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!3BslmY 

'Ihe preparation of [5]-labelled Dk4-hydmxy@~nyllactic 
acid by acid catalyzd hydrosen exchange at the arcaMtic 
ring is reported. w t r i c  analysis of the product 
shows that the deuteration is regiospecific and 
quantitative, &i& makes the deuteraw canpurd suitable 
as an internal s t a d a d  in the stable isotope dilution 
analysis of its naturally oamring analog in biological 
Salplf2.S. 

Prenatal dia-is of saw inherited metabolic diseases is 

possible by direct chemical analysis of characteristic 

metabolites in amniotic fluid supmatant. % i s  approach has the 

advantage of having results available within 2 - 3 days (I). 

In due to a deficiency of 4-hydmxyphenylpyn~ic acid 

dioxygemse, 4-hydmxy@1enylladic acid (4-HmA) is the major 

urinary metabolite (2,3). It is likely that 4-HmA would be 

elevated in the amniotic fluid of a fetus affected with this 

disease. 

?he most sensitive and a m t e  approach to the detection of 4- 
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HPIA would be to develop a stable isatape dilution technip, in 

which the stable isotopically labelled analog of 4-H~A mes as 

anlrrterndl &axlard for quantificaticm and as a carrier for the 

l l l h U k  alBXnkS Of Mblld.ly -ing 4-HrnA d.1 Of 

the analytical procedture. 

A labelled analog of 4-HPIA was not ammcially available and 

had to be synthesized. In this paper we describe the synthesis of 

[%]-4-HPIA by acid catalyzed hydrqen exchange at the arcpMtic 

ring of 4-HpLA. 

For use as an internal staxkd, the canpaund should be labelled 

in a high isotopic enridmmt and at a stable position of the 

m1-e. m e  degree of labelling was ch& by mass 

spdxanetric analysis, and the position of the labels was 

confirmed by IH NMR masmments. 

DL4-hydmxyphayllactic acid was prdmsed fram Sigm chemicdl 

Cmpny, St. Louis, U.S.A.. Lkuterium chloride (20 w t .  % solution 

in 90, > 99.96 a t m  % D), deuterium d d e  (99.8 a h  % D) and 

[q]-acetonitrile (99 atan % D) were mined f m  Janssen 

chimica, Belgium. 

m e  deuteration of DL4-HPIA was perfonned by heating the 

compourd (50 nr& 0.2 mle) in 9 % E l / % O  (2 ml) at 80 OC for 6 

hours in a sealed tube. After cooling, the solution was satura- 

with NaCl and extraded with ethyl acetate (4 x 2 .5  m l )  . Ihe 

ccanbined extracts were dried over W~SO~, filtered ard evaporabd 

under a stream of nitmgen. ?he pruduct was purified by 

recristallization frcan Et20. 

himethylsilyl derivatives were prepared by adding pyridine (100 

p1) and N-methyl-N-trimethylsilyl-trifluomacetzmide (MSTFA, 100 

pl) to an aliquot of the mqxmds and heating at 80 OC for 20 
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minutes. sanples of these solutions vm-e directly used for gas 

ChmnatograFhic analysis. 

GC andlysis was performed on a carlo Wa gas cbranatcgra@ 

operat- a t  a amstant knpezature of 250 OC, using a 6 sil 19 

capillary column with flame ionization detection and helium as 

carrier gas. lbss spectra w=re determined on a Kraw Ms 80 mass 

spectrcmeter in the E.I .  mde and in the C.I. mode (MI3 as 

reagent gas). 11i m spectra of solutions of the ccmpaunds in 

q C r r  were  recorded on a Bruker W 90 spectmneter w i t h  

tetramethylsilane as interndl reference; chemical shifts 6 are 

given in p and ccllplirg collstants J i n  Hz. 

