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The products from the reaction between n-butyllithium and benzylalkyl and 
/3-phenethylalkyl sulfides followed by carbonation, have been investigated by 
GLC/MS analysis. With benzylalkyl sulfides metalation occurs at the benzylic 
position, and the corresponding carboxylic acid can be isolated, but side prod- 
ucts from Kittig like rearrangement, cleavage of the thioether bond, and 
aliphatic and aromatic substitution are also obtained. No benzylic metalation 
or W’ittig-like rearrangement products are obtained from fl-phenethyl sulfides: 
instead cleavage of the thioether bond and aliphatic and aromatic substitution 
occur. 

Introduction 

Metalation of (methylthio)benzene with n-butyllithium is known to occur 
at the alkyl group giving yields of 35 or 97% depending on the absence or the 
presence of 1,4-diazabicyclo [2,2,2] octane [ 2-41. In the case of o-alkyl- and 
o,o’-dialkyl-substituted (methylthio)benzenes, the lithiation occurs at benzylic, 
thiomethylic and ring positions with predominant formation of one product 
when the reaction is carried out in the presence of N,N,N’,N’-tetramethyl- 
ethylenediamine [ 51. In contrast, in the lithiation of benzyl sulfides, thiacyclo- 
phanes and allylbenzyl ethers metalation can be followed by Wittig, Sommelet, 
or Stevens rearrangements, depending on the temperature and the nature of 
the solvation of the cation [S--S]. 

* For Part Vi see ref. 1. 
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In the light of these results and the lack of data on the lithiation of sulfides 
in which the sulfur atom is progressively moved away from the aromatic ring, 
we have extended our studies to alkylbenzylic- (Ia, Ib, Ic) and alkyl-/3-phenyl- 
ethylic sulfides. 

Results 

The substrates were treated with equimolar amounts of n-butyllithium and 
the reaction mixtures were treated with crushed carbon dioxide and the prod- 
uct analyzed by linked GLC-mass spectroscopy. In this way we not only deter- 
mined the number and the relative percentages of the products, but were also 
able to suggest structures for them on the basis of the molecular ions and the 
fragmentations_ The structures were then confirmed by synthesizing the 
postulated products by an unambiguous route and comparing their physical 
properties_ The carboxylic acids were isolated and individually characterized. 

The results are listed in Table-l and can be summarized as follows: (i) When 
there is only one carbon atom between the ring and the sulfur atom (Ia, Ib) 
selective metalation occurs at the benzylic position, and the acids IIIa and IIIb 
are obtained in 55% yield (Scheme 1). The disulfides IVa, IVb and V, and the 

SCHEME 1 COOH 

(Ia. b) tIl3a.m b) (lXa,IFbI 

(RIa= CH3; 

b = C$i51 

+ 1; 0 

+ 

C,H9-n 

-I- 

mu) 

hydrocarbons VI and VII are also produced, though in very low yields. 
In contrast, no detectable amount of carboxylic acid was found in the case 

of Ic (Scheme 2) but only the disulfides IVa and IVc together with the hydro- 
carbons VIII, IX, X, XI_ 

(ii) When there are two carbon atoms between the ring and the sulfur atom 
(IIa, IIb), no detectable amounts of carboxylic acids are found. The character- 
ized products (Scheme 3) are the disulfide XII and the hydrocarbons IX, X, XI. 
In the case of IIb the arene XIII was also found. 

Discus&on 

To rationalize the results it is necessary to postulate the occurrence of both 
consecutive and competitive reactions. In the case of Ia and Ib the benzylic 

lcontinuedonp. 153) 



T
A

B
L

E
 1

. 

R
E

A
C

T
IO

N
 

O
F 

n,
B

U
T

Y
L

L
IT

~I
IU

M
 

W
IT

H
 S

U
L

FI
D

E
S 

(I
 A

N
D

 I
I)

 ’
 

St
ar

tin
g 

m
nt

ar
la

l 
Pr

od
uc

ts
 

af
te

r 
ca

rb
on

nt
io

n 

[(
M

et
hy

lt~
iio

)r
ne

th
yl

] 
bo

nz
cn

c 
(I

n)
 

[a
-(

M
ct

hy
lth

io
)]

be
ae

on
ca

ca
tic

 
ac

id
 (

I&
I)

 
B

is
(l

~p
hc

ny
lc

tl~
yI

)t
lis

ul
E

id
c 

(I
V

n)
 

B
is

(p
hc

ny
lm

ct
hy

l)
di

su
lf

id
c 

(V
) 

