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Structures of eight PCB derivatives: 2’,3,4",5" 6-pentachloro-2-biphenylol (1),
2.2".4" 5.5 -pentachloro-3-biphenylol  (2), 2.2".4’.5,5"-pentachloro-4-biphenylol
(3). 27,44 5.5 6-hexachloro-2-biphenylol (4), 2°,3",4.4",5.6,6'-heptachloro-2-bi-
phenylol (5). 2,2".3",4.4’ 5.5 -heptachloro-3-biphenylol (6). 2.2",3,3".4",5,5"-hep-
tachloro-4-biphenylol (7) and 2°.3",4.4° 5,5" 6,6 -octachloro-2-biphenylol (8) have
been clucidated by use of "H NMR chemical shift assignment of 1-8. a hetero-
nuclear *C-"H chemical shift correlation spectroscopy (C,H-COSY) experiment
on 1, mass spectra and high resolution mass spectra of 1-8 and X-ray crystal-
lographic analysis of 4 and 8. All compounds were synthesized by a modification
of the aromatic arylation method of Cadogan by coupling the corresponding chlo-
roaniline and chloroanisole in the presence of isoamyl nitrite, followed by de-
methylation with boron tribomide in CH,Cl,. Compound 4 crystallizes in the
monoclinic space group P2,/n_(No. 14) with cell dimensions: a=8.988(2),
h=19.490(3) and ¢ =10.722(2) A and V= 1813.8(5) A~* with Z = 4. Full-matrix
least-squares refinement of 208 parameters gave R =0.048 for 2195 reflections
[I>3c(I)]. Compound 8 crystallizes in the triclinic space group P1 (No. 2) with
cell dimensions: « = 8.440(2), b= 7.726(2) and ¢ = 13.328(3) A and ¥'=780(1) A~ *
with Z = 2. Full-matrix least-squares refinement of 190 parameters gave R = 0.057

for 1551 reflections [/>3c(/)].

Polychlorobiphenyls (PCBs) are among the most wide-
spread man-made chemicals in the world. Their chemical
persistence and lipophilic nature, causing bioaccumula-
tion in higher trophic levels, including man, together with
the very high toxicity of some of their congeners is caus-
ing risk to humans and wildlife.'

The oxidation and metabolism of PCBs in organisms
have been observed to produce hydroxylated polychlo-
robiphenyls,”'" which have also been found, for ex-
ample, in human blood.'? Hydroxychlorobiphenyls have
been detected among the pyrolysis products of PCBs'?
and a number of them have been synthesized.**’-'*!3

The precise stereostructure elucidation is necessary in
determining the quantitative structure—activity relation-
ships (QSAR) of environmentally important chlorinated
aromatics.'®'” NMR spectroscopy combined with mass
spectrometry and X-ray diffraction forms a powerful
structure specific method to study such compounds. 'H
NMR and "*C NMR spectroscopy is usually the major
method to achieve isomer specificity in determining the
structures of environmentally important substances such
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as chlorinated biphenyls, chlorobiphenylols and chlori-
nated dibenzothiophenes.'>'*=2! In addition, vicinal and
long-range 'H and '*C NMR coupling constants exhibit
well-known angular dependencies. These parameters can
be useful in estimating the conformational preferences
such as the coplanarity of the rings in PCBs, which has
been considered to be the major factor affecting the physi-
ological activity of these compounds.™

Experimental

Preparation of the compounds. All compounds were syn-
thesized by a modification of the aromatic arylation
method of Cadogan.”**° In the general procedure the
mixture of chloroanisole and chloroaniline 10:1 (w/w)
was warmed until it became liquid. Isoamyl nitrite was
added dropwise into the reaction mixture; at the same
time the temperature was slowly raised to 130°C. When
the reaction had subsided the excess of chloroanisole
was removed by steam distillation. The undistilled ma-
terial was extracted with CH,Cl,, which was smoothly
treated with conc. sulfuric acid to remove the coloured



impurities. Sulfuric acid was removed and the solvent
was evaporated off. The products were further purified by
flash chromatography: 25 mm x 100 mm Al,O; column
and CH,Cl, as the eluent. For the demethylation a single
or a mixture of methoxychlorobiphenyls was dissolved in
5 ml CH,Cl,. A small excess of BBr; in 5 ml of CH,CI,
was added and the reaction mixture was refluxed until the
reaction was complete. After the addition of ice—water
the CH,Cl, layer was separated, dried with Na,SO,, fil-
tered and evaporated. In the case of isomeric mixtures
the final separation was done for chlorobiphenylols by
standard flash chromatography: 25 mm x 100 mm Silica
gel (mesh 230-400) column and CH,CI, as the eluent.
The total yields were 1-59%,.

