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The Dianion of Benzyl Phenyl Sulphone. A General Method for obtaining 
ap-Unsaturated Phenyl Sulphones from Aldehydes and Ketones 
By V. Pascali, N. Tangari, and A. Umani-Ronchi," lstituto Chimico 

The reaction between aa-dimetallo-derivatives of benzyl phenyl sulphone and carbonyl compounds has been shown 
to give a@-unsaturated phenyl sulphones (IV), in yields strongly dependent upon the nature of the metal. Good 
yields have been obtained from saturated aliphatic and aromatic aldehydes and ketones, including ap-unsaturated 
carbonyl compounds. The stereochemistry of the reaction has been studied. In the case of benzaldehyde and 
p-chlorobenzaldehyde only the Z-isomer was isolated ; in the other cases a ca. 1 : 1 mixture of Z- and €-isomers 
was obtained. 
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ge~~-DIMETALLO-COMPOuNDs, R1R2CM1M2, are often 
useful synthetic intermediates. gem-Diboron and -di- 
aluminium compounds can be prepared by dihydro- 
boration and dihydroalumination of terminal acetylenes. 
Although these compounds are not particularly suitable 
as intermediates, owing to their relative stability, they 
can be converted into other gem-dimetallo-derivatives 
by transmetallation. In fact, highly active mixed 
lithium-boron and lithium-aluminium compounds 
can be obtained by treatment of gem-diboron and -di- 
aluminium derivatives with n-butyl-lithium. The very 
reactive gem-dimagnesium and -dizinc derivatives 
have recently been obtained by halogen-metal replace- 
ment reactions. 

gem-Di(alka1i metal) compounds can also be obtained 
by metallation of compounds containing acidic hydrogen 
a t o r n ~ . ~ ~ ~  These organometallic species have been 
carboxylated to give malonic acid  derivative^,^ and 
alk ylat ed. 7 9 8  

the organometallic species. Jlethylenebis(magnesium 
iodide) and gem-lithium-boron alkyls react rapidly 
in ethereal medium even below room temperature, 

whereas methylenebis(zinc iodide) reacts more slowly 
and only with aldehydes. 

In  the present work we wished to establish whether 
the gem-dimetallo-compounds arising from dimetallation 
of active methylene compounds could be used for 
making olefins from carbonyl compounds. 

Benzyl phenyl sulphone (I) is easily converted into the 
aa-dilithio-derivative (IIa) by treatment with n-butyl- 
lithium in tetrahydrofuran-heptane at  room tempera- 
t ~ r e . ~  The product (IIa) reacts with propionaldehyde at 

The majority of the gem-dimetallo-compounds (con- 
Li taining at least one carbon-metal bond capable of adding Bu"Li I 
1 

to a carbonyl group) react with aldehydes and ketones PhS02-CCHzPh PhSO2-C-ph 

I11 Li IDa) 
yielding olefins, probably by an addition-elimination 
~equence .~*~y~  This reaction constitutes a useful alterna- 
tive to the Wittig reaction. Its course, however, is room temperature in tetrahydrofuran (THF) to give the 
highly dependent upon the conditions (especially solvent 
and temperature) and upon the nature of the metal in 
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The low yield of olefin and the predominant formation of 
the hydroxy-compound can be explained if the inter- 
mediate dianionic adduct (IIIa) is in this case relatively 
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stable and does not tend to undergo olefin-forming 
elimination.* 

The stability of the species (IIIa) to  elimination is 
probably attributable to the poor leaving-group charac- 
ter of OLi. We therefore attempted to  exchange the 
lithium for magnesium 10 in aa-dilithiobenzyl phenyl 
sulphone (Ha) to obtain an adduct (111) containing an 
OMgX group, which is known to possess remarkable 
leaving-group properties.5~ l1 

The gcm-dimetallo-derivative (11) obtained from ua- 
dilithiobenzyl phenyl sulphone (Ha) by means of 
lithium-magnesium exchange with 2 mol. equiv. of 
magnesium iodide, when treated with aldehydes or 
ketones, gave good yields of a$-unsaturated phenyl 

