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The present  work is a continuation of investigations on the synthesis  and study of the p roper t i es  of 
ce r ta in  new penicill ins of the cycloaliphatic s e r i e s  [1] of general  formula  

8 . oH3  (( \3-0-oo-~{-7----~ "-K-.oE 
L (OH,L) 4 0/,...'fi~J',Y - OOOHI.Ara) 

R = CHaO to C4H90. 

Nitr i les  of 1-(o, m, p-alkoxyphenyl)cyclopentane 1-carboxyl ic  acids were  used as s tar t ing ma te r i a l s  
for  the synthesis  of these  penici l l ins.  The ni t r i les  were  obtained by the condensation of the appropr ia te  a l -  
koxyphenylaeetoni t r i les  with 1,4-dibromobutane using powdered sodium hydroxide [2] at a t empera tu re  of 90- 
120~ Of the ni t r i les  obtained the phenyl, p -a lkoxy-  and m-methoxypheaylcyclopentyl  der  ivatives have been 
descr ibed  in the l i t e ra tu re  [2, 3]. The synthesis  of these  compounds was reproduced  with the aim of com-  
pleting the s e r i e s  of alkoxyphenyleyclopentylpenici l l ins.  

Hydrolys is  of the initial n i t r i les  into 1-phenyI-  and 1-(o, m, p-alkoxyphenyl)cyclopentane 1-phenyl-  and 
1-(o, m, p-alkoxyphenyl)cyclopentane 1-carboxyl ic  acids was effeeted by boiling them w ith potassium hydrox-  
ide in a medium of diethylene glycol for  6-8 h in contras t  to the method descr ibed  in the l i t e ra tu re  [4], the 
authors  of which c a r r i e d  out the reac t ion  in an autoclave at 130-140~ for  12 h and used 20% potass ium hydrox-  
ide solution. 

To obtain 1-phenyleyc lopenty l - l -penie i l l in  the method [5] used acylat ion of 6-aminopenici l lanic  acid 
(6-APA) with the acid chloride of 1-phenylcyclopentane 1-carboxyl ic  acid [6], which was obtained by heating 
the initial acid for 6 h with thionyl chloride in a medium of absolute benzene [6]. 

F o r  the prepara t ion  of penicill ins with alkoxy substi tuents in the benzene r ing the acytat ion of 6-AP.A 
used the mixed anhydrides of the cor responding  acids [7]. 

The s t ruc tu re s  of the obtained penicill ins were  corffirmed by e lementa l  analysis ,  and by IR spee i ra ,  
which showed the p resence  of the f i - lactam and thiazolidine rings (i765-1790 ore-l) ,  amide (1640-1660 cm-1), 
and carboxyl  (1710-1725 cm 4) groups,  and the benzene r ing (1600-1615 cm-1). The puri ty  of prepara t ions  was 
checked by thin layer  chromatography [8] and b romocou lomet r i c  t i t ra t ion  [9]. Penici l l ins were  cha rac t e r i zed  
as acids (Table 1) and tes ted  as the sodium sal ts .  Antibacter ia l  activity,  the extent of hydrolysis  by s taphylo-  
coccal  f i - lactamase,  and acid stabil i ty of the penicillin, were  de termined  by methods descr ibed  previous ly  
[10, 11]. 

The alkoxyphenyleyclopentylpeniei l l ins  were  act ive in re la t ion  to g ram-pos i t ive  mic roo rgan i sms  (Table 
2). They  did not possess  marked  sensi t iv i ty  in re la t ion  to g ram-nega t ive  mic roo rgan i sms .  Some of them were  
m o r e  act ive than benzylpenici l l in  in re la t ion  to Vibrio Metschnieof_f. The unsubsti tuted der ivat ive  possessed  
m o r e  marked  ant ibacter ia l  p rope r t i e s .  The obtained penicilt ins were  somewhat m o re  act ive in compar i son  
with benzylpeniei l l in in re la t ion  to res i s t an t  s taphylococci  producing penici l l inase (see Table  2). Thus, benzyl -  
penicil l in suppresses  the growth of 4 cl inical ly res i s tan t  s t ra ins  of s taphylococci  at concentrat ions of 31.2- 
2000 #g /ml ,  but alkoxyphenylcyclopentylpenici l l ins suppress  the growth of these  same cul tures  at concen t ra -  
tions of 7.8-500 #g/m1. On increas ing the bac te r ia l  loading of a res i s tan t  s taphylococcus (strain No. 9) 100 
fold (ratio of seeding dose 10 ~ to 10 3 microb ia l  bodies) the bac te r ios ta t i c  concentrat ion of benzylpeniei l l in  was 
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TABLE i. Properties of l-Alkoxyphenyleyclopentyl-l-penicillins 

g 
r 

D 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 
XV 

XVI 

H* 
o-CHaO 
o-C~HsO 
o-CaH~O 
o-iso-CaHTO 
o-C4H90 

m-CHaO 
m--C.HsO 
m--CaH~O 
m-iso CaH:O 
m-.C~HgO 
p--CHaO 
p ~C~H~O 
p-CaH~ O 
p-iso C3H70 
p-C~H~O 

