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A minobutyrophenone der iva t ives  have a t t rac ted  the attention of r e s e a r c h e r s  working in the field of pro-  
ducing new psychotropic  agents [1]. Compounds of this type a re  included among the neurolec t ics  in their  phar -  
macological  action, and severa l  of them (haloperidol,  haloanisone,  etc.) a re  f i rmly  establ ished in modern cl ini-  
cal psychopharmacology.  

Among the possible modifications of the s t ruc tu re  of aminobutyrophenones,  the prepara t ion  of der ivat ives  
using var ious  he te rocyc les  as the ni t rogen-containing part  of the molecule is of great  in teres t .  The present  
work is devoted to synthesizing and studying the neurot ropic  activity of butyrophenones containing fused p iper -  
azine r ing sys t ems ,  viz. 1,4-diazabicyclo[4,m,0] alkanes [2]~, and their  s t ruc tura l  analogs, with the aim of es-  
tablishing a re la t ion  between thei r  chemical  s t ruc tu re  and pharmacological  activity.  

~(OHz) m 

QC~(oHz)zz ~ x  
H~ o OH 

where XoH,ClorF ; (~~ -i  -O(j~)" or-CHz6H'~(f~ m =3) 
II x-r  ~ z=-oHT_O-:(for m=4 and 5) 

We examined the dependence of the neurot ropic  act ivi ty of these compounds on the following s t ruc tura l  
fac tors :  a) the s t ruc tu re  of the diazabicycl ic  sys tem;  b) the nature of the substi tuent in the para  position of the 
a romat ic  r ing; and c) the s t ruc tu re  of the cen t ra l  part  of the molecule.  

The aminobutyrophenones (I) were  synthesized by alkylating bicyclic amines (II) with T-halopropyl  phenyl 
ketones (III). 

a)m~d; X=F c)m=5, x=r 
Y=oloSrBr b) m=4; X=F d)m=O,X o Ol 

e) m=& X=H 

The reac t ion  was c a r r i e d  out by heat ing the components (in a molar  ra t io  of 1 : 1 or 2 : 1) in an organic solvent 
(alcohol, toluene or xylene) or without a solvent.  The constants of the compounds I obtained a re  given in Table 
2. The s ta r t ing  ketones III were  p r epa red  by F r i e d e l - C r a f t s  acylat ion of the cor responding  a romat ic  hydro-  
carbons  with T-halobutyryl  chlor ides  by known methods [4]. 

*See Khim. Farm. Zh., No. I, 88 (1976) for communication XIV. 
]The other members of this series of compounds are described in the patent literature [3] without any discus- 
sion of their pharmacological properties or quoting their constants. 
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Fig .  1. E f fec t  of d i a z a b i c y c l i c  d e r i v a t i v e s  of  p - f l u r o b u t y r o p h e n o n e  
on the d u r a t i o n  of the  n a r c o t i c  e f fec t  of  s o d i u m  t h i o p e n t a l  in whi te  
m i c e .  

F ig .  2. D u r a t i o n  of the  p o t e n t i a t i n g  e f fec t  of  d i a z a b i c y c l i c  d e r i v a -  
t i v e s .  Sod ium t h i o p e n t a l  dose  30 m g / k g .  

T A B L E  1. D e p e n d e n c e  of  the  
C a t a l e p t i c  Ef fec t  of C o m p o u n d s  
I on T h e i r  S t r u c t u r e  

Dose Cataleptic 
Compound (mole/kg) effect 

Ia 
Ib 
Ic 
Id 

Ie 

5.10-3 
5.10-8 
5.10 -3 
5.10-3 
l . 1 0  - 2  
5.10-~ 
1 . 1 0  - 2  

Symbols: (++++) = pronounced 
catalepsy; (+++) = moderate de- 
gree of catalepsy; (++) = mild 
degree of catalepsy; (+) = isolated 
signs of catalepsy. 

