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INORGANIC SULFUR REAGENTS, Is THE THIONYL HALIDES*
2® . By
— Charles M, Buess, Norman Kharasch and Robert B, Langford .
Qw Chemistry Depo,rtment, University of Southera Califor
4 Los Angeles 7, California
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Our studies of organic sulfur compounds have made us increasingly

< aware of the jnorganic sulfur reagents, While it is clear that many compounds

of this group have now become of greatest theoretical aad practical interest,

¢ yet there has been a lack of correlative and review pagers which would serve

‘E to focus attention on them. Since we had much of the required literature at

hand, it seemed desirable to'preparo a series of brief articles, each of

@ which would give a thorough entry to the ntorature on a selected group of

E these substances. ‘ :

- - The preseat paper concerns the thionyl !n__g,g_q SOXZ. The known
examples of this group of compounds are shown in Table I, together with the.
other known compounds of sulfur and halogen, and of sulfur, oxygen and
halogen. Part1l of this series will present the sulfuryl halides, SO, X

22’
THIONYL CHIORIDE

-a Physical Properties
i % Thionyl chloride, SOCIZ, melts at -104, 5°. boils at 78.80. has a

Vdennty (at 14.5%) of 1.656 g./ml. and a refractive index, g’, of 1.517.
g Pure thlonyl chloride is a colorless, fuming, toxic, irritating liquid

which is miscible with benzene, carbon tetrachloride, chloroform and most
2,

1

3 infrared, 456

and ultravioletu spectra, magnetic rotatory power, 12 maguetic

inert organic solvents, Studies involving force constants,

Raman, 7-10

lulceptibilityn, and dielectric constants and dipole momentl“' 15 have been

carried out. lzhyo-ical properties have suggestad its frequent use as an

ionising solvent. The heat of formation of thionyl chloride is -58.5

Kcal. /mole. 21

Preparation

The first preparations of thionyl chloride employed the reactions of

sodium sulfite with phonphorul pentachloridezz and of calcium sulfite with -~
« phosphorus oxychloride. 23 Indultri\l methods, described in the QD C

literature, 25-31 have sought less expensive syntheses, exam n [
are shown in the following equations:

- q-.

® This review was prepared in conjunction with studies suppt
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24,31 - 8hCl
w3 - scy, + so, —2 so, + socy, -

25 C.,
26 . _C
(3) - CO + C1, + SO, —— S0Cl, + CO,

@*" . 25 +0, +2cy, -Satalyst, 5500,
AICI
52229 50, + ccy, —3) soc1, + oCi,

In the proceu of equation ], sulfur dichloride may be preparodm
from sulfur monochloride and chlorine (C1SSC1 + Cl,— 2 ciscy.®

The sulfur trioxide is usually introduced by using fuming sulfuric acid.
Excess sulfur trioxide must be avoided because of the easy formation of the
so-called 'pyrosuifuryl chloride" (equation 6), If radioactive SCL, is used

(6) SOCl2 + 2 503""—"’ SZC)sclz + SOz
in the method of equation 1, the tagged sulfur is found mainly in the thionyl
c.:h!«m'ide.32 ,

Considering the reaction of equation 2: sulfur dichloride may be
substituted for sulfur monochloride and part of the chlorine, and sulfuryl
chloride may be used as a source of SOz and ul 3¢ The reaction is best
carried out at 150-200°, With recycling of the sulfur chlorides, SOz and
SO Clz which are formed, nearly 100% cunversion is reported, At high
temperatures, (500°), the decomposition of thionyl chloride is nearly complete,
At intermediate temperatures (198° and 238°), the system, SC’zCIz + S(:lz -
2 SOClz. represents a reversible reaction.ao The oxidation of SClz with
oxygen, to give sulfuryl chloride is irreversible under these conditions,
Equation 7 represents an overall procedure which has been used to prepue
thionyl chbride.”

