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Polychlorinated Biphenyls

Yi.* 2,3,7.8-Tetrachlorodibento-
furan, a Critical Byproduct in the
Synthesis of 2,2,4,4.5,5-Hexachloro-
biphenyl by the Ullmann Resction

MARIA MORON, GORAN SUNDSTROM
and CAR). AXEL WACATMEISTER

Wellenberglaborasoriat, Stockhelms
Universitet, Lilla Frescanl, 5104 03
Swockhelm, Sweden

n connection with structure)] studies of
the com s in commercial I’CB.
mixtures {polyclilorinated bgrhmyll) we
have synthesised & number mm&tﬁ-
colly and unsyyumetrically substituted
ehlorinated biphenyle.t:? One of thess com-
rounds, 2,2°.4,4°.5,5"- hoxachlorobiphenyl, s

. MAJOr cOmpC t in PCL.mixtures*' was
i

synthes iarger amounts by an Ull-

- mann  eoupling of 2.4,5.trichioroiodo-
- benzene in order 10 be used in toxicologioal

investigations.
In a study concerning the Ullmeann reas-

. tion of 2-chlorciodebenzens Nileson !

thuwed that under commonly used sondi-
tione dibonzofuran was formed aa a by-

i product in the coupling reaction. Tha for-

mation of minor amounts of 2,3,7,8-tetre-
methoxydibenzofuran in the m&g of
-

' 4-broma-§-iodoveratrcie has sleo

wiad.! The oocurrence of chlorinated di-
rofurans as contaminanta in ¢hlorobi-

" phenyl sumples prepared for toxiwl:?iul

experiments could be serious in view of the

- Tugh toxicity of thess compounds, recently

detacted by Vee of ol.’ as contaminants in

. ame cornmercial PCB-mixtures. We hava

thersfore studied the byproducts in the
above coupling reaction with ial at.
fention to chlorinated dibenzofurans.

Tho coupling reaction was ormed

* with commercial 2.4,5-teichloroidobentzene
- which was thoroughly purified. The copper

Lrones was of the same quality as the one
uvend hy Nilsaon' and conteined a small
nmount of fatty scids, Tha ues of \m‘-iy
pure electrulytic ooppar did not I;Fni -
cantly change the nalure or yield by-
producia. Nou precaotions ware taken to
exclnda air froan tho reaction mixture.
The crude ecupling product woa frec-
tionatax on & silica gel colunn with hezane

* I'art V, sen Naf. 1,
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as snlvant, The fractions slutad aftcr snme
starting material and the main product
wors investigated by mass trometry
for tha presence of campo with the
molecular ion 304 m.u. whieh corresponds
w s Wirachlorinuted dibenzofuran. Such
s compound was also found eluted with
some otlier byproducts, probably chlorin.
ated terphenyla (MS) (of. Ref. 7). Tho sus-
pectad tetrachlorodibenzofuran could more
conveniently be isolsted in a pure staro by
chromatography of the crude coupling
product on an alumina column. The vom-
pound gave the expected analytival values
and mass Tool.rum Tho only praks ox-
coading 10 9 of the Lase peak {306 m.u.)
in the mass trum was foitnd at 241 -
243 m.u. (18 %) which vorresponds to lons
of CICO from the moleculer inn. This
fra niation waa found aleo by Vea ef al®
a.mg oould be compared with tho loss of
HCO from the maolecular ion of tie parent
copupound, dibenzofaren. ™

a NMR spectrum showed einglct
signals at 4 7,48 and & 7.85, vonmstent
only with a 2,3,7,8.wetrachlorodibenzofuran
structare.

Treatment of 2,2°.4.4°,5,5 - hexachlorobi.
phenyl with potassiom  hydrexide at
elevated tamperstures gave amali amaunts
of the same tetrachlorodibenznfursn (GLC,
TLC), probebly via s phenolic inter-
mediats.

o o

POWE©

The results presented here ahow that
any preparation of polychlorinatod bi.
phenyls synthesised via the Ullmann reac-
tion neing iodo-compounds with chlorine
atoms in the ortho-positions must bhe
thoroughly analywed ;;‘ the presenco of
chlorinated dibenszofurans. A crmpnrison
of the toxicity of 2,2'.4,4.5,5 -hexachloro.
bipheny!, aynthssised by the Ulhnann
m OJ. and & commercial PCH-mixtire
{Arocior 1254] was recently publizh:d
No details of the purification of the product
wera given, However, our erudo biphenyl
contained ¢a, 3 % tetrachlorodibenyoflursn
and tracs amounta of this compound wero
detected {GLC] evon afler repoated crysinl-
liqnl,iom froan hexane, sthanol or acehic
acul,

Erperimenial. Tho melling painis werz de.
tartnuned on & Kuflor micro hot stepm. Mu<a

MONS 207296
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gprctra ware teconbed on em LIED 9000
spectrouier. Tho NMiG spectrum was of.
tainer] on s Varing HA- 100D snstrument with
telnugethyluilape ae intornel stapdard.

tlus  chromatugraphy. Tho producis wero
charnctersed by GLC uning & Houlett-
Farkant 7HZ0A maleaitent itted with an KC
duteetor. Gluma colaanmma (0.20 < 1600 o) con-
tanng % {w/w) Apiezan 1. on (liromosorb
WOA/W DMCS (10— 20 meads) wt 210° wors
usnd, The gna flow [wrgen-methane, $:1) was
abuul 2fi mifroon.

