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NOTE

THE SYNTHESIS OF TRITIUM-LABELLED ALANINE BY SOLID-STATE CATALYTIC REACTIONS.

Zolotarev Yu.A., Kozik V.5., Dorckhova E.M., Tatur V.Yu., Rosenberz S.G.
Myvasocedov N.F.
Institute of Molecular Genetics, USSR Academy of Sciences, Moscow

SUMMARY

The solid-state catalytic hydrogenation (SCH) of unsaturated precursor
compound and the high-temperature solid-state catalytic isotope exchange (HSCIE)
showed that the total incorporation of isotope and its distribution between the
aand B-positions of the alanine wolecule can be modified by changing the
temperature of solid state reactions. Tritium incorporation at high-temperatures
proceeds in a mamer which retains the configuration of the asymetric
a-carbon atom. SH NMR analysis of tritiated isotopomers was used for the
investigation of solid-state reactions.The HSCIE reaction proceeds selectively
at 140 <C and only part of the molecules is in the the +tritium spillover
reaction zone. Ab 220oC HSCIE proceeds evenly along the whole mass to give
uniformly labelled alanine.
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INTRODUCT ION

The reaction of catalytic hydrogenation of dissolved organic compound and
gaseous tritium is most widely used for the prepsrative synthesis of +tritium
lsbelled organic compounds [1]. The tritium label is introduced in saturated
compounds by the catalytic isotope exchange reaction of dissolved compound with
gaseous tritium (CESG) {2]1. The molar activity of the compounds synthesized by
this reaction is usually lower than of those obtalned by the tritimm
hydrogenation reaction of unsaturated compounds. The solid-state reaction
without solvent provides another approach. SCH and HSCIE proceed in the organic
compound mass at elevated temperature in the presence of catalyst metals of
the platinum group. For the first time, the HSCIE reaction with gaseous tritium
made it possible to synthesize large chemioal yields of uniformly tritium
lsbelled optically active amino acids [3). Tritium incorporation into amino
acids synthesized by the SCH is higher, as a rule, than in conventional liguid
phase processes. Isotopic exchange of allylic and vynilic hydrogen atoms can
take place in the course of hydrogenation [4].
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EXPERIMENTAL

I._The synthesis of L.D-2,3-3Hlalanine by SCH.

2 mg of Z2-hydroxyimino-propionic acid, 0.5 ml of water and 20 mg of 6%
palladivm-on~barium sulphate were placed into a reaction vial. Water was removed
by lyophilization. The reaction mixture was evacuated to a pressure of 10-3
torr, then tritium was introduced to a pressure of 200 torr. The vial was heated
o  a temperature of 70-120°C and kept at this temperature during an hour. The
vial was then cooled, tritium removed and vial washed with hydrogen.

Tritium-labelled alanine was isolated from the reaction mixbture by treating
it with 5 ml of 1 M NH4OH containing 20% of ethanol. The catalyst was filtered
off, and the filtrate was evaporated to dryness under reduced pressure. Labile
tritium was removed by evaporation under reduced pressure two times for 5 ml
with 20% ethanol. Amino acid was isolated by using chromatography on
sulphocationic exchanger Amberlite 150-@Q in the *+H form and ligand exchange
chromatography on carboxyl cationic exchanger Amberlite OG 650 (III) in the
copper(II) form. 10-20 GBq of L,D {2,3-3H]alanine with specific radicectivity of
1500-2400 TBa/mol was obtained.

I1.The synthesis of [-[2.3-3H]alanine by the HOCIE,

So0lid mixture comprising platinum group catalyst metal (rhodium, palladium,
platinum), 1 mg of L-alanine and 10-100 mg of non-organic carrier (barium
malphate, calcium carbonate, aluminium oxide, carbon), was evacuvated to a
pressure of 10-2 torr, then tritium wes introduced into reaction vial toa
pressure of 200-400 torr [5]. The HSCIE reaction is carried cut at a temperature
Of 100-240 oC for 20-200 min. The isclation of amino acid from the reaction
mixture is performed as described above for the production of {2,3-SHJalanine by
the BCH of 2-hydroxyimino-propionic acid. 2-20 GBg of [2,3-%HJalanine, specific
radicactivity 330-3200 TBa/mol, was obtained. Gaseous deuterium instead of
gaseous tritium was used in the production of deuterated analogues of alanine.

RESULTS AND DISCUSSION

The introduction of deuterium or tritium in place of hydrogen into organic
compounds can  lead to considerable isotopic effects. To interpret results of
biochemical studies it is useful to know not only iscotopic substitution in
molecules but also the distribution of the different substitution patterns.
Isotopic effects can be used for studying biotransformation mechenisms [6]. Data
concerning the isotopomers distribotion meke it possible to suggest the
mechanism of solid-state catalytic reactions that we use for the synthesis of
tritivm- and deuterium-labelled amino acids.

Table 1 shows results of the gas chromatography/mass spectrometry of
bis(trimethylsilyl) derivatives of alanine obtained by HSCIE at 220°C,
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containing 2.71 deuaterium atoms per molecule on the average. The mass peak 116
m/z was used for the appreciation of the isctopomers distribution Table 1 also
shows data calculated for the isotopamers distribution for the mathematical.

