
A compar i son  of the s t rength of the hypoeholes te ro lemic  effect  of choles te ro l  oxidase and the a the ro -  
sc le ro t ic  p repara t ion  misc le ron  in the case  of the i r  b r i e f  adminis t ra t ion  shows that cho les te ro l  o• s u r -  
passes  mi sc l e ron  in ef fec t iveness  in the exper iments .  This provides a bas is  for consider ing the choles te ro l  
oxidase produced by Act. lavendulae as  a potential  hypocholes tero lemic  agent. 
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S Y N T H E S I S  A N D  S T U D Y  O F  a - P I P E R I D I N O A C E T A N I L I D E S  

AS M O N O A M I N E  O X I D A S E  [ N H I P [ T O R S  
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B.  A.  G r i n b e r g a ,  A.  A.  P r i k u l i s ,  
I .  D. G e r b a s h e v s k a , a n d  M. E .  O r e n i s h  

UDC 547.822.3:546.07 

In studies on monoamine oxidase ~IAO; monoamine:  o x y g e n - o x i d o r e d u c t a s e  (deaminating), EC 1.4.3.4] 
and its act ive cen te r ,  r eve r s ib l e  compet ing inhibitors a r e  very  important  [1]. However,  only MAC inhibitors of 
o ther  types have been studied in detail:  quantitative s t r u c t u r e - a c t i v i t y  re la t ionships  have been establ ished in 
individual c l a s s e s  [2, 3] and among different  c l a s s e s  [3, 4]. A s im i l a r  analysis  with r eve r s ib l e  MAC inhibitors 
is ve ry  difficult,  because this type of inhibitors has been less  studied, and data available in the l i te ra ture  r e fe r  
to different  tes t  sys t ems .  

We have a l ready  found [5] that cer ta in  a -p iper id inoace tan i l ides  a r e  inhibitors of the MAC enzyme. In the 
p resen t  work,  it has been shown on seve ra l  examples  that these a re  of the r eve r s ib l e  compet ing type (see Fig. 1). 

To obtain the mos t  act ive MAC inhibitor in this s e r i e s ,  we var ied  in a p rede te rmined  way the substi tuent 
X, using Topliss  schemes  [6, 7]. The synthesis  was ca r r i ed  out by the following genera l  scheme:  

a -P ipe r id inoaee tan i l ides  were isolated and purified in the form of oxala tes .  We synthesized 19 compounds,  
and found that  the subst i tuents  for  influencing the activity- a re  X -- 4-OC~H5, 4-OCH2CGHs, 4-cyclo-C6Hll ' 3,4_C12, 
2,4-C12 (see Table 1). 
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F i g .  1. L i n e w e a v e r - - B u r k  p l o t  of  
the  e n z y m a t i c  r e a c t i o n  in  the  p r e s -  
e n c e  of  a - p i p e r i d i n o - 3 - c h l o r o a c e -  
t a n i l i d e  i f i h ib i t o r  (1) and  in  i t s  a b -  
s e n c e  (2). 

T A B L E  1. D e g r e e  o f  I n h i b i t i o n  of  D e a m i n a t i o n  R e a c t i o n  o f  T y r a m i n e  

by a - P i p e r i d i n o a c e t a n i l i d e s  a n d  P h y s i e o c h e m i c a l  P a r a m e t e r s  of  
S u b s t i t u e n t s  X 

X 

u 

1] H 4-CH8 
II1 4-CI 
IV 4-OCH 3 
V 3,4-C1~ 

VI 4-NO~. 
VII 4-I 

VIII 4-Br 
IX 4-OC 6H 5 
X 4-OC4H ~ 

XI 4-C~H~ 
XII 3-I 

XIII I 3-Br 
X IV} 3-OCH8 
XVl 3-C1 

XVII4-OCH~C~H5 
XVII .l 4- cC6Hll 

XVIII 2,4-CI~ 
XIX 2,6-C1~ . 

