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Summary

As a model for the tritium labeling of peptides, the catalytic
dehalogenation of N-Acetyl-I~4~chloro- and N-Acetyl-L-4-iodo-
phenylalanine emide was investigated in the presence of deuterium,
using different reaction conditions. A catalyst-mediated transfer
of the solvent-hydrogen to the substrate was found to be the mast
probable reason for the exchange of halogen by hydrogen instead
of deuterium, This unwanted tranefer was most intensive in the
presence of water, An incorporation of additional deuterium
besides the 4-position of phenylalanine takes place simultaneously
with the dehalogenation especially of the chloro derivative,
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Introduction
The catalytic dehalogenation of halogen derivetives in the pre-

sence of tritium gas in one of the most widespread methods for
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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,
ceused by & rapid catalyst-mediated exchange with solvent-hydro-
gens is often discussed as a reason for the unsatisfactory tri-
tiation ylelds. There exist also indications for & direct hydro-
gen transfer reaction between the solvent and the substrate,
occurring on the surface of the catalyst /1,2/.

To improve our understending 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 (II)

and calculated the amount of incorporated deuterium on the basis

of ir and ms measurements.

Experimental

H-Acetyl-L-4~chlorophenylalanine amide (I) was obtained by
SOCl2/CH30H-esterification of N-Aceiyl-L-4-chlorophenylalanine,
amidation in NHB/CHBOH and recrystallisation from 1 n NH3.
CyHy30IN0,, mepe 235 °C, [%730= 33.1 (¢ = 1, CH;0H).
N-Acetyl-L-4-iodophenylalanine amide (II), Cy 13 2, me.pe 210 ¢
and N-Acetyl-L-phenylalanine amide (III), C11 14N202, m.pe. 180 C
Lo SO = 48,0 (¢ = 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 was produced by electrolyzing D,0 (98 %), containing

5 % HZSO4, on Ft-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 10X or 3 A) and 9/umol substrate,
dissolved in 0.4 ml solvent, were introduced separately into the
reaction vesgsel 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 CHBOH and H20. After evaporation of the combined solutions
the remeining residue was dissolved in CHBOH/HZO 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 (AEI, Man-
chester, England). The degree of deuteration was determined by
means of the intensities of the peaks m/z 206 - 209, corrected
for the naturel isotope abundance, estimated in the mass spectrum
of IIT., 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
Carl Zeiss Jena) using KBr-pellets.

The ir spectra of the hydrodehalogenation-~products of I and II
were identical with the ir spectrum of III. After deuteration
the relative intensities (related to the intensity of the amide
band at 1630 cm'1, remaining unchanged) of ir peaks at 608 and
697 cm'1 showed a good correlation to the deuterium content of
the products, determined by ms (fig. 1) and allowed a quanti=-
tative estimation of the degree of deuteration.

In fig. 1 the increasing D-peak at 608 cm™

and the decreasing
H band at 697 cm'1 have nearly the same molar extinctioms,

and the sum of their relative extinctions in mixtures of the
deuterated end the nondeuterated samples is nearly constant,.
Thie 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 relative intensities (extinction at
x em™/extinction at 1630 cm™') of the ir-bands at
x = 697 cm~! (...) and x = 608 cm”! (xxx) from the deu-
terium content (determined by means of ms) of III, ob-
tained by catalytic deuteration of I (5 mg I; 5 mg
Pd/A1203 10 %; 1.4 ml HZO(D20)/CHBCOOH 1.1/0.3;
D, H,-mixtures containing 0-95 % D2).

mation of the hydrogen incorporation competing with the deute-

ration. This method allowed a sufficient estimation even when

the dehalogenation was incomplete and in the presence of tra-

ces of the solvent in contrast to the use of E697/E1630 (fig. 2).

Results and diascusasion

In aqueous solutions the dehalogenation of I and II was quan-
titative within one hour, independently of the carrier of the
catalyst (carbon, A1203, BsSO4, CaCOB), when a ratio of sub-
strate to catalyst-metal (Pd, Rh) of 5 to 1 was used, In di-
methylacetamide (DMA) only a partial dehalogenation of 10 to
50 percent took place when using this substrate-catalyst ratio,
even after several hours, Taking the fivefold excess of the
catalyst or addition of triethylamine gave quantitative deha-
logenation within one hour also in the aprotic solvent.

Despite the complete dehalogenation the amount of incorporated
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Fig. 2. Dependence of the quotient from the extinction of the
ir-band at 697 om™! (E697), corrected by the extinction
of the background (U697) and the sum of the extinc-
tions of the ir-bands at 697 and 608 cm™' (corrected
by the extinctions of the background) from the
emount of nondeuterated III in the dehalogenated
reaction product, obtained after catalytic deutera-
tion of I or II (Im/z x = intensity of the ms pesk

at the mass number x;I = gee table 5).

