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TRITIUM LABELLED COMPOUNDS OF HIGH SPECIFIC ACTIVITY I. 

TOFIZOPAM 

G. Z6lyomi, Gy. Horvdth, T. Lhg and J. Ko'rijsi 

Institute for Drug Research, H-1325 Budapest, P.O.B, 
82 ,  Hungary 

SUMMARY 

The possibilities of tritium labelling of tofizopam 
(2) - at high specific activity were investigated. Two 
methods, one by isotopic exchange, and one by catalys- 
ed halogen-tritium replacement were developed. The 
latter w a s  found t o  be more rational, and 3 specifi- 
tally labelled with tritium at a specific activity of 
12 Ci/mmole was prepared by applying this route. A n  

attempted labelling by catalysed multiple bond reduc- 
tion with tritium is also described. 

- 

Key words: Tritium labelling, 5IJ-2,3-Benzodiazepine, Isotopic 
exchange, Catalysed halogen-tritium replacement. 

INTRODUCTION 

Tofizopam [1-(3,4-dimethoqyphenyl)-4-methyl-5-ethyl-7,8~d~eth- 

oxy-5JI-2,3-benzodiazepine] (21, - the first member of 5g-2,3-benzo- 

diazepines synthesized by K6riisi and Lhg (11, has been used in 

therapy as minor tranquillant, possessing the advantage of no mus- 

cle relaxant side-effect. In an earlier paper ( 2 )  we described the 

preparation of 1 - labelled with 14C for pharmacological and metabo- 
lism studies. In order to investigate its localization in the 

brain, an analogue of high specific activity specifically labelled 
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with tritium at a site of the molecule, which is not affected by 

metabolism was required. Here we report on labelling by isotopic 

exchange and synthesis, 

RESULTS AND DISCUSSIOK 

1 = 2 
P 2 

The exchange reactions were investigated by means of deuterated 

solvents. On treatment of & with m30D under neutral, basic and 

acidic conditions, incorporation of deuterium could be detected 

by mass spectrometry only in the last case. Considering the frag- 

mentation of ,1 (31, deuterium distribution was calculated from 

the molecular ion, and the g/s 326 fragment ion which does not 

contain the C-4 methyl group. The results (see Table 1) proved 

that only the protons of C-+methyl group underwent exchange reac- 

tion, consequently all the other protons of the molecule are suit- 

able for labelling, except those of the methoxy groups which in- 

terfere with the metabolism. The fact that the precursor iso- 

benzpyryliwn salt (2) has no proton in the position which becomes 
position 5 of the benzodiazepine ring, prompted us to carry out 
the conversion of ,2 with deuterated hydrazine in CH OD. As it had 

been expected we managed to introduce more than 90 % deuterium in- 

to position 5 of 2, (the position of deuterium was verified later 
by H-NMR spectra), but an isotopic exchange occured in the C-4 

methyl group as well. 

- 

3 - 

- 
1 

Then we attempted to find out the optimum of introducing the 

hydrogen isotope. The best result was achieved by adding 2 in a - 
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solution of dimethylformamide to the mixture of deuterium oxide 

and hydrazine hydrate at 100 Co (Table 1, experiment 1.c). In 

this way the amount of deuterium incorporated is close to the 

calculated one. 

1.1 

Table lo Content (in '$1 and distribution of deuterium in ,1 by - 
mass spectrometry. (Solvent and conditions are described 
in the experimental part. 1 

It is remarkable that when carrying out the conversion by add- 
ing hydrazine hydrate to the mixture of 2 - and D20 at 0 Co (exper- 

iment Ld), a moderate isotope incorporation was observedo Proba- 

bly the formation o f  the monooxo intermediate 2 occurs immediately 
and one of the protons of hydrazine migrates to the 0(-position, 

- 
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Ver Ver  
r 

before the i so top ic  exchange between deuterated water and hydrazine 

takes  place completly. We assumed t h a t  t he  r o l e  of the  enol izat ion 

could not  be s ign i f i can t ,  otherwise a g rea t e r  extent  of deuterium 

incorporat ion would have been observed. Indeed, i n  the next exper- 

iment (1.e) when 1 w a s  i so l a t ed  and the  r ing  closure w a s  car r ied  

out i n  deuterated methanol, no deuterium w a s  found i n  the product. 

