
Jmrrrrtl of CJimnurrcr~r~IpJr?; 97 ( 1974) 233-?47 
.cj Elscvier Scientific Pubhshing Company, Amsrcrdmn - Prinred in The Ncthcrlands 

CHROM. 7591 

CHLOROBIPHENYLOLS 

THIN-LAYERCHROMATOGRAPHY ANDCOLOUR REACTlONS OFSOME 
HYDROXYLATED CHLOROBIPHENYLS- 

SUhlXlARY- 

INTRODUCTION 

Chlorobiphen~lols (chloroh~dros_vbiphen_\-Is) have been sbwvn to -be major 
products of chlarobiphcnyl metabolism in higher plants. _ animals and microorga- 
nisms’. Recently. the s_va_thcsis of ;t number of chlorobiphcn~lols was reported and 
somt’ of their chromnto~rnphic and spectroscopic properks described’. 

Thin-layer chmmarofrttph~ (TLC) has been shown to br a very wluable 
method for the separation and puriiication of these metabolic products of the poly- 
chlorobiphenyls. Colour reactions_ particularly with complesing reagents_ ccmpled 
with nmss spectromerry have proved to be ;I verv valuable aid to the identification 
of SlKll co11lpoLIIlJs:‘.~‘_ The relationships th;tt &ist between the TLC properties, 
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colour reactions and structures of a number of cltiorohiphenylols have been studied 
and this paper reports the results of these investigations. 

TLC methods and colour reactions have also been shown to be useful for the 
detection and determination of the fungicide l-h~drosybipheny~ and certain hydrosy 
compounds found among the metaholites of hiphenyl”-” and 2-h~dros_vbIphen~l”‘_ 
The paper chromatography of the hydrosybiphenyls has been reportedil.*z and the 
reversed-phase chromatography of some hydrosyhiphenyls, including a number of 
chloro-derivatives has also recently been descrihed’n_ 

ESPERIMEN-t-_4L 

The sources of chemictlls used for the preparation of the majority of the 
chromogenic reagents used in this investigation can be found in refs. 14 and 15. The 
electron acceptor complesing reagents were employed as solutions (0.2-l 7;;) in 

chloroform or ethyl acetate (c:f-_ ref_ IS)_ Additional chromogenic reagents used were: 
(CL) Millon’s reagent, prepared by dissolving mercury (5 g) in fuming nitric acid 
(sp_gr_ = 1.52: IO ml) and diluting the solution with \vater (10 ml): (b) metapc‘riodatc 
reagxxt*“_ a O-5 y;L (wiv) * q a ueous solution of analytical-grade potassium metapcr- 
iodater (c) 4-nitrophenylacetonitrite’;. the developed chromatoplatcs tirst being 
sprayed \vith a O__ ,,,, 3~ solution of ~nitrophen~locetonitrilc and, after drying_ over- 
sprayed with 2:;; aqueous alcoholic sodium hydmsidc solution: (d) Frem_v’s salt. :I 

1 pd aqueous solution of potassium nitrc~sodlsulpho~i~tte~ and (e) ccrium(IV) xmno- 
niuni nitrate_ a solution of ceriunt(lV) ttmmonium nitrate (I 2) in 2 iv nitric acid 
(250 ml)_ 

Dansyl chloride (l-dimeth_vlami~~onaphtkaIenc-5~~~l chloride) nxs 

obtained from Aldrich, Milwaukee_ Wise._ U_S.A_ 

The h_vdrosybiphenyl derivatives \vere obtained from the follw~ing sources 
(suppliers in parentheses): 2- and 4-hgdrosgbiphenyl. ___ -) ?‘- and 4,3’-dihvdrosybi- 
phenyI_ 3-chloro-4-biphenylol_ 3 _3’,5_5’-tetrachloro-4_4’-biphenyldiol (Aldrich)_ 2.5 
and 3-4dihydrosybiphenyl (Eastman-Kodak. Rochester. N-Y., U.S.A.): X3’-di- 
hydrosyhiphenyl was prepared from its dimethyl ether (Aldrich) by demethylation 
with boron trihromide’%_ All other chlorobiphenylo!s \vcre prepared in these labora- 
torieP_ 

The dansyl derivatives of 4’-chloro-4-biphenylol and 3-chioro-4-biphenylol 
were prepared by methods analogous to those used for the synthesis of the dansyl 
derivatives of hydrosybiphenyls’” and chlorophenolP”_ 

