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ABSTRACT : The preparation of pure E avd 2 homoullylic l,t-disulfones fotZowed by the 
stereoaeZective reduction of one .suZfonyZ moiety afforded pure E and Z homoaZlylic sulfones 
respectively. Basic elimination with tPrrOK in 2% gave the corresponding 1,3-dienes in good 
yield. This reaction, highly stereoselective in the caee of 6%’ homoallylic sulfones, ha: been 
used in the synthesis of (8E,lOE) 8,10-dodecadienol,g and lSE)S,ll-dodecadienol, Is, insect 
pheromone components. 

In the past few years much work has been devoted to the stereoselective preoaration 

of 1,3-dienes {Ia) often motivated by insect pheromone synthesis (lb,cl. 

We recently obtained 1,3-dienes by stereoselective reduction of the sulfonyl moiety 

of P-phenylsulfonyl 1,3-dienes (2) which were prepared from readily available E allylic 

sulfones (3). An alternate approach to 1,3-dienes would be the basic elimination of benzenesul- 

finic acid from homoallylic sulfones. 

It is known that for saturated sulfones this reaction requires severe conditions and 

is not stereose!ective (4). However, in the case of polyenic (5a-h) and homopropargylic (5i) 

substrates, elimination has been achieved under relatively mild conditions, aliphatic sulfones 

leading to E olefins. The object of the present work was to investipate the elimination 

reaction of simple homoallylic sulfones. 

In order to study the scope and the stereochemistry of this reaction we reouired 

both pure E and 2 homoallylic sulfones. Homoalfylic l,l-disulfones were suitable precursors as 

it has been shown tnat unsaturated l,l-disulfones, easily purified by recrystallization, 

undergo stereoselective reduction of one sulfonyl moiety (3). Thus, bisbenrenesulfonylmethane 

1 was treated with sodium hydride in DMF followed by technical crotylbromide to yield 85% of 2 

as well as 12% of unchanged 1. The crude product contained the same 75125 mixture of E and Z 

isomers as the starting halide as evidenced by 'ii NMR at 250MHz. Successive recrystallizations 

(7-8) afforded in 33% yield a compound a of stereochemical purity above 99%. Reductive 

cleavage of this material yielded monosulfone 4& containing less than 1% of the Z isomer, as 

shown by HPLC. 

Alkylation of 2 with hexyliodide followed by recrystallization of the crude pro- 

duct led to 55% of x as well as 6% of unchanged 2E. Table 1 entry 1. Here again the 

stereoisomers could be distinguished by 'H NMR and x was at least 98%E. Reduction of the 

l,l-disulfone witt aluminium amalgam (3) afforded 88% of s.. 
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It should be noted that in the case of hcmoallylic sulfone, 9E. a 70% yield was 

obtained by first reducing 2_E to a followed by metallation with n-Buli in THF and alkylation 

with the alkyliodide instead of 48% by the other route (entries 4 and 6, Table 1. 1 and 5, 

Table 2). 

The homoallylic sulfone z was prepared in a similar way from Z-crotyl bromide 

(obtained from commercially available Z-butyn l-01 according to literature procedures (6)). 

Condensation of the halide with bisbenzenesulfonylmethylsodium afforded 73% of z ( 98% pure) 

according to 'H NMR. The l,l-disulfone was alkylated with hexyliodide to give 82% of 32, Table 

1, entry 2, which was reduced with Al-Hg to give 91% of z. Following the alternate route, 

reduction of Z gave the monosulfone 42 but attempted alkylation of 42 under conditions used 

for X did not lead to 5Z, Table 1, entry 3. Instead 53% of 42 was recovered as well as 

unidentified sulfones. Z homoallylic sulfones have been prepared previously by addition of a 

vinyl cuprate to benzenesulfonylethylenes (7). 

Elimination of benzenesulfinic acid from z was achieved by stirring for an hour at 

room temperature with 2 equivalents of t-8uOK in TtlF (5ij.20). 2,4-Undecadiene was formed in 

65% yield and only the EE isomer could be detected by 'Ii NMR in comparison with spectra of all 

4 isomers (8). Capillary GLC-mass analysis indicated the presence of 2 minor isomers, 2.5% and 

1.6% respectively. 

