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ABSTRACT 

The analysis of 2,5-hexanedione, a metabolic compound of several industrial solvents, is normally carried out using gas chromato- 
graphic (GC) or GC-mass spectrometric (MS) techniques. This work, with the aim of verifying the possibility of determining the 
diketone by means of a high-performance liquid chromatographic (HPLC) method with UV detection, illustrates the importance of the 
choice of a 2,5-hexanedione standard for the determination of the diketone response factor. In some commercial diketone samples the 
presence of an impurity, which may interfere with the analysis of the target analyte, was ascertained. This impurity showed GC and 

HPLC behaviour similar to that. of 2,5_hexanedione, but gave a very different UV response. This impurity was identified as 3- 
methylcyclopent-2-enone by means of MS, GC-MS, HPLC-photodiode-array detection, IR and UV spectrometry. The structure was 
confirmed by comparing the chromatographic, mass and ultraviolet data of the unknown compound with those of a synthesized 
reference sample. The well known difficulty in determining 2,5-hexanedione by HPLC with UV detection was reconfirmed owing to its 
low molar absorptivity. 

INTRODUCTION 

Occupational exposure to n-hexane and related 
compounds has been reported as causing peripheral 
neuropathies [l] and this disease in workers is due 
to 2,Shexanedione (2,5-HD), the ultimate and most 
abundant metabolite resulting from the breakdown 
of this type of solvent [2]. The biological monitoring 
of exposure is normally done by measuring the di- 
ketone in hydrolysed urine using gas chromatogra- 
phy (GC) or GC-mass spectrometry (MS) [3,4]. 
The application of GC to biological samples is com- 
plicated owing to the need for extraction and con- 
centration procedures involving the transfer of the 
target compound into an organic solvent. 

Reversed-phase high-performance liquid chro- 

matography (HPLC) may, however, be a valid al- 
ternative to GC owing to the sample characteristics 
and therefore many workers have tried to develop 
an HPLC method suitable for the detection of Cs 
metabolites [5,6]. The main drawback to HPLC is 
the low molar absorptivity (E) of 2,5-HD in UV de- 
tection; moreover, the presence in the commercial 
compound of an impurity with high E and similar 
gas and liquid chromatographic behaviour may be 
a further source of error. 

We and others [7] have tried, without success, to 
repeat the HPLC-UV method proposed by Marchi- 
seppe et aE. [6] for the detection of 2,5-HD in spiked 
samples. The proposed wavelength of 233 nm seems 
to be unsuitable for identifying this metabolite, be- 
cause the absorbance in that UV range cannot be 
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attributed with certainty to 2,5-HD. The need to 
obtain the correct UV spectrum and, consequently, 
the absorbance maximum of 2,5-HD led to the con- 
viction that some commercial products should be 
studied. 

EXPERIMENTAL 

Chemicals 
2,5-Hexanedione samples were purchased from 

Aldrich (Steinheim, Germany), Merck, (Darm- 
stadt, Germany), Eastman Kodak (Rochester, NY, 
USA) and Carlo Erba (Milan, Italy!). HPLC-grade 
water, methanol and 2,4_dinitrophenylhydrazine 
and all other analytical-reagent grade chemicals 
were obtained from Aldrich. 

Synthesis of standards 
3-Methylcyclopent-Lenone. According to the lit- 

erature procedure [8], acetonylacetone (3.1 g) was 
added rapidly to a boiling solution of sodium hy- 
droxide (0.25 g) in water (25 ml). Afler refluxing for 
20 min, the brown solution was cooled to room 
temperature and extracted with dieihyl ether (3 x 
20 ml). The extracts were washed wiih water (2 x 1 
ml), dried and evaporated. The crude reaction 
product, analysed by GC-MS, gawe a mass spec- 
trum corresponding to 3-methylcycjopent-2-enone. 

