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Fundamental studies on the biological and chemical
properties of polychlorinated biphenyls (PCB's) and
their analytical behavior are hampered by the fact that
commercial samples, such as the Aroclors, are complex
mixtures of isomeric biphenyls substituted by different
numbers of chlorine atoms., [For a theoretical
consideration of number of isomers and the probability
of their formation see (1).] Scissons and Telling, for
example, have shown that Aroclor 1254 can be resolved
into more than fifty components by high resolution gas
chromatography employing SCOT columns (2). Since it is
extremely difficult to correlate and evaluate data from
such a complex mixture, we have initiated a program for
the synthesis of individual chlorobiphenyls to facilitate
studies on the biological and chemical properties of
these compounds.

In this communication the synthesis of twenty-
three chlorobiphenyls is described using a number of
different synthetic routes. Three of the compounds,
2,6-dichlorobiphenyl, 2,3,4,5,6-pentachlorobiphenyl and
2,3,4,6,2',3',4',6"'-octachlorobiphenyl have not
previously been reported in the literature. All the
above isomers were unambiguously prepared from
intermediates of known structure., The most suitable
method, from the point of view of availability of
starting material and ease of experimental procedure,
is indicated for each preparation. Although some of
the chlorobiphenyls synthesized are unlikely to be
present in commercial PCB mixtures these were prepared
for a systematic glc and mass spectrometric study of
this class of compounds.

Experimental

All chlorobiphenyls prepared were homogeneous on
thin layer chromatograms (silica gel in heptane); and
gave one peak when chromatographed on a 4% SE-30 column

lissued as NRCC No. 11720.
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[(3); impurity peaks <1%]. Mass spectra, obtained for
all compounds, confirmed the molecular composition (4).

Most compounds with a final m.p. below 40° were
first obtained as oils which were sometimes very
difficult to crystallize without seed crystals. These
oils were dissolved at 25° in the solvent indicated in
the Table and allowed to crystallize at temperatures
between -20° and -80°.

Most suitable synthetic procedures, physical
constants and Rf values in heptane for twenty-three
chlorobiphenyls are reported in the Table. Details for
some of the chemical procedures are given below.

Synthetic Procedures

A, Gomberg-Hey Reaction

A, Using sodium acetate (cf. 5) - The
chloroaniline .1 M) was heated iIn concentrated
hydrochloric acid (40 ml), then cooled to -5° and
diazotized with a solution of sodium nitrite (10 g;
0.15 M for each amino group) in water (20 ml) at 0-5°,
The mixture was stirred for 30 minutes at this
temperature and then filtered, at -5°, The filtrate
was added to cold, vigorously stirred benzene (500 ml)
and a solution of sodium acetate 3H,0 (60 g) in water
(150 m1) was then added portionwise with vigorous
stirring. The mixture was removed from the cooling
bath and stirred overnight at 25°. The benzene
layer was washed with water, dried (Na,SO4) and
evaporated to dryness. The chlorobiphenyl was purified
by distillation in vacuo, recrystallization or
chromatography on columns or preparative thin layer
plates (see Table).

Az, Using sodium hydroxide (cf. 6) - The
reaction was carried out as under Ay except the 5N
sodium hydroxide (ca. 50 ml) was added to the cooled
mixture of the diazotized chloroaniline and benzene.

B, Ullmann Reaction (7-9)

Bi, Without solvent - Equal quantities of the
chloroiodobenzene derivative and copper powder
(Fisher, electrolytic dust, activated by subsequent
treatment with a solution of iodine in acetone and
conc, HCl-acetone cf. Organic Syntheses, (Collect.
Vol. 3, p. 339, note 1) were intimately mixed and
heated at 220-280° for 1-4 hours with occasional
stirring. The reaction mixture was cooled to 80°,
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extracted with benzene and the crude material obtained
after evaporation of the solvent was purified by the
methods given in A,.

B;, Using dimethylformamide as solvent - The
procedure given in ref. 10 was followed.

C, Sandmeyer Reaction (11)

The chlorcaniline was diazotized as given under A,
and the filtered solution added, dropwise, to a stirred
solution of cuprous chloride (10 g for each amino
group) in conc. HC1 (80 ml) at -5°. The mixture was
allowed to warm to 25° and stirred for two more hours.
The crude product was extracted with benzene or removed
by filtration, washed with water and purified as given
under A;.

D, Deamination

The amino compound was diazotized as given in A,
and the filtered diazonium salt solution was added,
dropwise, to boiling ethanol (5X the volume of
diazonium salt solution). The solution was boiled for
additional 15 minutes, most of the solvent removed
by evaporation and the crystals of the crude
chlorobiphenyl that precipitated after cooling were
purified by the methods given in the Table.

E, Exhaustive Chlorination (Decachlorobiphenyl)
(cf.12)

A mixture of Aroclor 1268 (2 g) and antimony
pentachloride (4 g) was heated at 150°, under anhydrous
conditions for 4 hours. After cooling, the crystals
were removed by filtration and washed with conc.
hydrochloric acid; an aqueous solution of tartaric acid
and finally with water.

F, Reduction of Nitro Group

Reductions of nitro groups were carried out by
standard procedures, i.e. iron and hydrochloric acid or
zinc and aqueous or ethanolic acetic acid.

G, Preparation of Iodo Compound

The iodo compound was prepared from a diazonium
salt solution (A;) and aqueous potassium iodide (1.5 M).
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