
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXl l l ,  No. 9 935 

CA!J!ALmIC DEHAWGENATION OF E-ACETYGG4-CHIORO- AND B-BCETYL 

L-4-10DOPHElCfLALAXINE U I D E  IN !IHE PRESTNCE OF DEUTERIUM 

J. Oehlke, M. Bienert, H. Biedrich, €I.-J. ZBpfl') und P. Pranke 1) 

I n s t i t u t e  of Itrug Research, Academy of Sciences of GDR 

DDR-1136 Berl in ,  Alfred-Kowalke-Str. 4 and "Central I n s t i -  

t u t e  of Molecular Biology, Academy of Sciences of GDR, 

DDR-1115 Berlin,  Robert-R&bele-Str. 10 

S m a r y  

QS a model for the  tritium label ing  of  peptides, the c a t a l y t i c  

dehalogenation of B-Acetyl-L-4-chloro- and N-Acetyl-L-4-iodo- 

phenylalanine emide was invest igated in the presence of deuterium, 

using di f fe ren t  react ion conditions. A catalyst-mediated t r ans fe r  

of the solvent-hydrogen t o  the eubstrate was found t o  be the most 

probable reaaon f o r  the exchange of halogen by hydrogen instead 

of deuterium. This unwanted t r a n d e r  was most intensive i n  the 

presence of water. An incorporation of addi t ional  deuterium 

besides the 4-position of phenylalmine takes  place simultaneously 

with the dehalogenation especial ly  of  the chloro derivative.  

Key words: Deuterium gae, c a t a l y t i c a l  dehalogenation, solvent- 

substrate  - hydrogen t ransf  e r  

Introduction 

The c a t a l y t i c  dehalogenation of halogen der iva t ives  i n  the pre- 

sence of tritium gas in one of the most widespread methods f o r  
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tritium labeling. Despite numerous experiments in using this 

method the theoretically expected specific activities are rarely 

attained. A decrease of the specific activity of the tritium gas, 

caused by a rapid catalyst-mediated exchange with solvent-hydro- 

gens is often discussed as a reason for the uneatisfaotory tri- 

tiation yields. There exist also indications for a direct hydro- 

gen transfer reaction between the solvent and the substrate, 

occurring on the surface of the catalyst /1,2/ .  

To improve our understanding of the influence of different 

reaction conditions on the labeling result we investigated in 

model reactions the catalytic dehalogenation by deuterium gas 

of N-Acetyl-4-chloro- (I) and -iodophenylalanine amide (11) 

and calculated the amount of incorporated deuterium on the basis 

of ir and ms measurements. 

Experimental 

B-ficety1-L-4-chlorophenylalanine amide (I) was obtained by 
S0Cl2/CII OH-esterification of N-Acetyl-L-4-chlorophenylalanine, 

amidation in TJN /CH OH and recrystallisation from 1 n NH3. 

C11H13C1N202,  m.p. 235 OC, L>Jgo= 33.1 (c = 1,  CH30H). 

B-Acetyl-L-4-iodophenylalanine amide (111, C1 1H131N202, mop. 210 OC 

and N-Acetyl-L-phenglalaine aide (1111, C1 ,H14N202,  m.p. 180 OC, 

L>Jg0 = 48.0 (c = 1,  CH30H) were obtained under analogous 

conditions. 

The deuteration was performed in rectangular 20-ml-Warburg- 

vessels, equipped with an additional side-bulb, under normal 

pressure and a constant flow of deuterium (60 ml/h). The deu- 

terium waa produced by electrolyzing D 2 0  (98 A), containing 

5 S ii2S04, on €t-electrodes at a rate of about 60 ml/h and 

was conveyed directly through the reaction vessel. 

Normally the catalyst, suspended in 1 ml solvent (distilled and 
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dried over molecular sieve 1OX or 3 A )  and 9/umol substrate, 

dissolved in 0.4 m l  solvent, were introduced separately into the 

reaction vessel and combined after 1 h presaturation under 

shaking. After a reaction time of one hour under shaking the 

catalyst was removed by centrifugation and washed subsequently 

with CH OH and H20. After evaporation of the combined solutions 

the remaining residue was dfssolved in CH OH/H20 and reevapora- 

ted twice, and was then used without further purification for 

ir- and ms-measurements. 

