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nm (e 9660), 279 (960), 286 (745); nmr (DMSO-ds) 5 ca. 7.8
(m, 3, aromatic), 5.07 (s, 2, CH,S0,), 2.91 ppm (s, 3, SO.CHj;).

Anal. Caled for GHoClO.S: C, 43.46; H, 3.65; Cl, 14.26;
14.26; 8, 12.90. Found: C, 43.47; H, 3.65; Cl, 14.45; S,
12.76.

Registry No.—3, 7499-07-2; 4, 7499-06-1; 5, 31579-
08-5; 6, 31579-09-6; p-chlorobenzotrifluoride, 98-56-6;
methylsulfinyl carbanion, 13810-16-7.
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Pentachloronitrobenzene (PCNB) is an extensively
used soil fungicide produced by both foreign and domes-
tic manufacturers. A variety of methods have been
used in the production of PCNB,!—3 but it is commonly
prepared by the direct nitration of pentachlorobenzene
(PCB).

We have observed in our investigation of this process
that the desired PCNB is produced in 83-899 yield
based on the amount of PCB reacting, some unchanged
PCB being recovered due to sublimation thus removing
it from the nitrating mixture. Careful analysis of the
reaction mixture by gas chromatography showed that a
by-produet, hexachlorobenzene (HCB), is formed dur-
ing the course of reaction.

It was first suspected that the possible displacement
of a chloronium ion from the PCB by a proton from the
acids employed, with subsequent attack of this chloro-
nium ion on PCB, would lead ultimately to formation of
HCB. This mechanism may be represented by eq 1
and 2. This route was discarded as a likely mechanism
when only two products, HCB and PCNB, were found
in the reaction mixture; no detectable amount of tetra~
chlorobenzene was produced in the nitration of PCB.
In addition, no hexachlorobenzene or tetrachloroben-
zene could be detected when PCB was heated with fum-
ing sulfurie acid, even for extended periods of time.

In subsequent studies of the nitration of PCB, the
presence of molecular chlorine as a reaction product was
established. It has then been postulated that the
molecular chlorine arose via destructive oxidation of
PCB since it is known that ring oxidation is sometimes
a significant side reaction in the direet nitration of
aromatic systems.* The destructive oxidation process
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of PCB would be expected to give, in addition to molecu-
lar chlorine, low-molecular-weight fragments, Infrared
and nmr analysis of the off-gas from the nitration pro-
cess established the presence of the products identified
generally as low-molecular-weight carboxylic acids.
No aromatic products were observed in the off-gas.
Subsequent attack of the molecular chlorine on PCB
would lead to the formation of the observed HCB.
The process involves chlorination of the aromatic sys-
tem in the absence of catalyst (ZnX,, FeX;, ete.) nor-
mally employed in halogenations. The reaction path
followed is probably similar to that suggested in earlier
halogenation studies by Keefer and Andrews.®® The
molecular chlorine reacts with the PCB to form an
aromatic halogen = complex, which collapses into a ¢
complex as a result of attack on the halogen-halogen
bond by a polar reagent. It has been suggested® that
in the absence of a catalyst the halogen itself may fill
the role of the polar reagent. However, under the
conditions of the nitration of PCB, there are a number
of species formed that are stronger electrophilic reagents
than chlorine and are more likely to function as the polar
reagent.

It has also been cbserved that HCB is formed in
small amounts when PCB is heated with fuming nitrie
acid, the amount of HCB formed in a given time being
inereased by the introduction of anhydrous chlorine.
Treatment of PCB with anhydrous chlorine in the
presence of hydrochloric acid or anhydrous hydrogen
chloride gave no detectable amount of HCB in reaction
periods up to 1.5 hr. This lends support to the concept
that chlorination of PCB to form HCB is promoted by
some polar reagent formed during the nitration process
or by nitric acid itself.

Experimental Section

Gas chromatographic analyses were performed on a Hewlett-
Packard F & M Model 700 chromatograph. Columns used
in this study were 109, OV-17 silicone on Chromosorb G, H. P.,
80-100 mesh, 5% Carbowax 20M on Anakrom AS, 80-90 mesh,
and 5% Aroclor 1232 on Chromosorb T, 40-60 mesh. Ir spectra
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were obtained with a Perkin-Elmer Model 337 speetrophotom-
eter. Nmr spectra were obtained on a Varian A-60D spectrom-
eter and in reference to benzene as an internal standard.

Nitration of Pentachlorobenzene (Runs 1, 2, and 3).—Penta-
chlorobenzene (25.0 g, 0.1 mol) was heated to 140°. The nitrat-
ing mixture, consisting of 9.0 ml of fuming nitric acid (Baker
analyzed reagent) in 31.0 ml of fuming sulfuric acid (Baker
analyzed reagent, 30-337%,), was added to the liquid pentachloro-
benzene, maintaining a temperature of 140-145° during the
addition. After addition of the nitrating mixture was completed,
the temperature was held at 150-155° for a period of 1.5 hr.
The reaction mixture was cooled to room temperature and the
solid product was collected by suction filtration, followed by
thorough washing with cold water. The product was dried under
reduced pressure.