Pe
nt

yl
bo

nz
cn

c 
(V

I)
 

1-
B

ut
yl

+p
cn

ty
lb

cn
zc

nc
 

(V
II

) 

[(
E

tl~
yl

th
io

)m
ct

hy
l]

bc
nr

rc
nc

 
(i

b)
 

[a
-(

~t
~t

yl
tli

io
)b

cn
;z

cn
ca

cc
tf

c]
ac

id
 

(I
II

b)
 

B
is

(l
.p

)~
an

yl
pr

op
yl

)d
is

u1
fi

dc
 

(1
V

bf
 

B
is

(p
ha

t~
yI

m
ct

l~
yl

)d
is

ul
fi

tlc
 

(V
) 

I’
cn

ty
lb

cn
zc

nc
 

(V
I)

 
l-

D
ut

yI
-2

.p
cn

ty
lb

cn
zc

nc
 

(V
II

) 

[(
l~

M
et

hy
ltf

tio
)e

th
yt

]b
cn

eo
nc

 
(I

c)
 

B
is

(l
-~

)~
~c

~~
y~

ct
~~

yl
)d

is
ul

fi
dc

 
(I

V
af

 
B

is
(i

-m
et

hy
l-

I-
ph

an
yI

ot
i~

yI
)d

is
uI

fi
dc

 
(I

V
c)

 
(l

.M
ct

hy
lg

cn
ty

l)
bc

na
cn

o 
(V

II
I)

 
St

yr
cn

c 
(I

X
) 

H
ux

yl
bc

ne
cn

c 
(X

) 
1-

B
ut

yl
-2

.h
cx

yl
bo

ne
cr

lc
 

(X
I)

 

~2
.(

M
et

~~
yI

t~
~i

o)
et

~~
yl

] be
nz

cn
c 

(I
Io

) 
St

yr
cn

c 
I-

Ic
xy

lb
en

zc
nc

 
(X

) 
l-

B
ut

yb
24

w
xy

lb
cn

zc
ne

 
(X

I)
 

B
L

s(
2-

ph
on

yl
ct

l~
yI

)i
lis

ul
fi

dc
 

(X
II

) 

[2
-(

E
th

yl
th

io
)c

tl~
yI

]b
en

ze
ne

 
(I

Ib
) 

St
yr

en
c 

(I
X

) 
I-

Ic
xy

lb
cl

w
.c

nc
 (

X
) 

I-
B

ut
yl

.2
.h

ox
yl

bc
ne

un
e 

(X
I)

 
B

is
(2

~~
~h

un
yl

ct
hy

l)
di

su
lf

ld
u 

(X
II

) 
1,

2.
D

ib
ut

yl
bc

nz
cn

c 
(X

II
I)

 

’ 
A

na
ly

se
s 

w
er

e 
by

 G
C

/M
S;

 r
n~

It
cr

j~
~1

 
I&

m
cc

 
=

 r
~e

rc
~n

~~
~~

 of
 r

co
ct

cd
 

st
nr

tin
g 

x~
l~

~t
er

i~
~l

. 

Fr
nc

tio
n 

(4
b)

 

61
 

I3
 9 10
 8 62
 

10
 7 15
 G
 

18
 

33
 

13
 

18
 

1G
 

5 28
 

2t
i 

1G
 

30
 

31
 

21
 4 26
 

11
 

M
nt

cr
ia

l 
ba

la
nc

e 
(%

) 

68
 

65
 

53
 

38
 

33
 



152 

SCHEME 2 

CH3-CH-=-SCH, c+-c-s- 

n-BuLi 
_4 ITa f 

(Ic) (IYC) 

(Xl 

SCHEhIE 3 

n-EuLi 
t 

lx+XtXI+ 
co.2 

[IIa.Ilb) 

cn:o = CH3; 

b=Cpg) 

SCHEME 4 

CH=C+ 

I 

muI) 

i- 

f 
(XII: 

Polystyrene 

p=- ma.mb 

/cH2\*/R - 
Q-k 

C,rr5/CH\s/R 
(Ia.Ib) 

“A ” 

G3Fc.X5!b) 

1 

C6H5-CH,-S- 91 
n -BuLi b 

Xl 5 ” 

1 

P 

C, Hg-n 

IPO,EiTb 

-XII 
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carbon is preferentially attacked because of the simultaneous stabilization of 
the carbanion by the adjacent ring and the d interaction with the sulfur atom. 
The car-bar-non produced (Scheme 4) after treatment with carbon dioxide will 
mainly afford the acids IIIa or IIIb (and this fact can be used for synthetic 
purposes) and to a less extent undergoes a Wittig transposition, as occurs with 
benzylic ethers [ 9,101, thiacyclophanes [ 71 and allylic-sulfides [ II]_ The 
anion “A” thus formed can undergo oxidation to the disulfide IVa or IVb. 

