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High­Performance Liquid Chromatographic
Determination of the Oxidation Products of

4-Isopropylbiphenyl and 4,4�­Diisopropylbiphenyl

by Beata Orliñska*, Zbigniew Stec, Jan Zawadiak and Barbara Hefczyc

Department of Organic Chemical Technology and Petrochemistry, Silesian University of Technology,
ul. Krzywoustego 4, 44-100 Gliwice, Poland

4-Isopropylbiphenyl and 4,4�-diisopropylbiphenyl were oxidised with oxygen and the obtai-
ned oxidation products: hydroperoxides, alcohols, and ketones, as well as the unreacted raw
material were analysed applying high-performance liquid chromatography on a Nova�Pak
silica column under conditions of isocratic and gradient elution using hexane and 2-propa-
nol as eluents.

Opracowano metodê analizy produktów utleniania tlenem 4-izopropylobifenylu i 4,4�-diizo-
propylobifenylu, zawieraj¹cych odpowiednie wodoronadtlenki, alkohole, ketony oraz
nieprze-reagowany surowiec. Oznaczenia wykonano metod¹ wysokosprawnej chromatografii
cieczowej stosuj¹c kolumnê Nova�Pak Silica oraz elucjê izokratyczn¹ i gradientow¹ mie-
szaniny  heksanu i 2-propanolu.
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Oxidation of 4-isopropylbiphenyl (IBPh) [1] and 4,4�-diisopropylbiphenyl (DIBPh)
[2] with oxygen to hydroperoxides is the first step in the synthesis of hydroxybiphenyls,
analogically as it is in case of synthesis of phenol from isopropylbenzene (the Hock
method) [3] (Fig. 1).

Figure 1. The scheme of phenol synthesis by the Hock method

3K&�&+
�
�
�
+ 3K&�&+

�
�
�
22+ 3K2+

2
�

+
�

&+
�
&&+

�

2

�

4-Hydroxybiphenyl (HO-IBPh) and 4,4�-dihydroxybiphenyl are semiproducts in
the synthesis of plant protection agents, emulsifiers, pharmaceuticals, and polymers
[4�6]. So far, they have been obtained by sulfonation, which is toxic to the environ-
ment [7, 8]. 4,4�-Dihydroxybiphenyl can be also obtained from phenol in a multi-
stage process comprising alkylation of phenol with isopropene, oxidative coupling,
and dealkylation [9, 10]. The synthesis of HO-IBPh and 4,4�-dihydroxybiphenyl from
IBPh and DIBPh, respectively, is environmentally-friendly and may displace in future
the currently used sulfonation method if it proves to be economical. The products of
oxidation of IBPh and DIBPh with oxygen include hydroperoxides, unreacted sub-
strates, and such by-products as alcohols and small amounts of ketones (Figs. 2, 3).
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Figure 2. Oxidation products of IBPh
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Due to the presence of comparatively unstable and non-volatile hydroperoxides
among the oxidation products of IBPh and DIBPh, only few analytical techniques
can be applied for their determination. There are no literature data concerning deter-
mination of the oxidation products of isopropylbiphenyls. Oxidation products of other
isopropylaromatics were determined by gas chromatography (GC). In GC analysis of
the oxidation products of isopropylbenzene [11,12,13,14] decomposition of cumene
hydroperoxide was not observed. When, however, GC was used to determine less
volatile oxidation products of 2-isopropylnaphthalene, hydroperoxide present in the
mixture was completely decomposed to alcohol [15]. Heinze et al. [16] have determi-
ned oxidation products of 2-isopropylnaphthalene by GC method, preceded by reduc-
tion of hydroperoxide to alcohol applying LiA1H4.

High-performance liquid chromatography seems to be a particularly effective
method for determination of the oxidation products of isopropylaromatics. HPLC
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Figure 3. Oxidation products of DIBPh
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was successfully applied for determination of the oxidation products of isopropylben-
zenes [17] and isopropylnaphthalenes [18]. It has been proven [17, 19, 20] that per-
oxide compounds are not decomposed during the analysis.

The content of hydroperoxides among the oxidation products can be determined
by iodometric method [21, 22]. In case of the oxidation product of DIBPh, however,
only the total content of hydroperoxides: 4-(1-hydroperoxy-1-methylethyl)-4�-(1-me-
thylethyl)biphenyl (MHP), 4-(1-hydroperoxy-1-methylethyl-4�-(1-hydroxy-1-methyl-
ethyl)biphenyl (HHP), and 4,4�-bis(1-hydroperoxy-1-methylethyl)biphenyl (DHP)
can be determined.