We first studied the relative activity of compounds la-lc as a function of the structure of the diazabicyclic 
system. The results of investigating the pharmacological properties of these compounds (in the form of their 
hydrochlorides) using a neuropharmacological screening program showed that they all give a pronounced de- 
pressant effect, inducing tranquilization in mice, reducing motor activity, and inducing catalepsy. The charac- 
teristic feature of the action of these compounds (when administered intraperitoneally) is the rapidity with 
which the sedative effect sets in. The neurotropic activity of compounds Ia-lc was studied in experiments in- 
volving potentiation of the narcotic effect of sodium thiopental. The substances were injected intraperitoneally 
I0 min before administering the sodium thiopental (30 mg/kg iv). The data obtained (Fig. 1) indicate that all 
three compounds are capable of increasing the duration of the narcotic effect of sodium thiopental, the most ac- 
tive being the diazabicyclodecane derivative Ib (m = 4), which already shows a marked effect at a dose of 2.5 
mg/kg. Compound Ia (m = 3) has about half this activity, and Ic (m = 5) shows a marked effect only at a dose of 
20 mg/kg. The differences in the structure of these compounds affects not only their activity but also the speed 
with which the depressant effect sets in and its duration. To study this question in more detail, we administered 
the substances to mice in a dose of i0 mg/kg and then injected sodium thiopental (30 mg/kg) at different inter- 
vals of time. The overall duration of the depressant effect (Fig~ 2) Was I h for compound la (m = 3), about 1.5h 
for Ic (m = 5), and more than 4 h for Ib (m = 4). Thus, the diazabicyclodedane derivative Ib differs from la and 
Ic not only in its higher activity but also in the considerably longer duration of its action. 

A characteristic feature of neuroleptics is their antagonism to amphetamine [5, 6]. These properties are 
shown in full measure by compounds la-Ic. Compound la protects against amphetamine-induced hyperactivity 
in mice (amphetamine dose 10 mg/kg) at doses of 5-10 mg/kg, and Ib is effective at a dose of 1.25-2.5 mg/kg. 
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Compound Ic is cons iderab ly  infer ior  to these ,  showing an effect  only at a dose of 20 mg/kg .  The compounds 
also d e c r e a s e  spontaneous motor  act ivi ty  at doses  c lose  to those  which a r e  effect ive in the a m p h e t a m i n e - h y p e r -  
act iv i ty  tes t .  They also have  a synchroniz ing effect  on the e l ec t roencepha log ram of rabb i t s  and inhibit the ac -  
t ivat ing effect  of amphe tamine .  

We c o m p a r e d  the effect  of the  nature  of the subst i tutent  in the pa ra  posi t ion of the phenyl nucleus on the 
neuro t rop ic  act ivi ty  in the ca se  of compounds I (m = 3) containing pa ra - f lu ropheny l  (Ia), pa ra -ch lo ropheny l  (Id) 
and phenyl (Ie) r ad i ca l s .  The neuro t rop ic  effect  was c h a r a c t e r i z e d  by the degree  of ca ta lepsy  induced (see 
Table  1). Compounds Ia (X = F) exhibited the g r ea t e s t  effect ,  while the p a r a - c h l o r o - s u b s t i t u t e d  butyrophenone 
Id gave a weaker  ca ta lept ic  effect  at twice the dose. It is in te res t ing  to note that  this effect  d i sappea r s  com-  
pletely on pass ing  to the analog with an unsubst i tuted phenyl r ad ica l  (Ie). These  d i f fe rences  in the degree  of 
pha rmaco log ica l  effect  a r e  evidently connected with the spat ia l  cha rge  dis t r ibut ion in the butyrophenone mole -  
cule as  a function of the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the p a r a  subst i tutent .  

The neuro t rop ic  act ivi ty  of the compounds of the type under invest igat ion depends signif icantly on the 
s t ruc tu re  of the cen t r a l  pa r t  of the molecule .  It has  been shown in [7] that  among the homologous ~0-amino 
ketones ,  the butyrophenones have  the g r e a t e s t  neuro t rop ic  act ivi ty ,  which is why we kept the number  of ca rbon  
a toms in the cen t r a l  p a r t  of the molecule  equal to 4 in al l  the compounds invest igated.  In o rde r  to evaluate  the 
impor tance  of the carbonyl  group in the butyrophenone s t r u c t u r e  of I f rom the point of view of neurot ropic  ac-  
t ivi ty,  we reduced  p- f lurophenyl  7 - (1 ,4-d iazab icyc lo[4 ,3 ,0]nonan-4-y l )propyl  ketone with l i thium aluminum hy-  
dride to the co r respond ing  carb inol  IV. 

- CHzOH%OHzO ~ ~- L1N- OHzCHzC HzCH ~ F  
Ia Z7 

The obtained compound had a s ix t imes  w e a k e r  neuro t rop ic  effect  than Ia, indicating that the carbonyl  group plays 
an impor tan t  ro le  f r o m  the point of view of neuro t rop ic  act ivi ty.  