Another route involves cleavage of the thioether bond [ 121. In the case of 
cleavage of the alkyl-sulfur bond the thiobenzylic anion “B” is formed, and 
this can give the disulfide V by oxidation. But if the benzyl-sulfur bond is 
cleaved to give VI, this is likely to undergo nucleophilic aromatic substitution 
to give VII [13] _ We cannot exclude the possibility that VII is formed by a 
nucleophilic aromatic substitution on the sulfide Ia, Ib, followed by replacement 
of the alkylthio group. The fact that we did not detect XIVa or XIVb in the 
products favours the first hypothesis_ 

In the case of Ic, the benzylic carbanion is destabilized by the adjacent 
methyl group [ 141. This is why we did not detect any trace of the carboxylic 
acid analogous to IIIa, but only the product IV from a Wittig transposition_ 
The simultaneous presence of IV and VIII can be accounted for the way sug- 
gested for Ia and Ib. The formation of styrene (IX) and of the arenes X and XI 
can be explained (Scheme 5) in terms of an elimination from Ic [ 131 followed 
by an addition of the organolithium to form X [15] and then by a nucleophilic 
aromatic substitution giving XI. 

SCHEME 5 

Bu-Li - C6H5--CH=CH C,3H5~I;H-p Hm 
BuLi BuLi 

~-x-XI 

3 (Ix) 

(IC) 

In compounds IIa and IIb, in which the sulfur atom is two carbon atoms 
removed from the aromatic ring, stabilization of the carbanion by the inter- 
action of d orbit& of sulfur and 7~ orbitals of benzene is no longer possible, and 
so under our conditions, no products from either benzylic or thiomethylenic 
substitution are observed_ With these substrates the reaction with n-butyllithium 
led to IX, X, XI, probably by the route proposed for conversion of Ic and of 
XII and by a similar pathway to that depicted in Scheme 1. In the case of X, 
we cannot rule out that, in addition to an elimination-addition process, it may 
also be formed by attack of the organolithium reagent at the sulfur atom in a 
process formally analogous to a nucleophilic substitution. 

Research in progress is described towards accounting for the formation of the 
arene XIII. 

Experimental 

Analyses 

‘H NMR spectra were recorded on a Varian CFT 80A spectrometer with tetra- 
methylsilane as internal reference. Infrared spectra were recorded on a Perkin- 
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Elmer 157G spectrophotometer using potassium bromide mulls or neat liquids 
between sodium chloride plates. Analyses by GLC were carried out with a Carlo 
Erba Fractovap 4200 Gas Chromatograph equipped with a flame ionization 
detector, and a 3% SE 52 on Chromosorb W (SO-100 mesh) column, using 
nitrogen as the carrier gas. The composition of various samples was identified 
by means of a Hewlett-Packard 5992B Gas-chromatograph-Mass spectrometer. 
Elemental analyses were carried out with a Carlo Erba model 1106 Elemental 

Analyzer_ 

Starting materials 
n-Butyllithium was used as a 1.64 molar hexane solution. Diethyl ether was 

freshly distilled from LiAlH, before use. [(Methylthio)methyl] benzene (Ia) 
was commercial product (Aldrich Chemical Company). [(Ethylthio)methyl]- 
(Ib), [l-(methylthio)ethyl]- (Ic), [2-( methylthio)ethyl]- (IIa) and [2-(ethylthio)- 
ethyl]-benzene (IIb) were prepared by published methods [16--191. 

Au then tic samples 
Bis(phenylmethyl)disulfide (V), pentyl- (VI), hexyl- (X) and l,Zdibutyl- 

benzene (XIII), and styrene (IX) were commercial products (Aldrich Chemical 
Company, or Fluka AG, or K & K Labs). Bis(l-phenylethyl)- (IVa), bis(l- 
phenylpropyl)- (IVb), bis(l-methyl-l-phenylethyl)- (IVc) and bis(2-phenyl- 
ethyl)-disulfide (XII), 2-pentyl- (VII) and 2-hexyl-1-butylbenzene (XI), and 

(1-methylpentyl)benzene (VIII) were prepared by published methods [ 20-251. 

