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Trichloromethylarenes (benzotrichlorides) react with sulfur dioxide above ~150 °C to yield aroyl chloride and
thiony! chloride in high yields. 1,3-Bis(trichloromethyl)benzene reacts especially well to yield isophthaloyl chlo-
ride. The reaction proceeds at a much lower temperature in the presence of antimony pentachloride or other Lewis
acids, although Friedel-Crafts side reactions reduce the yield of aroyl chloride unless the ring bears strongly elec-
tron-attracting substituents. Both thermal and catalyzed reactions are interpreted in terms of a dichlorobenzyl cat-
ion intermediate, although an alternative radical mechanism was also demonstrated by adding di-tert-butyl perox-

ide.

Laboratory synthesis of acid chlorides is readily achieved
by treating the acid with thionyl chloride, phosphorus pen-
tachloride, or other inorganic nonmetal halide, often with a
little dimethylformamide or tertiary amine as catalyst. In-
dustrial synthesis is similar, except that phosgene is usually
the reagent of choice because of its low cost.!

Aromatic acids are often prepared by oxidation of meth-
ylarenes. One useful oxidant is chlorine, and some acids have
been prepared commercially by side-chain chlorination of the
methylarene, followed by hydrolysis. Where the acid chloride
is desired, hydrolysis can be controlled, for the acid chloride
is hydrolyzed more slowly under acidic conditions than is the
trichloromethyl group. Alcohols and carboxylic acids react
similarly, with Lewis acid catalysis, to yield alkyl chlorides and
other acid chlorides, respectively.

ArCH, + 3Cl, --> ArCCl, + 3HCI i)
ArCCl, + H,0 --> ArCOCI + 2HCI @y
ArCCl, + ROH --- ArCOCl + RCl + HCl  (3F

ArCCl; + RCOOH --- ArCOCl + RCOCI + HCl (4)*

Less well known are the reactions of trichloromethylarenes
with metal oxides. Schreyer reported that pure titanium
dioxide or vanadium pentoxide (free from iron or aluminum
oxides, hence not the naturally occurring materials) react
readily with hexachloro-p-xylene (or the meta isomer) to yield
titanium tetrachloride or vanadium oxytrichloride, along with
terephthaloyl (or isophthaloyl) chloride.5 Closely related is
the tested synthesis of anhydrous metal chlorides from metal
oxides and hexachloropropene.®

2ArCCl; + TiO, --— 2ArCOCl + TiCl, ®)
nCClL,==CCICCl; + M,0, --> nCClL==CCICOCl + 2MCl, (6)

The present research was directed at economical synthesis
of isophthaloyl and terephthaloyl chlorides which are cur-
rently prepared from m- or p-xylene by air oxidation, followed
by phosgenation. Attention was focused on the side-chain
chlorination of the xylene, followed by transformation of the
trichloromethyl groups to carbonyl chloride. Water (eq 2) is
unsurpassed as an economical reagent, but it produces 2 mol
of hydrogen chloride by-product per trichloromethyl group.
The metal oxide reaction does not produce hydrogen chloride
but rather a potentially saleable metal chloride.

In this work, we sought nonmetal oxides because many
anhydrous metal chlorides are Lewis acids which can cause
Friedel-Crafts or other undesirable side reactions.® The
fundamental chemistry involves transfer of oxygen from the
inorganic element (E) to the carbon of the trichloromethyl
group, with movement of two chlorines from that carbon to
the inorganic element.

ArCCl; + E;0, --> ArCOCl + E,0,_,Cl (7

Consideration of the bond energies involved in eq 7 directed
attention to the elements from silicon to chlorine; cost and
availability factors pinpointed sulfur oxides. Other nonmetal
oxides are discussed in the following paper.

Results and Discussion

a0, o' -Hexachloro-m-xylene (HCMX)7 was selected
for most of this study because it is readily prepared from
m-xylene by photo- or peroxide-initiated chlorination. Other
trichloromethylarenes were studied less intensively. In the
first experiment, HCMX was sealed in an autoclave with 3 mol
of sulfur dioxide and heated stepwise until a pressure drop at
about 200 °C showed that reaction had set in. After the
pressure had become constant, the vessel contained iso-
phthaloyl chloride (IPC) and thionyl chloride in addition to
incompletely converted reagents.

m-CgH,(CCly), + 80, -+ m-CH,(CClCOCl + SOCL, (8)

HCMX TCTC
m-CH(CCL)COCL + SO, --» mLCH(COCD, + SOCl, (9
IPC

Detailed study showed that time, temperature, and espe-
cially sulfur dioxide pressure determined high conversion and
yield. HCMX should react only with dissolved sulfur dioxide,
and its solubility should vary directly with pressure and in-
versely with temperature. Above about 220 °C with a given
mole ratio, conversions decrease with increasing temperature;
compare entries 3, 4, 8, and 11 in Table I, which lists selected
examples. High sulfur dioxide ratios give higher pressures and
solubilities, and faster reactions. The most productive way of
increasing conversion without using a large excess of sulfur
dioxide is by operating with the autoclave nearly full so that
the final pressure exceeds about 1000 psi.