15,0 
45,3 
36,5 
27,5 
70,0 
30,0 
48,5 
45,0 
88,0 
51,0 
24,0 
36,0 
42,0 
45,0 
32,0 
68,0 
73,0 
66,0 
25,0 

a, % 

7 - = ..: 

--1,73 
--0,19 
--0,53 
--0,94 

0,85 
--0,85 
--0,06 
--0,20 

1,99 
0,04 

--1,15 
--0,58 
--0,32 
--0,2 
--0,75 

0,75 
0,99 
0,66 

--1,10 

0,00 
0,56 
0,71 

--0,02 
1,25 

--0,28 
--1,12 

0,86 
2,08 
1,55 
1,96 
1,12 
0,86 

--0,02 
0,71 
1,66 
2,t5 

30,5[ 0,s ~. 
35,1; --0, 
35,5~ 0,41 
37,3. ( 0,2 5 
40,5~ 0,4 
36,8~ 0,~ ~ 
43,4( 0,4 
38,4( 0,4 
57,2( 0,3 t 
51,1,~ 0,25 
54,8~ 0,O 
43,4~ O,O ) 
38,4s O,O ) 
37,3c~ 0,0 ) 
35,5E 0,0 ) 
61,71 
56,21 

0,00 
--0,13 
--0,15 
--0,51 
--0,15 

0;16 
--0,19 
--0,17 
--0,35 
--0,55 
--0,08 

0,00 
0,00 
0,00 
0,00 

E 

0,00 
0,00 
0,00 
0,00 
0,41 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,40 
0,44 
0,26 
0,41 

0,00 
0,00 
0,00 
0,00 

--0,15 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 

--0,19 
--0,17 
--0,51 
--0,15 

T A B L E  2. 
by  the  N o n l i n e a r  C o r r e l a t i o n  M e t h o d  

,~ r s Fexp r~=0,o5 (A aol (a a,) (* a.~l 

[3~(ao = Aao) -Y (a 1 -+- Aax) :~ ~ (a~ ___. Aa2) Fp "~ (a a -4-- Aaa) R m 
15 0,57 0,74 6,12 4,67 --0,88 0,69 

' (0,42) (0,28) 
15 0,64 0,72 4,12 3,89 --1,13 0,69 1,I5 

(0,60) (0,27) (0,86) 
15 0,74 0,66 4,4 3,59 --1,58 0,81 1,9 

(0,69) (0,26) (0,88) 
[~=(ao q- Aao) ~ (al _ Aal) n.Fp + (a 2 +__ Aa~) Rm'Fm ~ (aa ___ Aas) ~.Rp 

15 0,77 0,56 18,82 4,67 --0,77 2,59 I 
(0,26) (0,60) 

I 
15 0,82 0,54 12,26 3,89 --0,98 2,85 --6,07 

I(0,34) (0,58) (3,6) 
15 0,84 0~53 9,1 3,59 I--1 1 2,15 --7,2 

(0:51) (0,8) (3,6) I 

R e g r e s s i o n  E q u a t i o n s  F o u n d  by  the  H a n s c h  M e t h o d  and  

aa 
(A aD 

{ 

- -26  
(114) 

--I  ,0 
(0,8) 
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TABLE 3. 

Compound 

XX 
XXI 

XXII 
XXIII 
XXIV 
XXV 
XXVI 

XXVI 1 
XXVIII 

XXIX 
XXX 

XXXI 
XXXII 

XXXIII 
XXXIV 
XX• 
XXXVI 

XXXVII. 
XXXVIIIT 

P r o p e r t i e s  o f  a - C h l o r o a c e t a n i l i d e s  

mp, "C _ ]  
according 

x Yield, % found to fiteta- 
tare data 

H 
4-CH 8 
4-C1 
4-OCHa 
3.4-C12 
4-NO= 
4-I 
4-Br 
4-OC6H5 
4-OC4H 9 
4-C6H~ 
3-I 
3-Br 
3-OCHa 
3-C1 
4-(2GH~C,Hs 
4-cC6HI~ 
2,4-Cls 
2,6-Cl z 

72 
82 
98 
88 
98 
78 
86 
83 
84 
82 
57 
82 
78 
74 
76 
75 
81 
83 
84 

134--5 
162--5 
168--70 

120 
103--5 
180--2 
190--3 

180 
100--3 

132 
175--80 
110--15 
112--4 
90--3 
96--8 

145--6 
136-9 
I02--4 
176--8 

Reference 

134--6 [12] 
165--7 [ 121 

170 [20t 
119,5 [211 

t 06--7 [ 22] 
182--4 [23] 
191--4 [21] 

178--80 [24] 
99--101 [25] 

133 [171 
175--8 [25] 
120--2 [26] 

I !4 [271 
90--2 [21] 

100--2 [181 
149 [ 19] 

100--2 [26] 

Found, ~:  
Calculated,  
1'Found, ~ : 
C aleulated,  

C 66.37; H 7.03; C1 14.64; N 5.14. C14H18C1NO. 
~:  C 66.80; H 7.16; C1 14.12; N 5.57. 
C 40.42; H 2.19; C1 44.03; N 5.67. C8H6C13NO. 
% : C 40.25; H 2.25; C1 44.65; N 5.87. 

