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NOTE 

?HE SY"llEIS OF TRITIUM-LABEUED M I N E  BY FOLDSTATE CATALIYTIC IIEACIICNS. 

Zolotarev Yu.A., b z i k  V.S., h r m  E.M.. T a t u r  V.Yu., Rosenberg S.G. 
Wasoedw N.F. 
Institute of Molecular Genetics. UtBR Acadmv of Sciences. Moxow 

sum!%RY 
Ttae solid-state catalytic mcgeaaticsl (SM) of unsaturated precursor 

ccmumd and the high-tenmrature solid-state catalytic isotope exchange (HSCIE) 
showed tkt the total inmrporation of isotape and its d i s t r i h t i m  bet- the 
a 4  B-positions of the ah ine  molecule can be mdified by changing the 
tenpperature of solid State~reactims. Tritium incorporation at  high-tenp?eratures 
prooeeds in a m e r  wh ich  retains the mf&umtion of the a-tric 
a-axbm stan. WFt analysis of tritiated isatapaorers a s  used for the 
investigation of solid-state reactims.The HSCIE reaction proceeds selectively 
a t  140 aC and anly pest of the mlecules is in the the t r i t i um spillover 
reaction m e .  A t  Z Z ~ ~ I E p ~ s ~ l y a l ~ ~ ~ ~  mss to give 
uniformly hbelled shine.  
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The reaction of catalytic hydrc8enatian of dissolved organic cmgamd and 
&asems t r i t i um is most widely used for the premrative mthesis of tritium 

labelled organic cxxsands 111. The t r i t i u m  label is intrcduced in saturated 

ccupixmds by the catalytic isotope exchange reaction of dissolved cmpcmd w i t h  
gasL3cus t r i t i um (CESG) [2J. The molar  activity of the (xmpamds mthesized t# 
this reaction i's usually lm than of those obtained by the t r i t i um 
m m t i m  h i m  of ~n~eturatedcarlpolxnd~. The mlid-&te h i o n  
w i t h r x l t  solvent provides 8notk.r apprcmh. SM and WE3 pmceed in the organic 

ccmgxtmd mss at elevated teaperature in the presence of catalyst mtals of 
the platinum grcup. For the first tiroe, the BiCIE reaction w i t h  gasems t r i t i u m  

msde it possible to synthesize large &mica1 yields of uniformly tritium 
labelled optically active amino acids [3]. Tri t ium incorporatian into amino 
acids synthmized by the XH is higher, thin in ccnvanticnal l4uid 
plxme processes. Iaotupic exchmge of allylic and m i l i c  hydmgeri atans can 
take? place in ths c a w s  of hordmgematian C41. 

as a rule, 
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1.- ra-rz.3 - 3 H w  bv 

2 mg of 2-hydroxyimino-propionic acid, 0.5 m l  of water and 2Q ng of 6% 
palladium-on-brim sulpbte were placed into a reaction vial. Water was r d  

by l.yeJphilisz&im. "he reaction m i x t u r e  va6 enfacwaM to a praesure 5f 10-a 

torr, then tritium was introduced to a pressure of 200 torr. The vial m s  heat& 
tr., a tanparawe of 70-12OoC and kept a t  this taqperatare during an hcur. The 

vral was then cooled, tritium renmved and vial washed with hydrcgm. 

Trit;ium-labelled alanine w s  isolated f r m  the reaction mixture by treating 
it. with 5 ml of 1 M W4CH containing 20% of ethmol. The catalyst was filtered 
off, Labile 
t r i t i um was n;mwed by eMporatim under redud pressure two times for 5 ml 
with 20% ethanol. Amino acid w s  isolated by using chrcn~tcgrap& on 
Sulphcxationic exchnger Arnberli te 1508 in the +€I form and ligand a c m e  
chrmtxgraphy on car-1 cationic exchanger hberlite CG 50 (111) in the 
copper(I1) form. 10-20 of L,D [2,3-3HlaLsnine with specific radioactivity of 

and the fi l trate was evaporated to rk-yness under reduced pressure. 