Hydrogenations were performed analogously. 

Mass spectra were recorded on a MS 902 S spectrometer (=I, Man- 

Chester, England). The degree of deuteration was determined by 

means of the intensities of the peaks m/z 206 - 209, corrected 
for the natural isotope abundance, estimated in the mass spectrum 

of 111. The intensities were determined as an average of five 

recordings of the same sample. 

Ir-spectra were recorded on a Specord 75 IR spectrometer (VEB 

C a r l  Zeiss Jena) using KBr-pellets. 

The ir spectra of the hydrodehalogenation-products of I and I1 

were identical with the ir spectrum of 111. After deuteration 

the relative intensities (related to the intensity of the amide 

band at 1630 crn’l, remaining unchanged) of ir peaks at 608 and 

697 cm” showed a good correlation to the deuterium content of 

the products, determined by me ( f ig .  1) and allowed a quanti- 

tative estimation of the degree of deuteration. 

3 

3 

In fig. 1 the increasing D-peak at 608 ern" and the decreasing 

H band at 697 cm” have nearly the same molar extinctims, 
and the of their relative extinctions in mdrxtures of the 

deuterated and the nondeuterated samples is nearly constant. 

This allows to Use the quotient E697/E609 + E697 (all COr- 
rected by the absorptions of the background) for the esti- 
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Fig. 1. Dependence of the r e l a t i v e  i n t e n s i t i e s  (ext inct ion a t  

x cm-'/extinction a t  1 6 3 0  cm'l) of the ir-bands at 

x = 697 em'' (...) and x = 608 cm'l (xxx) f rom the deu- 

terium content (determined by means of me) of  111, ob- 

tained by c a t a l y t i c  deuterat ion of I ( 5  mg I; 5 m g  

Pd/A,1203 

D2H2-mixtures containing 0-95 Z D2). 

10 %; 1.4 m l  H20(D20)/CH3COOH 1.1/0.3; 

mation of  the hydrogen incorporation competing with the deute- 

ra t ion.  T h i s  method allowed a suf f ic ien t  estimation even when 
the dehalogenation w a s  incomplete and i n  the presence o f  t r a -  

ces of the solvent in contrast  t o  the use of E697/E1630 ( f ig .  2) .  

Results and discussion 

In aqueous eolutions the dehalogenation of I and I1 was quan- 

t i t a t i v e  within one hour, independently of the c a r r i e r  of the 

ca ta lys t  (carbon, A1203, Barn4, CeCO ), when a r a t i o  of aub- 

s t r a t e  t o  catalyat-metal (Pd, Rh) of 5 t o  1 was used. In di- 

methylacetamids (DMA) only a p a r t i a l  dehalogenation of 10 t o  

50 percent took plaoe when using t h i s  substrate-catalyst  r a t i o ,  

even a f t e r  aeveral hours. Taking the f ivefo ld  excess of the  

ca ta lys t  o r  addi t ion of tr iethylamine gave quant i ta t ive deha- 

logenation within one hour a l s o  i n  the apro t ic  solvent. 

Deepite the complete dehalogenation the amount of incorporat ed 

3 
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The amount of hydrogen found in I11 instead of deuterium was 

higher when the dehalogenation waa carried out in water con- 

taining solution8 than in the absence of water (tables 1 and 2). 

Interestingly the maximum amount of incorporated hydrogen was 

reached already in the presence of 3 percent water end more 

water d i d  not inorecrse the hydrogen content of deuterated pro- 

ducts. The data in tables 1 and 2 demonstrate, moreover, that 

the oompetiag H-incorporation can be diminished by lowering 

the catalyst-to-substrate ratio. This observation is supported 
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by the finding of Lebl  e t  al. /3/, t h a t ,  on t r i t iodehalogenat ion 

of diiodo tyrosine-oxytocine, lower amount a of ca ta lys t  give 

higher spec i f ic  a c t i v i t i e s .  