Conversion of carbonyl compounds into ap-unsaturated 
plienyl sulphones 

PhSO,( Ph) C=CR3R4 
Carbonyl compound 

Benzaldehyde 
p-Chlorobenzaldeh yde 
Propanal 
B u  tanal 
Octanal 
Hutan-2-one 
Octan-%one 
Benzophenone 
Cholest-Cen-3-one 

R3 R4 Yield (%) 
H Ph 75 b , c  
H P-ClC6H4 72 b,c 
I3 E t  78 eld 

H Prn 70 C,* 

H C,H,J 55 =,d 
Me E t  50 
Me C6H13 50 cod 
Ph Ph 82 

Cholest-4-en-3-ylidene 65 c . a  

a Of pure isolated compound. b Only the Z-isomer was 
c Remaining material was chiefly 

d Mixture of isomers (n.m.r. and 
isolated (n.m.r. and t.1.c.). 
unchanged starting material. 
t.1.C.). 

sulphones (IV) after chroinatography on silica gel. 
Results with typical carbonyl compounds are shown in 
the Table. 

* Hauser et al. have reported the formation of or@-diphenyl- 
cinnamonitrile in 47 yo yield by refluxing benzophenone with 
dilithio(pheny1)acetonitrile for 48 h.* 

t The assignment of the 2-(p-chlorophenyl)-l-phenylvinyl 
phenyl sulphone as the Z-isomer is based on the observation 
that in n.m.r. spectrum the vinyl proton signal occurs at 6 7-9, 
as observed for the vinyl proton of (Z)-1,2-diphenylvinyl phenyl 
sulphone.12 

The reaction seems to have a wide applicability. 
Saturated aliphatic and aromatic aldehydes and ketones, 
including a$-unsaturated carbonyl compounds, can be 
employed. Products were identified either by direct 
comparison with authentic materials or by spectroscopic 
data and elemental analysis. 

A possible mechanism for the reaction involves an 
addition-elimination sequence between the carbonyl 
compound and the bis(magnesium halide) (IIc). An 
alternative sequence involves attack of the monolithium 
mono(magnesium halide) (IIb) on the carbonyl com- 
pound, followed by lithium-magnesium exchange in the 
intermediate adduct (IIIb). I t  has been shown that 
treatment of the adduct (IIIa) with 2 mol. equiv. of 
magnesium iodide gives the up-unsaturated phenyl 
sulphone (IV) in moderate yield. Whatever the struc- 
ture of the organometallic species involved, it is well 
established that 2 mol. equiv. of magnesium iodide are 
required; the use of 1 mol. equiv. reduces the yield of 
ap-unsaturated phenyl sulphone (IV) by half. 

No simple pattern of stereoselective double-bond 
formation is evident. Reactions with benzaldehyde and 
9-chlorobenzaldeh yde give (2) -1,2-diphenylvinyl phenyl 
sulphone l2 and (Z)-2-(#-chIorophenyl)-I-phenylvinyl 
phenyl sulphone,f whereas reactions with other carbonyl 
compounds give ca. 1 : 1 mixtures of Z- and E-isomers. 
The stereochemistry of the isomers was assigned by 
analogy with literature data and by consideration of their 
n.m.r. spectra. 

EXPERIMENTAL 

1.r. spectra were determined with a Hilger and Watts H 
9007 Infracord spectrophotonieter. h’.m.r. spectra were 
recorded with a Varian A60 instrument, with tetramethyl- 
silane as internal standard. Mass spectra were measured 
on a Hitachi-Perltin-Elmer RMUGD (single focus) spectro- 
meter a t  70 eV. T.1.c. was performed on silica gel HFoar 
(Merck) and column chromatography on silica gel 0-05- 
0.20 mm (Merck), with hexane-ether as solvent. 

Tetrahydrofuran was obtained dry and oxygen-free by 
distillation over sodium and lithium aluminium hydride 
under argon. n-Butyl-lithium was purchased from 
Schuchardt (Miinchen) as a 2.5~-solution in n-heptane. 

