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Abetrnet-6benzylaminopurine-[p3H-benzyl] at a specitic activity of 10 Ci/mmol was synthesized by reacting p 
bromo-dbenzylaminopurine with carrier-free tritium gas in the presence of 10% Pd/C. A radiochemical purity of 
97% was obtained by a one-step purification of the tritiated reaction product using cellulose TLC. This simple 
procedure yields the highly active cytokinin, 6-benzylaminopurine, with tritium at near maximum specific activity 
in a known, stable position. 

INTRODUCllON 

Receptors for some animal hormones [l] and efficacious 
drugs [2] are present in tissues at low concentrations, 
and the binding of ligands to these receptors is more 
readily detected if a ligand of high specific radioactivity_ 
is available. This is especially true if one wishes to detect 
a small number of high affinity binding sites in the pres- 
ence of a large excess of low affinity sites. Ligands 
labelled with i4C cannot be obtained at sufficiently high 
specific activity, hence most studies employ tritiated or 
iodinated ligands. 

Previously published attempts to introduce a stable 
tritium label into biologically active cytokinins by the 
Wilzbach method or by catalytic exchange in an aqueous 
solution [36] and by reduction of pbenzoylaminopur- 
ine with lithium aluminum tritiide [7J have failed to pro- 
duce a specitic activity greater than 231 mCi/mmol. In 
this report we describe a new and simple method for 
synthesizing a radioactive cytokinin, 6-benzylaminopur- 
ine-Cp3H-benzyl] (pC3H]BA) with tritium in a stable, 
known position at near maximum specific activity. The 
method employs catalytic dehalogenation (hydrogena- 
tion) of a halogenated precursor, pbromo&benzyl- 
aminopurine (pBrBA). 

RESULTS 

Synthesis and purity of pBrBA. The procedure used 
to synthesize pBrBA was that of Elion et al. [8] as de- 
scribed by Okumura et al. [9]. Though the synthesis of 
the o-, m-, and p-Cl analogues of 6benzylaminopurine 
(BA) had already been reported, we chose to synthesize 
the previously unreported Br analogues since exchange 
with tritium is considered easier with this halogen. The 
pposition was chosen simply to reduce any possibilities 
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of steric hindrance in the synthesis and dehalogenation 
reactions. 

A preliminary Beilstein test of the recrystallized reac- 
tion product indicated the presence of halogen, which 
was confirmed by obtaining a green color after heating 
a sample on a copper wire over a gas flame. The irregu- 
larly shaped crystals changed to needles before melting 
at 288289”. Elemental analysis found: C, 47.34; H, 3.38; 
N, 22.96; Br, 26.34%. Cr2H,,N,Br requires: C, 47.39; 
H, 3.31; N, 23.03; Br, 26.27%. Identity of the compound 
was further confirmed by its UV, IR and mass spectra. 
The UV spectrum is indistinguishable from that of BA 
at acidic, neutral and basic pH. The IR spectrum (in 
KBr discs) is also similar to BA in showing (1) an unsub- 
stituted purine N-9 position (absorption peaks at 
2~28oOcm-‘), and (2) the absence of the strong pri- 
mary amine N-H stretching absorption peak at 
338Ocm- ’ seen in pbromobenzylamine. Finally, the 
assigned structure was confirmed by MS and GLC-MS. 
The natural abundance of the two isotopes of Br, Br79 
and Br*i, in the ratio 100:975 permits facile identifica- 
tion of Br containing fragments. The fragmentation pat- 
tern of this compound is similar to BA. The only peaks 
showing the presence of Br are the molecular ion, at 
m/e 303, 305 and fragments at m/e 169, 171 and 184, 
186 identified respectively as the Br substituted tropy- 
lium ion (C7H5Br+; analogous to m/e 91 in BA) and 
a species (C,&BrCH,N’H; m/e 106 in BA) formed by 
the loss of the purine ring system. In addition, intense 
peaks are observed at m/e 89 and mfe 90 corresponding 
to the loss of HBr and Br, respectively, from the bopy- 
lium ion. All other major peaks were accounted for as 
arising from the purine ring. 