The effect  of the s t r u c t u r e  of the cen t ra l  par t  of the molecule  was also studied for  the ca se  of f l-(1,4-  
diazabicyclo[4,3,0]nonanyl)ethyl  benzoate  e s t e r s  (VII), in which the a - m e t h y l e n e  linkage of compounds I is 
r ep l aced  by an oxygen a tom.  Compounds VII w e r e  p r e p a r e d  by r eac t ing  the hydroxyethyl  der iva t ive  of 1 ,4-di-  
azabicyclo[4,3,0]nonane (V)with benzoyl or pa ra - f luo robenzoy l  chlor ide  (VI): 

y 2" iZ" 

whe re  X = H or  F. 

The s t a r t ing  amino alcohol  V was f o r m e d  by alkylat ing 1,4-diazabicyclo[4,3,0]nonane with ethylene oxide 
in methanol  at  r o o m  t e m p e r a t u r e .  An invest igat ion of the neuro t rop ic  p r o p e r t i e s  of e s t e r s  VII (X = H and F) 
by tes t ing  the i r  potentiat ion of sodium thiopental  na r cos i s  showed that  these  compounds do not show a s ignif i -  
cant d e p r e s s a n t  action. 

Since it has  been sugges ted  that  the neuro t rop ic  act ivi ty  of aminobutyrophenones  may  be due to the i r  
s t ruc tu ra l  s i m i l a r i t y  to T-aminobu ty r i c  acid (GABA), we synthes ized  the d iazabicyclononane-conta ining analog 

of this acid.  

, 

t.. ~f,_ CHT- CH~CH7-COOH~ �9 ZHO1 
/2" 

Acid hydro lys i s  of amino e s t e r  VII gave the dihydrochlor ide  of 7 - (1 ,4-d iazabicyc lo[4 ,3 ,0]nonan-4-y l )bu tyr ic  acid 
(IX). Like GABA itself ,  compound IX does not display neuro t rop ic  p r o p e r t i e s  when admin i s t e r ed  through the 
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~GlI2) m 

T A B L E  2. 1 , 4 - D i a z a b i c y c l o [ 4 , m , 0 ] a l k a n e  D e r i v a t i v e s  ~ - ~  r-OHtC~tZ - x  and T h e i r  D i h y d r o c h l o r i d e s  

Compound 

Ie 
Id 
Ia 
Ib 
Ic 
V11(X:- H 
VII{X=F) 
IV 

yield (%) 

62,5 
31 

59,3 
50 

62,9 
~8,7 
2.8 
74 

B a s e  

found (%) calculated (%) boiling point 
(deg/mm) 

155--6,1 
168--9,5/1 
162--164/1 
169--174/0,5 
165--167/1,5 
167--168/1 
155--157:1 
173--176/I 

4 o 

1,5438 

1,5339 
1,5309 
1,5352 
1,5339 

1,~99 

71757 
69,95 
65,37 

878 
8, ll 
7,23 

empirical 
N formula 

9J2 C1;H2aFN20 

9,C6 C~gH~TFN20 
10,26 C 1 sH~N2Oe 
9,77 CIsH21FN~O 

7 1 ~ 6  
70,03 
65,75 

H N 

--  9,65 

8,55 8,8 
8,08 10,21 
7,24 9,59 

Compound melting , 
pomt (aeg) 

[e 
Id 
Ia 
Ib 
Ic 
VII(X=H) 
VII(X =F) 
IV 

202,5--203J 
213--214,~ 
182--1847 
230--231 

222,5--224 
151,5--153 

215--217 
225--227 

59,17 
53,76 
53,8 

55,96 

7,86 
6,62 
6,95 

7,~6 

found (%) 

7 , 3 9  
7,57 

Cl' 

20,39 
18.52 
18,36 
17,92 
17,41 
19,07 
18,73 
19,36 

t 

Dihydrochloride 

empirical formula 

C, vH.2 iN 20.2HC1 
C1 rH~aCIN~O .2HCI* 
C, vH~aFN20.2HC1 .H20 
C1 sH2~FN20.2HC1 .H 20':~ 
Ci0H27FN20.2HCI .H,O 
C1 sH~2N20~ .2HCI- H=O 
C16H~IFN.~Oe �9 2HC1. H20 
C1 :HssFN20 2HC1 