Thionyl chloride increases the rate. HCMX and 1 mol of
thionyl chloride reacted faster with sulfur dioxide than did
HCMX alone. When incompletely converted organic material
was distilled and then treated with fresh sulfur dioxide, the
reaction was quite slow compared to runs in which the same
amount of additional sulfur dioxide was added to the total
crude product containing thionyl chloride. Thionyl chloride
probably enhances the solubility of sulfur dioxide. )

The first trichloromethyl group in HCMX reacts faster than
the second. For example, in one run carried partially to com-
pletion, the product contained about 50% of trichloro-m-toluyl
chloride (TCTC), 20% of IPC, and 30% of HCMX. At higher
conversions, HCMX disappeared completely before TCTC.
At 20% conversion, only 3% of IPC was formed. Pure TCTC
gave lower conversions than did HCMX under the same
conditions.
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Table I. Reaction of m-C¢Hy(CCls): (HCMX) with Sulfur Dioxide (Uncatalyzed)a

S0,/HCMX Press.

HCMX, mole Temp, Time,? range, SOCly,¢ IPC,¢ Purity,®
mol ratio °C psig % % %
0.2 2.5 222 5.5 950-525 90 94
0.2 2.5 190 10.0 800-725 37
0.2 3.0 300 2.0 68 96 - 63
0.2 3.0 330 1.0 29 115 22f
0.5 2.6 250 2.0 1590-1000 91 97 95
0.2 3.5 230 2.0 630-510 86 93 99
0.2 5.0 230 2.0 500-490 84 96 98
0.5 3.0 230 3.0 90 96 99
0.5¢ 2.6 2356 3.0 2600-1080 78 91g 99
0.2 7.5 150 10.0 28 31/
0.2 2.5 230 2.0 90 95 98

@ Run by the procedure in the Experimental Section. ® Hours at reaction temperature, excluding heating and cooling times. ¢ Based
on 2 mol of SOCl; per mole of HCMX. If the HCMX contains no ArCHCly, the SOCl; is pure, If it contains ArCHClg, S2Cl; is also
formed. See part 3. ¢ Weight of once-distilled product divided by theoretical weight, calculated as pure isophthaloyl chloride. A yield
over 100% betokens 1ncomplete conversion. ¢ Determined by GC as described in the Experimental Section. Except as noted, the sole
significant impurity is trichloro-m-toluyl chloride. / Product contained a substantial amount of HCMX as well. ¢ Starting with hex-
achloro-p-xylene, the product was terephthaloyl chloride.

Table II. Reaction of m-CgH4(CCl3); (HCMX) with Sulfur Dioxide (Catalyzed)®®

SO,/HCMX,

HCMX, mole Catalyst Temp, Time, SOCl,, Convn,° Tar,
mol ratio (mol %) °C h % % %d
0.5 2.3 SbCl; (0.4) 25 21.5¢ 65 73 0.1
0.5 2.3 SbCls (0.4) 65 1.0¢ 7
0.5 2.3 SbCls (0.4) 90 1.0¢ 12
0.5 2.3 SbCl; (1.2) 90 4.0¢ 76 86 0.2
0.5 2.3 SbCls (1.2) 120 3.0¢ 57 66 0.2
0.5 3.0 SbCl; (1.2) 120 3.0¢ 60 73 0.3
0.5 3.0 SbCl5 (0.3) 100 3.0 91 100 0.5
0.2 7.5 SbCl5 (2.0) 120 2.0 82 100 0.2
0.2 7.5 FeCl; (2.5) 140 2 81 100 3.1
0.2 7.5 AlCl; (3.8) 65 2 4] 27 >11
0.2 7.5 AlCl3 (3.8) 120 2 59 76 2.6
0.2 7.5 AlCl; (5.0) 110 10 83 100 3.8
0.2 7.5 AlCl; (5.0) 140 2 78 100 3.3
0.2 7.5 SbCls (5.0) 150 6 17 47
0.2 7.5 AsCl3 (9.9) 150 10 15 46
0.2 7.5 TiCly (4.5) 150 10 31 80
0.5 3.0 TiCly (4.5) 100 18.5 Trace Low
0.2f 7.5 ShCls (2.0) 90 2 97 0.2
0.2f 7.5 SbCl; (2.0) 120 2 92 0.2
0.2f 7.5 FeCl;3 (3.7) 90 2 100 1.3
0.2f 7.5 FeCls (3.7) 120 2 100 1.5
0.2/ 7.5 AlCls (3.7) 90 2 35 1.6
0.2/ 7.5 AlCl; (3.7) 120 2 40 2.4
0.2 5.0 TBP# (3.9) 130-160% 5 14 29
0.2 7.5 TBP¢ (8.1) 140-155% 7 Low 42

