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CHROM. 5353 

Combined gas-liquid chromatography/mass speitrometry study 
bromine oxidation of Synkavit (2-methylnaphthalene-1,4=diol 
diphosphate) in IsO-enriched dimethylformamide 

of the 

The combination of gas-liquid chromatography (GLC) and ‘mass spectrometry 
(MS) has proved to be applicable to a wide variety of analytical problemsl-12. The 
success of this technique has prompted us to enlploy it in a re-esamination of the 
bromine oxidation of z-metl~ylnaphtl~alene-x,4-diol diphosphate (Synkavit, I) in 
180-enriched dimetl~vlformamide as solvent. Roth the 2-methyl-r,q-naphtl~oquinone c 
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(Mcnadione, II) a~xd tlxe inorganic phosphate (Pi) products of tlxis reaction were 
found in the initial study 1a to be isotopicallv labelled by conversion of each to carbon 
dioxide axid determixlation of the 180 to i”O ratio bv MS. With the combination 
teclxniclue one uses the GLC column to present a few*nlicrograms of sample to tlxe 
mass spectrometer for determination of the escess lHO content of the molecule itself 
(molecular ion) or fragment ions thereof. We have recen’tly reported on the cle- 
termination of the 1% content of amino acids froxn algae grown on x3C-enriched CO, 
via combined GLC-MS of their TMSi derivatives 11* It was felt that a comparison of 
results for the direct (GLC-MS) and the indirect (conversion to CO2 followed by MS) 
h&hods for the determination of 180 content of Synkavit and Px would be a test of 
their relative merits and consistency. This was considered particularly worthwhile in 
view of the conclusions drawn from observing the presence of label it.1 the two 
products-i.c?., that the bromine osidatioxl proceeded via the intermediates III axlcl 
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IV to the extent of 26% (P-O bond cleavage) and II%* (C-O bond cleavage), re- 
spectively13. 

GLC-MS experiments with 1-2 ,ug samples were carried out with an LI<B 
Model gooo instrument. The spiral glass GLC column was 4 ft. x 3 mm I.D.; 30/c, 
OV-17 on acid-washed and silanized* Gas-Chrom P; 30 ml/min helium carrier gas. 
Mass spectra were obtained with a 70 eV ionizing potential, a 3.5 kV accelerating 
potential, a 50 ,uA filament current, and a 270~ ion source temperature. 

Phosphoric acid (Merck) and the lsO-enriched acid (obtained from Pi-mag- 
nesium phosphate- by ion-exchange) were taken up in bis-trimethylsilyltrifluoro- 
acetamide and allowed to react for 30 min at 45” to form the tri-trimethylsilyl 
(TMSi) derivative 14. This compound exhibited a retention time of 6 min (temperature- 
programmed analysis: initial temperature 8o”, S’/min). MS peak intensity measure- 
ments were made on both the molecular ion M (m/e 314) and M-IS (m/e 299) fragment 
and for the corresponding isotope signals (nz/c 3x6 and 301, respectively). Multiple 
GLC-MS runs were made and mean values determined. Calculation of the percent 
excess ls0 for the M-15 fragment is given below; the same value was obtained from 
the molecular ion. 

Intensity 180-enriched PO(OTMSi), 100 19.0 

Intensity reference PO(OTMSi), 100 13.5 

Intensity difference 5.5 

5.5 
x 100 = 5.2% excess la0 

5.5 + 100 

Intensity measurements and calculations were also made on the M (rtz/e 172) 
and the M+2 (m/e 174) signals of the i*O-enriched 2-methyl-I,4-naphthoquinone 
and a reference sample. A value of 2.g”A, excess IsO was obtained. 