2,4_Dinitrophenylhydrazone. Accwding to the lit- 
erature procedure [9], 2,4_dinitropbenylhydrazine 
was added to a sample of 2,5-HD enriched in 3- 
methylcyclopent-2-enone (3-MCP) by means of 
vacuum distillation (b.p. 768O”C/2;5 mmHg), giv- 
ing a yellow-orange precipitate. The filtered solid 
was washed with hot water-ethanoy (3:2, v/v) and 
successively introduced into a cold- ‘nger condenser 

1 in order to separate the 2,4-dinitrop , enylhydrazone 
derivative of 3-MCP from that of 2,5-HD using 
their different fusion temperatures of 181 and 
257°C respectively [8,10]. The sample introduced 
directly into the ion source of the rnqs spectrometer 
gave a parent ion at m/z 276, corresponding to the 
calculated molecular weight of the derivative. 

HPLC apparatus and conditions 
All the measurements were performed with a Wa- 

ters (Milford, MA, USA) high-perflormance liquid 
chromatographic system consisting /of a Model 600 
E MS pump, a Rheodyne manual loop injector with 

a 20-~1 sample loop, a Model 990 plus MS photo- 
diode-array (PDA) detector operating in the 2O(r 
330 nm range and a Model 990 plotter. 

The acquisition and the elaboration of the data 
were carried out with an NEC (Boxborough, MA, 
USA) APC IV computer. The HPLC column em- 
ployed was a Nova-Pak RP-18 stainless-steel col- 
umn (150 mm x 3.9 mm I.D.) with spherical parti- 
cles of 4 pm (Waters). 

Separations were carried out by using methanol- 
water (40:60, v/v) as the mobile phase at a constant 
flow-rate of 0.6 ml min- ’ and at room temperature. 
The HPLC solvents were degassed with helium. The 
injection volume for all the samples was 20 ~1. 

The PDA detector conditions were wavelength 
scan 200-330 nm, scan rate 1 s, detector sensitivity 1 
a.u.f.s. and resolution 1.4 nm. 

GC-MS apparatus and co)tditions 
The measurements were performed using a Hew- 

lett-Packard GC-MS system consisting of a Model 
5890 gas chromatograph equipped with a 25 m x 
0.31 mm I.D. fused-silica capillary column coated 
with Ultra-2 (cross-linked 5% phenylmethylsili- 
cone; layer thickness 0.52 pm) (Hewlett-Packard, 
Palo Alto, CA, USA) and a Model 5971 A mass 
spectrometer. An HP 59970 C data system was used 
for data acquisition and editing. 

For GC separations the column temperature was 
programmed from 50°C (isothermal for 3 min) at 
10°C mine1 to 150°C (maintained for 3 min). The 
injector and transfer line temperatures were 260 and 
280°C respectively. 

The MS conditions were electron energy 70 eV, 
emission current 300 PA and ion source temper- 
ature 176°C. Mass spectra were recorded by cycli- 
cally scanning from 40 to 250 mass units with a 
total cycle time of 0.49 s and a solvent delay of 3 
min. The injection volume was 1 ~1 in splitless con- 
ditions (0.2 min). 

UV apparatus 
The UV spectra were recorded with a Hitachi 

(Tokyo, Japan) Model U-3200 spectrophotometer 
in the range 210-400 nm and 1 a.u.f.s. using metha- 
nol as solvent. 

MS apparatus 
The mass spectrum of the 3-MCP derivative was 
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Fig. 1. UV spectra of 2,5-hexanedione from (A) Carlo Erba and (B) Eastman Kodak in methanol, recorded from 210 to 400 nm with a 
Hitachi U-3200 spectrophotometer. 
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obtained using a VG-ZAB2F mass spectrometer 
operating in the electron impact mode (70 eV, 200 
PA, source temperature 280°C). The sample was in- 
troduced directly into the ion source. 

IR apparatus 
The IR spectrum of the neat crude reaction prod- 

uct of 3-MCP was recorded with a Perkin-Elmer 
(Norwalk, CT, USA) Model 682 infrared spectro- 
photometer in the range 2OOWOO cm - ’ on a potas- 
sium bromide disc. 

RESULTS AND DISCUSSION 

The UV absorption spectra (in methanol) of four 
commerical 2,5-HD compounds showed a consid- 
erable difference in the range 21WOO nm (Fig. 1). 
Fig. IA shows two absorbance maxima at 270.4 and 
226.6 nm, whereas Fig. 1B shows only one UV peak 
at 270.4 nm for two samples of the same compound, 
but of different brands. 