Table 1 : The amount of nondeuterated I11 obtained a f t e r  

deuteration of I and I1 a6 a function of react ion 

condi t ione 

Subetrat e Solvent Catalyst  mol sub- T %IIIa) 
s t r a t e /  
mol Pd or (OC) 
Rh 

DMb 
DWH20 

97/3 
DMA/H 0 

50/56 

0.9 
n 

20 19 
37 n 

I 

n W 11 37 

I1 
n 

DMA 
D U / H 2 0  

97/3 
D U / H  0 

50/58 
w 

W 

n 

n 

n 

n 15 
25 n 

n n n N 28 

W n 60 31 

DMA/H 0 
50/58 

DMA 

0.24 20 47 I1 

n 

n 
Pd/C 10% 

n 
0.9 

n 

n 

n 
13 
34 D U / H  0 

50/58 

Rh/U203 5% 
n 

n 

N 

DMB N 

n 

n 41 
W 76 

n DMA/H 0 n 

50/58 
n 70 n 

a) 
$111 = mount of nondeuterated I11 i n  percent of the dehalo- 

genated react ion product obtained a i t e r  c a t a l y t i c a l  
deuteration of I o r  11, calculated from the mass-speotra 
o r  the i r -spectra  (see fig. 2). 

Table 1 demonetratee also e t r ik ing  differences between palladium 

and rhodium. The experiments with rhodium w e  characterized by 
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Table 2: Amount of nondeuterated I11 a f t e r  deuteration 

(hydrogenation) of I in H20 and D20 

Solvent React lng  m o l  I/PLol Pd $111 
(Pd/B1203 10%) 

n 

n 

H2 

D2 
n 

H20/CH3COOH n 

1.1/0*3 
n n 

4.4 

n 

2.2 

4.4 

2.2 

7 
10 

22 

33 

a remarkably higher H-incorporation i n t o  I11 even when r a t e r  wan 

removed carefully.  

We could not find any inflnence of temperature on the r a t i o  of 

H/D-incorporation in the dehalogenation product6 ( tab le  1)  . 
The nature of the halogen does not eeem t o  influence markedly 

the H/D-ratio. The chlorine der ivat ive I leads t o  a s l i g h t l y  

higher r a t e  of incorporated hydrogen than the iodine deriva- 

t i ve  11 ( t ab le  1 ) .  

Surprieingly we could not f i n d  my Influence of pE on the in- 

corporation of hydrogen ( t ab le  3) .  It i e  remarkable tha t  in 

a l l  experiments ( tab le  3) quant i ta t ive  dehalogenation w a s  found, 

even in the presence of hydroohloric acid which wae believed 

t o  act  a8 a poiaon f o r  catalysts .  

The r e s u l t s  diecueeed ao far raiee the  question on the o r ig in  

and the  aechaaimn of the hydrogen incorporation during the 

deut erodehalogenat ion. 

In addi t ion t o  water, one m a y  diaouee 88 a source of hydrogen 

the  apro t ic  eolvent, the substrate  i t a e l f ,  eepecial ly  the amid0 

protone, end t race6 of water adsorbed onto the  oatalyet.  How- 

ever the pretreatment of ca ta lys t  and eubetrate  with D20 
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Table 3: Amount of nondeuterated I11 a f t e r  deuteration of I. 
I n  a l l  caeca the  molar r a t i o  I/Pd P 4.4 and the  
dohalogenat ion was complete. 