When treated as above z was recovered unchanged, Table 3. entry 2. However, at 

reflux temperature elimination proceeded smoothly to yield 74% of 2,4-undecadienes 5. This 

time the isomeric ratio was 84/11/5 2Z,4E/2Z,4Z/2E,4E accordin to GLC-mass analysis and 
1 H NMR at 25OMHz confirmed a 85/10/5 mixture of ZE,ZZ and EE isomers. Shortening the reaction 

time gave similar results indicating that isomerization of 5 (9) was negligible under these 

conditions. 

In light of a recent review of E2 reactions (9a) the stereoselectivity observed in 

the case of sulfone x is quite remarkable. Indeed, homoallylic substrates bearing common 

leaving groups (Cl.Br,OTs) undergo elimination with low stereoselectivity (65-85% of the E 

isomer) under fairly similar conditions (t-BuOH-t-BuOK). Chabardes (5b) evoked E2 syn 

elimination on heterogeneous base (i-PrOK in toluene) to explain the excellent stereoselectivi- 

ty observed with a homoallylic sulfone precursor of vitamin A. However, from recent reports in 

the literature (5~) as well as results obtained in this laboratory (5f.g) it is clear that 

homogeneous conditions also give stereoselective elimination. 

In the case of the Z homoallylic sulfone z elimination is less stereoselective 

(85%) but isomerization of the existing double bond is just barely significant,w4%. 

Randomization of this double bond would only be expected in the case of a very 

sluggish elimination reaction as recent studies have shown that allylic potassium compounds in 

THF lose their stereochemistry slowly on the NMR time scale (10). The explanation for t:Ie 

highly stereoselective elimination of E homoallylic sulfones will require furthur studies. A 

"bad" leaving group such as benzenesulfinate ion would lead to a late E2 transition state in 

the variable transition state theory of J.F. Bunnett (9b) so that the eclipsing effects in the 

cis olefin would be much more strongly felt than in the early transition states corresponding 

to the "better" leaving groups. 

As it appeared that elimination of sulfinic acid from E homoallylic sulfones was a 

convenient approach to EE conjugated dienes we undertook the preparation of two insect 

pheromone components. 



Synthesis with sulfon*XLIV 4811 

TABLE 2 : REDUCTION OF A PHENYLSULFONYL GROUP OF HOMOALLYLIC 1,1-DISULFONES -- 

R’ AI-Hg= 

THF Hz0 

l,l-Disulfone b Homoallylic Sulfone 

Entry Compound Rl R2 R3 Compound 
b Elemental Analysis ' 

1 2E Me H H 4Ed 
lO(3.50) <95) 

c11H1402s 

2 zz H Me 

2(0.70) 

3 3E Me H - 
lO(4.34) 

4 3z H Me 

1.5(0.651) 

5 a H Me 

42.3c4.64) 

6 mH H 

H 42 

(96) 

n-Hex 5E 

(88) 

n-Hex 52 

(91, 

(CH2j70H s, R=H 

(72) 

(CH2)80H _ 14E 

3.88c1.80) (89) 

a 19ml of TgF, lml of H 0 and 400mg(~l5equiv.) of Al-Hg( 
substrate 
(, 98%). 

r!. 
Unique double-band configuration according to 

per mm01 of 
'H NMR at 250MHz 

See Table 6 . 99/l by HPLC (eluent : 2,2,4_trimethylpentane/ 
ethylacetate : 90/10 : x=265nm ; 2 Du Pont Zorbax Sil. (4.6mmx25cm) columns 
in series). 