*Found :  27.92% t o t a l  C1. C a l c u l a t e d :  28.02% t o t a l  C1. 
~ L i t e r a t u r e  da ta :  mp  180-181 ~ 
$Found:  5.00% F .  C a l c u l a t e d :  5~ F ,  

59,13 
53,76 
~3,g6 

55T89 

calculated (%) 
I 

H N [ CI'  

7,59 -- 20,53 
6,64 18,67 
7,14 775 18,60 
-- 7,09 17,93 

17,32 
- -  - -  19,41 

18,50 
7,45 19,41 

u s u a l  r o u t e s ;  t h i s  is  e v i d e n t l y  c o n n e c t e d  with the  low p e r m e a b i l i t y  of  the  h e m a t o - e n c e p h a l i c  b a r r i e r  for  t h e s e  
s u b s t a n c e s .  

Thus ,  of  a l l  the  c o m p o u n d s  tha t  we have  i n v e s t i g a t e d ,  the  b u t y r o p h e n o n e s  c on t a in ing  1 , 4 - d i a z a b i c y c l i c  s y s -  
t e m s  a s  T - s u b s t i t u e n t  a r e  of  g r e a t e s t  i n t e r e s t  for  the  s y n t h e s i s  of po ten t i a l  p s y c h o t r o p i c  a g e n t s .  One of t h e s e  
c o m p o u n d s ,  v i z .  p - f l u o r o p h e n y l  T-  ( 1 , 4 - d i a z a b i c y c l o [ 4 , 3 , 0 ]  nonan-  4 - y l ) p r o p y l  ke tone ,  has  s u c c e s s f u l l y  p a s s e d  
p h a r m a c o l o g i c a l  and c l i n i c a l  t e s t s  and has  been  a u t h o r i z e d  for  m e d i c a l  u se  unde r  the  n a m e  " a z a b u t y r o n e " .  

EXPERIMENTA L 

The constants, yields and analysis data of the compounds prepared are given in Table 2. The dihydro- 
chlorides of all the compounds were prepared by mixing together ether solutions of the base and hydrogen 
chloride. 

Phenyl 7-(l,4-Diazabicyclo[4,3,0]nonan-4-yl)propyl Ketone (le). A mixture of 0.01 mole of T-chloro- 
propyl phenyl ketone and 0.02 mole of ],4-diazabicyclo[4,3,0]nonane was heated at I00 ~ for 30 rain, cooled, 
treated with 15 ml of water, extracted with ether, the ether evaporated off, and the residue distilled in vacuo. 

p-Chlorophenyl Y-(l,4-Diazabicyclo[4,3,0]nonan-4-yl)propyl Ketone (Id). A solution of 0.01 mole of p- 
chlorophenyl T-c}{l})repropyl ketone and 0.02 mole of 1,4-diazabicyclo [4,3,0]nonane in 40 ml of absolute alcohol 
was boiled for 8 h in the presence of a catalytic amount of potassium iodide. The alcohol was evaporated off, 
the residue treated with I0 ml of water, extracted with ether, the ether evaporated off, and the product distilled 
in vacuo. 

p-Fluorophenyl T-(l,4-Diazabicyclo[4,4,0]decan-4-yl)propyl Ketone (Ib). A solution of equimolar amounts 
of 1,42diazabicyclo[4,4,0]decane and p-fluorophenyl T-chloropropyl ketone in dry toluene was boiled for 16 h, 
cooled, adjusted to pH 1.0 with 7% hydrochloric acid solution, and the aqueous phase separated, alkalized with 
10% sodium hydroxide solution, and extracted with ether. The ether was evaporated off and the residue distilled 
in vacuo. 

p-Fluorophenyl T-(1,4-Diazabicyclo[4,5,0]undecan-4-yl)propyl Ketone (Ic). A mixture of 0.04 mole of 
1,4-diazabicyclo[4,5,0]undecane and 0.02 mole of p-fluorophenyl y-bromopropyl ketone was heated at 100 ~ for 
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0.5 h, cooled, t r ea t ed  with 20 ml of wate r ,  ex t rac ted  with e ther ,  the e ther  evapora ted  off, and the res idue  d is -  
t i l led in vacuo, p -F lu ropheny l  " / - (1 ,4-d iazabicyclo[4 ,3 ,0] -nonan-4-y l )propyl  ketone (Ia) was p r e p a r e d  analo-  
gously f rom 1,4-diazabicyclo[4,3,0]nonane and p- f luorophenyl  ~/ -bromopropyl  ketone. 