The r e s u l t s  are i n  agreement w i t h  the  mechanism of deuterium incor- 

poration out l ined i n  Figure 1. 

- 

r / - I  / I 

Figure 1. 

Comparison of the 'H-NMR spec t r a  o f  the  l abe l l ed  and unlabelled 

Mechanism of deuterium incorporation. 

compounds showed that the method developed i s  s u i t a b l e  f o r  prepa- 

r a t i o n  o f  1 l abe l l ed  i n  a spec i f ied  posit ion.  The l a b i l e  deuterium 

being incorporated i n t o  the  C-4 methyl group can be removed on 

treatment w i t h  MeOH in  the presence o f  ace t i c  acid. 

- 

As for the  tritium labe l l ing ,  i t  must be taken i n t o  considera- 

t i o n  that only 2.8 % o f  the isotope applied can be u t i l i z e d ,  and 

the  s p e c i f i c  a c t i v i t y  i s  merely one quar te r  of t h a t  of the  or ig i -  

n a l  tritium oxide. Varging the molar r a t io s ,  both the  u t i l i z a t i o n  
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of isotope and the specific activity can be improved, but only to 

the detriment of each other. So it would be reasonable to prepare 

the tritiated compound only if 1 - of high specific activity would 
not be storable, and the process should be repeated several times 

in order to supply the requirements of the biological research. 

Since over a period of six months practically no change in the 

isotopic purity took place when _1 - with a specific activity of 12 
Ci/mmole w a s  stored in solution (EtOH, 0.001 M I  it seemed to be 

more rational to introduce the tritium by synthesis. For this pur- 

pose 2, prepared from 1 - by refluxing in formic acid according to 
Lempert-Sr6ter (41, appeared to be a suitable precursor. 

Ver Ver Ver 

CH30 
ver 

I 

cH30 
CH30 

OCH3 

O c H 3  8 - 
Catalytic reduction of 4 in benzene solution over Pd catalyst af- 
forded 2 9  which can be oxidized to 1 in a yield of 90 %. If the 

reduction w a s  performed similarly but in methanol instead of 

benzene, according to the data published (41, 2 moles of hydrogen 

was taken up resulting in 6. This c a n  a190 be oxidized to diketone 

but under less mild conditions, and the yield in o u r  experiments 

- 

- - 

- 

was as low as 40 % in a scale of 0.65 mole. 

Unfortunately we could not utilize the aforementioned selecti- 

vity, because the reduction of 4 - with tritium, independently of 
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t he  solvent used, gave the compound 5, - which can not  be oxidized 

under mild condi t ions (see Figure 2 ) .  When the oxidation w a s  CELP 

r i e d  out under l e s s  mild conditions we did obta in  l abe l l ed  1, the  

s p e c i f i c  a c t i v i t y  o f  the  tofizopam prepared from t h i s  compound 

however w a s  only a neg l ig ib l e  proportion o f  the  calculated one. 

- 

Figure 2. Radio-TLC o f  t r i t lwn- labe l led  1. Solvent system: - 
benzene-ethyl ace ta te  = 4:l. The compound obtained 
f r o m  4 by c a t a l y t i c  reduct ion with tritium w m  
oxidized as 5 ( A )  and as 6 - ( B )  respect ively.  

- 
- 

Therefore we looked f o r  a halogenated precursor su i t ab le  f o r  cata- 

lysed halogen-tritium replacement. 8 can be prepared from 6 ( 6 )  

but unfortunately the oxidation o f  t h i s  compound did not  give the 

1,5-diketone der iva t ive  ( 7 ) .  So the  s t r a t egy  o f  introducing the 

tritium i n  the  last s t e p  had t o  be given up. 

