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The nitro derivatives of o-hydroxyacylphenones1-3 are valuable intermediates 
in organic synthesis, e.g., for the preparation of nitrochromones and flavone9 and 
more recently as starting materials for new types of alkylating agents4+. These com- 
pounds raise some interesting analytical problems in their high-performance liquid 
chromatographic (HPLC) identification as possible contaminants in the final prod- 
ucts. The nitration of u-hydroxyacylphenones gives mixtures of 3-nitro, Snitro and 
3,5-dinitro derivatives, the relative amounts of which can be evaluated by HPLC. 

Some examples of the separation of phenolic compounds by HPLC have been 
reported’+ i, but, to our knowledge, there are no examples of chromatographic sep- 
arations of the nitro derivatives of o-hydroxyaceto-, propio- and -butyrophenone. 
The nitration reaction is shown in Scheme I. 

R= CHa , Et , Pr 

Scheme I. Scheme of nitration of the hydroxyacylphenones. 

The purpose of this work was to study the conditions for the separation of this 
type of phenolic compound by HPLC, after prior investigation by thin-layer chro- 
matography (TLC). 
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EXPERIMENTAL 

Apparatus 
An SP 8000 B liquid chromatograph equipped with a data system, an auto- 

matic injector (10-p loop) and an SP 8400 variable-wavelength UVvisible detector 
was employed. 

Chemicals 
Reagents and solvents were obtained from Carlo Erba. The methanol, chlo- 

roform n-hexane and water were HPLC-grade solvents. 
Stratocrom SIF 25&lsW TLC plates were used. The standards for chromato- 

graphy were of reagent-grade purity. TLC of the nitro derivatives was carried out 
using 20 x 20 glass plates with a 0.25 mm layer of silanized silica Cla. 

The concentration of solutions of the standards was 10e3 M in methanol- 
water (6:4). The concentration of the nitration mixtures was 50 mg per 100 ml in the 
same solvent. The mixture and the standards were applied to the plates using micro- 
sampling pipettes: 5 ~1 for the solutions of standards, 10 ,ul for the nitration mixture 
of aceto- and propiophenones and 30 ~1 for the nitration mixture of butyrophenones. 
In the HPLC investigations the same solutions of standards were used and 10 ~1 were 
injected. 

HPLC column and support 
The support was lo-pm silica ODS. The bare silica was home-made’*.’ The 

characteristics of bare silica are as follows: specific surface area, 500 m2/g; pore 
volume, 0.8 ml/g; and mean pore diameter, 60 A, The specific surface area and the 
porosity were determined by using Sorptomatic 1800 and Porosimeter 200 instru- 
ments (Carlo Erba). The mean particle size was determined with a Coulter Counter. 
The IO-pm silica was derivatized with octadecylchlorosilane and trimethylchlorosi- 
lane as described previously 13J4. The stationary phase was further characterized by 
its carbon content, determined by elemental analysis to be 22%. 

TLC investigation prior to HPLC separation 
The behaviour of the nitro derivatives on thin-layer plates of octadecylsilica 

was investigated using different eluent mixtures. The best results were obtained with 
chloroforn-n-hexane (1:9) and good results were also obtained with methanol-water 
(65:35) (see Table I). 

The chromatograms were developed to a distance of 15 cm and the nitro de- 
rivatives were revealed under UV light (250 nm). 

HPLC investigation 
After the trial TLC study, HPLC of the nitro derivatives using similar solvents 

was studied on a 250 x 4.6 mm I.D. Column of lo-pm Cl8 silanized silica. 
Chloroform-n-hexane (1:9) was not suitable, because the peaks were eluted with the 
solvent front. Even when the proportion of chloroform was reduced in order to 
increase the retention of the sample compounds the peaks were tailed and the reso- 
lution was poor. 

The best results were obtained with methanol-water, as follows: for nitrohy- 
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TABLE I 

RF VALUES OBTAINED USING DIFFERENT ELUENTS 

Compound EIuenl 

Methanol-water n-Hexanechloroform 
(65:35) (9o:lO) 

o-Hydroxyacetophenone 0.35 0.83 
3-Nitro-o-hydroxyacetophenone 0.69 0.69 
5-Nitro-o-hydroxyacetophenone 0.73 0.40 
3,5-Dinitro-o-hydroxyacetophenone 0.76 0.07* 

o-Hydroxypropiophenone 0.27 0.79 
3-Nitro-o-hydroxypropiophenone 0.61 0.67 
5-Nitro-o-Hydroxypropiophenone 0.66 0.41 
3,5-Dinitro-o-hydroxypropiophenone 0.75 0.00* 

o-Hydroxybutyrophenone 0.19 0.80 
3-Nitro-o-hydroxybutyrophenone 0.48 0.65 
5-Nitro-o-hydroxybutyrophenone 0.55 0.38 
3,5-Dinitro-o-hydroxybutyrophenone 0.74 0.00* 

l The 3,5-dinitro derivatives can be moved from the starting point using as the eluent n-hexane 
chloroform (80:20); however, the other compounds cannot be separated by this means. 