Mass spectra of complexes (cJ, ref. 15) and dansyl derivatives (cf-, ref- 19) 
were obtained on a DuPont(CEC 21-1 IOB double-focusing mass spectrometer_ Direct 
sample introduction and an ionizing voltage of 70 eV were used. 
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TLC was carried out using the ascending technique at room temperature on 
Merck (F,,,) commercially prepared silica plates (0.25 mm) with a fluorescent indi- 
cator throughout this investi_ration. The solvent systems used were: A_ benzene- 
methanol-9S”/: formic acid (90:9:1): B, benzene-methanol (90:9): C. dichloro- 
methane-methanol (95:s): D. dichloromethane-methanol-cow_ aq_ ammonia 
(95 5 I 1): E, carbon tetrachloride-acetone (20: I 1: F. carbon tetrachloride-acetone- 
acetic acid (40:2:1): G, benzene-ethyl acetate (2511): H. benzene-chloroform (I 11): 
I. chloroform: J. benzene-Zpropanol (70:30): K. benzene-2-propanol-cont. aq. 
mnmonia (70:30:4): L. chloro!~~rm-Iz-hesane-~i~ethanol (45:30:5)_ Samples of at_ 
IO-30 ,rlg of the biphenyi derivatives were used in each case for the determination of 
RI.- values and for the colour reactions_ 

The plates were air dried after development_ esamined in tiV Ii&t and sprayed 
\vith the chromogenic reagents used in this investigation. 

RESULTS XED DlSCUSSlON 

TLC is one of the methods of choice for the separation and purification of 
polar compounds such as the phenolic nletabolires of chlorobiphen~ls. No deriva- 

TABLE I 

RFVXLUESOFTHE HYDROSYBIPHENYLS AND THEIR 1’.5’-DICHLORO-DERI\‘ATI~-;ES 
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tization is necessary, considerable loading of plates is possible and some structural 
information can be obtained by the use of selected detection reagents. 

The chromatographic behaviour will be discussed by comparing and con- 
trastins small groups of related compounds insofzzr as the relationships between RF 
values and structures are concerned_ The colour reactions will. however. be presented 
in one table- All RF values reported in thetables are expressed as Rr; :-I 100 and the 
salues reported are the averqe of those bbtained on at least three chromatograms. 
It should be pointed out. however, that differences in RF values are sometimes 
observed when the experiments are carried out under different conditions of atmo- 

TABLE II 

Rr VALUES OF SOME MONO-, Dt- AND TRICHLOKO~BIPHENYLOLS 
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spheric humidity.These ditlk-ewes can be signitictmt and standard substances should 
always be employed for comparison purposes_ 

The RF values for the three isomeric Iiioiiohydrosybiplien~ls and the corre- 
sponding 2’_5’-dichloro-derivatives are shown in Table I_ Generally. the RI.- values 
obtained increase in the order 4-OH 4 3-OH < 2-OH for both sets of compounds 
in most solvents_ The 2’.5’-dichloro-sutkituted compounds generally sho\v an increase 
in RF value over the parent hvdrosvbiphenvl. This increase is kore pronounced for 
the ~-hydros~-deri\~ative and is in the order 4-OH >- 3-OH :- 2-OH for the other 
isomers. 

In Table II. the RI-- values for ;I number of mono-. di- and trichlorobiphenglols 
are presented_ lncreasin, 11 chlorine substitution LISU;~IIV increases the RI.- value of the 
4-hydrosybiphenyl derivative_ For the monochloro- c&npounds available. RI.- values 
decrease in the order 3-Cl Y- 2-Cl :.- i’-Cl. A similar ctkct can be seen with the di- 
and trichloro- derivatives_ The Jrmwtic c-Iiect of solvents that contain ammonia cm 

the RI.- values of con~pounds \vith chloriw -_ woups OIY/IO to the hydrosyl group \vill 
be discussed later. 