This paper describes a HPLC analysis of the oxidation products of IBPh and
DIBPh, which follows the determination procedure of similar oxidation products of
2-isopropylnaphthalene and 2,6-disopropylnaphthalene [18].

EXPERIMENTAL

Materials

The solvents 2-propanol and hexane, both of HPLC grade, were supplied by Merck.
IBPh was provided by Rütgers Kureha Solvents GmbH, Duisburg, Germany; purity > 99%, mp

14�22°C, bp 293�303°C, nD
20 1.5800, d15 0.9880 g cm�3.

DIBPh was provided by Rütgers Kureha Solvents GmbH, Duisburg, Germany; purity > 99%, mp 66°C,
bp 334°C.

Standards

4-(1-Hydroperoxy-1-methylethyl)biphenyl (HP-IBPh) was separated from the oxidation products of
IBPh. 30 g of this product containing 34.5% of HP-IBPh (45.3 mmol HP-IBPh) was dissolved in 120 cm3 of
toluene. HO-IBPh, occurring as a contaminant, was removed by extraction with 2% NaOH. Then, the solu-
tion was cooled down to 5°C, and at this temperature 11.1 cm3 of 20% NaOH (67.7 mmol NaOH) was
dropped into the stirred solution for 0.5 h. Sodium salt of hydroperoxide was filtered off and rinsed with
water (5 × 5 cm3) and hexane (5 × 5 cm3). Then, the sodium salt was placed in water and neutralized with
5% HCl solution. HP-IBPh was filtered off and rinsed with water (3 × 5 cm3). 7.18 g of HP-IBPh (purity
94%, yield 66%), contaminated by IBPh and HO-IBPh, were obtained. A sample of raw HP-IBPh was again
washed using sodium salt and crystallized from toluene. Chemical identity of HP-IBPh was confirmed:
m.p. 83.5�85°C; results of elemental analysis calculated for C15H16O2: 78.92% C, 7.06% H, found, 78.93% C,
6.95% H, Oactive: calculated 7.01, found, 6.80%. 1H-NMR (CDCl3/TMS) d = 7.26�7.65 (m, 9HAr and 1HOOH),
1.67 (s, 6H, C(CH3)2OOH). 13C�NMR 143.547, 140.651, 140.417 (C1�, C1, or C4), 128.771, 127.296, 127.082,
125.888 (C2�, C3�, C2, or C3), 127.342 (C4�), 83.901 (C(CH3)2OOH), 26.077 (C(CH3)2OOH).

4-Acetylbiphenyl (Ac-IBPh), 2-(biphenyl-4-yl)-2-propanol (H-IBPh) and 4-hydroxybifenyl (HO-IBPh)
were commercialy available.

MHP,  DHP, HHP, 4-(1-hydroxy-1-methylethyl)-4�-(1-methylethyl)biphenyl (MH), 4,4�-bis(2-hydroxy-
1-methylethyl)biphenyl (DH) were obtained as previously described [23].
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4-Isopropyl-4�-acetylbiphenyl, 1-(4�-isopropyl-biphenyl-4-yl)-ethanone (MAc) were obtained
as the products of catalytic oxidation of DIBPh. 40 g (168 mmol) of DIBPh were oxidized with oxygen
at 90°C in the presence of CuCl

2·2H2O (0.287 g; 1.68 mmol) and tetrabutylamonium bromide (0.0108 g;
3.336 × 10�2 mmol) for 10 h, according to the method presented in reference [24]. The obtained product
contained, among others, 13% of MAc. To 25 g of the obtained oxidation product, 110 cm3 of ethyl alcohol
were added and the mixture was heated up to the boiling point. After cooling and filtration, 9 g of
the precipitate (containing 63% of peroxide bis(methyl-1-(4�-isopropylbiphenyl-4-y1)ethyl)) and 16 g of
the filtrate were obtained. The filtrate was separated on the chromatographic column (Kieselgel 60/Merck
0.063�0.200 mm), applying CH

2Cl2:acetone (20:1, v/v) as the eluent. From 2 g of the filtrate, 0.17 g of MAc
was separated and crystallized from ethanol. Crystallization yield was 0.13 g MAc; m.p. 118�119.5°C
(lit. 120�121°C � Beilstein Data; BRN 2449010); 1H-NMR (CDCl3/TMS) d = 8.02 (d, 2HAr, J = 8.7 Hz),
7.68 (d, 2HAr, J = 8.7 Hz), 7.57 (d, 2HAr, J = 8.1 Hz), 7.34 (d, 2HAr, J = 8.1 Hz), 2.93�3.04 (m, 1H, C(CH3)2H),
2.64 (s, 3H, CH3), 1.30 (d, 6H, J = 6.9 Hz, C(CH3)2H). 13C-NMR 197.764, 149.189, 145.738, 137.329,
137.607, 128.886, 127.197, 127.057, 126.990, 33.851, 26.623, 23.926.