The purity of pBrBA was checked by TLC on silica 
gel, cellulose and aluminum oxide (Table 1). In all in- 
stances, only a single zone was detected, using several 
visualization techniques. In particular, the absence of po- 
tentially reducible unreacted pbromobenzylamine was 
verified by the absence of ninhydrin positive spots in 
the above TLC systems. Absence of impurities was also 
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Table I. TLC R, values of compounds examined 

support 

Silica gel Cellulose Aluminum oxide 

BA*t 
pBrBA*tG 
6-(methylmercapto)purine*$ 
gbromobenzylamin@ 
Benzylamind 

0.36 064 0.72 
0.36 0.54 072 
0.36 0.44 - 
0.09 0.50 - 
0.07 0.80 - 

See Experimental for solvent systems used. 
Visuakarion met/&s: * quenching of fluorescence induced by excitation at 254 nm after 

spraying with @I% fluorescein in EtOH; t purple fluorescence after excitation at 254nm; 
$ yellow fluorescence after excitation at 254 nm; c ninhydrin stain; $ silver chromate stain 
for purincs [I33 using commercial plastic-backed Si gel and cellulose TLC. 

demonstrated by GLC on a 3% SE-30 column in which 
only a single peak was observed. As expected from com- 
parison with the effect of bromine substitution on the 
retention time of benzylamine derivatives, pBrBA had 
a retention time 2-3 times that of BA. 

Dehalogenation rmction. The dehalogenation reaction 
with H, gas was performed by us on the same small 
scale as the later reaction with T, gas, in order to allow 
more direct comparison between the 2 reactions. The 
time course of the reaction as measured by GLC showed 
that after 1 hr, less than 10% of the original pBrBA was 
left, and the reaction was essentially completed after 2 hr. 
This conclusion was confirmed by the absence of a 
pBrBA zone upon cellulose TLC of the 2-hr reaction 
product. The identity of the product was verified by co- 
chromatography with authentic BA on cellulose TLC, 
GLC and by GLC-MS. 

For dehalogenation with T, gas, a sample (IO mg) of 
pBrBA was sent to Mallinkrodt Chemical Works (Box 
5439, St. Louis, MO. 63160) and the reaction was per- 
formed under conditions similar to those used in the 
reaction with H2 gas (see Experimental) but with carrier- 
free T, gas (sp act 59 Cimrnol). Volatile 3H was removed 
from the radioactive product, and the sample was puri- 
fied on preparative cellulose TLC as described for the 
nonradioactive reaction. Again, only a single fluorescent 
zone at the R, of BA was observed. The sample was 
eluted from the cellulose with 50% EtOH and subse- 
quently stored in this solvent at - 18” at a concentration 
of 3-30 x 109dpm/ml. The chemical concentration of 
this sample was measured by UV absorbance at 270nm 
and by comparison with the absorbance of standard 
authentic ‘H-BA solutions, the sp act was calculated to 
be lOCi/mmol. The UV spectrum for the radioactive 
sample was found to be identical to BA at acid, neutral 
and basic pH. In addition, the radioactivity co-chrotna- 
tographed with BA in 3 TLC systems and on Sephadex 
LH-20 column chromatography, as described below. 

The amount of volatile tritium in the sample purified 
by cellulose TLC was calculated to be less than 223%. 
After autoclaving for 20 min in aqueous buffers at pH 
2, pH 75 and pH 10, this value rose to IO, I8 and 15%. 
respectively. Under similar conditions, other 
workers [IO] have reported for adenine-2-[3H], values 
of 2% at pH 1,42x at pH 9-10 and for adenine-8-[3H], 
5% at pH 1, 53% at pH P-10.. Since the exchange of 
3H in purine-labelled adenine is considered alkali me- 
diated [I 11, this experiment indicates that ‘H in 

P-[~HJBA prepared by the dehalogenation reaction is 
located in a less labile position. 