General Pyocedure for  Synthesis of up- Unsaturated Plienyl 
SulPhones.-(a) With 2 mol. equiv. of magnesium iodide. A 
dry vessel was flushed with argon and charged with benzyl 
phenyl sulphone (1.62 g, 7 mmol) and dry THF (20 nil). 
The mixture, under argon, was stirred vigorously, and 
n-butyl-lithium in heptane ( 2 . 5 ~ ;  6 ml, 15 mmol) was 
added. The mixture was stirred for 1 h a t  room tempera- 
ture, then a solution of magnesium iodide (4.17 g, 15 
mmol) in dry ether (40 ml) and dry benzene (20 ml) was 
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added during 15 min.* After 10 min the carbonyl com- 
pound (7 mmol) was added. The mixture was stirred for 
2 h under reflux, poured into water (100 ml), and extracted 
with ether. The extracts were washed with water, dried 
(Na,SO,), and evaporated, and the product was purified 
by chromatography on silica gel. I n  most cases only a(3- 
unsaturated phenyl sulphone and starting material were 
isolated. 

(Z)-2-(p-ChlorophenyI)-l-phenylvinyl plzenyl sulphone 
(72%) had m.p. 227" (from EtOH), 8 [(CD,),SO] 7.9 ( p -  
ClC,H,*CH, s )  and 7-7.7 (aromatic), m/e 354 (M'),  229 
(M' - C,H,SO), and 213 (M+ - C,H,SO,) (Found: C, 
67.4; H, 4.4; C1, 10.1. C,,,Hl,C102S requires C, 67.8; H, 
4.2 ; C1, 9.9%). 2-Ethyl-1-phenylvinyl phenyl sulphone, ob- 
tained in 78% yield as a ca. 1 : 1 mixture of isomers, had 
m.p. 87-90' (from hexane-benzene), 6 (CDCl,) 1.1 (CH,*- 
CH,), 2.1 (CH,*CH,), 6.8 [EtCH (E-isomer)],14 and 7-05 
[EtCH (Z-isomer)],l4 m/e  272 (M'), 147 (M+ - C,H,SO), 
and 131 (M+ - C,H,SO,) (Found: C, 70-2;  H, 5-8. 
C,,H,,O,S requires C, 70-6 ; H, 5.9%). l-Pheizyl-2-propyl- 
vinyl phenyl sulphone, obtained in 70% yield as a ca. 1 : 1 
mixture, had m.p. 72-74" (from hexane-benzene), 6 
(CDC1,) 0.85 (CH,*CH,), 1.4 (CH,*CH,), 2 (CH,.CH,), 6-8 
[C,H,CH (E-isomer)],14 and 7-05 [C,H,CH (Z-isomer)],14 
m/e 286 (A l ' ) ,  161 (Mt - C,H,SO), and 145 (M+ - C,H,- 
SO,) (Found: C, 71.2; H, 6.4. Cl,H180,S requires C, 
7 1.3; H,  6.3%). 2-Heptyl-1-phenylvinyl phenyl sulplzone, 
obtained in 55% yield as a cn. 1 : 1 mixture of isomers, 
had m.p. 53-55' (from hexane), 8 (CDC1,) 0-8 (CH,*- 
[CH,],), 6.75 [C,H1,CH (E-isomer)],14 and 7 [C,Hl,CH 
( Z - i ~ o m e r ) ] , ~ ~  m/e  342 (M+) ,  217 ( M +  - C,H,SO), and 201 
(Mf - C,H,SO,) (Found: C, 74-2 ;  H, 7.9; S ,  8.8. C,,H,,- 
0,s requires C, 73.7; H,  7 - 6 ;  S ,  9.3%). 2-Ethyl-2-methyl- 
1-phenylvinyl phenyl sulphone, obtained in 50% yield as a 
cn. 1 : 1 mixture of isomers, had m.p. 59-61" (from hexane- 
benzene), 6 (CDC1,) 1.2 (CH,*CH,, t), 1.65 (CH,*C=, s), 2.9 
(CH,*CH,, q), and 6.9-7.7 (aromatic), m/e  286 (M+) ,  161 
(M' - C,H,SO), and 145 (M+ - C,H5S02) (Found: C, 
71-4;  H, 6.5; S, 11-2. CIPHl,O,S requires C, 71.3; H, 6.3; 
S ,  11.2%). 2-Hexyl-2-methyl-1-phenylvinyl phenyl sulphone, 
obtained in 50% yield as a ca. 1 : 1 mixture of isomers, had 
m.p. 75-77" (from hexane), 6 (CDC1,) 1.65 (CH,*C=) and 
6.9-7.8 (aromatic), wz/e 342 (M+) ,  217 (M+ - C,H,SO), and 
201 (A'..?' - C,H,SO,) (Found: C, 73.9; H, 7.6; S ,  9.1. 

