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S U M M A R Y  

In order to  complete our previous publications ov phnrmaco- 
k ine t ics ,  action mechanism and metabolism studies,  the fo l lo -  
uing new, t r i t iunr labe l led  derivatives of Halidor have been pre- 

pared: ?-bemy 1-1 - I 3  -dime thy laminoproposy l - 3,4,5,6- 'H-cy c lo- 

heptane fwnamte,  I-benzyl-1- (2 r-3H-3 '-dimethylaminopropoxy) - 
cycloheptane fwnarate, and l-(benzyl-4-3H)-l-(3'-dimethylami- 
vopropo~yi-cycloheptane fwnamte. 

INJ! RODUCTION . 
The radiocarbon-labelled i s o t o p i c  isomers of l-benzyl-l-(3'- 

-dime thylamino pro poxy ) -cyclohe p t ane f umara t e  ( Benc y clan'", 
Ha 1 i dor++++, F l u d i l  a t+++++ ) have former ly  been prepared'" for 
rad io iso tope- indica ted  pharmacological tes t s '* ) .  The subsequent 
metabolism and t r a n s p o r t  s t u d i e s  have c a l l e d  f o r  t h e  p repa ra t ion  of 
compounds l a b e l l e d  wi th  t r i t i u m  in d e f i n i t e  pos i t i ons .  The present  
r e p o r t  d e a l s  wi th  t h e  prepara t ion  of molecules l a b e l l e d  wi th  
tritiu! in the  cyc lohepty l  r i ng ,  i n  t h e  aromatic r i n g  and i n  t h e  

Generic name +++ 
++++ Registered name i n  Hungary 
+++++ Registered name in G.P.R. 



668 D.Banfi,G.Zolyomi and L.PuLZos 

alkylene group of the s ide  chain, respectively.  
Special  a t t e n t i o n  had t o  be paid t o  the p r o p e r  s e l ec t ion  of 

the method of introducing the tritium isotope i n t o  the cycloalkyl 
ring. A synthesis  pathway had t o  be found where the posit ion of 
introduced T atoms was exact ly  known and the i n t e r f e r i n g  e f f e c t  of 
T G H  exchange react ion could be avoided both with the endproduct 
and each intezmediate. A r a t h e r  complicated method, normally unu- 
sua l  in tr i t ium-label l ing technique, had  t o  be applied t o  comply 
with this t a sk  \figure 1 The o l e f i n i c  bonds of e thy l  muconate 
were saturated with tritium gas i n  the presence of Pd ca t a lys t .  The 
obtained e thy l  adipate  was converted first by means of LiA1H4 i n t o  
hexamethylene glycol,  then the dibromo derivat ive of the l a t t e r  was 
transformed t o  sube rod in i t r i l e  by treatment with KCN. The reduction 
by the complex metal hydride was performed according t o  Nystrom and 
B r o d 3 ) ,  while the bromination react ion used the invest igat ions of 
Stone(4’. The basic magnesium suberate,  obtained by ac id i c  
l y s i s  of sube rod in i t r i l e ,  was converted by heat ing a t  350’ i n t o  
3,4,5,6-3€i4-cycloheptanone, accordlng t o  the method of Boeseken and 
Der~‘~’. The 1-benzyl-1-( 3’-dimethylaminopropoxy)-3,4,5, 6-3H4-cyc- 
loheptane fumarate was prepared acco rdhg  t o  the method of r a l l o s  
and co-workers(6). Labelling was performed i n  10 mmolar scale  and a 
17  per cent radiochemipal y i e ld  w a s  obtained. 