a In addition to the runs tabulated, SnCl,, ZnCls, MgCls, BCl3, HgCly, and SiCl, were tested at the 5-10 mol % level with 0.2 mol
of HCMX and 1.5 mol of SO; for 10 h at 150 °C. Conversions did not exceed 30%, the value reached with no catalyst under these con-
ditions. The products from FeClj3 catalysis were deep red, and those from AlCl; were amber; neither could be decolorized by distillation.
The products from ShCl; were orange, which color was readily removed by simple topping through a fractionating column. » Run
by the general procedure in the Experimental Section. See Table I for explanation of column headings. ¢ Fraction of total CClz groups
converted to COC, as determined by GC analysis of distilled product. ¢ Weight of undistillable pot residue/theoretical weight of product.
¢ In all runs except these, the bomb was allowed to cool slowly in its heater and discharged the next day (after 12-18 h). In these® runs,
the bomb was cooled as rapidly as possible after the expiration of the heating period. See Experimental Section. / Starting with hexa-
chloro-p-xylene, the product is terephthaloyl chloride. & Di-tert-butyl peroxide. » The reaction mixture was held at the lower tem-
perature for 3 h, then gradually heated to the upper temperature.

Typical conditions for preparing isophthaloy! chloride in
high yield and conversion involve heating a mixture of 156 g
(0.5 mol) of HCMX and 96 g (1.5 mol) of sulfur dioxide in a
240-ml shaker tube lined with Hastelloy C. The reaction is
complete in 2-3 h at 230 °C. The yield of ICl is about 95%, of
thionyl chloride 90%, and the small amount of tar is readily
removed by distillation. Most of the losses are mechanical.

Catalysis. The chief drawbacks to the procedure outlined
are the high temperature required, the resultant high pressure,
and, above all, the extreme corrosiveness of hot thionyl chlo-
ride. Common autoclave metals are severely attacked. Even
Hastelloy C is slowly corroded. (Platinum and tantalum were
not tested.) Since corrosion-resistant high-pressure vessels
are expensive, catalysts were sought to reduce the operating
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Table ITI. Reaction of XCzH4CCls with Sulfur Dioxide (Uncatalyzed)®

Registry S0,, mol Temp, Time,? SOCly,¢ Convn,¢
no. . X ratio °C h % %
98-07-7 H 3.3 185 2 50 65
488-98-2 o-F 3.3 © 185 2 42 53
401-77-4 m-F 3.3 185 2 61 64
402-42-6 p-F 3.3 185 2 81 91
2136-89-2 0-Cl 3.3 185 2 25 42
2136-81-4 m-Cl 3.3 185 2 14 25
5216-25-1 p-Cl 3.3 185 2 66 66
13014-18-1 2,4-Cls 3.3 185 2 26 43
13014-24-9 3,4-Cls 3.3 185 2 14 25
27428-84-8 m-CICO 4.0 185 2 6 10
881-99-2 m-CCls¢ 5.0 185 2 78/ 561
H 3.3 210 2.25 82 100
0-Cle 1.5 240 1 67 70
m-Cle 1.5 240 1 83 95
p-Cle 2.5 220 1 61 75
2,4-Cls 3.3 210 2 78 100
3,4-Clo 3.3 210 2 72 98
m-CICO 4,0 210 2 24 45
m-CClz® 5.0 210 2 70/ 72f

@ Performed as described in the Experimental Section with 0.3 mol of ArCCl; in a 240-ml Hastelloy C shaker tube. ® Time at tem-
perature cited, excluding heating and cooling times. ¢ Percent of 0.3 mol. ¢ Calculated from GC analysis from the ratio of ArCCl3 to
ArCOCL € 0.2 mol of substrate was used. / Calculated as if one CClz group were an inert substituent; the overall conversion is half

this figure.

temperature, and thus the pressure and corrosiveness. A
free-radical mechanism seemed probable; hence standard
free-radical initiators were tested. Di-tert- butyl peroxide was
moderately effective in the temperature range 130-160 °C,
giving conversions two to three times those obtained in
identical runs without catalysts. Other initiators were tested
in the temperature ranges at which they are customarily em-
ployed as radical polymerization initiators (70-110 °C).
Benzoyl peroxide was detectably active, while pelargonyl
peroxide, tert-butylperoxy 2-ethylhexanoate, and azobis-
isobutyronitrile were inactive.