1500-2400 TBq/mol -5 obtained. 

1i.- of ~ r z . 3  -3Hbfenine 

Solid mixture Mmprising platinum grmp catalyst mtal (rhodium, palladium, 
platinum), 1 of L-alanine and 10-100 ng of non-organic carrier (barium 
sulpbte, calcium carbmate, aluminium oxide, car&), was evacuated to a 
pressure of 10-8 torr, then t r i t i u m  was intrcdueed into reaction vial to a 
pressure of 200-400 torr C5l. The HSCIE rsaction is carried mt at  a -tare 
Of 100-240 OC for 20-200 min. Tbe isolatim of amino acid frcm the reaction 
m i x t u r e  is performed as  described abwe for the prahction of [2,3-%Sjalanine by 

the SCX of Z-~oxyimino-propionic acid. 2-20 G& of [2,3-3H]alanine, specific 
rRdioactivity 330-3200 W m l ,  was obtained. Gsswrls deuterium instead of 
gasews tritium was used in the prduction of dmterated analcgues of alanine. 

The intrduction of deuterium or t r i t i u m  in place of bdrcgen into organic 
canpcmds c a n  lead to oansiderable isotopic effects. To interpret results of 
bimhnical studies it is useful to h a w  not only isotopic substitution in 
mnlecules txlt also the distritxlticm of the d i f f m t  substitution patterns. 

Ir;.rrtapic effects can be used for studying biotmnsfomatica, mdxmizzns [61. hta 
cowem- the iso-s distritxltion mske;t it possible to suggest the 
mxhnism of solid-state fatalytic reactions t.h& we use for the synthesis of 
tritium- and deuterium-hbelled amino acids. 

Table 1 shows results of the gas & ~ C B B ~ / I I B S S  spectrarretry of 
bis(trimtklsily1) derivatives of alanine obtained by HSCIE at ZZOOC, 
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miaining 2.71 deuterium atcans per mlecule m the average. The mss peak 116 
m/z m s  used for the apprechtim of the isotopcmers distri tutim Table 1 also 
shews data calculated for the isohpaners distributim for the mtha&ical. 

Table 1. The isotopmrs; d i s t s i h t i c n  of deuterium-labelled alanine w i t h  the 
substitution d w m  equal t o  68 % (molar  % : I -data of gas 

chramtagraphy/mss srectranetry; I1 - model) 

I 27 37 22 7 7 
I1 21 40 28 9 1 

model with equiprohble a b ~ i ~ ~ i ~  of hydra= atan for the isotope atan [?I. 
In the ease of alarkine obtainedby HSCIE at  2209c the distrihutim of 
isot-rs is w e l l  described by the nrrt?mmtical mdel. Isotopcmi~s 
distrihtion can be obtained by using 3H NMR spectroscapy [33. A l l  8 possible 
isotopawrs of alanine can be determined in mixture by using pratcxl =pled 3H 
NMR. Table 2 shows results of msurments and data calculated for equiprobable 
isotopic exchmge. All tritium isotapcmers of the a h i n e  mlecule can be 
presented as ~ 3 H c ~ - ~ ~ O d r 3 H c i - ~ ~ ~ &  with GO, n=0,1,2,3 - a,b,c,d, 
respectively: with wl, n=O,1,2,3 - e,f,g,h, reqxxtively. Alanine samples of 
specific radioactivities 2070- and 3200 ~ / m l  wen.? synthesized by HSCIE a t  
22OY;'. The d i s t r i h t i m  of isotapairers is w e l l  described by equiprobable 
isotopic exchsnge. The m l e  with the specific radica&ivity of 330 TBq/mol was 

