
Journal of Chromzogmphy, 239 (19S2) 97-106 
Eketier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CHROM. 14.501 

GRAM QUANTITY SYNTHESIS AND CHROMATOGRAPHIC ASSESS- 
MENT OF 3,3’,4,4’-TETRACHLOROBIPHENYL 

K. NAKATSV, J. F. BRIEN, I-f. TAUB, W. J. RACZ and G. S. MARKS 

Department of PhannaroI~gy. Queen’s University, Kingston, Ontario K7L 3N6 (Canaah; 

SUMMARY 

3,3’,4,4’-Tetrachiorobiphenyl (TCBP) was synthesized by diazotization of 3,3’- 
dichlorobenzidine followed by chlorination with cuprous chloride and hydrochloric 
acid. Purifkation of crude TCBP was conducted by alumina column chromatography 
and two recrystallizations from ethanol. The composition of the product during 
purification was assessed by gas-liquid chromatography with electron-capture detec- 
tion and high-performance liquid chromatography with UV absorption detection_ 
TCBP with greater than 99% purity (dioxin- and furan-free) was obtained with a 
yield of 4044%. The identity of the major synthetic product was confirmed by gas 

chromatography-mass spectrometry (electron ionization) and nuclear magnetic re- 
sonance spectroscopy. The major impurity, a trichlorobiphenyl, constituted 0.37 “/, 
of the final product_ It is concluded that this synthetic product can be used to produce 
reliable results in toxicological studies- 

INTRODUCTION 

Industrial polychlorinated biphenyls (PCBs), which have been identified as 
important environmental hazards, are mixtures of several chlorinated biphenyi com- 
pounds that contain variable amounts of chlorinated dioxin and furan contaminants_ 
In order to determine the mechanism of to.xicity of each individual compound, it is 
necesszy to prepare pure individual compounds for study. The syntheses of in- 
dividual PCBs have been described’-5. However, it is recognized that many of the 
synthetic routes to PCBs result in the contamination of the final product with small 
amounts of material (e.g. chlorinated dioxins and furans), which may have a toxic 
potential several orders of magnitude greater than the PCB under study-_ Thus, to 
assess the toxicity of individual PCB isomers, it is imperative to determine the purity 
of the compounds studied and to e!ucidate the chemical nature -of impurities con- 
tained in the PCB sample. A review of the synthetic procedures employed for PCB 
synthesis gives insticient information to allow careful assessm ent of the purity of the 
PCB synthesized and employed in toxicobgical studies. In this study, we have utilized 
a variety of current techniques to define the purity of the PCB during the course of its 
synthesis and purikation on a pSparative scale. This report is also intended to assist 
other investigatorSin the preparation of individual PCB isomers with respect to the 
purity, amount &nd economy required for large-scale in vir~ toxicity studies. 
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MATERIALS AND METHODS 

ReQgetlrs Qtld sohems 
For use as a reference standard 3.3’.4,4’-tetrachiorobiphenyl (TCBP) was 05 

mined with a purity of 99 y,& and chlorinated dibenzo-pdioxin (CDD) and dibezo-- 
furan free from RFR (Hope? RI. U.S.A.). For the present synthesis, the starting 
matcriaI. 3.3’-dichlorobenzidine dihydrochloride, was purchased from Sigma (St. 
Louis. MO_ USA.). Cuprous chloride, analytical reagent, 97 y0 pure, was obtained 
from BDH (Toronto. Canada)_ The following chemicals were purchased from Fisher 
(Whitby. Canada) as ACS grade: sodium nitrite crystals. 98.2%; A-950 alumina, 
neutral. Brockman activity I ) 80-200 mesh; anhydrous sodium carbonate; methylene 
chloride; carbon tetrachloride; hydrochloric acid; sulfuric acid; and glacial acetic 
acid. Hesane, ethyl acetate and acetone were obtained from Caledon (Georgetown_ 
Canada) as HPLC grade_ The water utilized in these studies was passed through a 
Barnstead Nanopure@ apparatus (Canlab. Toronto, Canada)_ Melting points were 
determined on a Thomas Hoover Capillary mehing point apparatus (A-H. Thomas. 
PhiIadelphia. PA, U.S.A.) and are uncorrected. 