@- 

72,5 
69,3 
73,6 
71,8 
64,2 
63,6 
71,5 
60,9 
65,4 
72,5 
70,1 
69,7 
64,8 
65,6 
66,2 
62,4 

c~ 

114--5 
132--3 
114--6 
88--90 

123--5 
84--6 

109--10 
99--10 

105--7 
84--6 

102--4 
98,9 

128--30 
112--4 
106--8 
118--20 

Found, % Catcu- 
Empirical lated, % 
formula ~"  

s 

C2oH=4N20~S 
C21H26N=OsS 
C=2Hz 8N=O5S 
C2aHaoN2OsS 
C~3HaoN2OsS 
C24Ha2N2OsS 
C~H~N2OsS 
C22H~sN20~S 
C~3H3oN2OsS 
C23H~oNaOsS 
C2r 
C~H2~N2OsS 
C2~H~sN~O~S 
C~HaoN~O~S 
C~aH~oN~O~S 
C~H~2N~O~S 

7,21 
6,69 
6,48 
6,27 
6,27 
6,08 
6,69 
6,48 
6,27 
6,27 
6,08 
6,69 
6,48 
6,27 
6,27 
6,08 

N S 

7,07 8,12 
6,46 7,39 
6,21 7,35 
6,55 7,45 
6,56 7,52 
6,28 7,19 
6,40 7,46 
6,28 7,23 
6,37 7,34 
6,15 7,48 
6,22 6,77 
6,43 7,76 
6,23 7,70 
6,20 5,95 
6,54 7,25 
6,3O 5,75 

8,24 
7,66 
7,41 
7,18 
7,18 
6,96 
7,66 
7,41 
7,18 
7,18 
6,96 
7,66 
7,41 
7,18 
7,18 
6,96 

0,72 
0,68 
0,64 
0,66 
0,63 
0,70 
0,66 
0,58 
0,74 
0,67 
0,61 
0,69 
0,75 
0,72 
0,71 
0,73 

*Melting with decomposit ion.  
TSystem b u t a n o l - w a t e r - a c e t o n e - e t h e r  (14:4.5:4.5:5). 
SDeseribed in the l i tera ture  [5]. 

r a i sed  48-fold but the baeter ios ta t ic  concentrat ions of pentcillins (I, XII-XVI) were  increased only 4-8-fold. 
The inactivation of the obtained penieillins by s taphylococcal  f i - lae tamase has been checked. All the penietllins 
appeared res i s tan t  to its action (Table 3). Phenylcyelopentylpentcil l in had 100% stabili ty in the f i rs t  hour of 
inactivation. The introduction of alkoxy radicals  into various positions of the benzene r ing led to a reduction 
in stabili ty in compar i son  with the unsubstituted derivative.  The somewhat m o r e  stable derivat ives were 
mainly substituted in the meta  position. At this position replacement  of an n-propoxy radica l  by the radical  
of iso s t ruc ture  was accompanied by a fall in the stabili ty of the penicillin towards 3-1actamase.  The analog- 
ous replacement  at the ortho and para  positions was not accompanied by a change in stability. In the last 
hours of inactivation the hydrolys is  ra te  of the penicillin was somewhat increased.  However their  stabili ty 
towards  the enzyme survived into the fourth hour of inactivation. The inactivation of penieillins (XIV, XV) 
during 4 h a re  shown as examples (see Fig.  1). 

The pentctlltns were m o r e  acid stable than benzylpenicilltn, the deeompos it ion half-l ife of which under 
the conditions of our experiment  was 2.1 rain. The decomposit ion half  life of phenylcyclopentylpenteilltn was 
26 rain. The introduction of alkoxy radicals  led mainly  to an increase  in the acid stability of the unsubstituted 
derivat ive.  There  a re  pentetllins the decomposi t ion half  lives of which were  160-287 rain (see Table 3). 

All the alkoxy substituted phenylcyclopentylpenicill ins had low toxicity.  They were  well to lera ted  on 
single intravenous injection to white mice  at doses f rom 1500-2500 mg/kg .  The unsubstituted derivative was 
m o r e  toxic (see Table 3). The inactivation kinetics of all the penieillins were  tested for 4 h. The inactivation 
of compounds (XIV, XV) a re  given as examples.  The studied group of penicillins had low toxicity, were  acid 
stable, possessed  activity in relation to g ram-pos i t ive  mic roorgan i sms ,  and had stability towards the action 
of s taphylococcal  f iqaetamase .  