The injection of 2,5-HD solution with the double 
absorption maximum (12 g/l) into the HPLC sys- 

_:_ 

3.0 4.0 5.0 6.0 

Time :mln) 

Fig. 2. Reversed-phase HPLC-PDA analysis of Aldrich 2,5_hexanedione sample (12 g/l) in water. Detection: (A) 267.5 nm; (B) 229.5 
nm. 
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Fig. 3. UV spectra recorded with PDA detector of peaks 1 and 2 from Fig. 2. 

tern gave a chromatogram with two separate chro- 
matographic peaks (Fig. 2) to which the UV spec- 
tra reported in Fig. 3 corresponded. Comparison of 
the UV spectra indicated that the 267.5 and 229.5- 
nm absorbance maxima were independent of each 
other and seemed to belong to two different com- 
pounds. Assuming that one maximum must be as- 
signed to 2,5-HD, the other could belong to another 
compound with a similar absorbance. To identify 
the interfering compound, four different commer- 
cial 2,5-HD samples were analysed without dilution 
using the GC-MS system, for which the signal in- 
tensity attributed to each peak is strictly dependent 
on the amount present. All the chromatograms ob- 
tained (Fig. 4) showed, close to a very intense peak 
which could be attributed unequivocally to 2,5-HD 
owing to its intensity and its mass spectrum, anoth- 
er small peak with reproducible retention times and 
different abundances. 

The mass spectrum relating to the chromato- 
graphic peak (arrowed, Fig. 4) was attributed from 
a library search as having a high probability of be- 
ing 3-MCP [l 11. In fact, the mass spectra of the 

other reported isomers of the 3-MCP showed the 
following evident differences: 2-methylcyclopent-2- 
enone had the base peak at m/z 67 and the relative 
fragment ions at m/z 81 were not very abundant 
(10%); cyclohex-Zenone showed the base peak at 
m/z 68 and 2,5_dimethylfuran, with a very intense 
[M-H]+ peak, had a retention time of about 2 min 
under the same GC conditions. Moreover, accord- 
ing to Bedstein [12], the 3-MCP compound was the 
only methylcyclopentenone isomer that is synthe- 
sized from 2,5-HD. In order to confirm the prelimi- 
nary information obtained from the library search, 
the compound was synthesized in accordance with 
the literature procedure [8]. 

The crude reaction product, analysed by GC- 
MS, showed that 3-MCP was the more abundant 
product (Fig. 5) and had a mass spectrum identical 
with that reported in the literature [l 11, while the IR 
spectrum of the above sample gave the same ab- 
sorption peaks with similar reciprocal intensities of 
those reported in the literature for technical 3-MCP 
[13]. The IR absorption maxima are shown in Fig. 
6. 
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Fig. 5. GC-MS of crude reaction product and mass spectra of (A) synthesized 3-methylcyclopent-2-enone and (B) 2,5-hexanedione. 
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Fig. 6. IR spectrum of neat crude reaction product obtained from 3-methylcyclopent-2-enone synthesis. 
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Fig. 7. Electron impact mass spectrum of 2,4_dinitrophenylhydrazone derivative of 3-methylcyclopent-2-enone (m/z 276) contained in 
the commercial 2,Shexanedione sample. 

On the basis of the MS and GC data, it was con- 
cluded that 3-MCP is generally present in commer- 
cial 2,5-HD samples. For further confirmation that 
the impurity was 3-MCP, the 2,4-dinitrophenylhy- 
drazone derivative was prepared, as described un- 
der Experimental, and then analysed using a VG- 
ZAB 2F mass spectrometer. The resulting spectrum 
gave a value of m/z 276 for the parent ions, as re- 
ported in Fig. 7. 