Sx+hesis of 33’,J_q’-tetrachlorobip/te~l~i 

3,3’,4,4’-TCBP was prepared by the method of Cain” as modified by Van 
Roosmalen’. 3,3’-DichIorobenzidine was converted into the corresponding dia- 
zonium salt. and two chlorine atoms were introduced by treatment with cuprous 
chIoride and concentra .ed HCI. 3 2’ + -DichIorobenzidine dihydrochloride (0.01 mole; 
3.26 g) was suspended in concentrated HCI (O-06 mole; 3 ml) to which was added 5 ml 
of water_ and the reaction flask was kept on ice_ An aqueous solution of sodium 
nitrite (0.028 mo!e; 8.3 ml) was added dropwise to the mixture, which was stirred 
vigorousIy under nitrogen_ To verify the presence of excess nitrous acid at the com- 
pIetion of the reaction. the reaction mixture was tested with potassium iodide-starch 
paper. Cuprous chloride (O-024 mole; 2.38 g) was dissolved in concentrated HCI (12 
ml). and 10 mi of this solution were added dropwise to the stirred reaction mixture 
over a period of M. 40 min. A frothy slurry resulted due to the liberation of free 
nitrogen gas. After 1 h at room temperature. a yellowish crude complex was obtained 
by filtration and dried overnight in a vacuum dessicator (yield of crude product was 
4-3 g)_ For Iarge batches. the amount of the starting material and reagents was 
increased IO-fold. 

A Iwntk cohunn chromatograp/t~ purification 

The pur&cation of 3,3’_4,4’-TCBP was based on the procedures of Goldstein et 
aL5. Parkinson et ol.” and Kamops et ai.“. Individual l-g portions of the yellowish, 
crude TCBP dissolved in 100 ml of acetone were added to 6 g of aiumina which had 
been activated overnight at 13O’C, and the contents were stirred for several hours_ 
The solvent was then removed by evaporation using a stream of nitrogen. The 
alumina containing the TCBP was then loaded onto a glass cohmm (67 cm x 1_ I cm 
I-D_) which was dry-packed with 60 g of alumina. The column had a medium-po- 
rosity glass ftit and a tefIon stopcock_ The TCBP was eluted with hexane, and lOOmI 
fractions were collected. The pro_- of the elution of the TCBP was monitored by 
_a-Iiquid chromatography with eIectron&pture detection (GLC-ECD). The frac- 
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tions were subsequently pooted and after removal of solvent on a rotary evaporator 
under reduced pressure, a white crystalline material remained- 

The white crystalline product was recrystallized twice from ethanol; cu. 400 ml 
of ethanol were required for 1 g of the TCBP. 

Gas cI~romatograpl~~-i-illass specrrometry (CC-MS) 

The identification of the synthetic product and the characterization of the 
minor contaminants were conducted using a Hewlett-Packard Model 5985B gas chro- 
matograph-mass spectrometer. The apparatus was interfaced with a HP Model 
2648A graphics termina! and data station. The GC conditions were: coiied glass 
column (1.8 m x 2 mm I.D.), containing 3 % OV-101 on 80-100 mesh Chromosorb 
W HP (Chromatographic Specialties, Brockville, Canada); helium flow-rate. 30 
ml/min; injection port temperature, 250°C; column temperature, 220°C The mass 
spectrometer was operated in the electron ionization mode (70 eV); ion source tem- 
perature, 250°C; mass range, 40-500 a.m.u. 

High-resolution MS was done on a CEC Model 21-l 10B mass spectrometer. 

Nuclear magnetic resonance spectroscopy (NMR) 
The samples were prepared by dissolving 40 mg of TCBP in 1 ml of C’HCl,. 

Proton spectra were recorded at 60 and 200 MHz on a Brucker Model instrument. AI1 
chemical shifts are reported as S values with respect to the internal standard, tetra- 
methylsilane. 

Gas-liquid c/u-onratograph_: 
Electron-capture detection_ The chemical purity of the TCBP was assessed by 