Apparatus and chromatographic conditions

Chromatographic analysis was performed using an Alliance Waters 2690 high-performance liquid chro-
matograph (Waters, Millipore, MA, USA) consisting of a Waters 717 plus autosampler and a Waters 996
photodiode array detector. An analytical cartridge column Nova�Pak Silica 60 A 4 µm (150 mm × 3.9 mm;
Waters) was thermostated at 25°C. A mixture of 2-propanol and hexane at the flow rate of 1.0 cm3 min�1

was used as a mobile phase. HP-IBPh and H-IBPh were detected at 251 nm, Ac-IBPh at 276 nm, HO-IBPh
at 260 nm. MHP, MH, HHP, DHP, DH were detected at 254 nm, MAc at 285nm. These wavelengths were
close to the absorption maxima of the studied compounds. Calibration was carried out according to
the external standardization method. 2�20 mL portions of the standard solution were used for single point
calibration.

The following chromatographic conditions for gradient elution were applied:
� time 0�3 min 3�11 min.
� hexane�2-propanol (v/v) 99:1 97:3
� equilibration: hexane�2-propanol 99:1 (v/v) for 3 min.
1H and 13C NMR spectra in CDCl3 were recorded on a Varian Unity Inova�300 spectrometer using

tetramethylsilane as the internal standard. Melting points of the synthesized compounds were determined on
SMP 3 (Stuart Scientific) apparatus using capillary tubes.

RESULTS AND DISCUSSION

Oxidation products of IBPH and DIBPh, including hydroperoxides, alcohols, keto-
nes, as well as unreacted substrates, were separeted and determined by HPLC using
a Nova�Pak Silica 60 Å  4 µm (150 mm × 3.9 mm) analytical column and a mixture
of hexane and 2-propanol as a mobile phase in the analogous way as isopropylnaph-
thalenes were determined [18].

4-Hydroxybiphenyl occured merely among final oxidation products of IBPh and
was formed during their storage, as a decomposition product of HP-IBPh. HO-IBPh
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was selected for further studies. During the storage of the oxidation products of DIBPh,
2-isopropyl-naphthalene [18], and cumene under the same conditions such decompo-
sition of hydroperoxides was not observed.

In order to determine the optimum eluent composition providing the best separa-
tion of the oxidation products of IBPh and DIBPh, the dependence of lgk (k � the
retention factor) on lgx (x � the molar ratio of the eluent constituents) was constructed
(Figs. 4 and 5).
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Figure 4. lgk vs lgx (x � 2-propanol-to-hexane molar ratio) dependence for the oxidation products of IBPh
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Figure 5. lgk vs lgx (x � 2-propanol-to-hexane molar ratio) dependence for the oxidation products of
DIBPh

Typical chromatograms of IBPh and DIBPh oxidation products obtained for the
eluent mixture hexane�2-propanol (99:1, v/v) are presented in Figs. 6 and 7.

Figure 6. Chromatogram of the oxidation product of IBPh; hexane�2-propanol 99/1; l = 251 nm
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Complete separation of all oxidation products of IBPh and DIBPh was obtained
for 1% (vol) content of 2-propanol in the eluent mixture. Then, however, single analysis
of DIBPh took 25 min. In order to shorten the separation time, gradient elution was
applied, analogically as in the analysis of 2,6-diisopropylnaphthalene. Typical chroma-
togram of the oxidation products of DIBPh obtained under conditions of gradient elu-
tion is presented in Figure 8. The time of a single analysis, including column stabili-
zation, was shortened to 14 min.

Figure 7. Chromatogram of the oxidation products of DIBPh; eluent: hexane�2-propanol (99:1); detec-
tion wavelength l = 254 nm

Figure 8. Chromatogram of the oxidation products of DIBPh; gradient elution with hexane�2-propanol
mixture; detection wavelength l = 254 nm
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The chromatograms presented in Figs. 6�8 were analogical to the chromatograms
of the oxidation products of isopropylnaphthalenes obtained under similar conditions
[18]. However, only in case of IBPh phenol was observed among the final products.