droxyacetophenones, methanol-water (8:2), flow-rate 0.7 ml/min; for nitrohydroxy- 
propio- and -butyrophenone, methanol-water (7:3), flow-rate 0.9 ml/min. 

Water (10 ~1) was injected under the same chromatographic conditions in order 
to determine the dead time (to). The results are given in Table II and Figs. l-3 show 
the chromatograms obtained. 

TABLE II 

RETENTION TIMES AND RESOLUTION DATA FOR SEPARATION OF NITROHYDROXY- 
ACYLPHENONES ON A IO-pm Cis COLUMN 

For nitro-o-hydroxyacetophenones, flow-rate = 0.7 ml/mm and dead time (to) = 1.39 min. For nitro-o- 
hydroxypropio- and butyrophenones, flow-rate = 0.9 ml/min and dead time (to) = 1.40 min. 

Compound k’ a R, 

3,5-Dinitro-o-hydroxyacetophenone 
3-Nitro-o-hydroxyacetophenone 

5-Nitro-o-hydroxyacetophenone 
o-Hydroxyacetophenone 

3,5-Dinitro-o-hydroxypropiophenone 
3-Nitro-o-hydroxypropiophenone 

5-Nitro-o-hydroxypropiophenone 
o-Hydroxypropiophenone 

3,5-Dinitro-o-hydroxybutyrophenone 
3-Nitro-o-hydroxybutyrophenone 
5-Nitro-o-hydroxybutyrophenone 
o-Hydroxybutyrophenone 
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RESULTS AND DISCUSSION 

Comparison of the k’ values of nitro derivatives shows that the retention in- 
creases from the 3-nitro derivatives to the un-nitrated starting compounds. This is 
due to the mesomeric effect (-M) of the nitro group in ortho and para positions to 
the hydroxy group. The introduction of a second nitro group into a para or orrho 
position further weakens the retention owing to the increase in molecular polarity, 
which increases the affinity to the mobile phase. The 3,Sdinitro derivatives are the 
least retained compounds. The weaker retention of 3-nitro (orrho) derivatives in com- 
parison with Snitro bara) derivatives is presumably due to the formation of an 
intramolecular hydrogen bond; 3-nitro derivatives are slightly more hydrophobic and 
are more retained. 

1 

I 

ox)32 
AU 

I 0.032 

AU 

2 

k 

3 

\ 

1 ’ ’ ’ ’ I I ’ ’ ’ ’ ’ 4 
0 2 4 6 8 10 0 2 4 6 0 10 12 

Time (mid Time(min) 

Fig. 1. Chromatogram of separation of nitro derivatives of acetophenones on a C1s column at a flow- 
rate of 0.7 ml/min of methanol-water (8:2) with UV detection at 254 nm. Peaks: (1) 3,5dinitro-; (2) 3- 
nitro-; (3) 5-nitro-o-hydroxyacetophenone; (4) ehydroxyacctophenone. 

Fig. 2. Chromatogram of separation of nitro derivatives of propiophenones on a Cls column at a flow- 
rate of 0.9 ml/min of methanol-water (7:3) with UV detection at 254 nm. Peaks: (1) 3,5dinitro-; (2) 3- 
nitro-; (3) 5-nitro-o-hydroxypropiophenone; (4) o-hydroxypropiophenone. 
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Fig. 3. Chromatogram of separation of nitro derivatives of butyrophenones on a Cl0 column at a tlow- 
rate of 0.9 ml/mm methanol-water (7~3) with UV detection at 254 nm. Peaks: (1) 3,5_dinitro-; (2) 3-nitro-; 
(3) 5-nitro-o-hydroxybutyrophenone; (4) o-hydroxybutyrophenone. 

The greater retention of butyrophenone derivatives compared with the corre- 
sponding propio- and acetophenones is due the effect of the alkyl chain (methyl, 
ethyl, propyl) bonded to the carbonyl group. 
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