GLC-ECD using a Hewlett-Packard lMode1 5730A gas chromatograph equipped 
with a 63Ni electron capture detector, a 1 mV potentiometric recorder and Hewlett- 
Packard Model 3390A electronic integrator. A coiled glass column (1.8 m x 2 mm 
I.D.) was washed in sequence with distilled water, methanol, acetone, methylene 
chloride and hexane, dried with a stream of nitrogen and silanized with 10% Sur- 
fasil@ (Chromatographic Specialties) in toluene for 1 h. The column was heated at 
100°C for 30 min, cooled, rinsed with methanol and dried with a stream of nitrogen. 
The silanized column was packed with 3 7; OV-1 on 8%100 mesh Chromosorb 750 
(Chromatographic Specialties), and conditioned for at least 15 h at 250°C using 
argon-methane (95:s) carrier gas at a flow-rate of 5 ml/min_ The operating conditions 
were: injection port temperature, 250°C; column temperature, 220°C; detector tem- 

perature, 300°C; carrier gas flow-rate, 22 ml/min. 
To prepare a standard curve, known amounts of pure 3,3’,4,4’-TCBP were 

prepared in hexane (10 pg-1000 ng in I-5 ~1) and analyzed by GLC-ECD. The 
absolute peak area of the chromatcgraphic signal was measured by electronic inte- 
gration and plotted against TCBP content_ 

Nitrogerr-phosphorus detection. in order to check for the presence of nitrogen- 

containing contaminants in the TCBP synthetic product, the above analysis was 
repeated using a Hewlett-Packard Model 57lOA gas chromatograph equipped with a 
nitrogen-phosphorus detector (NPD). All chromatographic conditions were as de- 
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Fig I. GLC-ECD standard curve for 3.3’_4.4’-TCBP. Note lizxarit~ over three orders of magnitude 

scribed above, except that the carrier gas flow-rate was 30 ml/min; hydrogen and air 
flow-rates were 3 and 50 mljmin, respectively. 

High-performance liquid chromatograph_v-ultraviolet absorption detection (HPLC- 
UY; 

The chemical purity of the synthesized TCBP was assessed by HPLC-UV. The 
liquid chromatographic system consisted of the following components: solvent me- 
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Fi_s. 2. Hexane elution profik of IO g of TCBP on an alumina coIumn. A IU-g portion of crude producf *as 
a&orbed onto 60 g of aiumiua and subsequently applied to a large &.s column (IO0 em x -24 em I.D.) 
dry-paeked with I50 g of alumina. Hexane eludon fractions (100 ml) were coL+ted aad a 1-d samtie of 
each fraction was analyzed by GLC-ECD. The peak areas of the chromatograms -were determined by 
elccrronic intcqstion_ 
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tering pump (Model 110A Beckman, Fullerton, CA, U.S.A.); injection valve with a 
20-d injection loop (Valco, Houston, TX, U.S.A.); UV detector with a S-p1 micro- 
flow ceil and 25%nrn 61ter (Model 153, Altex, Berkeley, CA, U.S.A.); strip chart 
recorder (Fisher)_ The stainless-steel column (20 cm x 4 mm I.D.) was packed with 5 
m silica geI (Partisil 5; Whatman, Clifton, NJ, U.S.A.). The eluting solvent was 
de_- hexane, and the flow-rate was LO ml/min. Peak height measurements were 
used for quantitation. 

1 B 
C 

E 

Fig_ 3. GLCLECD chroaatograms of 3,3’,4,4’-TCBk in the course of pkfication. A, Crude product; B, 
po&alumina; C, one ethanol crystailimtion; D, two ethanol ixyi~tion; E, RFR 3,3’,4,4’-TCBP (S9 % 
CDD-free). 



K. NAKATSU et al_ 

C 

Fig 1. HPLC-UV chromatogra- of 3_3’.4,4’-TCBP in the course of pdcation. A-E as in Fig. 3. 

RESULT AND DISCUSSION 

Data regarding the yield of product at each step were obtained by GLC-ECD 
with reference to the 3,3’,4,4’-TCBP standard curve (Fig. 1). The calibration curve 
was linear over the range from 500 pg to 500 ng of 3,3’,4,4’-TCBP, and the amounts 
injected for yield analysis were between I and 100 ng. 

The crude syn*&etic product was yelIowish brown and had a melting point of 
152-155°C. The first step in the purification was alumina column chromatography, 
which was based on available procedures5*‘1*12. The recovery of compound from the 
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TABLE I 

PURITY OF 3,3’.4.4’-TETRACHLOROBIPHENYL BY GLC-ECD FOLLOWING ALUMINA 
COLUMN CHROMATOGRAPHY AND REPEATED ETHANOL RECRYSTALLIZATION 
Peak areas are expressed as percentage of total area of the chromatogram as determined hy electronic 
integration 

Retention time Peak area (7;; 

(mitt) 

Crude POS! First ethanol Second ethanol Commercial 
producr COlllffUl recrystalik-ation recr_vstallizatian reference 

c-4; (Bi !C; (0; standard 

(E; 

