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SUMMARX 

Quam%ative single iok nxoni&ring of ~phenylpyruvic acid at high sensitivity is pose&e 
after derivetization first with o-pbenylened&mine end then with a silylsting reagent: The 
resulting O-trime+bylsilyl-qninoxalinol (0-m) has previoxzsly been- shown to be bigbiy 
stable @ring &&age ed _OP chromatography_ As an internal standard the isomerie o-methyl- 
phenyigiyoqlic (o-toiuylfonnic) acid is introduced. The mass spectra of both 0-TMS-Q’s 
are cbaracteriz& by abedant [Ml: at m/e 308. The concept of %lass specific nzetabolic 
profiling" isLdiscllss&d in relation to quantitati*e g& chromatography~ 
detectitin of aliphatic and aromatic Cr-ketoacids.* 

w=t==etry 

INTRO&J(=TION 

Gas. chromatographic (GC) and mass spectrometric (MS) methods in com- 
b&&i& .w+h elet+ronic data acquiskion and handling (Comp) allow very ef- 
ficient .detection of prim&y and secomky metabolic anomalies in patients 
with :inherited disease. Siach “profiling”. of human body fluids [l] has greatly 
conkibue to our ~derstanding of a group of diseases known as the organic 
acid- [a, 31. 

By definition, &ofiling techniques are q@&tative or semiquantitative in 
na@ze, i.e., ~evi&i+s of metabolite levels in the posit&e or negative direction 
axe +&at@ or possibi& _&etabolic disease [4] _ If general profile data axe also 
a.naIyzed q~titatively [5], erroneous conch&ions may be reach&d_ 

However, GC-MS+Zotip profiting techniques can-yield reliable quantitative 

*Resented in- part 'at the Symposiuxn ‘adarrs Speetrometry and Combined Techniques in 
$$e$$z!e, :-cd @b.iky and CIi&d Biockemiatry”, Tdbiien, qovemher 14-35.1977. 
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data if only a single class of metabolites is detected, e.g. steroids [6, 71 or 
ketoacids 18, 91. In such cases, chromatographic properties and quantitative 
behavior are more uniform and better understood, provided also that the 
internal ~standards belong to the same chemical class. Such “class specific 
metabolic profiling” as we would like to call it, can be made possible either 
through specific purification [S, 71 or through specific detection [S, 9f. 

Aliphatic a-ketoacids can be specifically detected as 0-TMSQ derivatives 
[8, 9, lo] either with nitrogen selective detectors [ il] or even more specific- 
ally with multiple ion detection [ 9, 121. In this case o- phenylenediamine 
serves as a label: it imposes a characteristic fragmentation pattern on the 
small molecular weight keto acids by converting them to hetero-aromates IS]. 
With the resulting high mass fragments (m/e 217, 232, 245) relatively little 
interference &om other compounds is observed. 

Recently, we have extended the 0-TMS-Q procedure to the quantitative 
GC analysis of aromatic cr-ketoacids in urine 1131. In the following lines we 
introduce a suitable internal standard which allows fi-phenylpyruvic acid 
(PPA) to be included in a ketoacid specific profiling of body fluids using GC- 
MS-Camp techniques. 

MATE- AND METHODS 

The gas chromatograph and other equipment, the source of chemicals, the 
derivatization of aliphatic and aromatic ketoacids and the quantitative eval- 
uation, have been fully described in previous communications [S, 131. An 
0-TMSQ procedure is also available for ketoacids in blood 1141. I+ short, 
the procedure consists of reacting unextracted ketoacids in 2 N HCl for 30 
min at 70” with o-phenylenediamine, extraction of the quinoxalinols with 
chloroform (the aqueous phase being saturated with (NT& )iS04 ), evaporation 
of the organic phase, and final derivatization for 30 min at 70° with 50 ~1 of 
pyridine and 50 pl of his-(TMS)-trinuoro acetamide. Care is taken to condense 
the chloroform fully by feeding the rotary evaporator with an ethylene glycol- 
water (l:l, v/v) mixture at -10” 1141. 

The deutero-TMS-Q’s were prepared as described in ref. 10. 
Low resolution 70eV mass spectra were obtained on a Varian Model CH7 

magnetic mass spectrometer. Samples were introduced via a Varian Model 
1700 gas chromatograph with a 150cm 3% SE-30 column and a Biemann- 
Watson separator. Parameters of operation have been given previously _[13]. 

Single ion monitoring with a-ketocaprylic acid as internal standard was 
performed on a Finnigan Model 3000 quadrupole mass spectrometer coupled 
to a Varian Model 1400 gas chromatograph. The samples were introduced via 
a 180 cm X l/8 in. O.D. spiral glass column filled with Dexsil 300 on Supel- 
coport. The temperature program was from 180 to 220” at b/m& The in- 
jection port temperature was 200”, the glass-jet separator tid metal transfer 
line were kept at 250°. Electron energy was 70 eV and ion energy 5 V. 

