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STEREOSELECTIVE SYNTHESIS OF (E)-, (E,Z)- AND (E,E)-
CONJUGATED DIENES VIA ALKYLATION OF 3-SULFOLENES AS KEY STEP

*
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Stereoselective method for synthesizing (E)-, (E,Z)- and (E,E)-conjugated
dienes via alkylation of 3-sulfolenes as key step is developed. Sex pheromones
with (E)- and (E,E)-conjugated diene structures are synthesized with exclusively
high stereoselectivity by applying the method.

2,5-Dihydrothiophene-1,1-dioxides (3-sulfolenes) have been utilized as versatile masked diene
synthons in organic synthesis.] However structural modification of 3-sulfolenes, especially
introduction of electrophiles to the a-position under basic conditions, is highly 1imited,2
because 3-sulfolene a-carbanion is labile and undergoes ring opening before reacting with an
electrophi]e.3) Recently, Bloch et a1.4) deviced a method to obviate this difficulty where the
double bond in 3-sulfolene is protected as a Diels-Alder adduct to prevent ring opening. During
the studies of the chemistry of vitamin D, we found that sulfur dioxide adduct of vitamin D at the
s-cis diene part can be alkylated at the position o to the SO2 group in good yield when the labile
sulfolene o-carbanion was generated in the presence of an alkylating agent.5) We applied the
method to alkylation of the parent 3-sulfolene and established, for the first time, a practical
method for alkylating 3-sulfolenes including the first stereoselective method for synthesizing
trans-2,5-disubstituted 3-sulfolenes. We also found a new highly stereoselective method for
desulfonylating trans-2,5-disubstituted 3-sulfolenes to yield (E,E)-conjugated dienes in opposition
to the symmetry rule.6’7) Combination of the alkylation of 3-sulfolenes and stereoselective
thermal desulfonylation of the substituted 3-sulfolenes provided novel stereoselective synthetic
routes to (E), (E,Z)- and (E,E)-conjugated dienes.g)

Alkylation of 3-sulfolenes was made successful by the following devices; i) to trap the
labile sulfolene o-carbanion with an electrophile before it undergoes ring opening, the carbanion
was generated in the presence of alkyl iodide, ii) the nature of the base was crucial and the use
of Tithium silylamide in the presence of HMPA as the cation trapping agent gave the best results,
and iii) the base was added in one portion at Tow temperature (-78 °C) to obtain the maximum
concentration of transient labile carbanion to react with the electrophile. The results are
summarized in Table I. Alkylation of 3-sulfolene (l) gave 2-alkyl-3-sulfolenes (2) in 40-65%
isolated yields based on the halide used. It is noteworthv that the a]ky]ation‘s% 2-substituted
sulfolenes (g) proceeded with complete regio- and high (90-98%) stereoselectivity to yield trans-
2,5-disubstituted 3-sulfolenes (2) (55-71% yield based on the sulfolenes used).g) The results
indicate that bulky base abstracts the least hindered and the most acidic proton at the 5-position
lTocated trans to the substitutent at C-2, and that the resulting carbanion reacts rapidly before
inverting the stereochemistry.
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Table 1. Alkylation of 3-sulfolenes
entry substrate halide base molar ratio producta)
lor2 halide base HMPA  (yield®) %)
1 ;l n-Bul (Me3Si)2NNa 1.0 1.2 1.1 2.0 Eg (28)
2 l’ " (Me3Si)2NLi 1.0 1.2 1.1 2.0 gg (42)
3 1 " " 2.0 1.0 1.1 4.0 2a (65)
4 1 " LDA " 2a (27)
5 1 Mel (Me3Si),NLi " 2b (46)
6 1 Et] " " 2¢ (55)
7 T n-HePI " " 24 (65)
8 j: isoamyl-1 " " 2e (61)
9 1 t-Bu0OC(CH, ) 51 " " 2f (40)
10 1 THPO(CH,)gl " " 29 (50)
11 1 THPO(CH,),I . " 2h (58)
12 1 BzI " " 2i (55)
13 2a n-Bul " 1.0 1.2 1.1 4.0 3a (58) 4a (1)
14 2a n-Hepl " " 3b (56) 4b (4)
15 2d Mel " 1.0 1.1 1.1 4.0 3c (71) 4c (9)
16 2h Mel " " 3d (55) 4d (6)

a) A11 new compounds have satisfactory mass, IR, UV,
yields based on the sulfolene in entry 1, 2, and entry 13-16, and those based on

entry 3-12.