COrre
deuterium differed considerably. A strong influence of the sol-
vent, the catalyst and the substrate-to-catalyst ratio was

found (table 1).

The amount of hydrogen found in III instead of deuterium was
higher when the dehalogenation was carried out in water con-
taining solutions 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 and more
water did not increase the hydrogen content of deuterated pro-
ducts. The data in tables 1 and 2 demonstrate, moreover, that
the competing 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 et al. /3/, that, on tritiodehalogenation
of dijodotyrosine-oxytocine, lower amounts of catalyst give

higher specific activities,

Table 1: The amount of nondeuterated III obtained after

deuteration of I and II as a function of reaction

conditions
Substrate Solvent Catalyst mol sub- 7 %111
gtrate/ o
mol P4 or (ve)
Rh
I DMA Pd/A1,0, 10% 0.9 20 19
" DMA/B,0 " " " 31
97/3
1" m/n 0 " n ”" 37
50/50
11 DMA " " n 15
n DMA/H,0 " " n 25
97/3
n DMA/H.,0 " " ) 28
50/5
" ] L] " 60 31
1I DMA/H,_0 Pd/A1,0, 10% 0.24 20 47
50/58
" DMA PA/C  10% 0.9 n 13
n DMA/H 0 " n ”n 34
50/56
" DMA Rh/A1,0, 5% " " 41
" DMA/H,0 " " n 76
97/3
" DMA/H.,0 " " " 70
50758

a)

%III = emount of nondeuterated III in percent of the dehalo-
genated reaction product obtained after catalytical
deuteration of I or II, calculated from the mass-spectra
or the ir-spectra (mee fig. 2).

Table 1 demonstrates also striking differences between palladium

and rhodium, The experiments with rhodium are characterized by
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Table 2: Amount of nondeuterated III after deuteration
(hydrogenation) of I in H,0 and D,0

Solvent Reacting mol I/mol P4 ®III
gas (Pd/A1203 10%)
D,0/CH.,COO0H H 4.4 8
2 3 2
1.,1/0.3 (20.17 D/mol)
" D, " 7
" " 242 10
Hzo/CHBCOOH " 4.4 22
1.1/0.3
" " 242 33

a remarkably higher H-incorporation into III even when water was
removed carefully.

We could not find any influence of temperature on the ratio of
H/D=incorporation in the dehalogenation products (table 1).

The nature of the halogen does not seem to influence markedly
the H/D-ratio. The chlorine derivative I leads to a slightly
higher rate of incorporated hydrogen than the iodine derive-
tive II (table 1).

Surprisingly we could not find any influence of pH on the in-
corporation of hydrogen (table 3). It is remarkable that in

all experiments (table 3) quantitative dehalogenation was found,
even in the presence of hydrochloric acid which was believed

to act as a poison for catalysts.

The results discussed so far raise the question on ithe origin
and the mechanism of the hydrogen incorporation during the
deuterodehalogenation.

In addition to water, one may discuse as a source of hydrogen
the aprotic solvent, the substrate itself, especially the amide
protons, and traces of water adsorbed onto the catalyst., How-

ever the pretreatment of catalyst and substrate with D20
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Table 3: Amount of nondeuterated III after deuteration of I.
In all cases the molar ratio I/Pd = 4.4 and the
dehalogenation was complete,

Solvent Catalyst %III

cn3on/nzo Pd/A1203 10 % 20
0.7/0.7

03303/520/(02H5)3N " 20
0.,7/0.6/0.1

03303/320/25% NH3 n 26
0.7/0.6/0.1

CHBOH/HZO/CHBCOOH " 20
0.7/0.6/041

CH3OB/320 Pd/C 5% 25
0.7/0.7

CH3OH/HQO/(C2H5)3N " 27
0.7/0.6/0.1

CH3OH/320/1n HC1 " 25
0.7/0.6/0.1

followed by drying has no influence on the rate of hydrogen
incorporation in DMA, Thus, only the solvent seems to be sig-
nificantly involved in a catalyst-mediated transfer of hydrogen
into the 4-position of I and II.

If a catalyst-mediated gas-solvent exchange would be responsible
for the observed hydrogen-incorporation, such a gas-solvent
exchange should have a rate of at least 0.5 mmol/h under the
reaction conditions used here (open system, 20 ml gas volume,

60 ml/h D,-flows see experimental part) and taking into account
an isotopic effect of maximally 3 (deducible from table 4). How-~
ever the slight rise of 3 - 5 percent hydrogen incorporation which
was found after reaction with a constant D-amount in the closed
reaction vessel corresponds with a gas-solvent exchange in a

range of only 3 - 10/nm01/h (DMA/H20 1/1; I1/P4 0.,9/1 (Pd/A1203
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Table 4: Amount of nondeuterated III obtained after deuteration
of I in the presence of Pd/A1203 10% (mol I/mol Pd
= 4.4) using D2/H2 - mixtures produced by electro-
1yzing D,0/H,0 mixtures (containing 5% H2804).