- - 

- 8 w a s  reduced with tritium over Pd ca t a lys t  i n  the  presence of - 
t r ie thylamine,  and the compound obtained w a s  oxidized t o  1, f r o m  

which the l abe l l ed  2 w a s  prepared v i a  ,2 (isobenzpyrylium salt) .  

The spec i f i c  a c t i v i t y  of t he  t r i t i a t e d  $ w a s  26 Ci/mmole = 962 

GBq/mmole, near ly  the calculated one, which was d i lu t ed  during 

the  manipulation t o  1 2  Ci/mmole = 444 GBq/mmole, The s t a b i l i t y  of 

t he  labe l led  tofizopam w a s  inves t iga ted  by checking the  i so top ic  

pu r i ty  by radio-TLC during a period o f  six months. 

- 
- - 
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I so topic  pu r i ty  (%I 
o r ig ina l  a f t e r  six months Stored 

I 

as so l id  > 98 -70 

in 0.1 M E t O H  sol. > 98 > 94 
in 0.001 M EtOH sol. > 98 > 97 

Table 2. Change i n  i so top ic  pu r i ty  of 2 during storage. - 

EXPERIMENTAL 

The melting points  were determined on a Bogtius hot s tage,  

and are  uncorrected. The content and d i s t r i b u t i o n  o f  deuterium 

were determined by Varian MAT SM 1 mass spectrometer. Radioactiv- 

i t y  w a s  measured with a Packard T R I  CARB l i qu id  s c i n t i l l a t i o n  

spectrometer. TLC w a s  car r ied  out on s i l i c a  g e l  (Merck) and 

a Berthold TLC scanner w a s  used f o r  evaluation. A l l  evaporations 

were car r ied  out under reduced pressure. 

I. Iso topic  exchange 

a*/  1 - (10 mg) w a s  dissolved i n  CH30D (1 ml) and heated f o r  10 m i -  

nu tes  at bo i l ing  point. After  standing overnight the so lu t ion  

w a s  evaporated, and the  residue w a s  s t i r r e d  i n  hot water 

(I m l )  for one hour. After cooling the so l id  w a s  f i l t e r e d  off, 

washed with water, and dried.  A yellowish c r y s t a l l i n e  product 

(8.8 mg) w a s  obtained, m.p. 154-155 Co. This experiment w a s  

repeated i n  the presence of 0.1 ml of ace t i c  acid and 0.1 m l  

of 1 N NaOH respectively.  

b./ To hydrazine hydrate (250 p l ,  5 mmole) D20 (1 ml) w a s  added, 

and the  water w a s  d i s t i l l e d  off at 100 Co i n  N2 atmosphere. 

The residue w a s  added t o  a suspension of  2 (470 mg, 1 m o l e )  

i n  CH OD (2  ml). The so lu t ion  WBB boiled f o r  5 minutes, and 

evaporated. The residue w a s  s t i r r e d  i n  hot water (10 m l )  f o r  

one hour. After cooling the so l id  w a s  f i l t e r e d  o f f ,  washed 

- 
3 



with  water,  and d r i e d  t o  g i v e  316 m g  (83.0 76) of c r y s t a l l i n e  

product. M.p. 152-154 Coo 

c./ To a mixture o f  hydrazine hydra te  (250 u l ,  5 mmole) and D20 / 
(36 /ul, 2 mmole), 2 (94 mg, 0.2 m o l e )  i n  DMF (0.5 m l )  w a s  

added at 100 Go. After  cool ing,  t h e  so lvent  was removed by 

freeze-drying and t h e  r e s i d u e  w a s  t r e a t e d  w i t h  hot  water  as  

descr ibed above t o  g ive  59.5 mg (77.9 %) of c r y s t a l l i n e  prod- 

uc t .  M.p. 152-154 Co. 

