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ABSTRACT 

Synthesis of the coplanar PCB congeners. 3.3',4,4'-tetrachloro-("C)blphenyl and 3,3',4,4',5-
pentachlaro-("C)blphenyl (1-126) and five "C-lat>elled PCB methyl sulphones are descibed. A 
method for the preparation and Isolation of 1-126 In preparative scale is presented. 

Data on tissue localizations ot some PCB methyl sulphones ore given. Also data on the binding of 
a PCB methyl sulphone to a^-globulin in rat kidney and urine and mojor-urinory-proteln in mouse 
are presented. 
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INTRODUCTION 

The global environmental burden of polychlorinated biphenyls (PCBs) is still of major concern due 

to their high levels In species at the top of the food-webs. It is well documented that PCB may 

Induce reproduction failure In mink (1) and is protxjbly also o cause of the decrease In seal and 

otter populotlons In Scondlnavlo (2), Even though enzyme induction properties ond tissue 

locallzotlons (3,4) ore known for many of the PCB congeners present in technical mixtures, at least 

In mice, further studies ore needed to explain mechanisms behind reproduction toxicity, and 

teratogenicity. Such studies also Involve investigations on metabolism of PCB congeners and on the 

behavior of their metabolites - both hydroxylated PCB congeners and PCB methyl sulphones. In the 

present paper Improved synthesis of some unlabelled and radlolabelled PCB congeners and five 

PCB methyl sulphone compoL^ds are reported. 

A large number of ''^-lobelled PCB congeners has been studied by autoradiography over the last 

fifteen years (4). The distribution of co-plonor PCBs and PCBs with one chlorine atom In on ortho-

posltion ore very different. Certain PCBs, ore known to form lipophilic metabolites, PCB methyl 
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suiphorios, that oro roloinoa In lung, kidney and in Llerino fluid of prognont animcls. In lung PCB 

mothyl sulphonos of certain structures oro non-covolenty bui strongly bound to o uieioglobin-IIko 

piotoin (6) In mice and in kidney to a^-globuiin In rat and major-urinary-protein in mice (6). 

Kurthormofo. two of tho synthesized PCB mothyl sulphones have boon reported os TCDD 

antagonists (/). It Is thus of Interest to investigate the fate of PCB methyl sulphones both with 

regard to tissue locollzation and toxicity. 

EXPERIfvlENIAL 

Synthesis 

3,3'.4,4'-Tetrachloro-("C)blphenyl and 3.3'.'1.4'.5-pentachloro-("C)biphenyl wore obtained from 3.4-

dlchlorolodo-("C)bonzone and 3,4,5-trlchlorolodobenzene in an Ullmon reaction (8). The 3,4-

dlchloroiodo-("C)benzeno was prepared via diazotation of 3.4-dichloro-("C)benzene and 

subsequent reaction with Iodide (8). The Ullmon reaction was performed in an ampoule contoining 

copper bronze (IOO mg) and 3.4-dichloroiodo-("C)benzene (790 pCi, 0.065 mmol). The ampoule 

was heated In a vertical steel furnace to 220 "C for 1.5 h. The ampoule was cooled and then 

oponod. A smoll volume ot chlorotoim was used to transfer the mateiiol in the ampoule to a Pyrex 

tube with screw cop. Tho tut>o was centrifuged anc the solvent was transferred via a gloss wool 

filter to a separate flask. The three PCB congeners formed were separated on silica gel TLC plates 

Impregnated with totrabutylammonium hydrogen phosphate (9) and finally tho two labelled PCB 

congeners wore further purified on RP„-TLC plates. 3,3'.4.4'-Tetrachloro-('t)biphenyl (67 pCi, 24.4 

mCl/mmol) and 3.3',4,4',5-pentachloro-("C)blphenyl (202 pCI, 12.2 mCl/mmol) were Isolated. 

