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gr (50% yield) of &l and 0.24 gr (40% yield) of 6-phenylsulphinyl-l-(2,6- 
-dlchlorophenyl)-2,4-hexadlen-l-ol 19: 011; lH-NMR (200 MHz) 6: 3.38-3.57 
(m, 2H), 3.61-3.75 (m, lH, OH), 5.30-5.46 [m, lH, when irradiated at 3.47 
6 the multiplet changed to a double doublet: 5.38 (dd, J=2.0 HZ. J=14.1 
Hz)], 5.90-6.19 (m, 4H), 7.03-7.51 (m, 8H). I.R.: 3350; 1030 cm-11 
d) with chalcone: the lithium derivative & (1.6 mmol) in 10 ml of THF 
cooled at -78OC, under N2 and stirring was added with 0.37 gr (1.76 mmol) 
of chalcone in 10 ml of THF. The reaction was over in 2.0 h. Quenching and 
usual workup gave 0.71 gr of crude material that was column chromatogra- 
vhed (ether) to yield three fractions. The first eluted compound was 1,3- 
~dlphenyl-4-vlnyi-6-phenylsulphlnyl-S-hexen-l-one 22 (0.07 &-, 11% yield), 
oil, IH-NMR (200 MHz): 2.68 (dt, lH, J=4.6 Hz, J=9.5 Hz), when irradiated 
at 3.26 6 this dt turned to a doublet J=9.4 Hz), 3.20-3.33 (m, 2H). 4.94- 
5.27 (m, 3H), 6.09- 6.38 (m, 2H), 7.18-7.65 (m, 14H), 8.01-8109 (m, 2H). 
I.R. 3070, 2940, 1670, 1020 cm-l. 
The second eluted compound was chalcone (0.05 gr) and the third eluted 
product was 1,3-diphenyl-8-phenylsulphinyl-4,6-octadien-l-one 20 (0.4 gr, 
62% yield). Oil, IH-NMR (200 MHz) 6: 3.37 (d, 2H, J=7.8 Hz), 3.43- 3.51 (m, 
2H), 4.09-4.20 (m, lH), 5.26-5.41 (m, lH), 5.79-6.10 (m, 

2. 
H), 7.14-7.56 (m, 

13H), 7.87-7.91 (m, 2H). I.R.: 3020, 2940, 1680, 1040 cm- . 
Reactions of phenylsulphinylpentadienylcopper 3d: These reactions were 
performed in the same conditions of the corresponding lithiated deriva- 
tlve 3c starting from 3d and a) cyclopentanone to give, after 1 h, 0.25 gr 
(55% zeld) of productT7. 
b) 2,6-dichlorobenzalde=de to give after 30 min 0.28 gr (47% yield) of 
product 19. 
keactlons'of phenylsulphinylpentadlenylzlnc bromide 3e: These reactions 
were performed in the same conditions of the corresponding lithiated de- 
rivative 3c starting from 3e and a) cyclopentanone to give after 30 min 
and column'chromatography BE/EP=8/2) 0.05 gr (11% yield) of product 17 
and 0.15 gr (50% yield) of starting material recovered as the isomer 2X 
b) 2,6-dichlorobenzaldehyde to give after 2 h 0.12 gr (40% yield) Tf 
starting material recovered as the isomer a and 0.15 gr (25% yield) of 
compound 19. 

- 

Reaction 3 phenylsulphlnylpentadlenylmagneslum bromide 3f with 2,6-dl- 
-chlorobenzaldehyde: starting from 3f and 2,6-dichlorobenzaldehyde 
above reported conditions, we obtained after 20 mln ( 

in the 
1.06 (20% yield) of 

product & and 0.26 gr (43% yield) of product 19. 
Reactions of phenylsulphonylpentadienylllthlum 3q: a) with methyliodlde 
(1 equiv). To a solution of & (1.4 mmol) in 10 ml of THF at -78"C, under 
N2 and stirring were added 0.09 ml (1.54 mmol) of Me1 in 10 ml of THF. Af- 
ter 30 min the reaction was quenched, extracted, washed, dried and evapo- 
rated in the usual manner to give 0.4 gr of a residue that was chromato- 
graphed (slllca gel, ethyl acetate/petroleum ether=1/4) to give three fra- 
ctions. The first eluted compound was (E)-Srmethyl-S-phenylsulphonyl- 
-1,3-hexadlene 2b (0.032 gr, 10% yield): 011, IH-NMR (200 MHZ): 6 1.43 
(s, 6H), 5.07-5.18 (m, 2H), 5.75 (d, lH, J= 15.5 Hz), 5.94 (dd, lH, J=9.85 
Hz, J=15.5 Hz), 6.16-6.38 (m, lH), 7.44-7.84 (m, SH). The second eluted 