10 mg of  t h i s  compound w a s  d i sso lved  i n  MeOH (3 m l ) ,  and 

a c e t i c  a c i d  (0.1 m l )  was added t o  t h e  so lu t ion .  It was evapo- 

r a t e d  and t h e  r e s i d u e  w a s  reevaporated t h r e e  t imes w i t h  MeOH 

(3x3 m l ) .  The adduct w a s  decomposed i n  hot  water  t o  g ive  9.1 

mg of c r y s t a l l i n e  product. Mop. 152-154 Coo 

d o /  Hydrazine hydrate  (25 /ul, 0.5 m o l e )  was added at 0 Co t o  a 

mixture of D20 (180 ,ul, 10 m o l e ) ,  DMF (2 m l )  and 2 - (94 mg, 

0.2 m o l e ) .  A f t e r  s tanding  one hour a t  0 Co t h e  mixture w a s  

g radual ly  heated t o  100 Co, then cooled and t h e  so lvent  w a s  

removed by freeze-drying. The r e s i d u e  was t r e a t e d  w i t h  hot  

water ,  cooled and f i l t e r e d  o f f  t o  g ive  61 mg (79.8 %) of crys- 

t a l l i n e  product. Mop. 152-154 Co. 10 mg of t h i s  compound was 

treated wi th  a mixture of MeOH and a c e t i c  a c i d  as descr ibed 

above g i v i n g  8.9 mg o f  c r y s t a l l i n e  mater ia l .  M.p. 152-154 Co. 

e./ To a s o l u t i o n  o f  1-(3,4-dimethoxyphenyl)-3-methyl-4-ethyl- 

-6,7-dimethoxy-isobenzpyrylium s u l f a t e  (466 mg, 1 m o l e  1 i n  

water  (10 m l ) ,  hydrazine hydrate  (120 p l ,  24 mmole) was added 

a t  0 Co. The p r e c i p i t a t e d  2 w a s  f i l t e r e d  o f f ,  and dr ied.  Yield: - 
340 w (82.5 % I .  
80 mg (0.2 mmole) of t h i s  compound w a s  d i sso lved  i n  CH OD 

(1 ml) and warmed on a s t e m  b a t h  f o r  10 minutes. The s o l u t i o n  

w a s  evaporated and t h e  r e s i d u e  w a s  decomposed i n  hot  water  as 

descr ibed  previously.  Yellowish c r y s t a l s ,  y i e l d :  57 mg,  mop. 

3 

149-152 Go. 
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11. Reduction of 4 

a * /  352 m g  (1 m o l e )  of 4 - i n  MeOH (10 m l )  was hydrogenated over  

5 % Pd/C c a t a l y s t .  43 ml of hydrogen were absorbed dur ing  30 

minutes. The s o l u t i o n  w a s  f i l t e r e d  and evaporated. Recrystal-  

l i z a t i o n  of t h e  r e s i d u e  from MeOH gave white  c r y s t a l s ,  (286 mg, 

80.4 %). Map. 103-104 Coo 

231 mg (0.65 m o l e )  of t h i s  compound w a s  d i sso lved  i n  a c e t i c  

a c i d  (1 m l )  and water  (0.4 m l )  w a s  added. A f t e r  cool ing t o  

0 Co, a s o l u t i o n  of C r O  (130 mg, 1.3 m o l e )  i n  a c e t i c  ac id  

(1 m l )  and water  (0.6 m l )  w a s  added dropwise t o  t h e  s t i r r e d  

mixture. A f t e r  be ing  s t i r r e d  at 0 Co f o r  an hour and at 25-30 

Co f o r  1.5 hours ,  water  (13 m l )  w a s  added t o  t h e  s o l u t i o n  and 

i t  w a s  l e f t  t o  s tand  overnight.  The p r e c i p i t a t e d  m a t e r i a l  w a s  

f i l t e r e d  o f f ,  washed w i t h  water  and disso lved  i n  a c e t i c  a c i d  

(1 m l ) .  To t h e  s o l u t i o n  70 % p e r c h l o r i c  a c i d  (80 /ul) was 

added, and t h e  mixture w a s  warmed f o r  3 minutes on a stem 

bath. Af te r  cool ing t o  0 Co, e t h y l  a c e t a t e  16 ml) and d i e t h y l  

e t h e r  (8 m l )  w a s  added, and t h e  p r e c i p i t a t e d  isobenzpyrylium 

s a l t  w a s  f i l t e r e d  o f f ,  washed w i t h  e t h y l  a c e t a t e  and dr ied.  