TABLE 3 : 1,2-ELIMINATION OF BENZENESULFINIC ACID FROM HOMOALLYLIC SULFONES 

z 

R’ 
+ 

\ R’ t-&OK l 

THF deef R’ 
R2 R2 

Sulfone Conditions Diene 

Entry Compound R1 R2 R3 OC Time h Compound Isomer Ratio % a 

mmol(g) (% yield) 

1 5E Me H n-Hex 20 1 96(EE) 2.5 1.6 - a 

(65) 

2 sz H Me n-Hex 65 1 6 84(ZE) ll(ZZ) 5(EE) 

(74) 

3 9 Me H (CH~)~OH 20 1 10b 

(35) 

5 ,1 II I, I# 60 1 10 97.6(EEjd 2.4(EZjd 

<74) 

6 14 H H (CH~)~OH 20 1.7 15 95(Eje - 

(85) 

a Capillary gLC and ' H NMR at 25OMHz seedexperimental section. b Also 46% of 
unchanged 9. 
of E8,ElO g and 

Also 32% of unchanged 2. Capillary-GLC in comparison with samples 
E8,ZlO g (12). Capillary-GLC in comparison with a sample of 9Ell 

15 (12). - 
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Thus 1,7-heptanediol was converted into l-iodo 7-(tetrahydro-ZH-pyranyW-oxy)heptane 

2 by a known method (11'. Condensation with the lithio derivative of 4E. followed by 

deprotection of the alcohol yielded 97% of sulfone J_ R=H, 98%E by 'H NMR at 250MHz. 

Elimination under the usual conditions with t-BuOK in THF was slow at room temperature, Table 

3, entries 4-5. but proceeded smoothly at 60" to give 74% of B,l@dodecadiene-l-01. u). 

pheromone component of hapeyresia pomoneZZa L., the codling moth. The major component was 

shown to be E8, El0 10 by 'H NMR. Capillary-GLC indicated that the producted contained 97.6% 

of E8, El0 J_Q and 2.4% of E8-210 lQ. 

-‘owl + 
7 t 

7. 4 9 

t-B&K 
HO\ 

10 

In a similar way, 1,8-octanediol was converted into 1-iodo 8-(tetrahydro- ZH-pyra- 

nyl-2-oxy) octane l_l (11). Condensation with the sodio derivative of 1,1-disulfone a yielded 
33% of JJ as well as 23% of unchanged J2_after removal of the ether group. Reduction of _'J led 

to 89% of monosulfone 14 which was transformed into 9,11-dodecadiene l-01. 15, in 85% yield - 
with t-8uOK. Only the E isomer was observed by 'H NMR at 250M:;z. 

Most of the early syntheses of 10 and 15 have been reviewed by Rossi '131. Recent - - 
techniques with better than 95% stereoselectivity are given in ref. 14. The overall yields, 

(30-70%), the complexity of starting materials, and the simplicity of experimental procedures 

vary greatly. Elimination of sulfinic ecid from E homoally;ic sulfones shruld complement these 

approaches to EE conjugated dienes. 

zz 

T”poy’ + &LN 
1. DMF 9 
2. H*, MeOH 

11 12 13 

“O& Al-Ha l t-&OK 
HoB 

EXPERIMENTAL 

Elemental analyses (C H S siqnifies C,H,S + 0.3%' were conducted at Paris VI, 
Centre de Spectrochimie. AnalyPi!a? and preparative Thin-layer chromatography (TLC' were 
performed on Merck PF 254 silica gel using a 50/45/5 eluent of cyclohexane, dichloromethane 
and ethylacetate. A pentane/ether gradient was used for vacuum chromatography (15)'Merck 60H 
silica gel' Capillary VPC were performed on the followin columns : CPSIL 5 (O.lm ; 50n 
x 0.25nna) for 5, and CPWAX 57 (0.2~ ; 25m) for 'J and 15 (12 3 . 

for 'H NMR, Bruker WH-90 for 
Spectra were recorde130n the following : Bruker WP-80, Varian EM 390 or Cameca 250 

C NMR. Perkin-Elmer 599 for IR and Varian-Mat CH7 or Riberg 
Nermag RlO-10/B for m/e. 