p -F luoropheny l  T- (1 ,4-Diazabicyc lo[4 ,3 ,0]nonan-4-y l )propyl  Carbinol  (IV). h solution of 0.01 mole  of ' 
p - f luorophenyl  T- (1 ,4-d iazab icyc lo[4 ,3 ,0]nonan-4-y l )propyl  ketone in 20 ml of absolute e ther  was added drop-  
wide to a suspens ion  of 0.05 mole  of l i thium a luminum hydr ide  in 50 ml  of absolute  e ther .  The mix tu re  was 
s t i r r e d  and boi led for  10 h and, on cooling, decomposed  by succes s ive  addition Of 2.5 ml of water ,  1.5 ml of 
of 20% sodium hydroxide  solution, 7.5 ml of wate r ,  and 17 ml  of 20% sodium hydroxide solution. The reac t ion  
mix tu re  was t r e a t e d  with 30 ml  of e ther ,  boiled for  30 min,  and the e ther  solution decanted and dr ied with mag-  
nes ium sulfate.  The e ther  was evapora ted  off and the r e s idue  dist i l led in vacuo. 

N-Benzoyloxye thy l - l ,4 -d iazab icyc lo[4 ,3 ,0 ]nonane  (VII, X = H). A solution of 0.01 mole of N- ( f l -hyd roxy-  
e thyl ) - l ,4 -d iazabicyc lo[4 ,3 ,0]nonane  (V) in 30 ml of dry ch lo ro fo rm was t r ea t ed  dropwise  with 0.02 mole  of 
benzoyl  ch lor ide  while cooling and s t i r r ing .  The mix tu re  was kept  at r o o m  t e m p e r a t u r e  for 1 h, boiled for 1 h, 
and evapora ted  to d ryness .  The r e s i d u e  was t r e a t e d  with 20 ml  of wate r ,  acidif ied to pH 1.0 with concent ra ted  
hydroch lor ic  acid,  ex t rac ted  with e ther ,  and the aqueous phase  t r ea t ed  with i0% sodium hydroxide solution to 
pH 9.0-10.0,  ex t rac ted  with e ther ,  and the e ther  solution dr ied with magnes ium sulfate.  The e ther  was evapora -  
ted off and the r e s idue  dist i l led in vacuo.  N-  (p-Fluorobenzoyloxyethyl ) -  1,4-diazabicyclo[4,3,0]nonane (VII, 
X = F) was p r e p a r e d  analogously f r o m  equimolar  amounts  of V and p- f luorobenzoyl  chlor ide.  

T-(1 .4-Diazabicyclo[413,0]nonan-4-yl )butyr ic  Acid Dihydrochlor ide  (IX). A mixture  of 4 moles  of amino 
e s t e r  VIII* and 5 ml  of concent ra ted  hydrochlor ic  acid was kept at r o o m  t e m p e r a t u r e  for 48 h, evapora ted  to 
d ryness ,  and evapora ted  with wa te r  and then with benzene.  After  c rys ta l l i z ing  the res idue ,  it was washed with 
acetone.  Yield 0.8 g (66.5%), mp 203-204 ~ Found, ~: C1 23.57. CliH20N202"2HC1.H20. Calculated,  %: 
C1 23.39. 

1, 
2. 

3, 
4, 
5. 
6. 
7. 

L I T E R A T U R E  C I T E D  

P.  A. J .  J ans sen ,  in: P s ychopha rm aco l o g i ca l  Agents ,  Vol. 2, New York  (1967), pp. 199-248. 
V. V. Zakusov,  A. P.  Skoldinov, A. M. L ikhoshers tov ,  et al . ,  Author ' s  Cer t i f ica te  No. 352877, Otkryt iya ,  
No. 29 (1972). 
M. E. F reed ,  US Pa ten t  No. 3176017 (1965). 
P .  A. J .  J ans sen ,  Belgian  Pa ten t  No. 601228 (1961). 
E. L. Shchelkunov, F a r m a k o l .  Toksikol . ,  No. 5, 628-633 (1964). 
K. S. Raevsk i i ,  F a r m a k o l .  Toksikol . ,  No. 2, 149-154 (1973). 
K. S. Raevsk i i ,  F a r m a k o l .  Toksikol . ,  No. 6, 710-713 (1967). 

* P r e p a r e d  f rom 1,4-diazabicyclo[4,3,0]nonane and ethyl T - b r o m o b u t y r a t e .  

470 