Purity o!p-[‘HJBA. The radiochemical purity of this 
compound was shown to be at least 97”,/, by chroma- 
tography using 3 TLC systems. Rechromatography on 
silica gel TLC raised this value to 99”/,. With some com- 
mercial silica gel plates (Merck precoated glass TLC 
plates), 510% of the radioactivity stayed at the origin. 
Since rechromatography of the BA zone in the same 
system gave the same percentage of non-moving rddioac- 
tivity, and since it was not observed on other silica gel 
TLC preparations (Brinkman Polygram Sil C precoated 
plastic sheets) it was considered to be an artifact pro- 
duced by that particular silica gel preparation. Because 
the trailing of both BA and pBrBA on cellulose TLC 
did not permit their complete resolution and a 510s” 
contamination with radioactive or non-radioactive 
pBrBA might therefore have gone undetected, another 
chromatographic system was desired. Since the BA 
sample is of such high sp act, GLC, which gives complete 
separation of BA and pBrBA, could not be safely used 
to quantitate a small amount of non-radioactive pBrBA 
present in the tritiated sample. Chromatography on 
Sephadex LH-20 was found to give excellent separation 
of BA and pBrBA. The chromatographic profile showed 
only the p-[‘H]BA peak. without any peaks for radioac- 
tive or non-radioactive pBrBA in the absence of carrier 
BA or pBrBA, proving the complete absence of pBrBA 
in this sample. The percent of the total radioactivity and 
A 270nm migrating as BA in this sample was 91 and 85% 
respectively. This sample, which had been stored for 13 
months after the initial cellulose TLC purification like- 
wise showed 510% radioactive impurities on silica gel 
TLC which were not present prior to the storage period. 
Finally. constant specific activity (in this experiment_ 
9 Ci/mmol) over the BA zone was observed, demonstrat- 
ing further the purity of p-C3H]BA obtained by this pro- 
cedure. 

DISCUSSION 

The technique described in this natxr is an extremelv 
d 

easy procedure for obtaining a very potent cytokinin 
radioactivelv labelled in a snecific. known nosition at a 
very high sp act and radiochemical purity. The label api 
pears to be quite stable. with less than 5-100/i radio- 
chemical decay detected after a l3-month storage at 
- 18” in 50% EtOH at a high radioactive concentration. 
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Other workers may wish to substitute Sephadex LH-20 
chromatography for cellulose TLC in the purification of 
the dehalogenation reaction product since this Sephadex 
chromatography was found to give such excellent separ- 
ation of BA and pBrBA and since it is a convenient 
way of handling the large amounts of radioactivity. In 
addition, the chromatographic solvent (35% EtOH) pro- 
vides a convenient solvent to store the labelled cytokinin 
without the need for subsequent transfer to another sol- 
vent. 

Caution should be exercised in work with radioactive 
benzyladenine at the high sp act described herein. We 
observed the binding of radioactivity in an aqueous solu- 
tion to the walls of laboratory glassware. This binding 
can be reduced by the simultaneous presence of a low 
concentration (5 x IO- ’ M) of non-radioactive BA in a 
manner similar to that described for the binding of insu- 
lin to silica and other non-tissue material [12]. 

EXPERIMENTAL 

Synthesis of p&&4. 6-(methylmercapto)purine (03 g) was 
added to pbromobenzylamine (1.25g) and heated at 120-130” 
in a closed tube for 18 hi with intermittent agitation. p-BrBA 
was precipitated by the addition of Me&O t&d the ppt. col- 
lected by filtration on Whatman GF/C filter oaner followed 
by washing with Me,CO. The collect&l and washed ppt. was 
recrystallized from HCONME,, the crystals collected by fil- 
tration. washed with Me,CO and dried in an oven at 80” over- 
night. The yield of product was 28%. In a separate experiment, 
recrystallization from EtOH gave a similar yield. 