Since sulfuric acid can hydrolyze trichloromethylarenes to
acid chlorides and carboxylic acids via the dichlorobenzyl
cation, it was tested with sulfur dioxide. It was only moder-
ately effective. Fluorosulfonic acid gave only tar with
HCMX-S0s; see part 2.

Lewis acids were next considered, and antimony penta-
chloride was tested first, with gratifying success, Typically,
with 1 mol % of antimony pentachloride, a run like that de-
scribed above was complete in 2 h at 90 °C (instead of 230 °C).
In another case, a thermal run gave 1% conversion in 36 h at
80 °C, but addition of 0.3% of antimony pentachloride gave
73% conversion in 21.5 h at 25 °C. The lower temperatures
permit operating below the critical temperature of sulfur
dioxide; its vapor pressure is 18 atm at 80 °C and 34 atm at 110
9C. Moreover, the solubility of sulfur dioxide in HCMX is
much greater at lower temperatures, so that only 20-50% ex-
cess is required, thus minimizing the costs of recovery. The
yield of ICl is higher because less tar is formed, and corrosion
is a much less serious problem. Representative examples of
antimony pentachloride catalyzed runs are presented in Table
I
" Several other Lewis acids were also tested. Ferric chloride
and aluminum chloride were quite active, but they formed
considerably more tar than antimony pentachloride.® Other
catalysts, listed in order of decreasing activity, were antimony
trichloride, titanium tetrachloride (at 150 °C), stannic chlo-
ride, and arsenic trichloride. Several others were completely
inert, namely zinc chloride, magnesium chloride (anhydrous),
boron chloride, mercuric chloride, silicon tetrachloride, and
titanium tetrachloride (at 100 °C). No obvious explanation
is available for the peculiar fact that titanium tetrachloride

gave 80% conversion in 10 h at 150 °C but negligible conver-
sion in 18 h at 100 °C. Transition metal cluster compounds
which can form large stable M, Cl,, anions might be useful.

Other Trichloromethylarenes. Various trichlorometh-
ylarenes were tested in both the thermal and catalyzed reac-
tions. Hexachloro-p-xylene reacts as well as the meta isomer
to give trichloro-p-toluyl chloride and terephthaloyl chloride
(Tables I and II). Ring-chlorinated derivatives of HCMX
likewise react, but usually more slowly than the parent; see
part 4 of this series.

The relative reactivities of trichloromethylarenes are
markedly influenced by other substituents on the ring, as
deduced from relative conversions at the same temperature.
Absolute rates were not determined because the available
pressure equipment did not permit “instantaneous” heating
of a loaded bomb to a high temperature, nor sampling during
a run. Somewhat different substituent effects were noted
when comparing catalyzed and uncatalyzed reactions.

The thermal reactions yielded little tar (high-boiling or
undistillable material), so that conversion is a satisfactory
measure of rate; see Table III. Electron-attracting groups
retard the reaction. Thus for meta-substituted benzotri-
chlorides, the conversions decreased in the order H = F > Cl
= CClz > COCI; for ortho substituents, H > F > Cl; for para
substituents, F > H = Cl. 2,4-Dichlorobenzotrichloride reacts
more completely than the 3,4-dichloro isomer. A given sub-
stituent has different effects, depending on its orientation. For
fluorine, the order is p > m > o; for chlorine, p > 0 > m at 185
°C, but at 240 °C, m > o. The results are explicable in terms
of the electron-attracting ability of the substituent, combined
with the possibility of mesomeric electron release to the de-
veloping carbocation from fluorine (see Mechanism). A steric
retardation is apparent in the differences between the ortho
and para halogens.