The effkt of the position of t!lt: hydmsyl groups on the RI: values of some 
isonwric dill_\-dros~biphell~ls is slu~~vn in Tablc Ill. As \vould have been espccted. 
all the dil~ydrosybiplm~yls studied so fat- have lmver RI-- values tlmn the corresponding 
~~~onol~~ciros_vl~ipl~en_vls. Dil~~~ro~~l~ipl~et~~ls with their hydrosyl groups on diRerent 
rings appear to have lwver RI.- values than those lxlving both hydrosyl groups on the 
sanlt ring. The overall order of RI-- vnlucs is 2.5 >- 3.4- Y- 2_2’- I‘:- 4.4’- * 3_3’-_ 

The intluence ot‘o-chlora- substitution on the Rr-_ values is shown in Table IV 
for :L number of chlaro- derivatives 1>1‘4-hydrosy- and 4,4’-dihydrosyhiphenyls_ One 
chlorine ;uom or-r/m to tht Ii>-drexyl group L~sLI~II~ results in tt considcmblc increase 
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TABLE IV 

R,_- VALUES FOR o-CHLORO-SUBSTITUTED 4HYDROSY- AND 3-q-DIHYDROXY- 
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in RF values_ The second o-chIoro- substitutnt 
value although not so significantly. 

normally further increases the RI= 

For any particular Phydroxy-(or 4,4’-dihydrosy-)biphenyl possessing an u- 

chloro- substituelit the RF value can be lowered by the addition of ammonia to the 

solvent system (r-g_, compare solvents D and C and solvents K and L). This efTect 
is noticeable with one o-chloro- substituent, and becomes significant with two 
o-chloro- groups, one each ortlzo to a different hydrosyl group [e-g_, 3.3’-dichioro- 
4_4’-dihydrosybiphenyl, RF (solvent) = 0.68 (C), 0.46 (D) and 0.89 (J), 0.45 (K)] and 
it is dramatic when two chIorine atoms orrho to the same hydrosy1 group are involved. 
The RF value for 3,3’,5,5’-tetrachloro-4,4’-biphenyldiol decreased from 0.90 to 0.0 
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TABLE V 

RF VALUES OF CHLORINATED 9- AND 3-HYDROzXYBIPHENYLS 
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Lvhen armnonia was added to solvent qxten1.J to give solvent svstem K. The RI: values 
For 2,2’-dichloro-4,4’-biphenyldiol are incl&-ied in Table IV for comparison. 

Table V reports the RF values of some hydrosychlorobipheny~s derived from 
2- and j-l~~dros_vbiphengl. Because of the limited number of compounds trvailable in 
these series. correlation of structure with RF values becomes impossible. It is perhaps 
lvorth noting that the retarding efl-ect ofmnmonia on the R1.m values in the developi::g 
solvent is greater with 4_4’-dichloro-X3’-biphenyldiol than in the structurtlll_v related 
3.3’-dichloro-4.3’-biphenyldiol (q/1. Table IV). The RI.- vall;es !-or 3.3’.5,5’-tetr:tchloro- 
X2’-biphenyldiol are generalls louver than those of the corresponding 4.4’-dihydrosy- 
derivative_ 

Chlorobiphenylols (chlorohydrosybiphenyIs)4. similarly to chlorophenols’l. 
do not alw;iys give colour reactions typical of compounds containing phenolic 
hydrosyl groups. The colours obtained by the action of 12 chromogenic reagents on 
20 chlorobiphenylols are shown in Tzzble VI. while Table VII presents the colours 
obtained from 8 hydro_u_vlated biphenyl derivatives by the action of 15 chromogenic 
reagents_ 

In the case ofthe chlorohydrosy derivatives, good stable coiours were obtained 
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TABLE VI 

COLOUR REACTIONS OF SOME CHLOROHYDROSYBIPHENYLS 

Abbrcvintions for chromogenic reagents: CNTNF r= 9-ditr~~nometh~Iene-~_~.7-trinitr~t~~~~~r~ne: TetNF =. 
2.4,5_7-trtmnitro-9-tluorenone: TNFCOOH = 4.5.7-trinitro-9-tluorcnonc-2~~rbosyk Icid: NNCD 7 3 
chIoro-4nitrobenzenediazonium naphthalcne-l-sulphonate. f I) saturated solution in chloroform and (3 solu- 
tion in cthrtnol: TNF = 7A.7-trinitro-9-fluorenone: TCNE :- tetracyanoethyIene_ 
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with the three inorganic spray reagents used. namrly concentrated nitric acid_ 
Millon‘s reagent and cerium(lV) ammonium nitrate. The nitric acid reagent gave a 
series of yellowy orange and brown colours, presumably due to the formation of 
nitro compounds- Millon-s reagent gave \vell defined coionrs and enabled distinctions 
to he made between certain pairs of isomers. The cerium( IV) salt solution appeared 
to give deeper colours with more highlv substituted hydrosychlorobiphenyls. The 
2_6-dihromoquinone-+chloroimide reagent (which is closely related to the well kno\vn 
phenol reagent 2,6-N-trichloro-I>-henzoquinoneimine, ix., Gibh‘s reagent). as \\-ould 