I- ( 4-Chlorobenzylj-1- ( 3  ‘-dime thylaminopropoxy )-cycloheptane , 
synthetized by Pallos and coworkerst6), was used a s  s t a r t i n g  mate- 
r i a l  f o r  the preparation of the molecule label led i n  the aromatic 
r i n g  (Figure 2 ). !be introduct ion of tritium was performed by 
c a t a l y t i c  dehalogenation i n  0.01 mmolar scale  i n  e thy l  ace t a t e  
solut ion,  and usiqg Halidor base f o r  acid binding. The product was 
d i lu t ed  with inac t ive  Halidor before the f i n a l  operation. The 
radiochemical y i e ld  was near ly  quant i ta t ive.  

hydro- 

The l a b e l l i n g  w i t h  tritium of the alkylene group of the s ide  
chain w a s  based on the radioact ive key-intermediate of l-chloro-2- 
-brom0-2-~H-propane (Figure 3 J. Y B r  was generated by the method of 
Brown and Croat(", as modified by Bengsch“) and T3r was reacted 
with a l l y 1  chloride in the presence of dibenzoyi peroxide, accor- 
ding t o  the method of Kharasch an.? iL.>d(’). The obtained chloro- 
bronopropane was reacted w i t h  dimeth:ilmim according t o  iv?arxerss 
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Fig. 2. 

Br - CH2 - CH- CH2 - Cl 
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Fig. 3. 
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method(") and  dimethylminopropyl chloride ( D M P c )  was obtained. By 
condenskg the radioactive MdPC with 1-benzyl-cycloheptan-1-01 in 
the presence of sodium hydride, 1-benzyl-1-( 2*-3H-3*-dimethylamino- 
propoxy)-cycloheptane was obtained which was converted i n t o  f w -  
r a t e  s a l t  and r ec rys t a l l i zed  a s  described in  the former experiment. 
Labelling was performed i n  a 10 mmolar s ca l e  and a 22 per cent yield 
was obtained, calculated with reference t o  the i n i t i a l  quant i ty  of 
HTO. 

The chemical and radiochemical puri ty  of the intermediates 
and end-products were controlled by TIC and autoradiography. The 
r ad ioac t iv i ty  of the substances was determined with a TRI-CARE type 
l i q u i d  s c i n t i l l s t i o n  beta-spectrometer. 

EXPERIMKNTAL. 

2, 3,4,5-3H4-hexane-1,6-diol 

2 mg (0.01 m o l e )  of e thy l  muconate i n  0.5 m l  of abe. e t h e r  
i s  saturated a t  600 mmHg pressure with ca r r i e r - f r ee  tritium gas, in 
the presence of Pd-C ca t a lys t ,  i n  a microhydmgenation apparatus 
(Calculated T2 consumption: 4.5 ml), and a t  the end of the react ion,  
2.022 g (10 m o l e s )  of inact ive e thy l  adipate dissolved in 30 m l  of 
abs. e the r  a re  added. The obtained mixture i e  f i l t e r e d  and the 
f i l t r a t e  is added dropwise t o  the suspension of  1.14 g (30 m o l e s )  
of  LiAlH4 i n  20 nl of ether.  The mixture is refluxed for 3 houra, 
then 20 n1 of 20 Z hydrochloric acid is added dropwise under cons- 
t an t  cooling i n  an ice-bath. The mixture is extracted f o r  15 hours 
i n  a continuous extract ion apparatus, the separated e the rea l  phaee 
i s  dried by f i l t r a t i o n  through MgS04 and evaporated t o  dryness. 
Yield: 1.182 g ,  1274 m C i  (10 m o l e s ,  127.4 mCi/mmole), 100 %. 

1,6-Dibromo-2,3,4,5- 3 H hexane 
4- 

Sulphur dioxide gas is  introduced i n t o  the mixture of 1.53 ml 
(4.8 g, 30 m o l e s )  of bromine and 5.2 g of i c e ,  u n t i l  the colour of  
bromine disappears. The obtained solut ion is  mixed with the for- 
merly obtained 1.182 g (10 m o l e s )  of hexane d io l .  The mixture is 
s e t  as ide a t  20°C overnight and then kept a t  100°C f o r  1 hour more. 
Alter cooling, the mixture is  extracted 3 times with 20 m l  por t ions 
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of benzene. ,The benzene e x t r a c t  is  washed first w i t h  10 ml of 85 ?J 

sulphuric  acid,  subsequently with 5 % sodium carbonate so lu t ion  
and water, then d r i ed  with C a C 1 2  and evaporated t o  dryness. 
Yield: 2.36 g (9.66 m o l e s ) ,  96.6 %. 