Solvent %ngo in the elec- %III

trflytic mixture
D20/CHBCOOB 1.1/0.3 98 7
H,0/ " n n 22
nzo/ n " 60 54
H20/ " " " 72
D0/ " " 30 82
B0/ " n " 90

10%); 1.5 h presaturation with open system and flowing D,, then
closing the reaction vessel, stopping the production of D2 and,
after 30 min. further presaturation, combining subsirate and
catalyst and 1 h deuteration). This is in agreement with rates
of catalyst-mediated tritium-solvent exchange, found by 6ern§
and Hanu$ /4,5/ using comparable catalysts and catalyst-solvent
ratios as used here. Such a low rate of gas-solvent exchange
cannot be the reason of the observed hydrogen incorporation.
Therefore the solvent-hydrogen should be transferred by another
mechanism directly to the substrate.

In contrast to the undesired transfer of hydrogen the amount

of incorporated deuterium could increase when besides the
halogen-deuterium exchange & nonspecific H-D exchangd in po-
sitions other than in 4 takes place, as described for phenyl-
alanine /2,6/. Indeed, analyzing the mass specira of samples
with a high degree of deuteration, we found considerable in-
tensities of M+2 and even of the M+3 peaks amounting to an addi-
tional D-incorporation up to 0.25 D/mol. Correlated to the M+2
peak, another peak shifted from m/z 77 to m/z 79 could be observed,
indicating a D-incorporation into the phenyl ring. This weas
supported by the observation that the additiomal D-incorpora-
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tion seems to have the same effect on the ir spectrum as the
D-incorporation in position 4. No other ir bands could be found
and the intensities of the ir peaks at 697 and 608 cm™! £it

well with the ms date without any dependence on the amount of
additionally bound deuterium in the sample (fig. 2). An expla-
nation for the contradiction between the incorporation in the
phenyl ring, found here, and the substitution of benzylic hy-
drogens, found by direct tritium labeling of phenylalanine
/2,6/, could be given by the observation that the main part

of the additional deuterium incorporation into I and II de-
pends on the presence of aromatically bound halogen and there-
fore could be incorporated by an alternative mechenism, Under
those reaction conditions leading to 0.25 additional D/mol

into I the nonhalogen-containing compound III incorporates

only 0,04 D/mol. On the other hand, in experiments with incom-
plete dehalogenation the deuterium was only found in the ms
peaks of the dehalogenated products and not in the ms peaks of
the remaining halogen derivatives. These observations lead to the
conclusion, that the nonspecific, additional D-incorporation
takes place simultaneously with the dehalogenation step.

In table 5 the influence of solvent, catalyst and halogen on the
degree of additional D-incorporation is summarized. The content
of deunterium in III hes been found to be higher in aqueous solu-
tions than in DMA, higher in the presence of rhodium than in the
presence of palladium, and higher after deuteration of the chlo-

ro-compound I as compared to the iodine-derivative II.

Conclusion

A main reason for the incorporation of hydrogen during deutero-
dehalogenation is a direct catalyst-mediated transfer of solvent-
hydrogen, especially from water but also from aprotic solvents,

to the substrate, The effect of such a side reaction in addition
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Table 5: Dependence of the unspecific additional deuterium
incorporation, indicated by the ms peaks at m/z 208
end 209 (2H2 and 233) versus the reaction conditions

Sub- Solvent Catalyst mol sub- 1 x « 100
stra- strate/ corr.m/z
te mol Pd

or Rh Icorr.m/z 206,207,208,209

x;206 12207 x;208 x;209
Cay) Ay Cwy (Pay)

I H,0/ Pd/AJ.202 4,4 21.6 66,0 10,5 1.8
CA.COOH  10%
1.4/0.3
I " " 2,2 32,5 58.6 Te3 1.5
I DMA n 009 1906 7500 5.4 -
I " Rh/A1203 4.4 AT.1 35.4 12, 4.8
5%
II " Pd/A-l203 009 1,5. 1 83.5 1-4 -
10%
II " Rh/A1203 n 4006 57‘4 2.0 -
5%
a) Icorr.m/z x = Intensity of the ms peak appearing at the men-

tioned mass number diminished by the intensity
of the natural isotopic peak related to x - 1,
which was estimeted by means of the mass-spec-
trum of nondeuterated III (M=206).

to the effects of impurities in the reacting gas and of the
catalyst-mediated direct solvent-gas exchange should be suffi-
cient to explain the low specific activities, often found in
tritiation experiments. On the other hand, on the basis of
these results it seems possible, generally, to achieve speci-
fic activities higher than 70% of the theoretical ones in tri-
tiodehalogenations by optimizing the choice of the solvent and
of the nature and amount of catalyst. The prediction of optimal
conditions for a given problem may be facilitated by testing
catalysts and solvenis before the tritiation, using an analo-

gous model reaction as described here,
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