Run 4.—The procedure was identical with that employed in
runs 1-3, except 75.0 g of pentachlorobenzene was used. The
nitrating mixture consisted of 27.0 ml of fuming nitric acid and
93.0 ml of fuming sulfuric acid. Gas chromatographic analysis
of the reaction mixture on the OV-17 and on the more polar
Carbowax columns showed only two products, pentachloronitro-
benzene (PCNB) and hexachlorobenzene (HCB). Identification
was based upon retention times on the two columns and the lack
of evidence from either column of additional components when
standard HCB was added to the mixture of products. Experi-
mental results are summarized in Tables I and II.

TasLe I
Unchanged Yield of % yield,
Run PCB, g PCNB, g PCNB
1 3.4 22.2 89.5
2 4.7 21.5 83.7
3 4.0 20.6 83.0
4 18.5 55.5 85.9
TasLE IT
Gas CHROMATOGRAPHIC ANALYSIS
Reactant Produet mixture, % by wt
Run (PCB), % PCNB HCB
1 100 99 1
2 100 98.5 1.5
3 100 98.1 1.9
4 100 98.4 1.6

Collection and Inspection of Off Gases.—The gases liberated
during the nitration of pentachlorobenzene were collected as
follows.

Fraction 1: off-gases passed into a 50-ml portion of benzene
for a 30-min period.

Fraction 2: off-gases passed into a fresh 50-ml portion of
chloroform for a 30-min period.

Fraction 3: off-gases passed into a 109, agueous solution of
silver nitrate for a 2-min period. A heavy precipitate, identified
as silver chloride, formed.

Fraction 4: off-gases passed into a fresh 50-ml portion of
chloroform for a 20-min period.

Ir, Nmz, and Ge Analysis (Fractions 1, 2, and 4).—Ir spectra
of fractions 1, 2, and 4 exhibited an intense band at 5.74 x and
a broad, intense band at 3.3 u indicative of C==0 stretching and
OH stretching, respectively, in a carboxylic acid dimer. No
absorption was observed in the aromatic region of the spectra of
fractions 2 and 4.

The nmr spectrum of fraction 1 exhibited a singlet at § 10.33,
representing the carboxylic acid proton. Spectra of fractions 2
and 4 exhibited no acid proton signal, likely due to the use of
chloroform as a solvent. Spectra of fractions 2 and 4 also ex-
hibited no aromatic proton signal.

Samples taken from the off-gas stream in front of the solution
phase collector were chromatographed on Arochlor 1232, The
presence of chlorine in these samples was established by retention
time and by increase in chlorine peak area, without evidence of
resolution, on addition of chlorine to the off-gas mixture.

Treatment of Pentachlorobenzene with Fuming Sulfuric Acid.
—A 5.0-g sample of pentachlorobenzene was added to 18.0 ml
of fuming sulfuric acid and the mixture was heated at 150-160°
for periods of 1-8 hr. The mixture was cooled to room tempera-
ture and poured over crushed ice. The product was collected by
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suction filtration, thoroughly washed with cold water, and dried.
Solid material (5.0 g) was collected. The product was subjected
to gas chromatographic analysis and was found to be pure penta-
chlorobenzene. No trace quantities of other materials were
detected.

Treatment of Pentachlorobenzene with Fuming Nitric Acid.—
The procedure was identical with that employed in using fuming
sulfuric acid. The product was subjected to gas chromato-
graphic analysis and hexachlorobenzene, pentachloronitro-
benzene, and pentachlorobenzene were found to be present.
The procedure was repeated and anhydrous chlorine was passed
through the mixture. It was observed that the amount of hexa-
chlorobenzene forming in a given time increased.

Treatment of Pentachlorobenzene with Hydrogen Chloride
and Chlorine.—A 5.0-g sample of pentachlorobenzene was
melted and anhydrous hydrogen chloride and chlorine were
passed through the melt for 1.5 hr. The mixture was cooled to
room temperature, thoroughly washed with water, and collected.
The product was subjected to gas chromatographic analysis and
was found to be unchanged pentachlorobenzene. No detectable
quantities of other materials were detected. The process was
repeated using 20.0 m! of concentrated hydrochloric acid rather
than anhydrous hydrogen chloride. The result was the same as
above.

Registry No.—PCB, 608-93-5;
HCB, 118-74-1.

PCNB, 82-68-8;
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a-Isocyanato acid chlorides have been prepared
from amino acids, phosgene, and hydrogen chloride.!
While studying a series of reactions of these materials
with various amines, the need arose for 2-isocyanato-
(4-methylthio)butyryl chloride. Utilizing the method
of Iwakura, Uno, and Kang,! methionine was converted
to the expected a-isocyanato acid chloride. This was
evidenced by the infrared spectrum of the erude prod-
uet which exhibited peaks at 4.5 (NCO) and 5.65 u
(COCl). However, upon attempted purification by
vacuum distillation a vigorous evolution of hydrogen
chloride was found to occur. After the evolution of
the gas had ceased, the distillation proceeded without
further incident.

The infrared spectrum of the reaction product finally
obtained after distillation exhibited an intense peak
at 4.5 u characteristic of the isocyanate grouping but
lacked the characteristic acid chloride absorbance at 5.65
u. There was, however, an additional intense absorption
at 6.05 u attributable to a thiol ester grouping. The
nuclear magnetic resonance spectrum of this unknown
material consisted of a doublet at 1.91 (3 H), a singlet
at 2.42 (3 H), and a quartet at 6.53 ppm (1 H) down-
field from an internal tetramethylsilane standard in
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