P 
roduct was 5-phenylsulphonyl-1,3-hexadlene 2a (0.13 gr, 41% yield): 011, 
H-NMR (60 MHz): 6 1.52 (d, 3H, J=7.0 Hz), 3.6-4.0 (m, lH), 5.0-6.7 (m, 
5H), 7.6-8.2 (m, 5H). (E)-5-phenylsulphonyl-1,3- The third productl;f;MR (200 MHz, 
-pentadlene 2c (0.11 gr, 32% yield): 011, : 6 3.81 (d, 2H, 
J=7.62 Hz), 5.07-5.18 (m, 2H), 5.49-5.64 [m, lH, when lrradlated at 3.81 6 
the multlplet became a double doublet: 5.58 (dd, J=O.68 HZ, J=15.08 Hz)], 
5.95-6.37 (m, 2H), 7.48-7.67 (m,3H), 7.81-7.87 (m, 2H). 
b) With methyllodlde (excess): the reaction was effected In the same con- 
ditions as above. Treatment of 3 (1.4 ~'101) with Me1 (0.19 ml, 3.1 mmO1). 
led to a mixture of & (0.18 gr, 56% yield) and & (0.06 gr, 20% yield). 
C) With cyclopentanone or 2,6-dlchlorobenzaldehyde: a 1.4 mm01 sample of 
a In 10 ml of THF at -78OC, under N2 and stirring, was added with cyclo- 
pentanone or 2,6-dlchlorobenzaldehyde (1.54 mm011 In 10 ml of THF and the 
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reaction allowed to stirr for 5 h and additional 2 h at room temperature, 
then quenched with sat NH Cl. 
(47% yield) or 0.23 gr (77 Q 

Usual workup afforded to recover 0.14 gr 
yield] of sulphone &. 

d) with chalcone: lithium derivative 3 (2.4 mmol) in 10 ml of THF cooled 
at -78OC under N2 and stirring was added with 0.55 gr (2.64 mm011 of cha- 
lcone in 10 ml of THF. The reaction was over in 1 h. Quenching with NH4Cl 
and usual workup gave 0.7 gr of crude material that was purified by column 
chromatography (silica gel, EE/EP=4/6] to give 0.11 gr of chalcone and 
0.53 gr (55% yield) of (E)-1,3-diphenyl-4-phenylsulphonyl-5,7-hexadien-l- 
-one 23: oil. lH-NMR (200 MHz) 6: 3.58 (dd, lH, J=11.17 Hz, J=17.09 Hz, 
when the signal at 4.43 6 was irradiated the dd became a doublet J=17.09 
Hz), 3.73 (dd, lH, J=3.12 Hz, J=10.07 Hz, when the signal at 4.43 6 was 
irradiated the dd became a doublet J=10.07 Hz), 3.96 (dd, lH, J=3.28 Hz, 
J=17.09 Hz, when the signal at 4.43 6 was irradiated the dd transformed 
into a doublet J=17.09 Hz], 4.43 (dt, lH, J=3.17 Hz, J=11.03 Hz), 4.99- 
5.14 [m, 2H, when the signal at 6.35 6 was irradiated the multiplet chang- 
ed to a doublet: 5.07 (d, J=18.31 Hz]], 5.64 (dd, lH, 5~10.26 HZ, 5~15.14 
Hz, when the signal at 6.35 6 was irradiated the dd became a doublet J= 
15.14 Hz], 5.89 (dd, lH, J=lO.Ol Hz, J=15.13 Hz), 6.35 (dt, lH, J=10.26 Hz, 
J=16.84 Hz), 7.11-7.94 (m, 15H). I.R. 3060, 2910, 1680, 1380, 1150 cm-l. 
Attempted crystallization of product 22 promoted partial rearrangement to 
1,3-d~phenyl-8-phenylsulphonyl-4,6-octadien-l-one 24. Separation by column 
chromatography (silica gel, 
0.2 gr (40%) of 24: 

CH2E~2~MRa::~~d~~Z~13~ g; ;;0;; ;; +=,a;; 
thick oil, - 

Hz), 3.76 (d,2H, z7.32 Hz], 4.10-4.20 (m, lH], 5.37-5151 CA, lH], s.;9- 
6.02 (m, 3H], 7.14-7.94 (m, 15H). I.R.: 3030, 2910, 1675, 1310, 1150 cm-l. 
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