Prepanrtion of borneric methylphenyl glyoxylic (toluylfonnic) acids 
In very low yields the acids could be obtained from the dorresponding 

methylacetophenones (EGA Chemie, Steinheim, G.F.R.) by reacting them for 
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6 h in icecold 1% KOH with K3 [Fe(GN), ] 1151. 
For preparation of larger amounts with optimal purity we started from the 

isomeric methylbenzoic acids. These are converted: (i) to the chloride [16] ; 

(ii) to the cyanide 1171; and (iii) by acid hydrolysis to the free ketoacid. 
All chemicals were from Riedel de Ha&r (Seelxe, G.F.R.). 
(i) Dimethylformami de (in traces) was dropped into a stirred suspension of 

methylbenzoic acid in thionylchloride (molar ratio 1.0:1.5) and the sus- 
pension was refluxed for 1 h. After stirring at room temperature overnight, 
the excess thionylchloride was removed under. vacuum, using a waterpump 
and a X-cm Vigreux column to facilitate separation. By distillation of the 
residue the acid chloride was obtained. Yield 95%. Bp,,,: 2-metbylbenzoyl- 
chloride, 100-103”; 3-methylbenzoylchloride, 99-101” ; 4-methylhenzoyl- 
chloride, 95” _ 

(ii) Anhydrous cuprous cyanide and methylbenzoylchloride in a molar 
ratio of 1.2: 1 are thoroughly mixed-and heated. The temperature is raised to 
220-230° and maintained between these limits for 1.5 h. At the end of this 
time the crude toluylcyanide is purified by fractional distillation through a. 
column. The distillate of the meti and para derivatives solidifies to coldrless 
crystals. The ortho derivative is obtained as an oil. Yield 60-65%.B.p.,,: 2- : 
toluylcyanide, 109-Ill”; m.p.: 3-toluylcyanide, 24”; .4-toluylcyanide, 46”. 

(iii) Toluylformic acid is prepared by the hydrolysis of toluylcyanide with . 
concentrated hydrochloric acid. The mixture is shaken occasionally until 
the cyanide is dissolved completely and is then allowed to stand at room 
temperature for 5 days. The clear solution is poured into water and extracted 
with ether. The ether is removed by distillation. The residual oil is placed in 
a vacuum desiccator containing phosphorus pentoxide and solid sodium hydrox- 
ide and allowed to remain there until dry. The crude acid is dissolved in hot 
carbon tetmchloride and cooled until crystallization is complete. 

The free o&ho acid is a high-boiling oil. Equimolar amounts of the ortho 
acid and concentrated ethanolic sodium hydroxide were heated. The resulting 
sodium salt was recrystallized from 70% ethanol. Yield 73-77s. M-p.: sodium 
salt of 2-toluylformic acid, 297. 3-297.9”; 3-toluylformic acid, 71”; 4toluyl- 
formic acid, 95-97” _ All melting points are uncorrected. 

RESULTS 

Mass spectra 
In Fig. 1 the mass spectra of the &phenylpyruvic acid (PPA) derivative, O- 

TM!%enzylquinoxalinol (BQ) (data from ref. 13), and of O-TMS-p-methyl- 
phenylquinoxalinol @MPQ) are shown. A high similarity with regard to high 
abundance of the molecular ion was expected and was indeed found. The MS 
of mMPQ is almost identical to the one of pMPQ. The peculiarities of oMPQ 
are described below. 

The spectrum of BQ has been interpreted in ref. 13. Major ions of pMPQ 
and mMPQ are (m/e of the deuterated derivative in brackets): m/e 235 (235), 
219 (219), and 217 (226). The ion m/e 217 is formed by the loss of a methyl- 
phenyl radical from the molecular ion (metastable ion at m/e 152.8). The ion 
m/e 219 is formed- by loss of (CH,), SiO from the [M-15] ion (metastable ion 
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Fig. 1. ?O-eV B&se spectra of 0-TMS-Q’s from phenylpyruvic acid (upper paneI; data from 
ref. 13) end pmethylphenylglyo&ic (p-toluylformie) acid (lower panel)_ See text for 
i3lterpEk&iOKL 

at m/e 163.7). Ion m/e 235 is probably the result of loss of a TMS radical from 
the moieeuI& ion. As evidenced by very low abundance of m/e 226 in the de& 
erated derivative, there is almost no cleavage of a methylphenyl radical from 
the molecular ion of oMPQ. 

The ion m/e 135 (141) of PQ has been interpreted as a rearrangement 
product with the. composition [C, HS Si(CH& ] (ref. 13). AU three isomers 
have a corispicious ion m/e 149 (155) which may be due to a similar rear- 
izmgement. 

. Evidence from isotope peaks shows that pMPQ and mMPQ have two doubly 
charged ions: m/e 139 (140.5) and 146.5 (149.5). The latter probably re- 
presents [M-15] l +. The first should be [M-30]“. Its relative abuudauce is 
3.8%, and that of ]M-30]* is 1.1%. Ion m/e 139 (140.5) is practically absent 
from the MS of oMPQ. 

The tropyiium ion, m/e 91, is relatmely low in abundance iu ah three isomers. 
The ions m/e 90 (90) and 102 (102) are similarly found in 0-TMS-Q’s with kn 
aliphatic side chain [9]. 