1

H NMR, and '3C NMR spectra.

b) Isolated
the halide in

Thermolytic desulfonylation (octane, reflux) of trans-2,5-disubstituted sulfolenes (3) (Table

2. entry 1) thus synthesized gave exclusively (E,Z)-dienes (5) as previously reported.7
10) -~

desulfonylation

Reductive

of‘g was found to give only the (E,Z)-dienes in accord with the symmetry rule
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(entry 2 and 5). However it was found that stereoselectivity of the thermolysis of trans-2,5-
disubstituted 3-sulfolenes (g) was dramatically changed by carrying out the reaction in a protic
solvent in the presence of basic reagents and that (E,E)-dienes (6) are obtained exclusively in
opposition to the symmetry rule. Thus, thermolysis (95% EtOH, 125 °C) of 3a in the presence of
K2003 (entry 3) or KOH (entry 4) gave exclusively (E,E)-dodecadiene (gg). The effect of the basic
reagents on the stereochemical consequence of the desulfonylation of 3 can be rationalized by
intermediary formation of the cis-2,5-disubstituted 3-sulfolene (4) in the reaction, namely under a
basic protic medium the trans isomer (3) equilibrates with the cis isomer (4) which in turn
rapidly extrudes sulfur dioxide in the suprafacial manner to afford the (E,E)-diene QQ) 1) The
isomerization of trans-2,5-disubstituted 3-sulfolene (3a) to the cis isomer (4a) was demonstrated
under a basic protic medium (0.5% KOH in MeOH) at lower temperature (50 °C), after 30-min equili-
bration the ratio of 3a and 4a being 1:1.4.]2

Scheme 2.
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Table 2. Desulfonylation of 3
entry substrate conditions productsa)
5 g total yield %°)
1 3a octane, reflux, Ar bubbling 97 3 92
2 3a LAH, Et,0, reflux 100 0 91
3 ;g K2C03 (2 equiv.), 95% EtOH, 125 °Cd) 1 99 96
4 3a KOH (2 equiv.), 95% EtOH, 125 °c%) 0 100 90
5 3c LAH, Et20, reflux 100 0 90
6 3¢ K0, (2 equiv.), 95% EtoH, 125 °c?) 0 100 %

a) The structure of 5 and 6 was confirmed by mass, UV, ]H NMR, and ]3C NMR spectra. b) Determined
by GC analysis. c) Isolated yields. d) Carried out in a sealed tube.

Since it has been known that 2-alkyl-3-sulfolenes give only (E)-conjugated dienes by thermo-
1ysis,7d) we have now established novel stereoselective synthetic routes to (E)-, (E,Z)- and (E,E)-
conjugated dienes.

Applying the methodology, (E)-9,11-dodecadien-1-yl acetate (8), a sex pheromone of the red
ballworm moth, 13) and (E,E)-8,10-dodecadienol (10), a sex pheromone of the codling moth, 14) were
synthesized conveniently and stereoselectively (Scheme 3).]5)
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Scheme 3.
g —— 504 *(CH2)g0AC ——s X -(CH2)g0AC
~ i) PPTS, MeOH-CH,C1, NaHC03
ii) Acp0, pyridine 7 95% EtOH 8
—~ ~J
(70%) 125 °C (92% isolated yield)
(100% selectivity)
3q —> Meﬂ(CHz)'yOH _—— \/\/\(CHz)']OH
~  PPTS, MeOH K,CO4
9 95% EtOH 10
(84%) (98% isolated yield)
(>98% selectivity)
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