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SUMMARY v

The identities of the chlorinated naphthalenes in the commercial mixtures of
Halowaxes 1031, 1000, 1001 and 1099 have been established. These preparations
contain 22, 26, 50 and 529%, of chlorine, respectively. Both monochloronaphthalenes
were found to be present. All of the disubstituted isomers, with the exception of
2,6-dichloronaphthalene, together with several of the possible tri- and tetrachloro-
naphthalenes, were detected in the mixtures. At least three components did not seem
to be chlorinated naphthalenes. Other commercial preparations of chlorinated
naphthalenes appear to be of similar composition, i.e., isomers that have been
identified in Nibren D88 are also present in Halowax 1001.

INTRODUCTION

Polychlorinated naphthalenes (PCNSs) are industrial compounds manufactured
in different countries under various trade-names such as Halowax (Koppers Com-
pany, Inc., Pittsburgh, Pa., U.S.A.), Seekay Wax (Imperial Chemical Industries,
Manchester, Great Britain) and Nibren Wax (Bayer, Leverkusen, G.F.R.). These
products vary in chlorine content from 22 to 709 and have properties and uses similar
to those of polychlorinated biphenyls (PCBs)'*2., From reported production figures,
it can be estimated that the PCNs are manufactured in at least 109, of the amount
of the PCBs!'3, As PCBs and PCNs have similar chemical and physical properties,
it has been suggested that chiorinated naphthalenes might interfere in organochlorine
insecticide analysis in a manner analogous to the chlorobiphenyls®.

PCNs have been implicated in causing various diseases, such as chloracne, liver
damage, X-disease in cattle and chick edema®. In order to understand the metabolism,
toxicity and environmental degradation of PCNs better, it would be advantageous
to establish the identity of the individual components in the thlorinated naphthalene
mixture.

The purpose of this paper is to report the individual components of Halowaxes
1031, 1000, 1001 and 1099, These mixtures contain 22, 26, 50 and 529, of chlorine,
respectively, and represent the lower chlorine content end of the Halowax series.

EXPERIMENTAL

Materials : :
1,8-Dichloronaphthalene was synthesized from 1,8-naphthalenediamine (Al-
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drich, Milwaukee, Wisc., U.S.A.). The diamine (S g) was added to 35 ml of concentrated
sulfuric acid in 74 ml of water and tetrazodized with 4.8 g of sodium nitrite in 43 ml
of water, keeping the temperature below 5°. The resultant solution was stirred for 1 h

and added to 5 g of cuprous chloride in 25 m! of concentrated hydrochloric acid,

stirred for 2.5 h and filtered. The solid product was washed with water, dried and
recrystallized from aqueous ethanol. Further clean-up was afforded by passing the
compound through a silica gel column by eluting with hexane (m.p. 87-88°, Fischer-
Johns apparatus; literature®, 88.5~90°.)

2,3-Dichloronaphthalene was prepared by adding 0.15 g of 2,3-dinitronaph-
thalene (obtained from Dr. Julius Hyman) to 1.5 g of phosphorus pentachloride and

TABLE I

RETENTION TIMES AND IDENTIFICATION OF COMPONENTS OF HALOWAXES
AS ESTABLISHED FROM CARBOWAX 20M

Retention times in mm (5.08 mm = 1.0 min); + =component found in Halowaxes: " =com-
ponent found in Nibren D88 1¢; u = components that appear not to be chlorinated naphthalenes.
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*Peak that contains only 2-chloronaphthalene, as established from Bentone 34-OV-101.
** Peak that contains only 1,4-dichloronaphthalene, as established from Bentone 34-OV-101.
*** Peak that contains only 2,7-dichloronaphthalene, as established from Bentone 34-0OV-101.
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heating at 160-165° for 4.5 h. After cooling to room temperature, water was added.
The dichloronaphthalene was extracted with benzene, evaporated to dryness, run
through a silica gel column with hexane and recrystallized from ethanol (m.p.
118-119°; literature?, 119.5-120.5°.)

1,2-Dichloronaphthalene was prepared by adding 1 g of 1-chloro-2-naphthyl-
amine hydrochioride (Aldrich) to 5 ml of concentrated hydrochloric acid and dia-
zotizing with 0.5 g of sodium nitrite in 20 ml of water at 5°. The resultant diazonium
compound was treated with cuprous chloride-hydrochloric acid as above and the
product was purified by passing it through a silica gel column with hexane (m.p.
34-35°; literature®, 34-35°.)

The monochloronaphthalenes were purchased from J. T. Baker (Phillipsburgh,
N.J., U.S.A). The other possible di- and trichloronaphthalenes, as well as several of
the tetrasubstituted isomers, were obtained from Dr. Dusan HadZi and L.udvik Cencelj
(University Institute of Boris Kidric, Yugoslavia), Dr. Julius Hyman (Berkeley, Calif.)

TABLE 11

RETENTION TIMES AND IDENTIFICATION OF COMPONENTS OF HALOWAXES
AS ESTABLISHED FROM BENTONE 34-0OV-101

Retention times in mm (5.08 mm = 1.0 min); + =components found in Halowaxes; = com-
ponents found in Nibren D88 19; u = compenents (iiat appecar not to be chlorinated naphthalenes.