Yield: 100.6 mg (0.21 m o l e ,  32.9 %), mop. 221-233 Co, dec. 

3 

b./ A s o l u t i o n  of 4 (352 m g ,  1 mmole) i n  benzene (10 m l )  w a s  - 
hydrogenated over  5 % Pd/C c a t a l y s t .  I n  one hour 24 m l  o f  

hydrogen w a s  absorbed. The s o l u t i o n  was f i l t e r e d ,  evaporated,  

and r e c r y s t a l l i z a t i o n  o f  t h e  r e s i d u e  from 50 % acetone gave a 

c r y s t a l l i n e  m a t e r i a l  (286 mg, 0.21 mole ,  80.8 %), mop. 

107-108 Co. 

230 mg (0.65 m o l e )  of t h i s  compound w a s  d i sso lved  i n  a mixture 

of a c e t i c  a c i d  (1 m l )  and water  (0.4 ml). C r O  (100 mg, 

1 m o l e )  d i sso lved  i n  a c e t i c  a c i d  (1 m l )  and water  (0.6 m l )  

w a s  added at 0 Co, and t h e  s o l u t i o n  w a s  s t i r r e d  f o r  30 minutes, 

then  d i l u t e d  w i t h  water  (13 m l ) .  The p r e c i p i t a t e d  s o l i d  w a s  

f i l t e r e d  o f f ,  washed w i t h  water ,  d i sso lved  i n  a c e t i c  ac id  

3 
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(1 m l ) ,  and 70 % p e r c h l o r i c  a c i d  (80 ,ul) w a s  added. Af te r  

warming on a steam b a t h  f o r  three minutes t h e  mixture was 

cooled and t h e  c r y s t a l l i n e  2 - w a s  p r e c i p i t a t e d  by adding ethyl 

a c e t a t e  (6 m l )  and d i e t h y l  ether (8 m l ) .  The yellow c r y s t a l s  

were f i l t e r e d  o f f ,  washed wi th  e t h y l  a c e t a t e  and dr ied.  Yield: 

235 mg (0.5 mmole, 76.9 %), m.p. 219-221 Co,  dec. 

c./ 35.2 mg (0.1 mmole) of 4 - d i s s o l v e d  i n  benzene (1 ml) w a s  re- 

duced wi th  c a r r i e r - f r e e  tritium over  5 % Pd/C c a t a l y s t  on a 

vacuum manif o ld  (81. 

The amount o f  tritium absorbed w a s  4.1 N m l  (10 C i  = 370 GBq).  

The s o l u t i o n  was evaporated,  t h e  r e s i d u e  d isso lved  i n  a c e t i c  

ac id  (10 m l )  and reevaporated.  The r e s i d u e  w a s  mixed w i t h  5 - 
(195 mg, 0.55 mmole), d i sso lved  i n  a c e t i c  a c i d  (1 m l ) ,  and 

oxidized as descr ibed a t  I I /b .  The product obtained w a s  t h e  

yellow isobenzpyrylium sa l t ,  212 mg (0.45 mmole, 69 % I ,  m.p. 