The catalyzed (SbCl;, FeCls, AICl3) reactions, on the other
hand, yielded a great deal of tar when the ring was not strongly
deactivated. The major tar-forming reaction is apparently
Friedel-Crafts condensation of the first-formed acyl chloride
with unchanged trichloromethylarene. In several experiments,
the fraction boiling higher than acid chloride was inspected
by infrared, and it showed both ketone carbonyl and trichlo-
romethyl functions. No attempt was made to characterize it
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Table IV. Reaction of XC¢H,CCl; with Sulfur Dioxide

(Catalyzed by SbCl;)¢
Temp, SOCl,, Convn, ArCOCl
X °C %P %¢ yield, %¢
H 65 Trace 28€ 4
o-F 65 Trace 8¢ 4
m-F 65 46 55 48
p-F 65 Low 20 Low
0-Cl 65 14 37¢ 32
m-Cl 65 50 76 : 68
p-Clf 65 14 15
H 90 Trace <50¢ 9
o-F 90 34 80¢ 38
m-F 90 80 95 82
p-F 90 71 70 60
0-Cl 90 65 95 81
m-Cl 90 49 70 67
p-Clf8 90 40 55 50
2,4-Cly 90 80 99 90
3,4-Cly 90 33 51 55
m-CICO 90 77 98 96
o-F* 115 50 95¢ 50
m-F# 115 46 551 41
p-F#r 115 55 60¢e/ 41
m-CICO* 115 82 99 90

@ Conditions; 0.3 mol of ArCCls, 1.0 mol of SOq, 1.3 mol % ShCls.
Heated for 2 h at specified temperature. ? Percent of 0.3 mol.
¢ Unrecovered ArCCl; as calculated from weight and GC analysis
of distilled product. ¢ Calculated from weight and GC analysis
of distilled product. ¢ A great deal of tar and also volatile by-
products were formed. / 1.5 mol of SOs. £ 0.8 mol % of SbCls. » 1.2
mol of SO,. ¢ Less tar formed than at 90 °C. / More tar formed
than at 90 °C.

further. In a test experiment, benzoyl chloride condensed
readily with benzotrichloride in the presence of ferric chloride
to yield the same sort of high boiler; benzoyl chloride did not
self-condense. Curiously, less tar was usually formed when the
catalyzed reaction was run at a higher temperature for a
shorter time, indicating that the activation energy for
Friedel-Crafts condensation is smaller than that for acid
chloride formation. Antimony pentachloride is normally re-
garded as a weak Friedel-Crafts catalyst; hence it was sur-
prising to find it acting as a condensing agent here. Evidently,
in sulfur dioxide solution, antimony pentachloride is much
more reactive as a Friedel-Crafts catalyst than it is in the
usual hydrocarbon or halocarbon solvent.

Conclusions about relative reactivities in the catalyzed re-
action are necessarily tentative because of the tar-forming side
reactions. Not only do these reduce yields and mask conver-
sions, but the tar may well complex strongly with the Lewis
acid and deactivate it. With this reservation, the chloroben-
zotrichlorides are more reactive at 65 °C than their fluoro
analogues, in any position, and both seem to be more reactive
than benzotrichloride itself. Either chlorine or fluorine is more
activating in the meta than in the ortho or para position.
However, at 90 °C, fluorine activates more than chlorine, and
the m-chlorocarbonyl is still more effective. 2,4-Dichloro is
more reactive than 3,4-dichloro, and the former is about as
effective as m-CICO. At 115 °C, for fluorine, the activities fall
off in the order o > p > m; the CICO group is still most acti-
vating. See Table IV.

Although theoretical conclusions are not on firm experi-
mental ground because of the tar problem, it seems clear that
quite different substituent effects occur in the catalyzed re-
action, compared to the thermal. Very likely, the rate-con-
trolling step is different.

To see whether these new reactions could convert aliphatic
polychlorides to acid chlorides, aliphatic RCCl3 compounds
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were examined cursorily. Carbon tetrachloride is known to
react with sulfur dioxide at 160 °C in the presence of alumi-
num chloride to yield phosgene and thionyl chloride.? The
thermal reaction had not been reported, and indeed, it did not
occur at 280 °C. Likewise, “methylchloroform”, CH3CCls, was
inert to sulfur dioxide at 250 °C for 7 h; with 1% of antimony
pentachloride, no acetyl chloride was formed in 6 h at 130 °C,
although a little vinylidene chloride appeared, and also tar.
However, hexachloropropene yielded 36% of trichloroacrylyl
chloride and some trichloroacrylic acid when it was heated
with sulfur dioxide for 2 h at 250 °C; compare the results with
metal oxides.® Evidently, reaction occurs readily only when
the developing cation RCCly* is stabilized by a vinyl or aryl
group.