Gas chromatographic properties 
In Table I methylene units (MU) [18] on two silicone phases are given for 

the 0-TMSQ derivatives of PPA; the three isomeric ‘methylphenyIg1yoxyJ.k 
acids aud phenylglyoxylic acid (PGA), respe&iveIy.’ G-TMS-phenylcIuino%aIi- 
no1 (from PGA) and the PPA derivative have-nearly identicaI :elutiou times on 
OV-1 as well as on OV-17. There is a kskikbg chromatographic otiO-effe&n 
the elution time of the MPQ’s: oMPQ comes out even .earIier thau the non- 
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.methyl&ed -compound. The trend in AMU values (MUOV_~~-MU~~_~) a~ 
shoti: in- the 1 table :-is no& consistenti~ found tit% dSfeken~ QV-I. samples,. on 
.OV~lMl i derimtive~ yield. p&e&y: symmeticsl pr%ks.~ Multipie peaks do not 
O’C&_ -_ _.‘:,; : -_ i _ -: : ; ._ . ,.__I 
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Fig. 2. Single iori m&&xing of phen$pyruvic acid (2) in cerehrospinsll~fluid with a-keto- 
baprylic &id (11 as intesal standard. O-T&IS-Q procedure. The.quadr&pole mass spectzo- 
meter was focused on m/e 217. (a) .l ml CSF was processed witbout added ketoacids; (b) 
To lml CSF 5.3 nmoles ofbotb ketoacidswere added.Finalsamplevolume40pl.l~al 
usedForGC*. 

TA.BLb:I_. _ : 

ME+- OF O-~‘S FROM AROMATI&-KEWAhS 

Separa~ion~yw~pe$ormtid with a Hex&t-Packard Model 7611.Agasehromatog&phtith 
k80,x -3 nun I-D-U-shaped glasscolrtmns. 
coport. Temperature-pro&am 

OV-1 &nd:OV-17 bo&on100--120m&-9~~- 

mljlnin. 
from 60” to 18O”it 2”jmirt. Carrier gas w&9 nitrogen at 60 

o-TAB-Q ov-1 GV-17 AMtJ 

o-Methylphenyl- 20.25 22.94 2.69 
BeI++ : :.: ;: . . . 
Phenyl--.. ..-I 

20.63 .:_.. .23.31 2.63 
9.70 .,..I 

:~ I 
20.70. .23.40 . 
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Our earlier ~application of this technique with a-ketccapryhc acid as internal 
standard isshownin Fig. 2, Although part@ overlap is-observed between23Q 
and a peak of unknown identity, very high sensitivity is already obtained: With 
this method we showed in an untreated female patient with phenylketonuria 
that only traces of PPA (about I pmole/l) were present in her lumbar cerebro- 
spinal flui$[19]. 

It is evident from Fig. 1 that greater sensitivity will be obtained by monifor- 
ing fragment m/e 308 or 293 with a methylphenylglyoxylic acid as internal 
standard. Monitoring these high masses also will improve accuracy of quan- 
titative data. 

DISCUSSION 

To our knowledge, Narasimhachari [ 201 was the first to use isomeric internal 
standards for single ion monitoring. In the present paper we have evaluated 
this principle for the qua&t&e determination of PPA. 

Because of its ciose proximity in the chromatogram o-methylphenylglyoxy- 
lit acid appears to be suited best as an internal standard for single ion monitor- 
ing of PPA. The stability of the derivatives is very high: down to 5 pmoles 
per injection we found no differential chromatographic loss of the PPA deriv- 
ative when nitrogen-selective detection was used (unpublished data). 

Our earlier data [S, 91 and the results of tbis report reveal that quantita- 
tive, a-ketoacid-specific profiling can be performed with GC-MS multiple 
ion detection of -O-T&&-Q’s on only four channels, namely ti/e 217, 232, 
245 and 308. Internal standards should be ar-keto-n-valeric acid and o-methyl- 
phenylglyoxylic acid. 

Such profiiing studies eventually will prove helpful in interpretation of 
secondary metabolic derangements in phenylketonuria [21] aS w&l as in the 
assessment of animal .models: for that disease 122, 231. Our present studies 
are concerned with these topics. 

One of us (U-L.) acknowledges support from the Deutsche Forschiings- 
gemeinschaft, Bad Godesberg, G.F.R. (SFR 33 and Schwerpunk~.“Biochemi- 
sche Humangerietik”). Thanks are due to Professor W.-D. Erdm& wh0 gave 
us full access. to the Finnigan mass spectrometer in the. Institute of Pharma- 
cology and Toxicology, University of G&ingen. .Dr. G. Remberg. kindly 
assist in operating the Varian CD7 GC-MS combination at the-Institute 
of Organic Chemistry, University of G&ingen. 

NATE &DED IN PROOF 
_. .._. 

Since &s paper went to press we have established -a- GC-MS method for 
quantitative determination of PPA in the blood of patients with phenyiketo: 
nuria. Dual ion monitoring at m/e. 293 ELI@. 308 is performed_:_with ‘oitk- 
methylphenylglyoxylic acid as internal standard [24]. 

. ., 
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