Retention time Chloronaphthalene Halowax
Com) 1031 looo 1001 1099
58.0 2- + + + +
66.5 1- + +
88.0 u + +
99.0 1,5~ + + +
110.0 13- -+ +
112.0 1,6- + +
118.0 u + + +
131.0 2,7- + +
163.5 2,3-; 1,4,6-» + + + +
175.0 1,2~ +
181.0 1,7- + +
186.5 1,3,5- + + + +
215.0 1,2,4- + + + +
226.0 1,3,5,7-» + + + +
240.0 1,2,6- + + + +
276.0 1,4,5-» + + + +
299.0 1,2,4,6- + + + +
316.0 1,8- + + + +
390.0 1,3,5,8- + + + +
407.0 + + +
482.0 + + + +
555.0 1,4,5,8-n + + + +
572.0 +
606.0 + + -+
642.0 1,2,3,4- + + + +
657.0 + + + +
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and I.C.L, to whom we are deeply indebted. Halowaxes 1031 (lot B-50), 1000 (B-91),
1001 (B-269) and 1099 (B-92) were generous gifts of Koppers.

Procedure and apparatus
Owing to the small amounts of material available for some of the isomers, the
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Fig. 1. Electron capture chromatograms of Halowaxes on Carbowax 20M packed colummn.
Amounts: 3 ug of Halowax 1031, 3 ug of Halowax 1000, 30 ng of Halowax 1001 and 30 ng of
Hg!owax 1099, with attenuation setting maintained at 16-10—10,
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identities of the components were established by electron capture gas-liquid
chromatography (GLC). A Varian 1200 gas-liquid chromatograph equipped with a
tritium detector was used. The operating temperatures were as follows: injector, 190°;
oven, 180°; detector, 190°. Nitrogen was used as the carrier gas (30 ml/min). All runs
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Fig. 2. Electron capture chromatograms of Halowaxes on Bentone 34-0OV-101 packed column.
Amounts: 3 ug of Halowax 1031, 0.3 ug of Halowax 1000, 30 ng of Halowax 1001 and 30 ng of
Halowax 1099, with attenuation setting maintained at 16- 10—19,
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were made isothermally with on-column injections into an all-glass system. Separations
were made on two different columns: a 109, Carbowax 20M on 60-80 mesh
Chromosorb W, 10 ft.x 1/8 in. column of silanized "Pyrex glass; and a mixed 5%,
Bentone 34-10% OV-101 on 100-120 mesh Supelcoport, 10 ft. < 1/8 in. column of
silanized Pyrex glass.

Individual isomers were injected into both columns to establish retention times.
To confirm the presence of a particular component, a simultaneous injection was
made with the individual isomer and the Halowax mixture.

RESULTS AND DISCUSSION

Fig. | shows the chromatograms of the Halowaxes run on the Carbowax 20M
column, and Fig. 2 shows the chromatograms on the Bentone 34-OV-101 column.
The use of two different columns was necessary to confirm the results because there
were some peaks that contained more than one compound on each column. Com-
ponents that eluted as a single peak on one column were separated on the other
column. The only exception was 1.4,6-trichloronaphthalene, which has a retention
time identical with that of 1,2,4-trichloronaphthalene on Carbowax 20M and to
2,3-dichloronaphthalene on the Bentone 34-0QV-101 column. In comparing the results,
it can be seen that while 2-chloronaphthalene was found in all four mixtures, 1-
chloronaphthalene was present only in Halowaxes 1031 and 1000. 1,2-Dichloro-
naphthalene was detected only in Halowax 1000, while the 1,5-isomer was not found
in Halowax 1099. The only disubstituted isomer not found was 2,6-dichloronaph-
thalene.

There are two unidentified peaks at retention times of 42.5 and 54.0 on the
Carbowax 20M column. These peaks are found only in Halowaxes 1031 and 1000,
On the Bentone 34-OV-101 column, there are also two unidentified peaks at retention
times of 88 and 118. The first unknown peak is present only in Halowaxes 1031 and
1000, while the latter is found in all four mixtures. Owing to their relatively short
retention times and their failure to correspond with any possible di- or trichloro-
naphthalene, it is highly probable that these compounds are not chlorinated naph-
thalenes. At present, the identities of these compounds are unknown.

The remainder of the unidentified peaks are assumed to be chlorinated naph-
thalenes containing four or more chlorine atoms. None of these unknown peaks has
a retention time identical with those of any of the possible trisubstituted isomers or
with those of the tetrachloronaphthalenes that we have in our possession.

The electron capture chromatograms are misleading as to the amount of each
isomer present. With PCBs it has been shown that there is a 500-fold increase in
detector response between 4-chloro- and decachlorobiphenyl, most of this increase
occurring in the mono- to trichloro-range®. We have observed a similar trend with
the chlorinated naphthalenes but as yet we do not know the magnitude of this effect.
For instance, Halowax 1031 contains a minimum of 96% of monochloronaphthalene,
which is predominantly the l-isomer®. Yet the chromatogram of this mixture (Figs.
1 and 2) shows a clear indication of tetrachloronaphthalenes being present even though
this may be at very low concentrations.

One would expect to find the same components in similar commercial prepara-
tions of chlorinated naphthalenes supplied by other manufacturers, and this seems
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to be so. Cencelj and HadZi'®, using column chromatography and infrared spectro-
photometry, identified 1,4,5- and 1,4,6-trichloro- and 1,3,5,7- and 1,4,5,8-tetrachloro-
naphthalenes as components of Nibren D88. These isomers are also found in Halowax
1001 and both of these mixtures contain 49-50%, of chlorine!*®.
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