2,3,4, 5-3H4-hexane d i n i t r i l e  

is reacted wi th  1.26 g (19.32 mmoles) of 75 I ethanol is reacted 
w i t h  1.26 g (19.32 mmoles) of potassium cyanide, under bo i l ing  for 
2 hours. After  cooling, the mixture i s  d i lu t ed  with It) m l  of water 
and extracted 3 times wi th  20 m l  portions of ether .  !The e t h e r e a l  
e x t r a c t  is  d r i ed  over CaC12 and evaporated t o  dryness. 
Yield: 1.165 g (8.55 mmoles), 88.5 %. 

2,3,4, 5-3H4-s~beric acid 

1 0  m l  of 50 I sulphuric  acid f o r  6 hours. k f t e r  cooling, the mix- 
t u r e  is d i lu t ed  with 10 m l  of water;  the p rec ip i t a t ed  c r y s t a l s  a r e  
col lected by f i l t r a t i o n  and r insed w i t h  a l i t t l e  water. The obtain- 
ed substance is  dissolved i n  10 % sodium hydroxide solut ion:  the 
so lu t ion  is c l a r i f i e d  by ac t iva t ed  carbon, f i l t e r e d  and ac id i f i ed  
wi th  concentrated hydrochloric acid t o  pH 1. The p rec ip i t a t ed  ma- 
t e r i a l  is co l l ec t ed  on a f i l t e r ,  washed twice w i t h  1 m l  of water 
and dried.  
Yield: 1.220 g (7.01 m o l e s ) ,  83 5. 

2,3,4, 5-3H4-Cycloheptanone 

2.36 g (9.bb mmoles) of dibromohexane i n  8 m l  of 75 YO ethanol 

1.165 g (8.55 mmoles) of hexane d i n i t r i l e  i s  refluxed with 

The suspension of 1.220 g (7.01 mmoles) of suberic  acid and 
0.85 g of magnesium oxide i n  30 m l  of water is ag i t a t ed  a t  100°C 
f o r  2 hours;  the hot mixture ie f i l t e r e d  and the  f i l t r a t e  is evapo- 
ra ted t o  dryness. The obtained substance (1.644 g)  is  heated i n  
nitrogen stream, w i t h  such a r a t e  as t o  reach 35OoC in 2 1/2 hours, 
and t h i s  f i n a l  temperature is maintained f o r  1 hour more. The dis-  
t i l l a t e  i s  co l l ec t ed  i n  a r ece ive r  cooled by l i q u i d  nitrogen, then 
dissolved i n  50 ml of zbs. e t h e r  and dried ovs r  KgS04. 
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1-Benzyl-3, 4,5,6-3H4-cycloheptan-l-ol 

benzyl chlor ide and 0.243 g (10 m o l e s )  of magnesium tu r ings  in  
15 m l  of abs. e t h e r  and the previously obtained e the rea l  so lu t ion  
of radioact ive cycloheptanone is  added dropwise. The mixture is 
refluxed for 1 hour, then the complex i e  decomposed w i t h  ammonium 
chlor ide so lu t ion ;  the e t h e r e a l  l a y e r  is separated and evaporated 
t o  dryness. The r e s idua l  o i l  is  dissolved in 1 ml of light petro- 
leum, then c r y s t a l l i z e d  a t  -5OOC; the  c r y s t a l s  a r e  col lected on a 
f i l t e r  and r insed with 0.2 m l  o f ' l i g h t  petroleum of -5OOC. 
Yield: 0.52 g (2.79 mmoles), 43 %. 

dissolved i n  the  nother  l i q u o r  of t he  above react ion,  then the 
substance c r y s t a l l i z e d  a t  -5OOC i s  col lected on a f i l t e r  (0.19 g, 

0.93 m o l e s )  and added t o  the previously obtained product. 
Yield: 0.260 g (3.72 m o l e s ) .  