Results a?%-8 discussiola 
GLC of the tri-TMSi phosphate derivative of Pi indicated the sample to be 

homogeneous, and the compound was identified by its retention behavior and mass 
spectrum. The value of methods for readily converting inorganic anions to volatile 
derivatives14 amenable to G’LC and MS is evident. Analysis of the 2-methyl-x,4- 
naphthoquinone” isolated from the Synkavit oxidation, on the other hand, disclosed 
the presence of two components (see Fig. I). The earlier eluted component was 

l A factor of 2 should be included in the calculation of this value in ref. 13 to take account 
of both phosphate sites in I. 

l * A GLC method for the determination of Menadione has been rcportcdlG. 
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Fig. I. CLC of the quinonc fraction resulting frown bromine osidation of Synlcnvit in 180-enricl~cd 
cli~ncthylforrnalnide. Column conclitions arc givcri in Exf!vviuzentnd; ten~pcrrtturc-programmed 
analysis : initial tcmpcraturc r4.g”, 5O/niin. 
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Pig. z. Mass spectrum of the 2-mcthyl-r,4-naphthoquinonc resulting from bromine osiclation of 
Synkavit in IWO-enrichccl tlimcthylformamiclc. 
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Pig. 3, Mass spectrum of the 3-bromo-2-n~ethyl-r,~-nnphtl~oclui~~o~~c rcsult.ing_from bromine oxi- 
dation of Synkavit in BOO-cnrichccl di~ncthylfonnaniicle, 
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identified by retention time and mass spectrum (see Fig. 2) as the expected Menadione 
(II). The mass spectrum of the later eluted component is presented in Fig. 3. This 
compound is clearly mono-bromo-Menadione -note the characteristic bromine 
isotope cluster for the molecular ion (m/e 250/252). NMR data on the mixture 
strongly suggest that the bromine atom is at the 3-position. The key NMR features 
leading to the structural assignment for the contaminant were the low areas of the 
CH,C = CH protons relative to the aromatic resonances and the appearance of a 

I I 
new methyl singlet at 7.62 t. The two methyl peaks had a combined relative area of 
three protons. The absence of splitting in the 7.62 z signal plus the downfield shift 
compared to that in Menadione are both diagnostic for a substituent at C-3. The 
significance of the production of this compound during the bromine oxidation of 
Synkavit is presently unclear’, although participation of such a species has previously 
been intimatedlO. 

The data obtained from the mass spectra indicated that II and Pi contain 2.9 
and 5.2% excess le0, respectively (see Eq4crinzcntal). This would suggest that the 
oxidation in 17 o/o enriched l*O-dimethylformamide proceeded via III and IV to 
the extent of 31% and x7%, respectively, The former value (from Pi, as the tri- 
TMSi derivative) is seen to be consistent ‘with, although greater than that noted 
previouslyl”. The presently determined value (17%) for the second route (value 
obtained from 2-methyl-x,4-naphthocluinone uncontaminated with the bromination 
product) is also greater than the original value of 11% (ref. 13), perhaps because of 
the large amount of 3-bromo-z-methyl-1,4-naphthocluinone (V) present in the sample 
when it was investigated by the classical MS (conversion to CO,) technique. 

A disadvantage of the indirect (CO,) approach for determination of 180 (or 13C) 
isotope content is that it does not allow differentiation between CO, from the com- 
pound of interest and that from possible sample contaminants. There is also the 
possibility of the introduction of impurities during combustion, or of incomplete 
combustionl’. Although this method is capable of yielding isotope ratios with great 
accuracyl8, MS on the actual compound of interest, while producing less accurate 
datal8, does not suffer from the above disadvantages. The latter approach also allows 
the determination of isotope content on the molecular ion or appropriate fragment 
ionlo, providing a contaminant does not produce interfering ions. Of course, fractional 
sublimation of the components of a mixture may occur during sample evaporation 
into the ion source even with closely related compounds20, and thus a contaminant 
will not necessarily Volatilize with the compound of interest. However, the great 
separating power of GLC, resulting from the judicious choice of stationary phase, 
when combined with MS results in a superior technique for indicating non-homo- 
geneity of sample and yielding isotope data on each component of a mixture on the 
microgram scale 11912. The potential of the method in chemical and biological studies 
employing limited amounts of partially purified compounds is obvious. 

We wish to thank Mrs. VIRGINIA GRUBER for preparation of the 180-enriched 
phosphoric acid from PI, Mr. JACK L. SMITH for assistance with the mass spectro- 
--- 

l Calculations bnsed on the signals at m/c 17x and 173 (M-B) in the mass spcctruni of 
brortlo-Mcnadionc suggest that this compound contains almost the same pcrccnt esccss 18O :v+ the 
lRO-cnricl~ecl R’Icnaclione. 
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metric determinations, ancl Dr. JOHN 1;. BECK for his critical suggestions concerning 
tile manuscript. 
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