C(acﬁvated)
(7 2 SCIZ + ()z

y 2 SOCIz

Phosgene may also be employed in reaction 3,
Ia reaction 5, the yield of thioayl chloride is 72%. Substitution of

shloroform or pentachlorcethane for carbon tetrachloride lowers the yleld
to 40% and 6%, respectively,

8 This chlorinolysis of the sulfur-sulfur bond is a very general reaction,
and has found many applications in organic chemistry. The products
obtained are sulfenyl chlorides: 2 RSSR + Cl3 —— 2 RSC1. Cf, e.g.,
Organic Sulfur Compounds, Vol. 1, edited by N, Kharasch, Pergamon
Press (1960); Chas. 31 and 32.

e o bt s 8T e e

R TR




LRFEM

it -10-24

e
s

R .~ 3

The reaction of boron trichloride with the sulfur dioxide, in which the
latter acts as solvent, is extremely slow unless chloride ion is px-eumt.33
It has been suggaested that the catalytic effect of chloride ion may involve
the ion, 80,C1°,

c1
(8) 2 BCl, + 380, —=—»350CL, + B,0,

Technical grade thionyl chloride contains about 7% impurities, mainly
sulfur monochloride, sulfuryl chloride and sulfur dioxido.“ Sulfur
monochloride may be removed after reaction with sulfur, and the sulfuryl
chloride may be taken out by means of its selective reaction with other
oubouncu.“ Reagent grade thionyl chloride is also available,

Shemical Propertics

Above its bolling point, thionyl chloride decomposes to sulfur chloride,
sulfuryl chloride, sulfur dioxide, and chlorine. The photochemistry of
th'ionyl chloride doer not c2em to have been investigated in detail, but seems
worthy of study, especially in comparison with sulfuryl chloride.

Rapid sulfur exchange between S"OCIZ--SOBrz and SOC.'.IZ-S"C.)Bx'z in SO
solution at -50° or in mixtures of pure compounds at -20° has been
obsarved.3® Similarly, chlorine exchanges rapidly between C1*-labelled
pyriiilnium chloride and SOC:lz in chloroform at 20°. 36 These results may
be accounted for by the ionization of the thionyl halides or the formation of
addition complexes and are in marked contrast to results wherein the lack
of exchange between S‘OClz and SOzClz has been noted.35

Thionyl chloride reacts with metals, such as antimony, sodium,
aluminium, magnesium, and iron. The reactions are generally slow in

2

- _the absence of acids" (except in the case of antimony) and this explains the

use of iron containers for storage of the thionyl chloride. Glass, lead, and

~ nickel containers are also used for storage. !

With phosphorus, selenium and tellurium, reaction with thionyl
chloride yields the respective chlorides,

Hydrated chlorides, such as MgClz. 6 HaO. are coaveniently dehydrated
with SOCIZ. since the prochct-‘,o HC! and SOz. are gaul.” Mustard gas
may also be dried in this way,

In some of its inorganic reactions, thionyl chloride acts as an
oxidising agent, e.g.: '

(9 GHI#ZSOCIZ—-—9212+4HC1+802+S

AIC1
(10) 2 H,S + 250C1, —3, 4 HCI + SO, +38



. ' - 4 -
In other reactions, however, it functions as the reducing agent:

(1) 2 HNO, + SOCl,——> H,SO, + NO,Cl + NOCl

(12) N204 + SOClz-—-—-)ZNOCl + 503 O

The reaction with silver nitrate yields silver chloride and ChONOz.
while with ammonia, polymeric thionylimine, (HNSO) ' is reported as the
px'm'lm:t.4ll The preparation of chromyl chloride using C:'O3 or KzCrzO7
_has been menﬁoned.‘z

The best known reactions of thionyl chloride in organic chemistry

involve the repl'acement of hydroxyl groups, in alcohols and carboxylic
acids, by chlorine, The conversion of alcohols to alkyl halides often occurs
with retention of configuration, This is not, however, always the caae.
The steps involved in the reaction converts the alcohol to chlorosulfinates
and. in some instances, to sulfites. Under certain conditions these
intermediates can be isolated. o

(13) ROH—— RO ~ é - Cl —— RC1

N A
A RO,:OR
The elimination of sulfur dioxide from the chlorosulfinates may occur through
differeant transition states.
The detailed mechanism and stereochemistry has been studied in a

aumber of investigations with alcohols, 32, 46, 47, 40 with small ring alcoholaf9
50 51 52

with chlorocyclohexanols, =~ with allylic alcohols, ”" with acylamino alcohols,
and with lteroh.ss' >4 The widely used reaction for conversion of acids to
acid chlorides has been shown to occur through the carboxylic anhydride
when pyridine is employed.55 Sulfonic acids and carboxylic acids, which
do not normally react with thionyl chloride, do so in the presence of
dimethyHormamide, 3¢ The ionized salt  (CH,),NCHCI*CL", is
formed. Another interesting application involves the estimation of the
number of carboxyl groups in gelatin with aOClz and CH30H. 57 2-Naphthoic
acid, heated with thionyl chloride at 180~ 200° » yields ], 6~ dichloronaphthalene.
Mercapto groups are replaced by chlorine and some ketones are converted to
vinyl chlorides by SOClz.59 Ethylene oxides yield 2-chloro lulﬁteobo while
sliphatic ﬂ ~lactones give 3-chloroalkanoyl chlorides, &}