3.3'.4.4'.5-Pontachloroblphenyl was prepared in 0.5 g scale from 3.4.5-trichloroaniline and 1,2-

dlchlorobenzene according to SundstrOm (10). The two PCB congeners form In the reaction were 

Isoloted OS a mixture from a silica gel column. The mixture was dissolved in hexane:toluene (95:5. 

300 ml) and separated on a charcoal column (40 g) prepared as described elsewhere (11). The 

solvent and on odditionol 300 ml of the same solvent was let through the column whereafter the 

solvent was changed to hexane:toluene (1:3. 500 ml). 2',3.3'.4,5-Pentachlorobiphenyl (95% ot totol 

yield) wos Isoloted via this procedure, lhe coplanar 3,3',4,4',5-pentachlorobiphenyl was isolated 

after o modified Soxhlet extraction of Ihe charcoal column (11). 

3-(Vl6tt-iylsulphonyl-2.3' ,4.4' -totracWoro-("C)biphenyl ond 4-melhvlsulphonY:-3,3' ,4' ,5-tetrachtoro-

("C)blphenyt were prepared from 3,4<ilchloro-("C)oniline (1.0 mCi. 12.2 mCi/mmol) and 2.6-

dlchloromethylthlobenzene (1 g) by addition of isopentylnitrito. Two isomeric methylthio-

tetrochloroblphenyls were Isolated after separation on RP„-TLC with methanol as mobile phase. The 

pure products were oxidized to the corresponding sulphones. 3-lvleSOj-2.3',4,4'-tetrachlorobiphenyl 

(192 uCI. 12.2 mCl/mmol) and 4-rvieSO,-3,3',4'.5-tetrachlarobiphenyl (35 u d . 12.2 mCi/mmol) were 

Isoloted on silica gel TLC with hexane:ethyl acetate as mobile phase. 

2-lvlethylsulphonyl-3.3'.4,4'-. 3-methylsulphonyl-3'.4,4'.5- ond 4-methylsulphonyl-2.3.3'.4'-tetrachloro-

("C)blphenyl were prepared from 3.4-dichloro-("C)anlline (2.0 mCi, 12.2 mCi/mmol) and 2,3-
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dicnioromothylthlobenzeno and Isolated as described obove. 2-N/lethy!thlo-3,3'.4.4'-

torrochloro("C)blphonyl (51 pCI, 12.2 mCi/mmol). 3-methylthlo-3'.4.4'.5-totiachloro-("C)biphenyl (93 

pCi) and 4-methylthio-2,3,3'.4'-tetrachloro-("C)biphenyl (806 |jCi) were obtained. Aliquots of these 

PCB methyl sulphides wore oxidized to the corresponding sulphonos. 

Aijtofadlograph\y 

Trie distribution of PCB mothyl sulphones. injected i.v. were investigated In mice, female C57BL 

(20 g). The mice were kept ot +22 °C with o 12/12 h light/dork cycle and given free access to 

pelet diet. The mice were killed, embedded In aqueous carboxymethyl cellulose, frozen and 

subjected to outorodiogrophy of different levels of resolution. 

Cr>aracterfzaf(on o( PCS mothyl sulphone binding proteins In kidneys of mice ond rai 

4.4'-Bls(('H)-methylsulphonyl)-2,2',5,5'-tetrachlorobiphenyl (lvleSOj)3-TCB (spec, act.: 15.6 Ci/mmoD 

WCS given I.p. to Spraque-Dowley mole rots (250-300 g) and Swiss ICR mole mice (30-35 g). The 

animals were killed 48 h otter dosing. The purification ot a protein - (lvleSOj),-TCB complex was 

pe^^ormed as described elsewhere (6). 