A Crignard reagent is prepared from 1.266 g (10 mmoles) of 

0.204 g (1 m o l e )  of i nac t ive  benzylcycloheptanone are 

l-denzyl-l-(3*-dime thylamin0propoxy)-3,4,5,6-~H~-cycloheptane fu- 
marate 

0.76 g (3.72 m o l e s )  of t he  above carbinol  i s  dissolved in 
10 ml of anhydrous benzene and 0.196 g (4.09 m o l e s )  of 50 $ 8 0 -  

dium hydride i s  added. The mixture i s  refluxed f o r  3 hours, then 
a 50 7. benzene so lu t ion  of 1.09 g of dimethylaminopropyl chlor ide 
is  added dropwise; the mixture is  refluxed f o r  6 hours f u r t h e r ,  
then 10 m l  of water is  added. The benzene l a y e r  is separated, 
washed with water, dried over UgSO4, and evaporated t o  dryness. 
The r e s idua l  o i l y  l i qu id  is dissolved in 2 m l  of abs .  ethanol and 
a hot solut ion of 0.430 g of fumaric acid i n  b ml of water is 
added. The mixture is  allowed t o  c r y s t a l l i z e  overnight, then the 
precipi ta ted c r y s t a l s  a r e  co l l ec t ed  on a f i l t e r ,  r ineed with 5 m l  
o f  l ight petroleum, and dissolved i n  5 m l  of 25 I aqueous alcohol ;  
the solut ion is  c l a r i f i e d  w i t h  act ivated carbon, f i l t e r e d  and 
allowed t o  c r y s t a l l i z e  i n  a r e f r i g e r a t o r  overnight. The separated 
white, c r y s t a l l i n e  substance is col lected on a Yil ter ,  r ineed with 
a l i t t l e  water and dr ied (m.p. 131' t o  133OC). 
Yield: 0.356 g (2.11 m o l e s ) ,  56.7 '5 (216 m C i ,  102.4 mCi/mole, 
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253 mCi/gl. 
The l i g h t  petroleum s o l u t i o n  is evaporated t o  dryness, 

d i sso lved  in 0.5 m l  of petroleum e t h e r  and c r y s t a l l i z e d  a t  -5OOC: 
an a d d i t i o n a l  y i e l d  of 0.143 g, 71.2 m C i  (0.70 m o l e s ,  101.7 m C i /  
mmole) of ca rb ino l  is  obtained. 

1-Benzyl-( 4-3H)-1-(3~-dimethylaminoprpoxy)-cycloheptane fumarate 

The mixture of 3.3 mg (0.01 m o l e )  of l-(4-Chlorobenzyl~-l-  
-3~-dimethylaminopropoxy)-cycloheptane and 29 m g  (0.1 m o l e )  of 
Halidor base a r e  d isso lved  i n  0.5 m l  of e t h y l  a c e t a t e  and reac ted  
a t  600 mmAg pressure ,  in a micmhydrogenation apparatus,  wi th  tri- 
t i u m  gas in the  presence of W-C c a t a l y s t .  Af te r  t he  ca l cu la t ed  
volume (2.25 m l )  of tritium gas  has been taken up, the s o l u t i o n  is 
mixed with 579 m g  ( 2  mmoles) of Halidor base d isso lved  i n  1 0  ml of 
e t h y l  a c e t a t e ,  1 drop of a l c o h o l i c  ammonia s o l u t i o n  is added; then 
t h e  mixture is  f i l t e r e d  and evaporated t o  dryness. The yellow, 
oily substance (614 mg) is d isso lved  i n  2 ml of abs .  e thanol  and a 
ho t  s o l u t i o n  of 244 mg (2.1 mmoles! of fumaric ac id  i n  6 m l  of 
water  is  added. The mixture is  allowed t o  c r y s t a l l i z e  overnight 
then  the  eeparated c r y s t a l s  a r e  co l l ec t ed  on a f i l t e r ,  r i n sed  3 t i -  
mes wi th  1 m i  o f  water,  and d r i ed  @.p. 131' t o  133OC). 
Yield: (322 mg, 312 m C i  (2.03 mmoles, 157.3 mCi/miole, 390 mCi/g), 
96 %. 