219-222 Co, dec. This m a t e r i a l  w a s  suspended i n  hot  methanol 

( 3  m l )  and hydrazine hydrate  (100 /ul, 2 mmole) w a s  added 

r e s u l t i n g  i n  a pa le  yellow s o l u t i o n .  The s o l u t i o n  w a s  t r e a t e d  

wi th  charcoal ,  f i l t e r e d ,  and evaporated. To t h e  r e s i d u e  0.1 m l  

o f  a c e t i c  a c i d  w a s  added, and s t i r r e d  i n  h o t  water f o r  one 

hour. A f t e r  cool ing t h e  c r y s t a l l i n e  m a t e r i a l  w a s  f i l t e r e d  o f f ,  

washed w i t h  water  and d r i e d  t o  g i v e  147 mg (0.38 mmole, 

85.3 %) o f  l a b e l l e d  2, - mepo 154-155 Co, s p e c i f i c  a c t i v i t y :  

1 4 0  mCi/mmole = 5.18 GBq/mmole. 

This  experiment w a s  repea ted  under t h e  same condi t ions ,  w i t h  

t h e  only except ion t h a t  t h e  o x i d a t i o n  w a s  c a r r i e d  o u t  as de- 

s c r i b e d  at I I /ae  The y i e l d  of isobenzpyrylium sa l t  obtained 

w a s  100 mg (0.21 mmole, 32.7 %), m.p. 219-222 Co, dec. 

This  compound w a s  r e a c t e d  w i t h  hydrazine hydra te  a s  descr ibed 

above t o  g i v e  71 rng (0.19 mmole, 89.7 '$1 of c r y s t a l l i n e  & la- 

b e l l e d  wi th  tritium. 1iI.p. 153-155 Co,  s p e c i f i c  a c t i v i t y :  

391 mCi/mole = 14*47 GBq/mmole. 
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3 111. 1-(3,4-dirnethoxyphenyl-6- H)-4-methy1-5-ethyl-7,8-dimethoxy- 

-2,3-5H-benzodiazepine 

130 mg (0.3 mmole) of 8 w a s  d i sso lved  i n  a mixture o f  e t h y l  

acetate ( 3  m l )  and t r i e t h y l a m i n e  C50 /u l ) .  This s o l u t i o n  w a s  

reduced w i t h  c a r r i e r - f r e e  tritium over 5 % Pd/C c a t a l y s t  on 

a vacuum manifold. The absorbed tritium w a s  6.7 N m l  (16.8 

C i  = 622 GBq). The s o l u t i o n  w a s  then f i l t e r e d ,  evaporated, 

and t h e  r e s i d u e  w a s  taken up i n  benzene (10 m l ) .  The s o l u t i o n  

w a s  shaken wi th  10 m l  of 1 N HC1,  t h e  organic  phase w a s  evap- 

o r a t e d ,  and t h e  r e s i d u e  w a s  reevaporated t h r e e  t imes with 10 

m l  p o r t i o n s  o f  ethanol.  The semi-solid m a t e r i a l  obtained w a s  

102  mg, 7.69 C i  = 284 GBq had a s p e c i f i c  a c t i v i t y  of 26.7 

Ci/mmole = 988 GBq/mmole. 

This  m a t e r i a l  w a s  mixed w i t h  130 m g  (0.36 mmole) o f  5, dis -  

solved i n  a c e t i c  ac id  (1 ml) and oxidized as descr ibed at 

II/a. The y i e l d  of isobenzpyrylium salt w a s  103 mg (0.22 

m o l e ,  33.8 %I m.p. 220-222 Co,  dec. 

This  m a t e r i a l  was converted i n t o  4 - with hydrazine hydrate  t o  

g ive  72.4 mg (0.19 mmole, 85.9 %I ye l lowish  c r y s t a l l i n e  prod- 

u c t ,  mop. 154-155 Coo Act iv i ty :  2.22 C i  = 82 GBq, a t  a spec i f -  

i c  a c t i v i t y  o f  11.74 Ci/mmole = 434 GBq/mmole, 30.71 C i / g  = 

1136 GBq/g. The i s o t o p i c  p u r i t y  checked by TLC (benzene-cyclo- 

hexane-ethanol = 5:4:1) w a s  h igher  than 98 %. 

- 
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