Benzal chloride (C¢HsCHCI;) and other dichlorometh-
ylarenes also react with sulfur dioxide. The results are dis-
cussed in part 3 of this series. Such compounds are present in
incompletely chlorinated xylenes.

Trifluoromethylarenes were studied briefly. Benzotri-
fluoride failed to react thermally with sulfur dioxide at tem-
peratures to 270 °C. It also failed toreact in 18 hat 150 °C in
the presence of 2 mol % of antimony trifluoride. 2-Chlo-
robenzotrifluoride under the latter conditions yielded a little
acid fluoride but mostly high-boiling liquid and solid products
obviously derived from condensation reactions; less stringent
conditions were not tested. Hexafluoro-m-xylene likewise
failed to react thermally with sulfur dioxide at 270 °C. When
it was held for 18 h at 150 °C with 4 mol of sulfur dioxide and
2.7 mol % of antimony pentafluoride, 86% of the CF3 groups
were converted to COF, and the product was a mixture of
isophthaloyl fluoride and trifluoro-m-toluyl fluoride. Clearly
the trifluoromethyl group is much less reactive than the tri-
chloromethyl group under comparable conditions. Per-
fluoro-n-octyl iodide did not react with sulfur dioxide and
antimony pentafluoride at 110 °C in 5 h; it was not tested at
200 °C, where it is known to dissociate to perfluoroalkyl rad-
icals.

Mechanisms of the Sulfur Dioxide Reactions. The Lewis
acid catalyzed reaction doubtless follows the straightforward
ionization path:

ArCCl; + SbCl; ---> ArCCL+SbClg~ (10)

Ionization is favored by the solvent sulfur dioxide. Thus
when a sulfur dioxide solution of m-chlorobenzotrichloride
in a glass tube is treated with a little antimony pentachloride
at —10 °C, a red solid precipitates which dissolves when the
mixture is warmed to 50 °C. However, no permanent reaction
takes place in 1 h at 55 °C or in 4 subsequent days at 25 °C;no
detectable m-chlorobenzoyl chloride was formed. Apparently
the cation formed readily but failed to react with sulfur
dioxide under these mild conditions. Red to orange dichlo-
robenzyl cations have been observed when trichlorometh-
ylarenes are dissolved in oleum?2 and they are slowly converted
to aroylium ions by the bisulfate ion present in equilibrium.
Volz!° has isolated and characterized phenyl- and mesityldi-
chlorocarbonium hexachloroantimonates; carbon tetrachlo-
ride was his solvent. Although sulfur dioxide is an excellent
solvent for carbocation study, its reaction with carbocations
has not been previously noted.

The dichlorobenzyl cation is doubtless solvated by sulfur
dioxide to form a structure like ArCCl,(0S0),*. To react
further, a chlorine atom must be transferred to sulfur. This
is probably the slow step in the reaction, for expulsion of the
chlorothionyl cation with generation of the stable acid chloride
would be easy.

Thiony] chloride may be formed by attack of the chloro-
thionyl cation on fresh trichloromethylarene or on hexa-
chloroantimonate ion. The first of these probably occurs in
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al
ArCCL* + 80, — | Ar0—O0
a0 $=0
+
cll (In
2oV, | ArC—0 fost, AC=O0 + CISO* (1)
o
—8=0
al

the thermal reaction where hexachloroantimonate ion is ab-
sent. Other chlorine transfer equilibria may also be occur-
ring,

CISO* + ArCCl; --» CISOCI + ArCCL* (12)
CISO+ + 8bCl;~ --» CISOCL + SbCl, (13)
ArCOCl + 8bCl; --+ ArCO*SbCls~ (14)

ArCO* + ArCCl; --»> ArCOCl + ArCClL* (15)

The thermal reaction probably involves the same group of
reactions, except that in the absence of the chlorophilic an-
timony pentachloride, ionization is much more difficult.
Formation of the ion pair ArCCly*Cl~ should require assis-
tance by solvent sulfur dioxide, which is necessarily present
in low concentration in the liquid phase above its critical
temperature. The required high pressure is necessary to
maintain even a small amount of dissolved sulfur dioxide.
Very likely ionization is the slow step, since above 200 °C
where the thermal reaction occurs, chlorine transfer in the
solvated cation should be very rapid.

An alternative radical reaction probably occurs to a limited
extent. As noted above, the rate of reaction at 130-160 °C is
enhanced by a factor of 2-3 by addition of di-tert-butyl per-
oxide. A kinetic study should help in assessing the relative
importance of ionization and radical mechanisms in the
thermal reaction.