Deha&enation reaction with H, aas. This entire orocedure 
was performed at room temp. lr$i Pd/C (3 mg) was added 
to HCONMe, (2 ml~ containing 10 ul NEt, in a 5 ml reaction 
vessel coma&g a Viton stop&r and a Teflon magnetic stir- 
ring bar. The vessel was evacuated, H, gas added and kept 
at a slight pressure (approximately @7 kg/cm’ above atm pres) 
for 30min to saturate the Pd. The vial was then opened, 
pBrBA (10mg) added and allowed to dissolve by stirring for 
3 min. The vessel was then closed, evacuated and Hz applied 
again at the slight pressure for the time denoted. 

Silykrtion and GLC of BA and pBrBA. Samples were typi- 
cally silylated just prior to GLC by the following prowdure. 
The dry sample was dissolved in dry HCONMe,, followed 
by the addition of a 3-5 fold excess vol of N,O-bis-(trimethyl- 
silyl)-trifluoroacetamide containing 1% trimethylchlorosilane. 
For measuring the time course of dehalogenation, SOd 
samples were withdrawn periodically, filtered to remove char- 
coal and silvlated iust orior to GLC iniection. All GLC deter- 
minations were &fo*rmed using a i.8 m x 1.83 mm glass 
column packed with 3% SE-30; column temp. 205” isothermal, 
injection port temp. 225”. flame detector temp. 250”. carrier 
gas He at 87~5ml/min. Retention times: BA-TMS, 4.38min; 
pBrBA-TMS, 12.00 min. measured from the solvent peak. 

MS and GLC-MS. All MS were obtained on an LKB Model 
9C00 Mass Spectrometer. The most abundant ions in the mass 
spectrum obtained by direct probe at 70eV were m/e (rel. 
int.): for BA, 226 (M’ + 1; 19). 225 M+ (lOO), 224 (M+ - 1; 
44). 120 (M+ - 135; 22), 119 (M+ - 136). 106 @I+ - 119; 
80), 93 (M+ - 132; 27) 91 (M’ - 134; 27), 65 (M+ - 160; 

38); for pBrBA, 306 (M’ + 1; 13). 305 M’ (96). 304 (M’ + I, 
M+ - 1;40),303M+(100),302(M+ - 1;27),224(M+ -81, 
79; 33). 186 (M’ - 119; 61). 184 (M+ - 119; 69), 171 
(M+ - 134; 39). 169 (M+ - 134; 41). 120 (M’ - 195, 193; 
52), 119 (M’ - 196, 194; 42). 93 (M’ - 212, 210; 40). 90 
(M+ - 215, 213; 56). 89 (M+ - 216. 214; 50). For GLC-MS, 
the silylated samples were chromatographed on a 
1.8 m x 1.83 mm glass column packed with 2.5% SP-2401 with 
the carrier gas at 3Omlimin on a temp. program. For the 
H, dehalogenation reaction product; the -program was 
22&245” at 4”jmin and the retention time 5 min (BA-TMS,). 
For pBrBA, the program was 22&240” at 3”imin and the re- 
tention time 9 min IrrBrBA-TMS,l The MS showed that both 
compounds were derivatized by TMS at the purine N-9 pos- 
ition. 

TLC conditions. Running solvents for Si gel. cellulose and 
aluminum oxide TLC were, respectively, loo/, MeGH in 
CH,Cl,, 01 N HCl. and H,O saturated EtOAc. Cellulose 
plates were pre-washed with 01 N HCI and dried just prior 
to use. Visualization techniques were as described in Table 
I. 

Wspectra. pBrBA. authentic BA and #H]BA had the 
following, identical spectra: Gt?I-‘“” nm (log e): pH 2. 275.5 
(4.26), pH 7, 269.5 (4.28). pH 12, 275.5 (4.28) with sh at 
280-285 nm. 
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