Meta!ation of [(mefhylthio)methyl] benzene (la) 
A solution of Ia (36 mmol) in dry diethyl ether (25 ml) was blanketed with 

dry nitrogen then treated dropwise at room temperature with n-butyllithium in 
hexane (25 ml). After the addition was complete, the mixture was stirred under 
reflux for 4 h. After cooling, the mixture was added to ca. 100 g of crushed 
solid carbon dioxide. After 15 hours most of the residue was treated successively 
with 10% aqueous sodium bicarbonate and diethyl ether. The alkali layer was 
separated, washed with diethyl ether, acidified with cold concentrated hydro- 
chlcric acid, and extracted with chloroform_ The combined extracts were dried 
over sodium sulphate, filtered, and concentrated in vacua. The crude product 
was chromatographed on a silica gel column, using petroleum ether (40-700)/ 
diethyl ether (l/l) as eluent and identified as IIIa_ Yield 55%, m-p. 81°C. m/e 
182 (M’). (Found: C, 59.21; H, 5.45; S, 17.53. CgHlOOzS calcd.: C, 59.31; H, 
5-53; S, 17-59s). ‘H NMR (CDC13): 6 8.60 ppm (s, lH, COOH, D20 exchanged), 
7.30 (m, 5H, Ar--H), 4.50 (s, lH, NH) and 2.12 ppm (s, 3H, S-CH,). IR: 
3100 (OH), 1695 cm-l (C=O). 

The remaining residue was treated with 10% aqueous hydrochloric acid and 
diethyl ether. The ether solution was dried (Na2S04) and analyzed by GC/MS. 
Beside the compound IIIa and the starting material, products IVa, V, VI and 
VII were also found. These compounds were easily identified by comparison of 
their mass spectra with those of authentic samples. 

Metalation of [(ethylthio)methyl] benzene (Ib) 
A solution of Ib (36 mmol) in dry diethyl ether (25 ml) was treated dropwise 
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at room temperature with n-butyllithium in hexane (25 ml). The mixture was 
worked up as described for Ia. 

From the bicarbonate solution the acid IIIb was obtained and was purified 
by chromatography on a silica gel column, using petroleum ether (40-70”)/ 
diethyl ether (l/l) as eluent. Yield 57%, rz*’ n 1.5694. m/e 196 (nf+). (Found: C, 
61.14; H, 6.12; S, 16.26. Cl,,H,202S c&d.: C, 61.20; H, 6.16; S, 16.34%). ‘H 
NMR (CDCI,): 6 8.55 (s, lH, COOH, D20 exchanged), 7.30 (m, 5H, Ar-H), 
4.52 (s, lH, Ar--CH), 2.50 (q, 2H, CH2-CH3) and 1.16 ppm (t, 3H, CH,-CH3). 
IR: 3400 (OH), 1700 cm-’ (C=O). 

The GC/MS analysis of the overall mixture revealed, in addition to IIIb and 
the starting material products IVb, V, VI and VII. These latter compounds were 
identified by comparison of their mass spectra with those of authentic samples. 

Metalation of [I-(methylthio)ethyl]benzene (Ic) 
A solution of Ic (40 mmol) in dry diethyl ether (28 ml) was treated dropwise 

at room temperature with n-butyllithium in hexane (28 ml). The mixture was 
stirred under reflux for 4 h and then worked up as described above. From the 
bicarbonate solution no acidic products were obtained. Treatment of the liquid 
neutral products with ethanol gave a white solid, which had an infrared spec- 
trum nearly identical with that of an authentic polystyrene film. 

The GC/MS analyses of the products solution revealed, in addition to the 
styrene (IX) and the starting material, the compounds IVa, IVc, VIII, X, XI. 
These compounds were identified by GC/MS comparison with authentic sam- 

ples _ 

ikfetalation of [2-(methylthio)ethyl]benzene (IIa) 
IIa (40 mmol) in dry diethyl ether (28 ml) was metalated with a solution of 

n-butyllithium in hexane (28 ml). The mixture was worked up as described for 
Ic. No acidic products were obtained from the bicarbonate layer. Polystyrene 
was precipitated from the neutral products_ The compounds X, XI, XII beside 
IX and the starting material were detected by GC/MS analysis and identified by 
comparison with authentic samples. 

Metalation of [2-(ethylthio)ethyl] benzene (Ilb) 
The same procedure as for IIa was employed. The product XIII beside IX, X, 

XI, XII and the starting meterial was detected by GC/MS. 
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