All solvents were distilled over appropriate reagents : benzophenone- sodium (THF, 
cyclohexane.OMF', calcium hydride (CH Cl CHCl 1. t-BuOK was prepared 

t-butanol (16) and used wi hout s 2 .?' l& liming. n-Butyllithium 
was titrated prior to use with a 1N solution of benzylic alcohol in toluene using 2,2'-biquino- 
line (17) as the indicator. All reactions were run under a positive pressure of dry nitrogen. 

Spectral data are collected in Table 4 for sulfones and in Table 5 for all other 
compounds. 

1 l'- 3-Pentenylidenebis(sulfony1) bisbenzene a Tt;iIBiS6in?eneSuTfo~_i~~~~_~~~e~e___________ 
Y P 
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nylmethane 
An 80/20 E/t mixture of compounds Awas prepared by metallation of bisbenzenesulfo- 
(18,3)(NaH/DMF) followed by alkylation with crotylbromide (Fluka-a 64/16/20 ml'xture 

of E ~-bro~-2-but~ne, 2 1-bromo-2-butene and 3-bromo- l_buten~)(85%). Several recrystalliza- 
tions from ethanol afforded pure a (m.p. 88°C) as evidenced by H NMR at 25DMHz (33% froml). 

1 l’- 3-Penten~~~de~~~is(sulfon~l) bisbenzene 2J Tf;T~B‘-b------ 
IS enzenesuiPonyT~3t+&~<-----------* 

A solution of 2.8479 (40.71mnol) of Z-butyne-l-01 (Aldrich) in 2Oml of ethanol was 
refluxed with 309 of Zn-CuSO4 for 15h according to a known procedure (6a,b). After filtering 
over Celite and drying, distillation yielded 1.49 (50%) of pure Z crotylalcohol (b.p. 
122"23°C) as evidenced by VPC (OV 101, 2.5mx3azn). A stirred solution of 1.025g(l4.6mmol) of Z 
crotylalcohol in 30ml of ether was treated with 0.54m1(0.38 equiv.) of PBr at 0°C (6d). The 
temperature was allowed to rise to 13°C and stirring maintained for a ibtal of 1.5h. The 
reaction mixture was poured over a mixture of ice and water and the aqueous layer extracted 
with ether. The combined organic layers were washed with a 10% aqueous solution of sodium 
carbonate followed by water. 
glass-bead column 

After drying most of the ether was removed by distillation over a 
(3Ocmx2cm). H NMR analysis of a small portion of the residue in the 

presence of toluene as an internal standard indicated a 78% yield of Z-crotylbromide. This 
residue was then treated with a solution of 11 mmol of bisbenzenesulfonylmethylsodium in 30ml 
of OMF as described below in the typical procedure for alkylating l,l-disulfones. Markup and 
recrystallization from ethanol afforded 2.819 (73%) of 2Z, m.p. 98-100°C. 

Iypical Procedure for Alkylation of 1 1-Disulfones -----------*---------- Table 1 -----------L------------ _------ 
1,l' 2-Butenylheptylidenebis(sulfony1) bisbenzene 2 (5,5-bisbenzenesulfonyl-2E-undecene~ 

A solution of 3.509~1Ormn01) of l,l-disulfone 2f. in 1Oml of OMF was added dropwise to 
a stirred suspension of 1.05 equiv. of sodium hydride (46019 of 55% NaH gel rinced twice with 
pentane) in lOm1 of DNF. The mixture was heated at 50°C for 15 minutes, cooled to room 
temperature and a solution of 3.OOg(14ml) of hexylisdide in lOm1 of DMF was added dropwise. 
The reaction mixture was stirred at 80°C for 2h and monitored by TLC. The mixture was cooled 
and hydrolyzed with a saturated aqueous solution of ammonium chloride. The resulting mixture 
was extracted 5 times with dichloromethane and the combined organic layers were washed once 
with an aqueous saturated solution of sodium thiosulfate followed by 4 times with water. After 
drying and filtering the solvents were evaporated and the residue purified by vacuum 
chromatography. Recrystallization from ethanol of the major product yielded 2.399 (55%) of 3E. 
ZlOmg of 2J were recovered in another fraction (smaller R 1. Other alkylations were car&d 
out in a similar way, using the paramete:s mentiened in Tab' Q 1. 