(13) CH, = CH, = €O + 50Cl, ——) CH, - CH,COCl + 50,
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Thionyl chloride cleaves cyclic ethers and related compounds to
afford dichloro derivatives, Examples are the reaction with tetrahydrofuraéhz
and 4-phenyl-l, 3-diouuue.63 Ancther interesting ether cleavage involves the

(14) + SOClz—'——-) ZHCICHZCHZCI
H
°6“5- 6’5
conversion of ¥ -methoxyvaleric acid to methyl ¥-chlorovalerate with
inversion at the ¥ -carbon atom,* .

The products of the reaction of SOC:Iz with phenols are dependent on
the conditions. In some instances sulfites can be obtained and under other
conditions ring substitution occurs. The reactions of this type have been
reviewed. 65 In general, the Friedel-Crafts reaction with SOClz is not very
successful, but 9-fluoreny166 and p_-acétamidopheny167 sulfoxide may be
prepared in this way., In the presence of copper, SOC].z and substi tuted
phenols (4-hydroxycoumarin, 68 4-propionylresorcinol, 69 2~hydroxy-5-
methylacetophenone, 70 4nd the naphthoh") yleld symmetrical sulfides by
ring substitution and attendant reduction,

Thionyl chloride is an effective agent for intramolecular removal of
the elements of water, Examples are the dehydration of 1, 1, 1-trichloro-2-
methyl-2-propanol, which occurs yig the chlorosulfinate and which is
catalyzed by amines, 72 and ethyl 2-carbornethoxy=-1-hydroxy=-2-methyl
cyclohexyhcetate.73 The units of alcohol are similarly removed from a
substituted phthalamic m:id.M and water is removed intermolecularly from
oxanilic u:id.“'s Urea is converted to cyanuric acid and other products, 76 7

- (1s) ©CONR C[:
. . ) COOH ;

é) 06H5
(1 COOH :
2 | ——) OIC/ \
CONHC6H5 é o
\N/
6 5

The intermolecular condensation of glucose is also effected through the use
of thionyl c:hlm-ic:le.?8

Chlorination of compounds with thionyl chloride is illustrated by the
reaction with dimethyl mllide.79 For these purposes, thionyl chloride is
8 less vigorous sgent than sulfuryl chloride and promotes formation of mono
and dichloro derivatives, rather than higher chlorinated products., The
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addition of chlorine to benzenc is activated by the presence of thionyl chloride

‘aad the amount of the gamma isomer of hexachlorocyclohexane may be
"t{focted by ite presence 80,81 ;. the special case of 1, 1-diarylethylenes,
sulfinic acid 1s obtained® after hydrolysis of the product. Chloropheno

(7) Ar,C = CH, + 50CL—> Ar,C = CHSO,H

thiasines are chlorinated by thionyl chlorldo.” Alternatively, the
| pheuothiuine ring may be closed with the chlorination by the l.ction of thionyl
" ‘chloride on diphenylamine,

The oxidative character of thicnyl chloride is sometimes exhibited in
organic reactions, The cleavage of substituted 4% ¥ pixanthenes to
xanthonu“’ 85, 86 and the dehydrogenation of a highly hindered acrylic acid, -

cis-o~ [4.5 -(1%, 2'-aaphtho)-3-pyrazolyl] cinnamic acid, to the corresponding

- (18) - _'>
1) SOCIz

2

2) azo

- propiolic acid” ate examples.

Thionyl chlorids is not usually the best reageut for effecting the
Beckmann rearrangement because it initiates cleavage reactiohn.” The
conversion of cyclohexanone oxime to epsilon-caprolactam with thionyl

chloride occurs with fair results, however.89
| Primary aromatic amines are converted to thionylimines, ArN = SO,
with .:OClz 8-Thiapurines are obtained by the raaction of thionyl chloride
_ with 5, 6-diaminouracils, ) Other thiadiazoles are obtained through the us=s
of cn'tlmclim-xinel.9 The cleavage of sulfinyl esters by 3001293 and ite

addition to ketene to give after methanolysis (MeOOCCH,),S0 74 are further
- interesting applicailons. Its reaction with phenylarsine to give Cbl-! AsS'o95
- contrasts with the reaction of phenylphosphine with SOC1,, which yields
(668 PSO)S. C6H M(MgBr)z and SOC:Iz gives Cbﬁ AsSO,