RESULTS AND DISCUSSION 

Ttie modified Ullmon reaction was successfully adopted for preparation of the coplanar and most 

toxtc PCB congeners known, labelled with carbon-14. Thus, opproxlmotely 20% yield was obtained 

of 3.3'.4,4'.5-tetrachloro-("C)blphenyl In a pure form. It Is possible to separate all the three most 

tox:c PCB congeners.thot are formed in the reaction, on tetrobutyiammonium hydrogen pliosphote 

Imp-egnoted silica gel TLC plates. The separating power of the charcoal column described for the 

pur.fication of lorger amounts of unlabelled 3.3'.4,4',5-pentachloroblphenyl is a prerequisite for 

blaoQlcol/toxIcological evoluotton of this PCB congener. Because ot unfavourable yield of 1-126 in 

ttie Cadogan diarytcoupling reaction between S.'l-dlchlorooniline ond 1,2.3-trichlorobenzene 1-126 

shouki Instead txj prepored from 3,4,5-trlchloroanillne and 1.2-dlchIorobenzene. 

It Is shown that labelled PCB methyl sulphones ore reodity ovoilobole through Cadogan reactions 

wltr~. only small amounts of the appropriate polychloromethylthiobenzene as a solvent. All PCB 

memyl sulphides synthesized were co npared to the appropriate unlat>elled reference compounds. 

All -^-labelled 4-lvieSOj-PCBs thot hove been studied by autoradiography hove shown a strong 

uptake in the trocheobronchiol mucosa. Among these (IVIeSOi)2-TCB is selectively accumulated in 

norvclllated bronchiolor (Clara) cells and proximal tubular kidney cells in mice ond rots (5). in the 

Cla.'O cells the sulptione binds non-covolently to c uteroglobln-like protein as shown by Lund et ai 

(5). In kidney, {MeSOj)2-TCB has been shown to be associated with a,„-globulin, according to SDS-

polyacryl amide gel electrophoresis, immunoblot ond immunodiffusion analysis. The some Oj,,-

glotxjlln complex was olso Isolated ftom rot urine. In mice, a (lvleSOi)3-TCB-prateln complex was 

cticfocteilzed as mouse malor-urlnaiy-piotein (MUP) but Ihe complex was not detected In the 

kidney. 
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The observed nephrotoxicity of compounds such as 1.4-dichlarobenzene In male rots oppeors fo 

be caused by reobsorptlon of the filtered xenobiotic complex. It is tempting to belive that o similar 

mechnism also occur In male rots dosed with (lvleSOj),-TCB. Studies on other PCB methyl sulphones 

need to be performed In order to further investigate the binding of these compounds to 

a^-globulln and to determine their nephrotoxicity. 

ACKNOWLEDGEIVIENTS 

Rnancioi support for the present work was given by the Swedish Environmentol Protection Agency. 

REFERENCES 

1. Bleovlns, tvl.R., Aulerich, R.J.. and Ringer, R.K., Arch. Environm. Contam. Toxicol. 9 (1980) 627. 

2. Bergman, A. and Olsson, fvl.: Finnish Game Res. 44 (1985) 47. 

3. Safe, S. CRC Crit. Rev. Toxicol. 13 (1984) 319. 

4. Brondt, I., Bergman, A., Chemosphere. ]6 (1987) 1671. 

5. Lund, J., Brandt. I., Poellinger, L., Bergman. A.. Kiasson Wehler. E. and Gustafsson. J.-A.: 

Molecular Pharmacol. 27 (1985) 314. 

6. Larsen, G., Bergman, A. and Kiasson Wehler, E.: Xenobiotica. In press. 

7. Kiyohara, C , fvlohrl, N.. Haraguchi, K. ond Ivlasudo. Y. Pharmacol. & Toxicol., In press. 

8. Bergman, A., Nilsson, A., RIego. J. and 6rn, U.. fvionuscrlpt submitted to Acta Chem. Scand. 

9. Bergman, A., GOthe, R. and Wachtmeister. C.A., J. Chromatogr. 123 (1976) 231. 

10. Sundstrdm, G., Acto Chem. Scond. 27 (1973) 600. 

I t . Jensen, S. and Athanoslodou, fvl., Ambio, in press. 

12. Swenljerg, J.A.. Stiort, B., Berghoft. S.. and Charbonneou, IVI., Toxicol. Appl. Pharmacol., 97 

(1989) 35. 

26 Organohalogen Compounds 1 

1990