The presence of this compound in 2,5-HD can be 
explained by considering the following decomposi- 
tion scheme (Me = methyl): 

1 

The enol form 1 is the driving force for the sub- 
sequent rearrangements, and the cyclization and the 
successive loss of water lead to the formation of 
3-MCP. The different 3-MCP concentrations in the 
four different 2,5-HD samples seem 1:o be indepen- 
dent of the declared purity (97-98%;1, but they ap- 
pear to be closely linked to the specific synthesis 
process. In fact, the other unreponted impurities 
present in the 2,5-HD samples analysed were all dif- 
ferent compounds, while 3-MCP was common to 

all four samples. Fig. 4 demonstrates that this im- 
purity, in the concentrations found in the four com- 
mercial samples, does not affect the GC-MS detec- 
tion of the principal compound, but plays a very 
important role in the analytical technique when UV 
detectors are used. In order to verify the possibility 
of carrying out a correct determination of 2,5-HD 
by means of HPLC-UV detection, it appears to be 
of great importance not only to assign the correct 
UV spectrum to 2,5-HD, but also to know the exact 
HPLC and UV behaviour of 3-MCP. 

The three-dimensional chromatogram of the syn- 
thesized compound (Fig. 8) showed the presence of 
only one peak with a retention time and UV spec- 
trum that could be superimposed over the second 
peak in the commercial 2,5-HD chromatogram 
(Fig. 9), whereas the mixture of two samples (1: 1, 
v/v) gave rise to a chromatogram (Fig. 10) in which 

Wavelength (nm) 

3.5 4.0 4.5 

Time (min) 

Fig. 8. Three-dimensional HPLC-PDA of synthesized 3-methyl- 
cyclopent-Zenone samp!,. 
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Fig. 9. Three-dimensional HPLC-PDA of Aldrich 2,5-hexane- 
dione sample (12 g/l). 

a decrease in the first peak and an increase in the 
second peak with respect to the above two chro- 
matograms were evident. 

Comparison of the HPLC-PDA and GC-MS re- 
sults for the same sample showed the different in- 
strumental responses for the two compounds (Figs. 
2 and 11). 

Wavelength (nm) 

Time(min) 

Fig. 10. Three-dimensional HPLC-PDA of synthesized 3-meth- 
ylcyclopent-2-enone and Aldrich 2,5_hexanedione (12 g/l) mix, 
ture (1:1, v/v). 

In the HPLC-UV system, the molar absorptivity 
greatly influenced the response factor of the analyte 
and therefore a strong signal was associated with a 
small concentration of 3-MCP owing to its high E, 
unlike 2,5-HD. The two values of E are 18 150 and 
123 for 3-MCP and 2,5-HD, respectively [8,14], em- 
phasizing that a 2,5-HD concentration 147 times 
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Fig. 11. GC-MS of Aldrich 2,5_hexanedione sample (12 g/l) 
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Fig. 12. UV spectra recorded with PDA detector of pure (A) 2,5_hexanedione and (B) 3-methylcyclopent-2-enone and respective 
wavelengths of maximum absorption. 
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higher than that of 3-MCP would give rise to two 
UV chromatographic peaks of similar intensity if 
measured at the respective absorption maxima. 

All the above data allowed the UV spectra shown 
in Fig. 12A and B to be attributed unequivocally to 
2,.5-HD and 3-MCP and consequently to establish 
the correct wavelength for the UV detection of the 
metabolite, which was found to be 267 nm. 

CONCLUSIONS 

The use of independent chromatographic and de- 
tection techniques allowed the identification of the 
3-MCP compound present as an impurity in four 
different commercial 2,5-HD samples. This com- 
pound of high E may constitute a misleading inter- 
ference in the UV detection of 2,5-HD in standard 
solutions and therefore a wavelength of 233 nm 
does not seem suitable for HPLC-UV analysis be- 
cause at this value the 2,5-HD is undetectable. 

It is the opinion of the authors that any HPLC- 
UV procedure used to determine directly metabolic 
2,5-HD in urine is not a particularly accurate, spe- 
cific or sensitive method owing to the low molar 
absorptivity and low concentration levels of the di- 
ketone. The HPLC method with UV detection 
would show a better performance if 2,5-HD under- 
went a pre- or post-column derivatization by reac- 
tion with a specific chromophore so as to increase 
the molar absorptivity and shift the UV detection 

window to a range less troubled by the many com- 
pounds present in the urine matrix. 
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