I.24 0.00s 0.003 0.002 0.002 0.027 
2.15 1.086 0.972 0.526 0.368 0.053 
2.97 0.109 0.058 0.079 * 0.155 
3.85 98.553 98.536 99.296 99.550 99.632 
6.25 0.202 * * * l 

10.50 0.043 0.102 0.097 0.080 0.132 

* Signal present but non-measurable by electronic intqgation. 

column after application of I-10 g amounts ranged from 78 to 87 %_ Elution through 
the column removed all the coloured impurity and upon removal of the eluent, a 
white residue, m-p. 173-176°C was obtained_ A typical profile for a 10-g load of 
crude material on a alumina column with elution by hexane is shown in Fig. 2. 
Preliminary studies revealed that florisil or silica gel column chromatography did not 
provide satisfactory purification. However, the use of alumina or alumina/Florisil 
column chromatography resulted in improved purification. Since the adsorptivity of 
florisil was reported to differ from lot to lot11*13, alumina alone was added as the 
matrix. Comparison by GLC-ECD of the product before and after alumina chroma- 
tography (Figs. 3A and B, Table I) and by HPLC-UV (Figs. 48 and B) illustrates the . 
reduction in the amount of contamination. 

The second step in the purification procedure was recrystallization from etha- 
nol, which produced a white crystalline solid. The overall yield of purified material 
ranged from 40 to 44% (4Xl-44 mmoie). Considerable purification was achieved by 
this means, and the melting points were 171%177°C after one recrystallization and 
177-177.5% after two recrystallkations. However, the melting point for 3,3’,4,4’- 
TCBP has been reported to be 177-i78’C’, 172°C3-‘o and 173°C’. In a separate 
experiment, recrystallization from glacial acetic acid produced a brown-coloured 
crystalline solid, m-p. 171-173”C_ Thus the discrepanLy amongst the reported melting 
points may be related to the mode of recrystallization and/or the presence of a 
chromophore. Analysis by GLC-ECD (Figs. 2C and D, Table I) and HPLC-UV 
(Figs. 4C and ID) of -the ethanol-recrystallized product illustrates the successive 
puritieatiin with each recrystallization. The &al product had a purity of greater than 
99-5 % by GLC-ECD, which compares favotirably with the CommerciaIly available 
3,3’,4,4’-TCBP reference standard (Fig. 3E, Table I). Analysis by HPLC-UV gave 
comparable values, The identity of the final product is supported by retention times 
(fR) from GLC-ECD (Fig. 3) and HPLC-UV (Fig. 4), mass spectra and NMR 

spectra- 
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fig_ 5. &lass spsttra ofcoranxrcizl99 P; pure and CDD-free, 3_3’.4_4’-TCBP. reference standard (A) and 
*he putifkd TCBP (B). 

The mass spectrum of the synthetic product (GLC 1, 3.85 min) was indis- 
tinguishabIe from that for the commercial reference product (Figs. 5A and B). Elec- 
tron ionization produced an abundant molecular ion at nziz 290 (relative intensity of 
75 “/I compared with the base ion, 292 nr/z) with characteristic chlorine isotope peaks 
The fragmentation pattern (Fig. 5) is consistent with TCBP and is identical with the 
pattern reported by the Environmental Protection Agency (Washington, DC, U.S.A.) 
for 3 3’ 4 4’-TCBP’a. The moiecular nature of the three minor impurities, corre- 
sponding’to GLC-ECD signals at t s 2_15- 2.97 and IO-5 min. was tentativeIy identi- 
fied (Fig. 6). The mass spectrum of the major contaminant (r, 2-15) had a molecu- 
Iar ion at mn/z 256 (Fig_ 6a) with the characteristic trichloro-isotopic fra_aentation 
pattern and is consistent with 3.4,4’-tichlorobiphenyl. The GLC-ECD signal at t, 

297 min was tentativeiy identified as being due to a tetrachlorobiphenyl (possibly 
ZJ’AA’-tetrachiorobiphenyl) (Fig. 6b). The unidentified material at r, 10.5 min is nor 
chiorinatcd (Fig. SC). A further search for dioxins and furans by GC-MS indicated no 
detectable amounts of either potential contaminant. IMoreover, GLC-NPD analysis 
failed to detect the presence of nitrogencontaining components. Cur 3,3’,4,4’-TCBP 
product had more contamination liith the trichlorobiphenyl (0.37%) but consider- 
abIy Iess contamination with the tetrachIorobiphenyI(O.05 %) when compared with 
the commerciahy availabfe reference standard (0.05 and 0.155 %. respectively). High- 
resolution MS indicated that the mass of the moIecu!ar ion was 289.9204, which 
compares weII with the theoretical mass of 289.9224 for C,,H,CI, (TCBP). 