Preparation of compounds 1-3. The corresponding meth-
oxypentachlorobiphenyls were prepared from 2,5-dichlo-
roanisole and 2,4,5-trichloroaniline as described above.
The three isomers formed were demethylated as a mixture
and separated as hydroxybiphenyls by flash chromato-
graphy: 25 mm x 100 mm Silica gel 60 (mesh 230-400)
column and CH,Cl, as the eluent. The elution order was
1, 2 and 3.

2’34’5 6-Pentachloro-2-biphenylol  (1). 'H NMR
(270.13 MHz, CDCl,): § 5.700 (OH, s), 7.093 (H4, d, J
8.67 Hz), 7.389 (HS5, d, J 8.67 Hz), 7.405 (H3’, d, J
0.27 Hz), 7.678 (H6', d, J 0.27 Hz). *C (67.8 MHz,
CDCl,): & 149.2 (C-2), 132.8 (C-1"), 132.8 (C-2), 132.5
(C-4"), 132.1 (C-3"), 130.6 (C-5"), 130.3 (C-6"), 128.9 (C-
4), 123.9 (C-1), 121.3 (C-5), 118.2 (C-3), (C-6) not ob-
served (overlap). MS [EI 70 eV; m/z (% rel. int.)]: 346
(20), 344 (65), 342 (100), 340 (63), 308 (32), 306 (66), 304
(50), 274 (26), 272 (81), 270 (86), 243 (35), 241 (36), 207
(25), 171 (34), 135 (15), 121 (18), 120 (19), 86 (17), 85
(21), 73 (17); HRMS: obs. 339.8778, calcd. 339.8783.

2.2' 45,5 -Pentachloro-3-biphenylol  (2). 'H NMR
(270.13 MHz, CDCl,): 4 5.800 (OH, s), 6.878 (H4, d, J
2.42 Hz), 7.165 (H6, d, J 2.42 Hz), 7.400 (H3', d, J
0.32 Hz), 7.645 (H6', d, J 0.32 Hz). MS [EI 70 eV; m/z
(% rel. int.)]: 346 (23), 344 (72), 342 (100), 340 (70), 272
(29), 270 (31), 243 (18), 241 (19), 207 (17), 171 (25), 135
(16); HRMS: obs. 339.8778, calcd. 339.8783.

22" 4'.5,5 -Pentachloro-4-biphenylol  (3). 'H NMR
(270.13 MHz, CDCl,): 8 5.730 (OH, s), 7.220 (H6, d, J
0.32 Hz), 7.261 (H3, d, J 0.32 Hz), 7.400 (H3', d, J
0.33 Hz), 7.631 (H6', d, J 0.33 Hz). MS [EI 70 eV; m/z
(% rel. int.)]: 346 (23), 344 (71), 342 (100), 340 (68), 272
(31), 270 (32), 243 (20), 241 (21), 207 (11), 171 (22), 135
(13); HRMS: obs. 339.8779, calcd. 339.8783.

2'4,4'5,5" 6-Hexachloro-2-biphenylol (4). Prepared from
3,4,5-trichloroanisole and 2,4,5-trichloroaniline as de-
scribed above. 'H NMR (270.13 MHz, CDCl,): § 6.290
(OH, s), 7.132 (H3, s), 7.398 (H3', d, J 0.29 Hz), 7.692
(H6',d, J0.29 Hz). MS [EI 70 eV; m/z (%, rel. int.)]: 380
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(33), 378 (78), 376 (95), 374 (49), 342 (34), 340 (49), 338
(31), 308 (48), 306 (100), 304 (80), 277 (20), 275 (16), 243
(18), 241 (21), 207 (16), 205 (23), 171 (14), 138 (16), 121
(15); HRMS: obs. 373.8384, calcd. 373.8393.