1-Benzyl-1- ( 2 -%-3 -dime thylaminopropoxy ) -cycloheptane fumarate 

Elydrogen bromide i s  generated from 5 m l  of benzoyl bromide and 
0.135 m l  (7.5 mmoles) of t r i t i a t e d  water (1.2 C i ,  160 mCi/m!ole) and 
the  obtained gas i s  f rozen  on the  mixture o f  0.760 g (10 mmoles) of 
a l l y 1  ch lo r ide  and 0.05 g of benzoyl peroxide i n  a bomb tube which 
then  is sea led .  The mixture is s e t  a s ide  a t  -75OC f o r  2 hours, then 
the  bomb tube is opened and i t s  content is  d isso lved  i n  5 m l  of 
benzene; t h i s  s o l u t i o n  is washed f irst  wi th  water,  subsequently w i t h  
5 Z sodium bicarbonate s o l u t i m  and again wi th  water;  the  so lu t ion  
is  d r i ed  over C a C 1 2  and 10  m l  of 20 :. dimthylamine  so lu t ion  i n  
benzene a r e  added, and the  mixture i s  Icept s tanding  a t  O°C over- 
n ight ,  then the  r eac t ion  i s  completed a t  ;qOC f o r  3 hours, under 
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ag i t a t ion .  After cooling, the separated salt  is col lected on a f i l -  
t e r  and the f i l t r a t e  is  added t o  the sodium s a l t  prepared from 
2.04 g (10 mmoles) of benzylcycloheptanone and 0.59 g (11 mmoles) 
of 50 % sodium hydride, using anhydrous benzene a s  medium. The m i x -  
t u re  i s  ag i t a t ed  a t  OO°C f o r  6 hours, then 25 m l  of water i e  added. 
The benzene phase is eeparated, washed with water, dr ied over YgSOq 
and evaporated t o  dryness. The obtained light-yellow, o i l y  l i q u i d  
(2.62 g)  is  dissolved in 6 m l  of ethanol and mixed with the hot 
solut ion of 1.16 g of fumaric acid in 18 m l  of water. The mixture 
is  allowed t o  c r y s t a l l i z e  in a r e f r i g e r a t o r  overnight, then the 
separated c r y s t a l s  a r e  col lected on a f i l t e r  and washed with 10 m l  
of petroleum ether.  The white, c r y s t a l l i n e  eubstance is  dieaolved 
in 20 ml of water; the solut ion is made a lka l ine  by adding 20 ml of 
18 sodium hydroxide and the separated o i l y  subetance is  extracted 
twice with 10 m l  of petroleum ether.  Upon evaporating the solvent,  
O.W/O g of yellow o i l y  l i q u i d  a r e  obtained; the l i qu id  is dissolved 
i n  2.5 m l  of ethanol and mixed with the hot solut ion of 0.348 g 
( 3  mmoles) of fumaric acid. in '1.5 m l  of water. The mixture is a l lo -  
wed t o  c r y s t a l l i z e  overnight, the separated c r y s t a l s  a r e  col lected 
on a f i l t e r  and washed with petroleum ether.  The obtained c rys t a l -  
l i n e  product is rec rys t a l l i zed  f r o m  5 m l  of 25 B alcohol (m.p. 131' 
t o  133OC). 
Yield: 0.891 g, 170.5 m C i  (2.2 m o l e s ,  77.5 mCi/mole, 192 mCi/g), 
22 z. 

Chromatographic t e s t  8 

topic  isomers was controlled by TLC. 
Sorbent : Kieselgel G. 
Solvent: e thy l  acetate:ethanol:dimethylfomamide:triethylemine = 

Rf: 0.65 
Chemical detection: spraying with Draggendorf's reagent. Contact 
autoraaiograms of the th in  l aye r  chromatograms were prepared t o  
control  the radiochemical puri ty;  10 uCi of sample was applied 
from each product; the above mixture of solvente was used for 
development, and a f t e r  ca re fu l  drying, the t h i n  l a y e r  chromatogrems 

The chemical and radiochemical puri ty  of a l l  the three iso- 

= b0:30:5:5 
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were sprayed with a 2 % anthracene solution in chloroform. The plates 
were kept in a dark place for 24 hours, then exposed on FORTE X-ray 
film for 72 hours. 
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