gvnthesized by HSCIE at  140oC. The isotopic label is incorporated selectively 
at the R-positim. Abnormally large quantities of highly substituted forms (e 
and f )  are obtained by WIE at this terrlperature. The quantity of form e in 
which a l l  the 3 hydrcgen atcans at  R-position are abstituted for t r i t i um is 
increased by 20-fold as carp?ared with equiprobable mdel. Hydra= atcms in the 
methyl graup are chemically equivalent, therefore devhtion of is&opamrs 
distriketim at  HSCIE f r m  equiprokble mdel is app%mtly due to the fa& tbt 
only part of the molecules are accessible to spillover tri t ium. Data m the 
cmtent of isotopcawrs permitted to assess the percentage of a substrate in the 
reactim zone. Thus, at a tertlpera;ture of 140oC, mly 50% alanine molecules turn 
cut t o  be inaccessible to spillover t r i t i u m .  The energy of activated tritium 
spillover is not sufficimt for equiprobable isatapic mchnge with Wdraen in 
both the a-and &positims of the molecule. There are local areas in the amino 
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a.cid layer where the reaction proceeds. Increased produdion of form e is 
probbly due t o  the irregularity of HSCTE within the mbstrate mss at 140oC. 

S m i f  ic radioactivity ~ / m l  
330 2370 2070 3200 

I TI I I1 I I1 I I1 

Isotopcmr a 0 

b 0  

c 0  

d 1  
e l  
f 4  

g 2 1  
h 74 

0.004 
0.14 
1.6 

6.1 
0.044 
1.7 

17 
72 

13 9 
16 22 
8 18 
4 5  
16 8 

21 18 
12 15 
10 4 

3 
15 
22 
5 
5 
17 
23 
7 

5 
17 

18 
6 
6 

19 
20 
7 

33 31 
33 31 
10 10 
2 1  
9 11 
3 11 
3 4  
1 0.4 

kta from Table 2 show that at  220- the H X I E  reaction 1 4 s  t o  equiprobble 

isotopic exchmge in the whole amino acid mss. The alanine sample with the 
specific radioactivity of 2370 A 
high instance of form ccmpletely substituted at  the B-position (a and el is 
observed with samples mthesized by €ECIE. 

TBq/mol WAS synthesized by the SCH at 110oC. 

k s u l t s  of isotope label distribution between the a- and D-positions of 
labelled alanine obtained by ( I )  and HSCIE ( I f )  are skxswn in Table 3. It 
633s revealed that in the c m s e  of solid state hwlrcgenation of unsaturate3 
precursor the incorporation of label and the character of its distribution can 
also chmge with the reaction temperature. In spite of the fact  that  the 
miltiple bond is locaW at the a-carban atom of the unst.urated cmpmnd, the 
isotopic label preferentially incorporates at the !3-position. A s  the 
m r a t u r e  is increased frm 70 to 110OC. the increase in specific 
mdioactivity growth is mhly due to tritium incorporatian increase at  the a- 
pmition. The HSCIE reaction makes it possible t o  obtain both selectively- and 
unifomLv-labelled amino acids. A t  140% the imtopic Label preferartialLv 
incorporates a t  the a-position of alanine, while in HSCXE a t  220oC the 
distri txtion of incorporsted t r i t i u m  correspnnds to the stoichiometrical cantent 
of hydrcgen a t  the a-and &positions of alanine. Here hydrogen isotopic exchmge 
at a-position does not lead t o  ccmplets racmimtion like in liquid-state 
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m t i m s  of hydrogen isotopic exchmge. The -tical purity of [2,3-3fJJalanine 
corresponds to 80%. 

Specific Temperature Substitution &ti0 

radioactivity a / a  
TEQ/RDl of: a @  

I 1590 70 0.27 1.21 4.5 

I 2370 110 0.29 1.91 6.5 

I1 330 140 0.015 0.29 19.3 

I1 2070 220 0.48 1.45 3.0 

II 3200 220 0.75 2.25 3.0 

Therefore, solid state processes enme the production of high-labelled 
afeutine and allow the character of isotope label distribution in the amino acid 
mlmle to be changed over a w i d e  range. 
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