2',3'44',56,6 -Heptachloro-2-biphenylol (5). Prepared
from 3,4,5-trichloroanisole and 2,3,4,6-tetrachloroaniline
as described above. 'H NMR (270.13 MHz, CDCl,): §
4.990 (OH, s), 7.058 (H3, s), 7.631 (H5', s). MS [EI
70 eV; m/z (% rel. int.)]: 416 (17), 414 (52), 412 (97), 410
(100), 408 (46), 374 (10), 344 (17), 342 (52), 340 (79), 338
(49), 311 (18), 277 (22), 275 (18), 241 (19), 239 (19), 205
(17), 107 (15); HRMS: obs. 407.8000, calcd. 407.8004.

Preparation of compounds 6 and 1. The corresponding
methoxyheptachorobiphenyls were prepared from 2,3,6-
trichloroanisole and 2,3,4,5-tetrachloroaniline as de-
scribed above. The two isomers formed were demethyl-
ated as a mixture and separated as hydroxybiphenyls by
flash chromatography: 25 mm x 100 mm Silica gel 60
(mesh 230-400) column and CH,Cl, as the eluent. The
elution order was 6 and 7.

2,2'.,3' 4,455 -Heptachloro-3-biphenylol (6). 'H NMR
(270.13 MHz, CDCl,): § 7.228 (H6, s), 7.290 (OH, s),
7.350 (H6', s). MS [EI 70 eV; m/z (% rel. int.)]: 416 (17),
414 (51), 412 (95), 410 (100), 408 (42), 375 (11), 342 (18),
340 (27), 338 (17), 311 (20), 277 (10), 241 (18), 239 (19),
205 (14); HRMS: obs. 407.7991, calcd. 407.8004.

2,2'.3,3' 4',5,5-Heptachloro-4-biphenylol (7). 'H NMR
(270.13 MHz, CDCL,): § 6.180 (OH, s), 7.026 (H6, s),
7.351 (H6', s). MS [EL 70 eV; m/z (%, rel. int.)]: 416 (17),
414 (53), 412 (97), 410 (100), 408 (47), 342 (20), 340 (29),
338 (18), 311 (21), 276 (10), 241 (18), 239 (19); HRMS:
obs. 407.8005, calcd. 407.8004.

2'3'44'55 6,6 -Octachloro-2-biphenylol (8). Prepared
from 3,4,5-trichloroanisole and pentachloroaniline as de-
scribed above. '"H NMR (270.13 MHz, CDCl;): & 3.000
(OH, s), 7.136 (H3, s). MS [EI 70 eV; m/z (% rel. int.)]:
450 (25), 448 (66), 446 (100), 444 (90), 410 (11), 378 (23),
376 (55), 374 (68), 372 (36), 345 (14), 311 (21), 275 (18),
239 (13); HRMS: obs. 441.7608, calcd. 441.7614.

NMR and mass spectra. '"H NMR spectra for dilute
(>0.05 M) CDCl, solutions were recorded on a Jeol
GSX 270 FT NMR spectrometer at 270.1 MHz in 5 mm
diameter NMR tubes at 30°C. The spectral width was
600 Hz and the number of data points 32K giving a digi-
tal resolution of 0.05 Hz. The flip angle was 90° (8.4 pus),
the number of scans eight and the acquisition time was
8 s. All FIDs were windowed prior to Fourier transfor-
mation (FT) by an exponential line-broadening function
of the digital resolution to improve the signal/noise (S/N)
ratio in the frequency spectra. All chemical shifts are ref-
erenced to the signal of CDCl; (8 =7.3 from the internal
Me,Si).
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The "*C NMR spectrum of 1, which was available in
amounts of 50 mg, was recorded on a Jeol GSX 270 FT
NMR spectrometer at 67.8 MHz for CDCl; solutions in
a 5 mm diameter NMR tube at 30°C. The spectral width
was 7000 Hz and the number of data points 16K giving
a digital resolution of less than 1 Hz. The flip angle was
90° (8.8 ps), the number of scans 100 and the pulse rep-
etition rate was 4 s. The FID was windowed prior to FT
by an exponential line-broadening function of the digital
resolution. All chemical shifts are referenced to the signal
of CDCI, (8 = 77.0 in '*C NMR from the internal Me,Si).