TABLE 4. P r o p e r t i e s  of a -P ipe r id inoace tan i l i des  

Compound 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X* 

XI 
XIlJ" 

XIII 
XIV 
XV 

XVI 
XVII :~ 

XVIII** 
XIX 

H 
4-CHa 
4-CI 
4-OCH3 
3,4-C12 
4-NO~ 
4-I 
4-Br 
4-OC6H5 
4-OC4H 9 
4-C~H5 
3-I 
3-Br 
3-OCH~ 
3-Cl 
4-OCHg.CsH5 
4-cC~HI~ 
2,4-C12 
2,6-C12 

Yield,% 

85 
80 
86 
78 
77 
97 
91 
84 
78 
77 "fr 
76 
74 -r~ 

86 
72 
89 

86 

found 

95--7 
66--8 
82--4 
31 

70--2 
140--2 
78--80 
86-8 
78--80 

103--5 

74--6 
50--2 
74--6 

154--6 
119--21 
90--4 

128--30 

rap, "C 
accordingtc 
literature 
data 

95--6 
67--9 
86--8 
34 

69--74 
141--3 

80 
85--8 
80 

115 
108--10 

53 
76 

156 

132 

Reference 

[12] 
[12] 
[13] 
[ 141 
[151 
[12] 
[13] 
[13] 
[16] 
[ 17] 
[13] 

[181 
[18] 
[z8] 
[19] 

It5] 

mp of ox- 

alate, ~ 

170--2 
186--8 
174--7 
170--2 
202--4 
222--4 
198--200 
180--3 
173--5 
130--2 
186--9 
180--2 
183--6 
200--3 
178--9 
170--2 
193--6 
198--200 
192--5 

~ F o u n d ,  ~ :  

C a l c u l a t e d ,  
~ F o u n d ,  ~ :  

C a l c u l a t e d ,  
$ F o u n d ,  ~ :  

C a l c u l a t e d ,  

* *Found ,  ~ : 

C 60 .62;  H 7 .24;  N 7.38.  Cl.~H28N20 6. 
g :  C 60 .00;  H 7 .37;  N 7.37.  
C 41.47;  H 4 .38;  I 29 .26;  N 6:45.  C15H19LN20~. 

~ :  C 41.83;  4 .49;  [ 18 .83;  N 6 .91.  

C 64 .62 ;  H 7 .18;  N 7.18.  C2iH30N20 5. 

~ :  C 64 .39 ;  H 7 .89;  N 7.80.  

C 47 .63;  H 4 .94;  C1 18 .57 ;  N 7.79.  C15H18CI2N20 5. 
C a l c u l a t e d ,  ~ :  C 47.75;  H 4.77;  C1 18 .83;  N 7 .43.  

t t Y i e l d  c a l c u l a t e d  f o r  o x a l a t e .  
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To c la r i fy  the in te r re la t ionsh ip  between the s t ruc tu re  and the biological  ac t iv i ty  of compounds,  we used 
the co r r e l a t i on  method of Hansch [8] and also the approach  developed by Schwarz and Bar th  [9]. 

To analyze  the s t r u c t u r e - b i o l o g i c a l  act iv i ty  in te r re la t ionsh ip ,  the la t ter  was e x p r e s s e d  in fi-units p r o -  
p o r t i o n a l t o a  change in the f ree  energy  in the inhibition p roces s :  fli = -(100e/~/~i-1) ,  where  ~ is the degree  of 
inhibition of the deaminat ion reac t ion  of ty ramine .  

To e s t ima te  the effect  of subst i tuent  X,  we used the phys icochemica l  p a r a m e t e r s ,  r (hydrophobic pa-  
r a m e t e r ) ,  MR (molar  re f rac t ion) ,  as  well  as  e lec t ronic  p a r a m e t e r s  R m ,  Rp (resonance effect) ,  and Fm,  Fp 
(field effect) [10]) (see Table  1). 

The r e su l t s  of the Hansch co r re l a t iona l  method a r e  l is ted in Table  2. 