have been expected _ gave strong colours with all compounds tested. 

The stable diazonium salt, i-r., the NNCD reagent, _ 3-Chloro-Li-tlitrcbeI~z~Ii~- 
diazonium naphthalene-2-sulphonate, save good colours with many of the chloro- 
hiphenylols examined, couplin g strongly, as would have been expected, \vith com- 
pounds wit!1 an unsubstituted position prrrrr to a hydrosyl group- 

The electron-acceptor retlu_ents CNTNF, TetN F, TN FCOOM and TN F gave 
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Lt. h&x Lt. _c.lId 

Lt. pink 

“0011 colours with the cl~lorobipl~rnvlols. The hydrosyl = group in the hydrosy- 
compounds makes them better electron donors than the pm-at non-hgdrosylated 
dcrivatlucs . and consequently mm highly coloured compleses arc usu;tll_v obtained 
with the h~drosy-compounJs. 

The non-chlorinated hydrosy- and dih~dros~biphen;Is also react wxll \vith 
most of the above reagents. The use of two reagents, known to detect o- and II-di- 
hydros&r groups in aromatic compounds, namely potassium periodat+ and LCnitro- 
pilrnylacetonitrilel;, enable 3,4_dih;drosybiphen~l and 2,3-dihgdrosybiphen~l to be 
easily distinguished from each other and from the monoh~dros_vbipl~e~~~ls and the 
other dih~dros_vbiphen_vls included in the series. 

A method for the detection and identification of hydrosybiphenyls in urine 
or other biological fluids by TLC via dansyl derivative formation has recently been 
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TABLE VII 

COLOUR REACTIONS OF SOME HYDROSY- AND DlHYDROXYBIPHENYLS 

Abbreviations for chromogenic reagents as in Table VI_ together with: KIO, = potassium metaperiodate: 
4NPa = I-nitrophcnvlacetonitriler F_ salt T= potassium nitrc~sodisulphonater NNCD(3) - 0.1 ?i solution in 
5Oy.L aqueous acetic acid. oversprayed with 0.5 N aqueous alcoholic sodium hydroside solution. 

‘deskibed15 and trace amounts of phenolic metabolites of chiorobiphenyls have been 
detected and anrlysed by TLC-mass spectrometry-‘. as outlined in Fig_ 1. Dansyl 
derivatives of 3’-chloro-4hydrosybiphenyl and 3-chloro~-h~dros_vbiphe~~_vI have 
been prepared in this investigation in order to obtain some preliminary data on the 
TLC and mass spectrometric properties of these derivatives_ The dansyl derivatives 
of the two chlorobiphenyiols could be separated by TLC (silica layers using carbon 
tetrachloride as the dcvelopin g solvent I dansgl derivative of 3-chloro-4biphenylol. 
RF == 0.64: dansyl derivative of 4’-chloro-?-biphenylol. RI.- 1:. O-46). The mass spectra 
ot these derivatives are discussed in the follo\ving section. 

J 1 uss qx~?rcr qf ’ t-olqA~_ws LNIJ &rt~s_rl t/n-iruliws 

It has previously been showt’S that the mass spectra of some compounds can 
be obrrrined directly from the coloured complex formed in the chromogenic detection 
on thin-Iayer plates. Thermal dissociation in the ion source and the greatly different 
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Lt. blue CoIourl‘3s CoIourIcz* ColourIcjr 

C0IuurI.z.. _ C&KlrI‘,. - - Lt. blue 
brown 

-. 
Ether extract of urine 

I 

I TLC 

i 
Crude -hydroxy- -fractions 

I 

I ’ React Lvith dansyl chloride 

i 
Crude dansyl-chiOrohydroxybipheny1 

I 

i 
TLC 

Detection of fluorescent spots 

I 
Mass spectrometry 

Molecukar composition 

Fig. l_ Scheme for the identification of chlorobiphenylols (chloroh_vdro?rybiphen~ls) 
samples via dansylrttion and mass sprcrtrometry. 

in biological 
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volatilities ofdetected compounds allows individual spectra of the hydrosl-metabolite 
to be obtained. An example is given in Fig_ 2. During the heating of the probe. the 
spectrum of the trichlorobiphenylol is obtained at 1 IO’, a temperature much lower 
than that required for sublimation of the 9-dicyanornethylene-2,4,7-trinitrofluorene 
(CNTN F)_ 

Mass spectrometry can also be usefully employed for the confirmation of the 
molecular composition ofa hydrosymetabolite via its dansyl derivative_ The spectrum 
of the dansyl derivative of 4’-chloro-4-biphenyiol (synthetic sample) is shown in 
Fig. 3_ The usual features of dansy-l derivatives (a reltitively abundant molecular ion 
and an abundant ion at m/e 170 correspondin g to the dimeth~~laminonaphthalene 
moiety) are apparent in this spectrum_ 
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