In the *C-'"H COSY experiment using polarization
via 'J(C,H) and *3J(C,H) couplings of 1, the *C NMR
spectral parameters were the same as above except for
the number of the data points, which was 2K giving a
digital resolution of 4 Hz. In the 'H direction the spectral
width was 600 Hz and the number of data points
0.5K giving a digital resolution of 2 Hz, which was good
enough for resolving the three-bond coupling between

tions by the exponential window functions of the digital
resolutions before FT. The chemical shift scales were
fixed on the signals of the one-dimensional spectra ob-
served before.

Gas chromatography—mass spectrometry (GC-MS)
was performed on a VG Auto Spec mass instrument con-
nected to an HP 5890 gas chromatograph, which was
equipped with column HP 5, 25 m x 25 mm (0.33 pm
film), and using nitrogen as a carrier gas. Temperature
program: 80°C; 8°C min~'; 280°C GC-MS(EI) was
performed with an electron energy of 70 eV for mass
spectra and 36 eV for high resolution mass spectra.

Crystal structure analysis of 4 and 8. The crystal data and
experimental parameters for the data collections are given
in Table 1. The lattice parameters were determined
by measuring 25 reflections using Mo Kx (A =0.7107 A)
radiation at room temperature (296 K). Intensity data
were collected on an Enraf Nonius CAD4 diffractometer

protons 4 and 5. The FID was windowed in both direc- using graphite monochromatized MoKa radiation
Table 1. Experimental crystaliographic data for 4 and 8.
Compound 4 8
Formula C,5H10Clg0, C,,H,CI;0
M 434.94 445.77
a/A 8.988(2) 8.440(2)
b/A 19.490(3) 7.726(2)
c/A 10.722(2) 13.328(3)
a/° 90.00 87.64(2)
B/° 105.06(1) 90.52(2)
v/° 90.00 116.08(2)
V/A® 1813.8(5) 780(1)
Z 4 2
d../Mg m™3 1.593 1.899
p/mm~" 0.957 1.447
A/MoKx 0.71073 0.71073
F000) 872 436
Space group P2,/ (No. 14, non-std.) P—1(No. 2)
T/K 296+1 296+1
Crystal size/mm 0.20x0.20X0.25 0.15X0.20X%X0.25
Refl. for latt. meas. 25 25
6 range for latt. meas./° 5—-12 4-14
Scan method /26 /20
Scan speed/° min~' 1-7 1-7
Scan width (®)/° 0.5+0.34 tanb 0.9+0.34 tanf
0 range/° 2-25 2-25
h range 0-10 0-10
k range 0-23 -9-9
/ range -12-12 -15-156
Variation of std. refl. None None
Refl. measured 3523 2728
Number of unique refl. 3192 2728
Condition of obs. refl. 1> 3.0c(/) I>3.0c(/)
Refl. used in refinement 2195 1551
Max. shift/error <0.01 <0.01
No. of parameters 208 190
Max. in final Ap/e A™3 0.28 0.70
Rt 0.026 -

0.048 0.057
R 0.058 0.072

Chebychev coefficients ?

10.0, —0.786, 11.1, —1.01, 2.83

6.56, 1.11, 5.05

*w=w'-[1.0—(AF/6 - 6F)?]?, where w’ =Chebychev polynomial for F_.
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[AM(MoKa)=0.7107 A] and ©/20 scan mode. The inten-
sity data were corrected for Lorentz and polarisation ef-
fects but not for extinction. Empirical absorption correc-
tion was done according to Walker and Stuart for both
data sets,>' the maximum and minimum correction co-
efficients being 1.372 and 0.594 for 4 and 1.329 and 0.569
for 8, respectively. The structures were solved by direct
methods using the SHELXS program.*? The final refine-
ments were carried out by full-matrix least-squares using
the CRYSTALS program,*® anisotropically for all non
H-atoms. The hydroxylic hydrogen atoms were located
from the AF map and refined as riding atoms with fixed
isotropic temperature factors (U= 0.08 A?) whilst the rest
of the H-atoms were calculated to their idealized posi-
tions (C—H = 1.00 A) and refined as riding atoms with
fixed isotropic temperature factors (U=0.08 A2). The
atomic scattering factors were taken from Ref. 34. The
F,/parameter ratio was 10.55 for 4 and 8.16 for 8. In
addition to the programs cited, the SCHAKAL program
was used.®® The crystallographic calculations were per-
formed on a micro-VAX 3100 computer at the Depart-
ment of Chemistry, University of Jyviskyld.