Solvent Catalyst  %I11 

CH30H/H20 
0*7/0.7 

Pd/A1203 10 % 20 

n 20 

26 

20 

Pd/C 5% 25 

27 

25 

followed by drying hae no influence on the r a t e  of hydrogen 

incorporation i n  IMA. Thus,  only the solvent meme t o  be eig- 

n i f  i can t ly  involved in a cat alyst-mediat ed t ranaf  e r  of hydrogen 

i n t o  the 4-position of I and 11. 
If a catalyst-mediat ed gae-solvent exchange would be re sponsible 

for the observed hydrogen-incorporation, such a gas-eolvent 

exchange ehould have a r a t e  of at l e a s t  0.5 mmol/h under the  

react ion condition8 ueed here (open eystem, 20 m l  gas volume, 

60 ml/h D2-flowl see experimental part) and taking in to  account 

an i so topic  e f f ec t  of maximally 3 (deducible from tab le  4) .  How- 
ever the a l igh t  r i s e  of 3 - 5 percent hydrogen incorporation which 

was found a f t e r  react ion with a conetant D-amount in  the  closed 

react ion vessel  corrreponde with a gas-solvent exchange i n  a 

range of only 3 - 10/umol/h (DIM/H20 1/1; II/Pd O.g/l (Pd/AlzOs 
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Table 4: Amount of nondeuterated I11 obtained a f t e r  deuteration 
of I in the presence of Pd/A1203 
P 4.4) ueing D2/H2 - mixtures produced by electro-  
lyzing D20/H20 mixturee (containing 5% H2S04). 