Experimental Section

Materials. Hexachloro-p-xylene was obtained from Aldrich
Chemical Co. Hexachloro-m-xylene was prepared by photochlori-
nation of m-xylene (1-2% p-xylene, 1% o-xylene) at 90 — 140 °C and
purified by fractional vacuum distillation through a 1-m column
packed with nickel Helipak (Podbelniak Co.) to remove penta-
chloro-o-xylene and hexachloro-p-xylene. The fluorobenzotrichlo-
rides were prepared by photochlorination of the fluorotoluene, fol-
lowed by fractional distillation. The chlorobenzotrichlorides and
benzotrichloride itself were obtained from Hooker Chemical Co., and
fractionated where necessary. Trichloro-m-toluyl chloride was pre-
pared by photochlorination of m-toluyl chloride.!!

Acid chlorides for reference were obtained from Aldrich. When
necessary, they were converted to known amides or anilides for
characterization. .

All reactions with sulfur dioxide were conducted in a shaker tube
of 240-ml capacity lined with Hastelloy C. The trichloromethylarene
was added, and the tube was covered and purged with dry nitrogen
while it was being chilled to —80 °C. The antimony chloride, where
used, was added from a flame-dried pipet directly onto the frozen
organic material; it was not allowed to run down the side of the tube,
since colored impurities were made with this technique. The tube was
then closed, pressure tested with nitrogen, and evacuated. Sulfur
dioxide was then added through a coil of 0.125-in. copper tubing from
a cylinder resting on a balance. In several experiments, the shaker tube
was weighed before and after sulfur dioxide addition to verify the
quantity added. The tube was then clamped in a heating shell behind
a steel barricade and shaken horizontally at 180 strokes/min during
the entire reaction. The temperature was monitored and controlled
with a thermocouple in a well. The pressure was not usually read,
because hot thionyl chloride rapidly destroys the Bourdon tubes in
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conventional pressure gauges; even a pressure-sensing cell, often used
instead of a gauge, was damaged. )

Heating to 100 °C required about 20 min, to 200 °C about 40 min,
but the heating times were not very reproducible.1? After the desired
reaction time, the heater was shut off and the bomb was allowed to
cool. In most of the thermal reactions, the bomb was left until the next
morning before venting and discharging. Control experiments showed
that no reaction occurred at room temperature without catalyst. With
catalyzed reactions where the time was critical, the bomb was cooled
with an air blast until cool enough to handle, then placed in a tub of
cold water for a few minutes, then discharged quickly. Unfortunately,
this procedure could never be standardized well enough to give re-
producible conversion values for the more rapid reactions.

In some experiments on a larger scale, a 2-1. rocker bomb (Hastelloy
C) was charged with the trichloromethylarene (and catalyst where
used), chilled and evacuated, and heated to the desired temperature.
Sulfur dioxide was added liquid phase through an automatic valve
from a cylinder pressured with helium so as to maintain a constant
internal pressure within the reactor. Nitrogen could not be used be-
cause it is too soluble in liquid sulfur dioxide.

The product was distilled, first at atmospheric pressure. Since it
was saturated with sulfur dioxide, poor yields of thionyl chloride were
obtained unless the exit tube from the apparatus was connected to
a —10 °C trap to catch the thionyl chloride entrained with the gas. The
acid chloride was then distilled at an appropriate reduced pres-
sure.

The acid chloride was analyzed by gas chromatography, using a
Varian Aerograph Model 202B instrument equipped with nickel
filaments and a nickel block in its T'C detector to minimize corrosion
by the acid chloride. The 5 ft X 0.25 in, stainless steel columns were
packed with 20% SE-30 on 60-80 mesh Chromosorb W AW-DMCS,
and they were operated at an inlet pressure of 100 psig, helium flow
60 ml/min. The glass-lined injector port was maintained at 245 °C,
the detector at 310 °C. For rapid scanning of mixtures, the initial
temperature of the column was 170 °C, with linear programming at
4 °C/min. Better resolution for quantitative work was obtained with
an initial temperature of 120 °C, isothermal for 3 min, then pro-
grammed at 6 °C/min. For these two different programs, the respec-
tive retention times for IPC were 4 and 10 min, for TCTC 6 and 15
min, for HCMX 8 and 18 min. Peak areas were measured by tri-
angulation and corrected for detector response.