External standard calibration yielded a linear dependence between the peak areas
and the contents of particular analytes. Linear regression parameters corresponding
to the calibration plots of particular compounds are listed in Tables 1 and 2. Precission
of the method was estimated as the relative standard deviation of replicate determina-
tions (Tab. 3 and 4).

Table 1. The results of standard calibration for the oxidation products of 4-isopropylbiphenyl: linear
regression parameters of the peak area vs the injection volume of the analyte dependence esti-
mated by the least-squares method; number of points for each compound n = 7; number of injec-
tions m = 3
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Table 2. The results of standard calibration for the oxidation products of 4,4�-diisopropylbiphenyl: linear
regression parameters of the peak are vs the injected mass of the analyte dependence estimated
by the least-squares method; number of points for each compounds n = 7; number of each
injection m = 3
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Table 3. Reproducibility of the standard method for determination of oxidation products of 4-isopro-
pylbiphenyl; number of replicate determinations for each compound m = 8
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Table 4. Reproducibility of the standard method for determination of oxidation products of 4,4�-diiso-
propylbiphenyl; number of replicate determinations for each compound m = 8
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CONCLUSIONS

In this paper, we have proposed the HPLC method for quantitative analysis of the
oxidation products of IBPh and DIBPh using a Nova�Pak Silica 60 c

�
 4 µm column

and a mixture of hexane and 2-propanol as the eluent. Analogical methods have been
already successfully applied for determination of the oxidation product of isopropyl-
naphthalenes [18].

The obtained results demonstrate that the proposed analytical method allows pre-
cise and relatively fast determination of autooxidation products of IBPh and DIBPh.



699Determination of the oxidation products of 4-isopropylbiphenyl and 4,4-diisopropylbiphenyl

REFERENCES

1. Shimokawadoko T., Yutsu S. and Ogata K., JP8245462 (1996).
2. Iwane H., Sugawara T. and Kaneko K., EP0439083 (1991).
3. Schmidt R.J., Appl. Catal. A, 280, 89 (2005).
4. Chee G., Park S. and Dekeyser M., US6093843 (2000).
5. Shohe-Loop R., Burghardt E., Faeste C., Hirth-Dietrich C., Keldenich J., Knorr A., Lampe T.,

Naab P., Schmidt D. and Schmidt G., DE10216144 (2003).
6. Koepnick H., Schmift M., Bruegging W., Rueter J. and Kaminsky W., Ullmann Encyclopedia of

Industrial Chemistry, vol. A21, VCH Verlagsgesellschaft, Weinheim 1991, p. 232, 238.
7. Behre H., Fiege H. and Rauchswalbe G., US5847234 (1998).
8. Eichenauer U. and Neumann P., US4922031 (1990).
9. Hay A.S., J. Org. Chem., 84, 1160 (1969).

10. Kowalczik U., Bartmann M. and Finke J., US4950808 (1990).
11. Kirichenko G.S. and Plaunova L.K., Zh. Anal. Khim., 35, 758 (1980).
12. Kirichenko G.S., Plaunova L.K. and Murzova T. V., Zh. Anal. Khim., 35, 1799 (1980).
13. Vetrivel S. and Pandurangan A., J. Mol. Catal. A, 227, 269 (2005).
14. He Y., Wang R., Liu Y., Chang Y., Wang Y., Xia C. and Suo J., J. Mol. Catal. A, 159, 109 (2000).
15. Takac S. and Özdamar H., Appl. Catal. A, 95, 35 (1993).
16. Heinze A., Lauterbach G., Pritzkow W., Schmidt-Renner W., Voerckel,V. and Zewegsuren N.,

J. Prakt. Chem., 329, 439 (1987).
17. Baj S. and Kulicki Z., J. Chrom., 588, 33 (1991).
18. Zawadiak J., Orliñska B. and Stec Z., Fresenius� J. Anal. Chem., 367, 502 (2000).
19. Van Tilborg W.J.M., J. Chrom., 115, 616 (1975).
20. Baj S., Fresenius� J. Anal. Chem., 350, 159 (1994).
21. Mair R.D. and Hall R.T., Organic Peroxides, vol. 2, D. Swern, Wiley-Interscience, New York

1971, p. 535, 635.
22. Zawadiak J., Gilner D., Kulicki Z. and Baj S., Analyst, 118, 1081 (1993).
23. Stec Z., Zawadiak J., Zellerhoff R. and Orliñska B., Przem. Chem., 82, 637 (2003).
24. Orliñska B., Zawadiak J. and Gilner D., Appl. Catal. A, 287, 68 (2005).

Received January 2007
Revised April 2007

Accepted June 2007