Since the biological  act iv i ty  can be c o r r e l a t e d  nonl inear ly  with the p a r a m e t e r s  of  the subst i tuents ,  and 
we did not have any specif ic  suggest ions  on the analy t ica l  f o rm of this dependence,  we sea rched  for  r e g r e s -  
sion equations using the concept  of the per turba t ion  effect  of  the subst i tuent  on the p rope r t i e s  of the c o m -  
pounds [9] in which t e r m s  of a Tay l o r  s e r i e s  to a second power ,  inclusively,  with r e s p e c t  to the above pa -  
r a m e t e r s  a r e  used. In both approaches  s tepwise  l inear  r e g r e s s i o n  ana lys i s  [11] was used to der ive  the r e -  
g re s s ion  equations.  

Table  2 shows that  the inhibiting power  of  the compounds i n c r e a s e s  with i nc rea se  in the hydrophobici ty 
and e lec t ron  accep to r  p rope r t i e s  of the subst i tuent .  Since with i nc rea se  in one fac tor  another  usually de -  
c r e a s e s ,  it can be a s s u m e d  that  the molecu les  of  the inhibitor r e a c t  with a t  l eas t  two r e c e p t o r s  of  the enzyme 
molecu le ,  hydrophobic and nucleophil ic ,  r e spec t ive ly .  The las t  assumpt ion  follows f rom the fact  that  the in-  
t roduct ion of op t imal  subs t i tuents ,  such as  X = 3,4-C12, 2,4-C12, 2,6-C16, 4-OC6H5, 4-OCH2C6Hs, leads to a de -  
c r e a s e  in the e lec t ron  densi ty on the ni t rogen a toms .  

E X P E R I M E N T A L .  

P repa ra t i on  of a -Ch lo roace t an i l i de s .  A 0 .1-mole  port ion of substi tuted aniline is d issolved in 50-100 
ml  of  anhydrous  dioxane,  and 0.1 mole  of  sodium bicarbonate  is added. The mix tu re  is cooled by cold water ,  
and 0.13 mole  of ch lo roace ty l  ch lor ide  is added slowly. During the react ion  the prec ip i ta te  of  b icarbonate  
d i s so lves  and sodium chlor ide  is fo rmed .  The mix tu re  is s t i r r ed  for  30 min and poured into 250-300 ml  of  
wate r .  The prec ip i ta te  is f i l t e red  and r ec ry s t a l l i z ed  f r o m  dilute alcohol (Table 3). 

P r e p a r a t i o n  of ~ -P ipe r id inoace t an i l i de s .  A 0 .1-mole  port ion of the cor responding  a - ch lo roace t an i l i de  
is d isso lved  in 80-100 ml  of  anhydrous  ace tone ,  and 0.3 mole  of  piper idine is added. The mix tu re  is boiled 
for  2 h. P iper id ine  hydrochlor ide  is f i l t e red ,  and the f i l t ra te  is poured into 200 ml  of water .  Solid a - p i p e r i -  
d inoacetani l ides  a r e  f i l t e red ,  and the oi ly products  ex t rac ted  with e ther ;  the ex t r ac t  is dr ied o v e r  anhydrous 
sodium sulfate and ether, dist i l led.  

F rom the a -p ipe r id inoace tan i l i des  obtained,  without fu r the r  puri f icat ion,  oxala tes  a r e  p r epa red  by m i x -  
ing an e the r  solution of anhydrous oxal ic  acid with an e the r  solution of the cor responding  ~ - p i p e r i d i n o a e e t -  
anilide (Table 4). 

The anti-MAC act ivi ty  of the inhibi tors  was de te rmined  under in vi tro conditions by the method a l ready  
desc r ibed  in [28] using mi tochondr ia  f rom swine l ive r  as  the enzyme p repa ra t ion ,  t y ramine  hydrochlor ide  a t  
a concentra t ion of 10 -2 M as  subs t r a t e ,  and final concent ra t ions  of  the inhibi tors  of 10 -3, 10 -4, and 10 -5 M. 
The r a t e  of  the enzymat ic  reac t ion  was de te rmined  f rom the amount  of ammonia  evolved,  and the act ivi ty  of 
the inhibi tors  was judged f rom the degree  of inhibition of the deaminat ion reac t ion  of t y ramine  a = [ (V-VI) /V]  �9 
100~, where  V 1 is ra te  of the deaminat ion reac t ion  in the p r e sence  of inhibitor,  and V is the r a t e  of deamina -  
tion in the absence  of inhibitor.  
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