Coupling Faciiun., 2.4.0-Trichintmodohenzene
{Koch.Light, recrystatlised from athanol or
purritied on & ahica gul eolume with hexane ns
sufvent, 10 g) waa thorc.ghly mixed with
("h]"]ulr—hl‘(l“"-. (lilhngrnphic broa:a, rf. 1ief, T
t.2 ) and tha mixture was heaisd from 180
Lo 236* during onn hour with occesional
stirriag. Extraction of the roactivn mixtare in
a Saalilet apparstus with haxene and evapors:
tiot of solvont gave 4.7 u of erude produect,

Tevlation  of 524855 -hazachiorobs.
phengl. W' 2.5 g of tho sbove product was
adibel to & solumu (5.0 x 62 em) of silica gel
{Merch, <0.083 mm) which was eluted with
lozwrie. Aftor  suthu  starting  material
2.4 4,4 6,5 haxnchiorehipheny| was obtained
from from byprodueis (OLC), 2.05 g. m.p.
103.0=104.5% (KLOH), 2., (EtOH) 28] am
(e zud{t), 200 nm (g 186Q),

Alfter the wajor product the latrachiorodi-
benrofuran olutad together with suroe other
Liypnnlneta, most yrobably torphenyls (8 Ciy s
shown by AS.

Taclution of £.3.7.8-tetrachlovodibenzofuran,
When 2.5 g of the crude produst was chro-
matagraphed on nesulrsl alumina (Merok,
activity grada I, 4.2x 72 ¢in) with hexane as
wulvent the bLiphenyl and Lthe suspected ter.
phetryln eluted  togother, The osolumn was
further shitad with haxane-sthar (9:1). Finally
oliution with other gaver n fraction of 2,3.7.8-
tastrachlorodibenrofuran (0.08 g} which crystal.
fiwedd from hexsns. The sompound recrystal.
lindd on the hot plate from ca. 160 to piva
neeibtles, mop. 223 226% (aubl. from oa. 210%).
[Found: C 47.0; 11 1.3, M* 304 m.u. (4 CI).
Cll 0,0 (306.0) requirew C 47.1; H 1.3).)
(NMKi (CDCL) 4 7.48 (n) and 3 7.85 (n). 2,
{EAOH) 2228 nm (wh) (¢ 48 500), 228.5 nm

(¢ 50 200), 240 nm (sh) (¢ 26 G00). 231 om
(¢ 17 400), 2539.5 nm (¢ 20 100}, 298.5 nm (sh)
{r 24500}, 304 nm (¢ 28 200), snd 314 nen
(e 23 300).

itotentinn times on GLC, comlitions aa da.
scribed above, for 2,2°.4,4° 5.5 hexnchlorobi.
phenyl  and 2,378 tstenchiorodibenzofuran
wery 11.6 and 14.8 min, rospectively. Rete.
tion times for the terphenyls were several
hours under thoese sonditions,

On TLC (silien gol-hexane) the tetraahloro.
dibenzafuran haa an Ry value of 0.30 and the
hexachlorobiphenyl 0.41.
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Differentintion Lictweasn
e.Glutarny ] Peptides, »Glayg
Peptides, ored a-Arojaacy gl
Acids by PMUR Spertriacy)
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Nu.mm'nuu y-glutamyl derivntives ol
acids and amines cecue natarolls

methods for the uneguivaral sur
determination of thege conjaenme]
therefors of importance. \Wirrens »
ard methods ean be used to estubhs
sequence of dipoptides contiunng: gl
acd the diffurentistion bLotwnen a
y-elutamyl dorivatives pu-rs m ¥
problem. The only tliree relinbla che
solutions o this problem are synt
quantitative decurboxylation  with
hydrin.! and deamination with n»
acid.* Tho lutter two mirtlunle m
structive and denand conwderabinwm
of matarial. Tho highee p&,-valu
«-glutainyl «-aming acuts than
glutiunyt a-amina  acids dJetermns
elution  behaviour on stmngly basu
exchange resins in ilte acetnin tor
glutomy| peptides boing eluteil lost
acetic acid. Lifforentiation belucen o
r-glutmyuwpti(lﬂ hoay brer ouele
amino acid analyser. why ey phs
pentides arn elitod befors wial z plu
peptides ofter the second nimine el
a stronply scidic ionexchinney on
citrate byffer.* Various muthionbs tfpes
on paper cliromntogapliy, vieciropd,
or acid labilily for tistmciivy hetwee
twe isomer pomibilities regium

tsonuery for relinhle results,

The d.valum for the «-proton i
glutamic acid moiety s largor £
glutamy! anune acide than fur y gint
aroino acds in aqueous solulion, und
difference has been posed as & m
fuor differentiation mwcrn «- ane
glutamyl derivatives.t IHowsver, tir
value for the «.proton in 7-elutarny
tamic acid (3.02 ppm) is hucher thar
upper limit of 3.00 p given for t}
proton in  y-glutarayl demvatives*
similar to the shift fur the . prate
ghitamic acxd w e-ghitayoylphenylal
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