Table 1. The isotopomers distribution of deuterium-labslled alanine with thes
substitution degree equal to 68 % (molar % : I -data of gas
chromatography /mass srectrometry; II - model)

[ZHe]Ala [<HszJAls [®Hz]Ala [2H:i]Ala Ala
I 27 37 22
II 21 40 28 9

model with eguiprobeble substitution of hydrogen atom for the isotope atom [7].
In the case of alanine obtained by HECIE at 220oC the distribation of
isotopomers is well described by the mathematical wmodel. Isctopomers
distribution can be obtained by using 3H NMR spectroscopy [3]. All 8 possible
isotopomers of alanine can be determined in mixture by using proton coupled 3H
NMR. Table 2 shows results of measurements and data calculated for equiprobable
isotopic exchange. All tritium isotopomers of the alanine molecule can be
presented as  CHnSH(3-n)(Hm®Hc1-m)NHzOO2H with m=0, n=0,1,2,3 - a,b,c.d,
respectively; with m=1, n=0,1,2,3 - e,f,g,h, respectively. Alanine samples of
specific radicactivities 2070 and 3200 TBg/mol were synthesized by HSCIE at
220<C. The distribution of isotopomers is well described by eguiprobable
isotopic exchange. The sample with the specific radiocactivity of 330 TBa/mol was
synthesized by HSCIE at 140°C. The isotopic label is incorporated selectively
at the B-position. Abnormally large quantities of highly substituted forms (e
and f) are obtained by HSCIE at this temperature. The quantity of form e in
which all the 3 hydrogen atoms at B-position are substituted for tritium is
increased by 20-fold as compared with equiprobable model. Hydrogen atoms in the
methyl group are chemically eguivalent, therefore deviation of isotopomers
distribution at HSCIE from equiprobable model is apparently due to the fact that
only part of the molecules are accessible to spillover tritiom. Data on the
content of isotopomers permitted to assess the percentage of a substrate in the
reaction zone. Thus, at a temperature of 140eC, only 50% alanine molecules turn
out to be inaccessible to gpillover tritium. The energy of activated tritium
gpillover is not sufficient for equiprobable isotopic exchange with hydrogen in
both the a-and B-positions of the molecule. There are local areas in the amino
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acid layer where the reaction proceeds. Increased production of form e is
rrobably due to the irregularity of HSCIE within the substrate mass at 140°C.

Table 2. The isoctopomers distribution (%) of tritium labsllsd alanins
(I -3H and H NMR; II - model).

Specific radicactivity TBga/mol
330 2370 2070 3200
I 11 I II I 11 I I

Isotopomer a 0 0.004 13 9 3 5 33 31
b 0 0.14 18 22 15 17 33 31
c 0 1.6 8 18 22 18 10 10
d 1 6.1 4 5 5 6 2 1
e 1 0.044 18 8 5 6 9 11
£ 4 1.7 2t 18 17 19 9 11
g 21 17 12 15 23 20 3 4
h 74 72 10 4 7 7 1 0.4

Data from Table 2 show that at 2200C the HSCIE reaction leads to eguiprobable
isotopic exchange in the whole amino acid mass. The alanine sample with the
specific radicactivity of 2370 TBa/mol was synthesized by the SCH at 110eC. A
high instance of form completely substituted at the B-position (a and e) is
observed with samples synthesized by HSCIE.

Results of isotope label distribution between the a- and B-positions of
labelled alanine obtained by SCH (I) and HSCIE (II) are shown in Table 3. It
was revealed that in the course of solid state hydrogenation of unsaturated
precursor the incorporation of label and the character of its distribution can
also change with the reaction temperature. In spite of the fact that the
maltiple bond is located at the a-carbon atom of the unsaturated compound,  the
isotopic  label preferentially incorporates at the @B-position. As  the
temperature is increased from 70 to 11020, the increase in specific
radicactivity growth is mainly due to tritium incorporation increase at  the B-
position. The HSCIE reaction makes it possible to obtain both selectively- and
wniformly-labelled amino acids. At 140°C the isotopic label preferentially
incorporates at the B-position of alanine, while in HSCIE at 220°C the
distribution of incorporated tritium corresponds to the stoichiometrical content
of hydrogen at the a-and B-positions of alanine. Here hydrogen isotopic exchange
at o-position does not lead to complete racemization like in  liguid-state
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reactions of hydrogen isotopic exchange. The optical purity of [2,3-SHJalanine
corresponds to 80%.

Table 3.Tritium distribution in the moleculs of alanine with
respect to the production method (I - SCH,II - HECIE).

Specific Temperature Substitution Ratio
radioactivity a/B
TBa/mol =C a B
I 1580 70 0.27 1.21 4.5
I 2370 110 0.29 1.91 8.5
11 330 140 0.015 0.29 18.3
IT 2070 220 0.48 1.45 3.0
11 3200 220 0.7 2.26 3.0

Therefore, s0lid state processes ensure the production of high-labelled
alanine and allow the character of isotope label distribution in the amino acid
molecule to be changed over a wide range.
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