* Magnesium iodide was made from magnesium and iodine in 
Benzene was added to prevent the crystal- anhydrous ether.I3 

lisation of magnesium iodide. 

C,lH,,O,S requires C, 73.7; H, 7.6; S, 9.3%). 1,2,2-Tjri- 
phenylvinyl phenyl sulphone, obtained in 82y0 yield, had 
m.p. 163-164" (from EtOH), m/e  396 (M'), 271 ( M +  - 
C,H,SO), and 255 (M+ - C6H,S0,) (Found: C, 78.9; H, 
5.1; S ,  8.0. C,,H,,O,S requires C, 78.8; H,  5.0;  S ,  8-10,;). 
3-(a-Phenylsulphonylbenzyl)cholest-4-ene, obtained in 65% 
yield as a ca. 1 : 1 mixture of isomers, had m.p. 168- 
169" (from EtOAc), 6 (CDCI,) 5-35 (CHIC) and 7-1-7.7 
(aromatic), wz/e 598 (M+)  and 457 (M' - C,H,SO,) (Found : 
C, 80.4; H,  9.2; S ,  5.1. C,,H540,S requires C, 80.3; H, 

(b) Wi th  1 mol. equiv. of nzagnesiunz iodide. The pro- 
cedure described in (a) was used except that  the quantity of 
magnesium iodide was halved. lf2,2-Triphenylvinyl phenyl 
sulphone was isolated in 40YA yield. 

(c) Reaction between aa-dilithiobenzyl phenyl sulphone and 
pvopionnldehyde. To a solution of the sulphone (IIa) 
[prepared from benzyl phenyl sulphone (0.81 g, 3-5 mmol) 
in dry T H F  (20 ml) and n-butyl-lithium in heptane ( 2 . 5 ~ ;  
2.8 ml, 7 mmol)] was added propionaldehyde (0.205 g, 
3.5 mmol) in dry T H F  (20 ml). The mixture was stirred 
for 2 11 a t  room temperature and then worked up. Chroma- 
tography on silica gel gave 2-ethyl- 1-phenylvinyl phenyl 
sulphone (0.083 g, 8%) and 1-phenyl-1-Phenylsulpkon~Z- 
butan-2-01 (0.66 g, 60%),  m.p. 120-121' (from EtOH), 
6 (CDC1,) 3.2 (d, OH), 4 (d, PhSO,CH), and 4-7 (m, EtCH), 
tn/e 290 (M+)  (Found: C, 66.1; H, 6 - 3 ;  S,  10-8. C1,Hl,O,S 
requires C, 66.2; H,  6.2; S, 11.0%). 

(d) Treatment of the addzict ( I I Ia ;  It3 = R4 = Ph) %ith 
magnesium iodide. To a solution of a!a-dilithiobenzyl 
phenyl sulphone (Ha) [from benzyl phenyl sulphone (0.81 g, 
3.5 mmol) in dry T H F  (16 ml) and n-butyl-lithium in 
heptane ( 2 . 5 ~ ;  2-8 ml, 7 nimol)] was added benzophenone 
(0.63 g, 3.5 mmol) in dry T H F  (10 nil). After 20 mill 
magnesium iodide (1.95 g, 7 mmol) in dry ether (20 ml) 
and dry benzene (10 ml) was added. The mixture was 
stirred for 2 h under reflux, poured into water (60 ml), and 
extracted with ether. The extracts were washed with water, 
dried (Na,SO,) , and evaporated. Chromatography on 
silica gel gave 1,2,2-tviphenylvi~zyI plienyl sulphone (35?/0). 

9.1; s, 5.3Y0). 
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