Results and discussion

Structures of the hydroxylated chlorobiphenyls 1-8 are
described in Fig. 1. The assignment of '"H NMR signals
is based on the characteristic intra-aromatic coupling
constants, comparison between similarly substituted rings
and the chemical shifts of related polychlorobiphen-
yls. 1826036

In compounds 1-4 characterized by the 2'.4',5'-
trichloro substitution, the '"H NMR chemical shift assign-
ment of two protons at the 3’- and 6’-positions is not
straightforward. The '"H NMR chemical shifts of these
two protons (recognized via their mutual five-bond coupl-
ing, 0.27-0.32 Hz) stay constant within the limits of
7.405-7.398 ppm (0.007 ppm or 2 Hz) and 7.692-7.631
(0.061 ppm or 16 Hz), respectively. A natural assumption
is that the chemical shift with the greater variation is as-
sociated with the proton 6, which is strongly influenced
by the other phenyl ring. The order of the 'H NMR
chemical shifts of polychlorobiphenyls containing a 2,4,5-
trichlorinated ring, is the opposite of that proposed for
1-4. However, the more varying chemical shift was
equally associated with the proton 6'.'® In order to as-
certain the NMR spectral assignments, additional experi-
ments were carried out. Therefore, the *C NMR spec-
trum and two-dimensional *C-'"H COSY maps of 1
obtained by polarization transfer via 'J(C,H) and
23J(C,H) were measured.

The assignment of the '*C NMR signals of 1 was based
on the "*C chemical shifts of the individual carbons of
polychlorinated biphenyls, biphenylols and the substitu-
ent effects of the hydroxy and chlorine substituents on the
biphenyl chemical shifts.'>'® The order of the chemical
shifts of carbons 3 and 6 in 2,4,5-trichloro-substituted
biphenyls is without exception §(3)>§(6)."® Also, the cal-
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Fig. 1. Structures of compounds 1-8.

culated values according to the substituent effects are in
agreement with the assignment.

The *C-'"H COSY contour maps of 1 unambiguously
reveal that the order of the chemical shifts for the protons
H3’ and H6' and the carbons 3’ and 6’ are reversed.
Thus, if the order of 'H NMR chemical shifts in the
2’4’ 5" -trichloro substituted ring in compounds 1-4 is
8(H3')<8(H6') as deduced above, the '*C NMR chemi-
cal shift order of the carbons 3’ and 6’ is 8(C-6") <&(C-
3') in compounds 1-4; the same as in the corresponding
polychlorobiphenyls.'®

Fig. 2. A SCHAKAL plot®® for compound 4.
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Fig. 3. A SCHAKAL plot*® for compound 8.

A view of the molecules 4 and 8 is presented in Figs. 2
and 3, respectively. The bond distances and angles for
compounds 4 and 8 show no abnormal values. The tor-
sion angles between the benzene rings have values
90.2(4)° and 83.5(6)° for compounds 4 and 8, respec-
tively. The torsion angles observed are quite close to
the values found in di- and tri-ortho-substituted polychlo-
robiphenyls. 75.35(9)° [2.2'.3.4'.5"-pentachloro-4-meth-
oxybiphenyl]*” and 82.7(1)7 [2.2" 4.4".5" .6-hexachloro-3-
methoxybiphenyl],’™® but larger than in a mono-ortho-
substituted  polychlorobiphenyl, 58.2°, [2,3,3'4,5'-
pentachlorobiphenyl].’

The mass spectral parameters do not always distin-
guish between the isomers, as they have done in the cases
of methoxychlorobiphenyls.?>** However, the mass spec-
tra of 1-8 gave the molecular ion and the isotopic clusters
gave the number of chlorine substituents. High resolution
mass spectra were recorded to obtain the exact relative
molecular masses of 1-8.
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