lC% (mol I/mol Pd 

Solvent %D 0 in the  elec- $111 
trgls t ic  mixture 

D20/CE3CoOH 1 0 1 /O.  3 
H20/ n 

D20/ n 

H20/ n 

H20/ n 

D20/ " W 

98 
n 

60 
n 

30 
W 

7 
22 

54 
72 

82 
90 

~~~ 

10%); 1 . 5  h preaaturat ian with open system and flowing D2, then 

cloeing the react ion vessel,  stopping the production of D2 and, 

a f t e r  30 m i n .  f u r the r  preeaturation, combining aubstrate and 

ca ta lys t  and 1 h deuteration).  T h i s  i e  in agreement w i t h  r a t e s  

of catalyst-mediated tritium-solvent exchange, found by !?ern$ 

and Hanu; /4,5/ using cornperable ca ta lys t8  and catalyst-solvent 

r a t i o e  as used here. Such a low r a t e  of gas-solvent exchange 

cannot be the reason of the observed hydrogen incorporation. 

Theref ore the solvent -hydrogen ehould be t ranef erred by m o t  her 

mechanism d i r e c t l y  t o  the substrate.  

In contraet t o  the undesired t r ans fe r  of hydrogen the amount 

of incorporated deuterium could increase when besides the 

halogen-deuterium exchange a nonapecif i c  €I-D exchange i n  po- 

s i t i one  o ther  than in 4 takea place, as described f o r  phenyl- 

alanine /2,6/. Indeed, analyzing the maas spectra  of samples 

with a high degree of deuteration, we found considerable An- 

t e n e i t i r e  of M+2 and even of the  M+3 peake mounting t o  an addi-  

t i ona l  &incorporation up t o  0.25 D/mol. Correlated t o  the M+2 

peak, another peak sh i f ted  from m/z 77 t o  m/s 79 could be obeemed, 

indicat ing a D-incorporation in to  the  phenyl ring. This w a s  

eupported by the  obeervation that the addi t ional  D-incorpora- 
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t i o n  seems t o  have t h e  same e f f e c t  on t h e  ir epectrum as t h e  

D-incorporation in p o s i t i o n  4. No o t h e r  ir bands could be found 

and the  i n t e n s i t i e s  of t h e  ir peaks at 697 and 608 cm" f i t  

well  with t h e  ma d a t a  without any dependence on t h e  amount of 

a d d i t i o n a l l y  bound deuterium i n  t h e  sample ( f i g .  2). An expla- 

na t ion  f o r  t h e  cont rad ic t ion  between the  incorporat ion i n  t h e  

phenyl r i n g ,  found here,  and t h e  s u b s t i t u t i o n  of benzyl ic  hy- 

drogens, found by d i r e c t  tritium l a b e l i n g  of phenylalanine 

/2,6/, could be given by t h e  observat ion t h a t  the  m a i n  par t  

of the  a d d i t i o n a l  deuterium incorpora t ion  i n t o  I and I1 de- 

pends on the  presence of a romat ica l ly  bound halogen and there-  

f o r e  could be incorporated by an a l t e r n a t i v e  mechanism. Under 

those r e a c t i o n  condi t ions lead ing  t o  0.25 a d d i t i o n a l  D/mol 

i n t o  I t h e  nonhalogen-containing compound I11 incorporat  ee 

only 0.04 D/mol. On t h e  o t h e r  hand, i n  experiments with incom- 

p l e t e  dehalogenation the  deuterium w a s  only found in t h e  ma 

peak8 of t h e  dehalogenated products and not  i n  t h e  me  peaks of 

t h e  remaining halogen der iva t ivee .  Them observat ions l e a d  t o  t h e  

conclusion, t h a t  Phe nonspecific,  a d d i t i o n a l  D-incorporation 

takes  place simultaneoualy with t h e  dehalogenation step.  

In t a b l e  5 t h e  inf luence of solvent ,  c a t a l y s t  and halogen on t h e  

degree of addi t iona l  D-incorporation i s  summarized. The content  

of deuterium i n  111 has been found t o  be h igher  i n  aqueous aolu- 

t i o n s  than i n  DMA, higher  in t h e  presence of rhodium then i n  t h e  

presence of palladium, and higher  a f t e r  deutera t ion  of t h e  chlo- 

ro-compound I as compared t o  the  iodine-der ivat ive 11. 

Conclueion 

A main reason for t h e  incorpora t ion  of hydrogen during dsutero- 

dehalogenation i e  a d i r e c t  catalyet-mediated t r e a s f c r  of solvent-  

hydrogen, e s p e c i a l l y  from water but ale0 from a p r o t l c  eolvents ,  

t o  the  subs t ra te .  The e f f e c t  of euch a s i d e  r e a c t i o n  in addi t ion  
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Table 5: Dependence of t h e  unspecif ic  a d d i t i o n a l  deuterium 
incorporat ion,  ind ica ted  by t h e  me peaks at m/z 208 
and 209 ( H2 and H versus  t h e  r e a c t i o n  condi t ion6 2 2 

3 
Sub- Solvent Catalyst  mol aub- I corr.m/z x 100 
st ra- strat e/ 
t e  mol Pd 

206,207,208,209 I c o r r  . m/z o r  Rh 

I H O/ Pd/Al,O, 4.4 21.6 66.0 10.5 1.8 

I H H 2.2 32.5 58.6 7.3 1.5 
I D U  H 0.9 19.6 75.0 5.4 - 

Cs COOH 10% 
1 . 3/0.3 

I 

I1 11 

I1 

0.9 

47.1 35.4 12.7 4.8 

83.5 

a) x = I n t e n s i t y  of t h e  m e  peak appearing at t h e  men- 
t ioned m a 8 8  number diminished by t h e  i n t e n e i t y  
of t h e  natural i s o t o p i c  peak r e l a t e d  t o  x - 1, 
which wae estimated by means of t h e  maes-apec- 
trum of nondeuterated I11 (M=206). 

lcomom/z 

t o  t h e  e f f e c t s  of impur i t ies  i n  t h e  r e a c t i n g  gae and of t h e  

catalyst-mediated d i r e c t  solvent-gae exchange ehould be e u f f i -  

c i e n t  t o  explain the  low s p e c i f i c  a c t i v i t i e e ,  o f t e n  found i n  

t r i t i a t i o n  experiments. On t h e  o t h e r  hand, on t h e  b a e i s  of 

these  r e s u l t s  i t  seeme poeeible,  general ly ,  t o  achieve epeci- 

f i c  a c t i v i t i e e  higher than 70% of t h e  t h e o r e t i c a l  one8 i n  tri- 

t iodehalogenat ions by optimizing t h e  choice of t h e  aolvent and 

of the  na ture  and amount of c a t a l y s t .  The predic t ion  of optimal 

condi t ions f o r  a given problem may be f a c i l i t a t e d  by t e s t i n g  

c a t a l y e t e  and so lvents  before  the  t r i t i a t i o n ,  ueing an analo- 

goue model r e a c t i o n  as descr ibed here. 
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