MlMR data of the puritkd 3,3’4,4’-TCBP were in good agreement with those 
reported by Hutzinger er a1.13. There was a multiple& 6 7.06-7.60. at 60 MHz and a 
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Fic~_ 6. lUass spectra of minor contaminants of the 3.3’.4,4’-TCBP synthetic product. The spectra were 
obtained for contaminants with GLC t, 2.15 min (a). 2.97 min (b) and 10.5 min (c). 

multiplet, 66.90-7.56, at 200 MHZ, relative to the internal standard, tetramethyl- 
silane, when dissolved in C’HC13. 

Thus, we have shown that 3,3’,4,4’-TCBP can be synthesized in larse amounts 
and purified by one alumina chromatographic step followed by two recrystallizations 
from ethanol. The product, which is greater than 99.5 % pure, is dioxin- and furan- 
free and contains a trichlorobiphenyl contzgminant-S_<he major impurity (0.37%). 
We believe that this pro-can+-tG&& produce reliable results in toxicological 
studies. 



106 K. NAKATSU et ei_ 

ACKNOWLEDGEMENTS 

This work was supported by the Natural Sciences and Engineering Research 
Council of Canada. High-resolution MS was done by Mr. Fred. Montgomery in the 
laboratory of Dr_ Evazl Homing_ institute for Lipid Research, Baylor College of 
Medicine, Houston, TX. USA_ The assistance of Dr_ R_ A. Whitney, Department 

of Chemistry, Queen’s University, in the interpretation of the NMR spectra is ac- 
knowledged- We also acknowledge the technical assistance of Mr. D. Zelt who was 
supported by Queen’s University_ The Hewlett-Packard mass spectrometer is main- 
tained by a grant from the Medical Research Council of Canada. We thank Mrs. D. 
Brcwne who typed this manuscript and 1Mr. R. Roscher and Ms. B. Gillespie who did 
the _aphics. 

REFERENCES 

1 0. Hutzinger, S. Safe and V. Zitko. Bull. firiron. COIII~~Z. T~_ric~l., 6 (19 I 1) -59. 
2 G. Sundstrom. Acra Chem. Std. 27 (1973) 600. 
3 F. L. 1%‘. Vm RoosmaIen. Rec. Tray. Chinz., 53 (19X) 359. 
5 J_ I. G. Cadogan, .I_ Chpnz. Sot., (1962) 3257. 
5 3. A_ CwIdstein, P. I-lickmaa. H. Ekr_grnan, J. D. McKinney and M. P_ Walker, Chem.-BbZ_ ZmeracZ., 17 

(1977) 69. 
6 J. A. Goldstein. J. !I_ Hass. P_ Linko and D. J. Ha-an, Drug _\lerab. Disps.. 6 (1978) X8_ 
7 -4. Po!and and E_ C lover. Moi Phormacol.. 13 (1971) 9%. 
S _& Pofmd. W_ F_ Greenlee and A_ S_ Kendt _-!n11_ X-Y_ Acarl. Sri_, 320 (1979) 211. 
9 J. D. McKinney. K. Chae. B. X. Gupta, J. -4. hfoore and 1. A. Goldstein, Tosicoi. AppL Pharmacol.. 36 

(1976) 65. 
10 J. C. Cain. 1. Che.m SUCK.. S5 ( 19M) 7. 
I I A. Parkinson. R. C xkerline ar;d S. Safe. Chem-BioL Znreracr.. 19 (1980) 777. 

I? L R Kamops_ W_ 3. Trotter. S. J. Young. A. C_ Smith J. A_ G. Roach and S. W. Page Bull. fit&m. 
Conram_ ToxicoL. 11’ ( 1979) 5 I_ 

13 0. Hutzin_gc~_ S_ Safe and V. Zitko. in The CJzemistr_r of PC& CRC Press, Cleveland. 19X, p_ 197. 
1-l S. R He&r and G_ W_ A_ ?Milne. in EPA/XD’H Mass Spectal Data Base, Vol. 3, U.S. Go\ermnent 

Printing Oflice_ Washington. DC_ 1975. p_ 2113. 