All the acid chlorides encountered in this work were known com-
pounds. They were identified by their physical constants and spectral
properties.13
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Trichloromethylarenes (benzotrichlorides) react with sulfur trioxide at 25-50 °C to yield aroyl chlorides and py-
rosulfuryl chloride. Yields of both products are high when the arene also bears electron-withdrawing substituents,
but benzotrichloride itself undergoes extensive sulfonation even at —10 °C. The reaction is interpreted in terms of
attack of dimeric sulfur trioxide on chlorine, since, even with a deficiency of sulfur trioxide, sulfuryl chloride is
never seen. Pyrosulfuryl chloride was prepared in 90% yield from sulfur trioxide and carbon tetrachloride, a marked
improvement over the Inorganic Syntheses yield. Trichloromethylarenes also react with phosphorus pentoxide
at 190-275 °C to yield aroyl chloride and phosphorus oxychloride, mostly in high yields. Electron-attracting sub-
stituents retard the reaction unless they also raise the boiling point to permit higher reaction temperatures. Various
phosphoric acids and phosphate salts also react. Sodium chlorate, potassium nitrate, and selenium dioxide also
react thermally with trichloromethylarenes to yield acid chlorides and inorganic products, but the reactions were

too dangerous for detailed study.

Conversion of trichloromethylarenes to aroyl chlorides
by heating with sulfur dioxide alone, or with Lewis acid ca-
talysis, requires a pressure vessel.! Reagents which would be
effective at atmospheric pressure were sought and found.

Sulfur Trioxide. Sulfur trioxide reacted rapidly at 25-50
°C with hexachloro-m-xylene (HCMX)? to form isophthaloyl
chloride (IPC). However, the inorganic product was not sul-
furyl chloride (SO2Cly) but rather pyrosulfuryl chloride
(C1S050804C1). Four moles of sulfur trioxide was required
to obtain a quantitative yield of IPC. '

m-CGH4(C013)2 + 4SO3 - m-CeH4(COCI)2 + 20120582
(1)
The reaction does not proceed via sulfuryl chloride, since

pyrosulfuryl chloride is not formed from sulfuryl chloride and
sulfur trioxide.? Very likely the reaction involves dimeric

Cl Cl
‘/Cl---SOK l Cl——-SCQ
ArC—Cl 0 — ArC 0
7 N 7/
0—80, (') Cl---S0,
CIS0,
—> ArC + 0
I 4
CIS0,
0

sulfur trioxide attacking a chlorine atom, perhaps through a
cyclic intermediate.

No significant sulfonation occurred with strongly deacti-
vated rings, such as in HCMX and its para isomer. Similarly,
halogen-substituted benzotrichlorides gave high yields of the
halobenzotrichloride and pyrosulfuryl chloride, as shown in
Table I. With p-chloro- and p-fluorobenzotrichlorides a small
amount of high-boiling material was not?d; this may be sul-
fone or sulfonyl chloride.

Benzotrichloride itself reacted very rapidly with 2 mol of
sulfur trioxide. Even with a deficiency of sulfur trioxide or in
ethylene dichloride solvent at ~10 °C, the blood-red solution
formed a great deal of tarry, high-boiling product, as well as
benzoyl chloride. Gelfand* prepared m-chlorosulfonylbenzoyl
chloride in 65% yield by heating benzotrichloride with 2 mol
of sulfur trioxide at 140 °C. Under his conditions, sulfonation
is much more rapid than the tar-forming side reactions.

The present reaction is reminiscent of the standard prep-
aration of pyrosulfuryl chloride, in which sulfur trioxide reacts
with carbon tetrachloride.® The reported yield is 45-50%. We
repeated this procedure and obtained pyrosulfuryl chloride
in over 90% yield. Sveda used sulfur trioxide obtained by
distilling oleum, but since we used pure Sulfan B, we suggest
that our greatly improved yield results from the absence of
protons in Sulfan B.

Phosphorus Oxides. Phosphorus pentoxide reacts
smoothly with trichloromethylarenes above about 190 °C at
atmospheric pressure to form arcy! chloride and phosphorus
oxychloride, as illustrated with hexachloro-m-xylene
(HCMX).

3C5H4(0013)2 + 2P,05 — 3CgH4(COC), + 4POCly (2)

The reaction is simply performed by heating a stirred
mixture of the trichloromethylarene with a small excess of
phosphorus pentoxide under a simple fractionating column.
When the phosphorus oxychloride has been removed, the
product is distilled in vacuo. High yields of both products are
readily obtained.

This reaction is somewhat surprising, because the high af-
finity of phosphorus for oxygen suggests that carbon would
readily yield an oxygen atom to phosphorus. Thus aldehydes
and ketones are converted to dichloromethylarenes by phos-
phorus pentachloride, although acid chlorides are not con-
verted to trichloromethylarenes by this reagent.