In the case of compounds 8, 9 ahd 12 the tetrahyro-2H-pyran-2-yloxy protecting group 
was removed prior to purification by stirring with methanol (20ml/aznol of l,l-disulfone) and 5 
drops of concentrated HCl(iON) for 3h at room temperature. 

Typical Procedure for Reductive Cleavage of One Phenylsulfonyl Group of Homoallylic-1 l-Disul- fonit~--ta6Te-2---__-*-----__-----____- -------~~~-~- ------- -___-- -__-___-_*- --_.."I_-__---- 
-*--- ------_ 

2.70g(O.lmol) of aluminum amalgam was prepared according to a literature procedure 
(19,3) by plunging strips of aluminum foil (1Ocmxlcm) into an aqueous 2% solution of mercuric 
chloride for 30 seconds followed by rincing first in ethanol and then in ether. These strips 
were rapidly cut into squares and dropped into a stirred solution of 4.34g~lOnznol~ of x in 
190ml of THF and lOm1 of water. 
stirring was maintained for 2h. 

After 3h. another 1.59 of reducing agent were added and 
The suspension was filtered over Celite and the solvent 

evaporated at reduced pressure. The residue was diluted with ether, washed with water, dried 
and filtered. Evaporation of the solvent and vacuum chromatography yielded 2.59g(88%) of x as 
an oil. 

Typical Procedure for 1 E-Elimination of Benzenesulfinic Acid From Homoallylic -_---___--___-----,-2-------_-_---"-~-------~~~~-*--~~-------~~~---"-~--- ---__ 
Sulfones Table 3 ---__--_ ----__- 
(2E, 4~Undecadiene f! 

~lmmoll 
0.560o(5equiv.l of potassium t-butoxide were added to a stirred solution of 0.294q 

of 5E "in lOm1 of THF (20,5i). After lh, 5ml of water were added and the THF was 
evaporated. The residue was extracted with ether, washed with water dried and filtered. The 
solvent was distilled through a glass-bead column (30~~2~~) and the residue purified by 
vacuum chromatography to yield 99mg (65%) of 6. The isomer ratfo was determined by capillary- 
VPC-mass. Structural assigment was made by comparison of the H NMR spectrum at 250HHz with 
those of all four isomers (8). 

Typical Procedure for Alkylating Homoallylic Sulfones Table 1 (entries 3 and 6) ---------------------- ---_- _---_--- -----------__ ------- 
(l-Tetrahydropyranyloxy-B benzenesulfonyl-lOE-dodecene 2, R=THP 

A stirred solution of 0.63Og(3mnol) of sulfone & in 15ml of THF was cooled to -65°C 
and 2.3ml(l.O5equiv.) of n-butyllithium (1.3N in hexanel were added dropwise (21). The 
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4816 C. Hz~ti DU PENHOAT and M. JULIA 

temperature was allowed to rise to 20°C for 0.5h and then brought down to -30°C. lg(3.lmmol) 
of 7- (tetrahydro-2H-pyran-2-ylloxy l- iodoheptane 1 were added dropwise and the stirred 
solution was maintained at -30°C for 15h. The reaction mixture was hydrolyzed with a saturated 
aqueous solution of ammonium chloride and the solvent evaporated at reduced pressure. Dilution 
with ether, the usual workup and flash chromatography (22) yielded 1.187g(97%) ofz, R-THP. 

l,~l~_3I&&nylidene bis(sulfonyl1 bisbenzene 12 _________________ ___________-- 
(l,l-Bisbenzenesulfonyl-3-butene) 

8.88g(3Daznol) of bisbenzenesulfonylmethane 1, 1.35g(1.05equiv.l of NaH gel(55Xl. 
3m1(34mmoll of al lvlbromide and lOOm1 of DMF were treated as described in the typical 
procedure (3h,70"Cl: Recrystallization from ethanol yielded 7.26g(72%) of l2, m.p. 116~18°C. 
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