Althcugh the preparation of a labelled version of 4-HpLA f m  

camercially available labelled tyroSh s h a d  be possible by 

diaz-tion w i t h  nitrcruS acid and subsequnt of the 

formed diazo ccmpaund w i t h  hydroxylic ion (4 ) ,  hydrapn exchange 

on 4-HpLA itself was awisaged to be the aFpropriate choice. !&e 

latter method has b e a  successfully amlied to  the deuteration of 

cmpoumk canparable to  4-HmA (5) and is easy to perform. 

After the acid catalyzed deuteration of DG4-HpLA by the above 

describes proceiture, the deuterated product was recavered in a 

quantitative yield, and its TMS derivative w a s  gas 

c h r a n a m & l y  yure. 

The identity of the labelled p- was confirmed by ccwparhj 

the E.I. mass Spectrum of its TTB derivative w i t h  that of [%]-4- 

HPLA diJ IMs.  The rrpst relevant fra-ts of the unlabelled and 

labelled canpounds have been assigned and are listed in table 1. 

under the r ~ ~ c t i o n  W t i o n s  two hydrogen atars aFpear to 

excbnge for deuterium, affording [&]-4-HpLA. The isotOpiC 

of this product was quantitatively determined by 

derivative. In  this andlysis of the C.I. miss spectrum of its 
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Table 1. E . I .  mass S p C k l z d  dab (WZ) .Of [Do]-4-HmA and 
[%]-4-HPLA (relative intensities m parentheses). 

[Do]-4-H€'I.A CD;! 1 -4-HPIA f r a m t  

398 
383 
355 
308 
179 
147 
73 

(2%) 400 (2%) [MI+. 
(6%) 385 (5%) [M - a 3 1 +  
(6%) 357 (5%) [M - U-I3 - a]+ 

310 (42%) [M - IXYRS]+ 
[M - "%-CH-]+ 

(51%) 

(58%) 147 (55%) [ (a3) a-s i+~i -  (~1i-3) 3 1 + 

(94%) 73 (96%) [ s i - ( ~ 3 ) 3 1 +  

(100%) 181 (100%) 

1791 
181 1 

I 

Spectrum the sigml at m/z = 401 (fragment [M + 13") has a 

relative intensity of 83 %, while signils at m/z = 400 and 399, 

belonging to [M + 11'. fragments with a deuterium enrichmnt of 

less than two, appear to be absent. This indicates that the 

exchange of two hydrcqen atcars for deuterium is ccsnplete. No 

over-exchaqe , leading to a higher degree of deuterim 

inwrpration, is seen. 

Selected ion mass spectrcanetric analysis of the deuterated 

product revealed the amount of [Do]-4-HPIA in [%]-4-€IFTA to be 1 

% (MI3 - C.I., m/z = 399 resp. 401). 

In order to determine which hydrogen atoms had been exchanged for 

deuterium, the l H  NMR Spectrum of [%]-4-€MA w a s  ccsnpared With 

that of the unlabelled 4-€MA (6). Both Spectra are similar h 

the lactic acid part of the molecular system, but differ in the 

phenolic part. Deuteration causes the cuqlete disa- of 

the signal at 6.78 ppn (d, J = 4.3 Hz, 2H, H3 + Hg), and the 
substitution of the daublet at 7.14 ppn (J = 4.3 Hz, ZH, H2 i- Hg) 

by a simplet at 7.13 p (ZH, H2 + Hg) . 'Ibis elucidates the 

position of the deuterium atcans to be -0 to the h-xylic 
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group at the ring, which is in  acmrdance w i t h  the expedxd 

electron density d i s t r ih t ion  i n  the carbon ring system of 

ccanparable ccPnpounds (7) - 
It can be concluded that the described deuteration method results 

in the q l e t e  and regimelective exchange of two hydrcgm atcnns 

a t  the arcmatic ring of 4 - m .  me physical properties of the 

deuterated prcduct make this ccanpound suitable for use as an 

interrd standarrl in the assay of its unlabelled analog in 

biological samples. 

The authors w i s h  to thank M r .  R.M. Kok for recording the mass 

spectra, and the Dept. of organic chemistry, Free University of 

An&er&m, for Nt-fi? facilities. 
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