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THIONYL CHLORIDE .A GOOD LIGAND COUPLING REAGENT-

Shigeru Oae, Institute of Heteroatom Chemistry, 2509 Hirao
Miharacho Minamikawachi-gun Osaka 587, Japan

Yoichi Inubushi and Masakuni Yoshihara, Kinki University, Osaka
577 and

Yuzuru Uchida, Osaka Institute of Technology, Osaka 535, Japan

A. INTRODUCTION

Thionyl chloride is known to be a pyramidal structure as show below”
10? ?/\1.44A
Cl/ :g'\zmu

N

9.2
and has been known to be a good chlorinating reagent of aliphatic alcohols,
amides, carbonylates, epoxides, oximes and sulfonic acids and various
others.” It reacts with phenols to afford phenolic diaryl sulfides.” A good
example would be the reaction of a seconary alcohol with thionyl chloride,

shown below, which has been known to proceed with a partial retention of

configuration as shown below.,
soc -
R—oH 22, g Os-+0 ——> R—Cl + SO, + HCI

™~
\O >
Thionyl chloride has been known to be a good deoxygenation reagent for

the sulfoxides as shown below,” Two mechanisms have been suggested but

no clear discrimination has been made.

R R | R—S—R'
S X
‘R R (o) | \—' +
+
—<: ° a S0,
_z R—S—R' § R—S—R . .
ci—s—cCl o—s—cl ™| a ciso, Cla
o

The following is another deoxygenation but involves rearrangement.”
7
HL —~5—CHy S0k, HaC——CHsCI + 80z + HCI
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Another example of deoxygenation is the following,”

Ci Cl
Clim, L aS(~0)Mez Cla, l Ns(—~0)Mea Clag, I%S(»O)Mcz
—ite... —
a” Sseome, T S0 S0 o’ T\sma Me s T\CI
[+] Ci

Thiony] chloride was shown to be deoxygenated as well as chlorinating

olefine as shown below,”

a, g
oo v . O—0s0-= -Q
Few reactions have been known for the reactions of organometallic
reagents with thionyl chloride, Representive reactions are shown below.”
SOCl;

RePb —_—> RaPbCI + RaPbCla + RSOCI + R-S(0)-R

HgisCFals 598 _ crisscFs +  S02  +  HgGh

2RMgBr §2§'1_> R-S(O}-R *+ MgCl; + MgBr;
B. LIGAND COUPLING ’

In the meantime, we have shown the stereochemistry of the reactions,” and

0o
Z:" (510 lal2x 378" mm@_];_i:’ oG
S—-CHPh  (R)-(+) [l +375° N Ph  RCs

OMgBr OMgBr
cusa, | m34P| 2 3 | et
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Hy H®" i ~CH3
h

Ha (5110 = +63° b M
~QHn EEE Qe
RI¢) 3= 55"

elucidated the concept of ligand coupling within hypervalent species as
shown above.

Earlier, we thought that ligand coupling reaction proceeds between aryl
methyl sulfoxides and benzylmagnesium halides when the ipso-carbon of
the aryl group is between 177 and 150 ppm by “’C nmr scale,”” however, in
the rection without using benzylmagnesium halides, it is rather inconvenient
to diagnose the reaction path, particularly when we use other

organometallics , such as 2-thienyllithium. Thus, we have shifted to pKa

value of the ipso position of the sulfoxide, and partially succeeded.
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However, we do not delineate this idea here. The following ligand

coupling reaction was found to take place."”

Since pKa value of the 2-position thiophene is 33.0 while °C chemical shift
of 2-thienyl sulfoxide is just in the range of ligand coupling, we have treated

di-2-thienyl sulfoxide with 2-thienyllithium and indeed a nice ligand
coupling took place, as shown below,

olo.-0. — 00
C. THIONYL CHLORIDE -GOOD LIGAND COUPLIG REAGENT-

In order to make the sulfoxide, we used a standard procedure, of using

[
T:\N-H socy NI:I\N_E_O AquBr r-g-Ar Ar:Ph p-Toly, Mesity

imidazole, as shown above, however we found instead of having

o = S p o)
2 ‘|- 00

di-2-thienyl sulfoxide, a direct ligand coupling reaction took place, as
shown above. As one expects the yield of the coupling , 2-bithieny
increased as the mole ratio increases, attaining the maximum yield when 3
moles of 2-thienyllithium was used.

The following reactions indicated that one can use not only thionyl chloride

14)

but also other chlorinating agents,’ as shown below.,

’H
R
PCl3
/ 0 \
Lo ol QO
\ / vieidod)
o PCl; 50
POCl3 » s0c;, ss
POCl3 51
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Meanwhile, we attempted to study the streochemistry and treated both cis
and trans B-bromostyrene with thionyl chloride, however, we found that the
first step to be the formation of phenylacetylene, which then further
treatment with n-BuLi to form w-lithiated-phenylacetylene that reacted with
thionyl chloride, as shown below, Here again, as in the case of
2-thienyllithium, 3 moles of the lithium compound incresed the yield of
ligand coupling product, di-1, 4-phenyl-butadiyne, as shown in Table I .

Table
PhC=—CHw~Br “Bukl. PhC=C-H “Rik PhC==C-Li -22€'3. PhC==C-C=CPh

Phenylacetylene "Buld Product(%)”
feq)" {oqy"
1 1 12
2 2 24
3 3 96

1) Equimnolar to SOCI; 2) Deterrmined by glc analysis
Some years ago, phenylethynylmagnesium halides was treated with thionyl
chloride and a similar coupling was observed,”
Other examples of both ligand coupling and exchange are listed in Table II .

Table I Ligand Coupling and Exchange of Some Heterocycles with SOCL,

(e]
R-LI + 8OCl, AR+ A
R—-S—R
Products (%)
A-H pKa RA  R-S-R R-5(0)-R Chemical Phenomenon
l;"»—u ' a3 | s 15 17 LC
1 ] 1
27.8
N | [} 1
< i, ode 1 2 11 19 X L.C
' 1 1
[y | mo | & - - Lc
] 1 t
\ 332 | 48 27 17 ' L.C
o:"" t ] 1
o__l X a24 ' '
s PH, 288 M - 34 . L.E.
1 1 1
O ' 3.6 . - - s L.E.

We believe that thionyl chloride is a good ligand coupling reagent for some
heteroaromatic compounds and phenylacetylene, however, for lithiated
carbon of sp’ species whose pKa values are in the range of ligand couplig
reaction, does not necesarily applicable, For example, lithiated fluorene
reacts with thionyl chloride but the products are rather complicated,
2-Lithio-1, 3-dithiane reacts but gives a meager amount of the ligand
coupling product, while benzyl Grignard reagent affords while benzyl
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Cro = O - - =
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Oome =2 Qo) - QLD
Grignard reagent affords dibenzyl, seemingly the coupling reaction but need
some further study.
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