A possible application of thioayl chloride, which has not been exploited
fully as yet, is its chain terminating properties. It has been shown that
SOCI acts in this way in the mlfoxidatlon of cyclohexane (reaction with SOz
and Oz. uader irr;dhﬁon).
| Reviews on the early chemiltry of 50C1,, 23 the resction with phenol, 43

with g-aminobenseic acid, 7® synthetic applications, 77 and technology'®® have

appeared,
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THIONYL FLUORIDE

Thionyl flucride, SOF,, melts at -129.5° and boils at -43.8° 1%L,

Raman, 102, 103 infrared, 104 and micrownvems spectra, dipole moment
force constant st_dies have been carried out. Thionyl fluoride is obtained
by the reactlon of thionyl chloride with AsF, SbF,, 106, 107 4, 108
KSO,F, 109, 10 by reaction of SN, with aqueous HF and Cu0O, e by
reaction of SOz'with VFs;m ‘A 77% yield was obtrined recently by reaction
~of sodium fluc.ide with thionyl chloride in acetonitrile.m

Thionyl fluoride hydrolyzes slowly, but completely at room temperature,
forming sulfurous and hydrofluoric acid. The¥mally, however, it is quite
stable, % With 510, at 400°, thionyl fluoride gives SIF,, and 5O,
Mixtures of SOF‘2 and 02’ submitted to an electric discharge, give peroxy

compounds. 14 - ' :

105 and

. THIONY L CHLOROF LUORIDE

Thionyl chlorofluoride, SOCIF, boils at 12.2°, melts at -139.5°, and
has a liquid density of 1,580 g. Iml.101 It is prepared by the action of SbF,
and 56C1 %1 or 1F, .15 on SOCL,. The chlorofluoride reacts with
mercury and copper, at room temperature, and with iron at 70°. The
overall reaction is represented by equation 19. (M = metal),

(199 4SOCIF + 3 M — 2 SOF, + SO +Mc1z+zmsi

2 2
Disproportionation may occur first; if so, the products are those of the
rsaction of SOC!z with the rﬂetal.w1

THIONYL BROMIDE

Thionyl bromide, SOBrz. melts at ‘52°, boils at 138° (decompn.),
‘at atmospheric pressure or at 42.5° at 16 mm. pressure, has a density at
15° of 2,698 and is an nrange-yellow liquid.nb Raman upectrum.ln
Thionyl bromide is prepared by the reaction of HBr or KBr with SOC1,.
Reports of the existence of SOCIBr are probably xncorrect.u6 Thioayl
bromide decomposes slowly at room temperature (4 SOBrZ——> SzBrz +
2 80z + 3 Brz) and is rapidly hydrolyzed by water. Thionyl bromide

converts carboxylic acids to acid bromides and substituted alcohols to the
19, 120

us, 119

corresponding bromides. A general method involving conversion of
alcohols to sulfites with SOC:Iz and cleavage of the (RO)ZSO +ith ;lzzilonyl
bromids is recommended for the preparation of alkyl bromides. Thionyl
bromide reacts with pyridinium halides to give C;H.NH' XBr,” along vith
S and SOz.uz' 123 suitur exchange between sulfur dioxide and thionyl

bromide is llmnrlz4 unless ionic halides or catalysts are preunt.ns' 126



A review of the synthetic uaes of sulfuryl bremide has been made.??

THIONYL IODIDE

Thionyl iodide, SOIZ. is unstable, Its formation by reaction of
thionyl chloride in carbon tetra~hloride solution with potassium iodide,
has been reported and its decomposition wae followed by spectroscopic means,
It is decomposed by light, Dilute solutions in the dark are claimed to be
stable for eight houra.g7 It has been considered to be an intermediate in the
. following reactions: 129

(20‘)',- (CZHSO)ZSQ + '6 Hl —— H,S + e CZHSOH + HzO + 3Iz

127, 128

(2D SOCL, + 6HI—-—)HaS + H,O + 2 HC1 + 312.

The results probably bear reinvestigation, since quaternary ammonium
iodides, when treated with thionyl chloride, yield salts as follows: 130

(22) 21" '+ 250CL, ——> 2ICl,” + S50, + S .
Iodine is liberates when potassium iodide is added to these salts,

b
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