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RATIONAL SYNTHESIS OF DEUTERIUM-LABELLED 

PYRIDOXAL AND PYRIDOXYL ALKALOIDS1'2 

Gerhard Bringmann* and Stephan Schneider 

Organisch-Chemisches Institut der Universitat 

Orleansring 23, D-4400 Miinster, F.R. Germany 

Summary: -_-- A synthesis of pyridoxal is described, which avoids delicate 

redox reactions at the accomplished pyridoxyl system. This 

synthesis allows the facile preparation of highly (>98%) deu- 

terated pyridoxal lob and of B6-derived alkaloids. 

The very mild reaction conditions under which the key step of isoquinoline 

biosynthesis - the Mannich condensation of aryl ethyl amines with reactive 

carbonyl compounds - can be imitated in vitro 
3 

_-__I led to the detection that 

this Pictet-Spengler type reaction spontaneously also may occur in man, e.g. 

after alcohol consumption 
4 . In particular, the aldehyde pyridoxal phosphate, 

the central coenzyme of the amino acid metabolism, might react non-enzymati- 

tally with endogeneous bi-nucleophiles to alkaloid-type metabolites. 

We could recently demonstrate the in vivo formation of pyridoxyl isoquinoline ---- 
5 alkaloids 3 in rats from L-dopa (1) and vitamine B6 (2) , which are adminis- 

tered in unphysiologically high doses to patients suffering from metabolic 

diseases like parkinsonism and homocystinuria 6,7 . 
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While these animal experiments could be achieved with radioactive isotopes, 

the quantitative determination of endogeneous alkaloids in man requires 

stable isotope labelled reference substances, which can be added to body 

fluids or tissue samples as internal MS standards8. We now wish to describe a 

synthesis of [CD31pyridoxal (lob) and its rational chemical incorporation 

into deuterated pyridoxyl alkaloids. 
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The known hydrogen exchange procedure on the N-benzyl salt of the prefabri- 

cated alcohol pyridoxine (21, followed by debenzylation' and oxidation, gives 

deuterated pyridoxal in a poor overall yield (3%). Thus, a total synthesis of 

deuterated pyridoxal lob by Diels-Alder reaction appeared to us as the more 

efficient alternative. In order to avoid ticklish redox reactions on the sen- 

sitive pyridoxyl system, as necessary in described syntheses of vitamine B 10 
6 ' 

we used the dienophile of the central cycloaddition step immediately in the 

final oxidation level required - as an unsymmetrical olefin like 7, with an 

alcohol and an aldehyde function. 

7 is easily prepared from Z-2-butene-1,4-diol, whereas the diene, the oxazole 

6, synthetically originates from alanine (1). This amino acid can very effec- 

tively be deuterated under the influence of a transaminase (EC 2.6.1.2), in 

the presence of catalytic amounts of pyridoxal phosphate as the coenzyme and 
11 a-ketoglutarate as the cosubstrate in D20 as a cheap isotope source . By 

repetition of the procedure we could enhance the deuterium degree up to >99%. 

Esterification, N-formylation and oxazole ring closure 12 of the deuterated 

amino acid 5 give the labelled dienophile 6 in 70% overall yield. 

Heating up the two Diels-Alder components 6 and 7 under various conditions, in 

the presence of radical inhibitors, predominantly gives nitrogen-free decom- 

position products, apparently due to the thermal instability of the unsatu- 

rated aldehyde 7. 

The corresponding dienophile with a protected aldehyde function, the rela- 

tively more stable alkoxy dihydrofuran 8,whicharises from THF13'14, then in- 

deed allows to carry out the cycloaddition reaction (50-60%). The desired 

electronic deactivation of the labilizing aldehyde function, however, simul- 

taneously brings about an extensive electronic egalization of the two olefinic 

carbon atoms, and thus the loss of any regiocontrol in the Diels-Alder reac- 

tion: both possible regioisomersloa and 11 are formed in equal amounts 

(>98% D). 

Surprisingly, the undesired product 11 can very smoothly be transformed into 

the natural, pyridoxal type isomer ioa by treatment with acid. By this quan- 

titative isomerization 15 
our reaction sequence constitutes an attractive new 

pyridoxal synthesis - apart from its applicability to isotope labelling. 

As the alkaloids we have detected in mammalians 
5 

cannot be analyzed mass spec- 

trometrically in their endogeneous, phosphorylated form, not even by modern 

ionization techniques such as FD or FAB, they must be dephosphorylated enzyma- 

tically in the presence of a phosphatase (EC 3.1.3.2), beforehand. Thus, for 

our purpose the labelled pyridoxal lObdoes not have to be phosphorylated, 

but can directly be condensed with bi-nucleophiles like L-dopa and L-trypto- 
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Reagents and reaction conditions -______ 

1) glutamate pyruvate transaminase (EC 2.6.1.2), wridoxal phosphate, t+keto- 

glutarate, D20, pD = 7, 38OC; 2) EtOH/HCl; 3) HC02H, HC02Na, Ac20, 5Oci 

4) P205, MgO, Celite, CHC13, reflux; 5) 135Oc, 8 twentyfold; 6) Si02; 

7) EtoH/Hcl; 8) 0.2N HCl, 35-42% from 4; 9) H20, PH = 6, 38Oc. 
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phan to yield the corresponding alkaloids 12 and 13 as internal standards for 

quantitative analyses. 
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