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

1-(o, m, p-Alkoxyphenyl)- l -eyanoeyelopentanes .  A mixture  of powdered sodium hydroxide (2.0 g; 0.5 
mote) and alkoxyphenylaeetonitr i le (0.14 mole) was heated to 35 to 45~ 1,4-Dibromobutane (32 g; 0.14 mole) 
was added with s t i r r ing  at this t empera tu re .  After the addition of all the 1,4-dibromobutane the t empera tu re  
was r a i sed  to 110-120~ and the reac t ion  mixture  was maintained at this t empera tu re  for 10-12 h. After cool-  
ing, water  (100 ml) and ether  (150 ml) were  added, the ether  layer  was separated,  the water  layer  was ex-  
t r ac t ed  with ether,  and added to the main  product .  The ether  extract  was washed with water  and dried over 
calcined sodium sulfate. After  distilling off the e ther  the res idue was distil led in vacuum (Table 4). 

1-(o, m, p-Alkoxyphenyl)cyclopentane 1-Carboxyl ic  Acids,  A mixture  of 1-(o, m, p-a lkoxyphenyl ) - l -  
cyanocyclopentane (0.1 mole) and potassium hydroxide (15.6 g; 0.28 mole) in diethylene glycol (150 ml) was 
boiled for 6 h af ter  which the cooled mixture  was poured into water  (150 ml) and extracted twice with ether.  
The aqueous layer  was acidified with dilute (1:1) hydrochlor ic  acid until an acid reac t ion  was given to Congo. 
The acid which had precipi tated was f i l tered off af ter  6 h, and washed with water  to neutral  react ion (Table 5). 
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T A B L E  3. B i o l o g i c a l  C h a r a c t e r i s t i c s  of  
1 - (A lkox'yph enyl)  e y e  lopenty1-1  - p e n i c  i l l  ins 

No. of unit~ of I MPD penieillim: in- 
Compound activated under ] . 
�9 unitthe ~actiOnoeoecai/3_staphyl.Of 1 ~/.,  mm mg/kg 

lactama~e I 

1 0 26,0 500 
II 28,8 187,5 2000 

(11+46,6) 
Ill 20,5 

(0,7+ 40,3) 
IV 20,45 

(10,93+ 29,97) 
V 12 

(5,8+ I8,2) 
VI 16,6 

(7+ 26,2) 
VII 14,2 

(9,7+ 18,7) 
VIII 10,0 

(3,3+ 16,7) 
IX 10,6 

0,9+ 19,3) 
X 27,5 1500 

(t3,3+ 41,7) 
X I 11.2 2000 

(I-=-21,4) 
XII 40,3 2000 

(28,7+ 51,9) 
XIII 24,9 1500 

(1+47,0) 
X 1V ~ 0.4 1500 

(t,8+ 19,0) 
XV 9,4 1500 

(1+17,8) 
XVI 23,3 1500 

(15,0~ 31,6) 

Benzylpeni- 
cillin 60,0 2,l 1500 

Note .  T h e  l i m i t s  o f  v a r i a t i o n  a r e  g iven  
in p a r e n t h e s e s .  Cond i t ions  w e r e  pH 1.3, 
37~ 

102,1 1000 

14,9 1500 

10,3 1500 

14,8 t000 

287,8 2500 

189,4 1500 

222 s 1500 

25,~ 

277,7 

163,0 

99,2 

88,9 

160,0 

30,5 

100 

50 

J 

I.f2 

1 ~ 3 4 

F i g .  1. i n a c t i v a t i o n  k i n e t i c s  o f  p e n l c l H i a s  u n d e r  
t h e  a c t i o n  o f  s t a p h y l o c o c c a l  f i - l a ~ a m a s e .  M a c -  
t i v a t i o n  t i m e  (h) is g i v e n  on t h e  a b s c i s s a  and the  
ex ten t  o f  i n a c t i v a t i o n  of  t he  p e n i c i l l i n  (%) on the  
o r d i n a t e .  I n a c t i v a t i o n  c u r v e s  a r e  fo r :  1) c o m -  
pound (XIV); 2) c o m p o u n d  (XV); 3) ber, z y l p e n i -  
c i l l in .  
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TABLE 5. P r o p e r t i e s  of 1-Alkoxyphenylcyclopentane 1-Carboxyl ic  
Acids 

Compound 

lb I H 
IIb* o-CH~O 

111b "~ o-CuHsO 
IVb "~ o-C~H~O 
Vb* o- iso C~H~O 

VIb* o-C4H,O 
VI Ib m-CHaO 

VIIIb m-.C~H~O 
IXb m-C~HvO 
Xb m-iso .CaHTO 

XIb m-C4H~O 
Xllb m-CH~0 

XlIIb p-C~H~O 
XIVb p-C~H~O 
xVb [ p-iso C~HTO 

XVlb / p-C~H~O 

94,9 
62,5 
87,6 
80,1 
82,3 
84, l 
62,5 
72,9 
78,2 
78,9 
63,1 
66,6 
75,4 
76,1 
86,1 
79,0 

mp *C 

157~-8 T 

~18-9 
125--6 
129--3O 
99--100 

105--6 
140--1 t 
150--1 
128--9 
169--170 
115--6 

Found, % 

c H 

75567,25 
71,057,56 
71,56 8,02 
72,85 8,42 
72,25 7,87 
73,158,60 
?0--7~ 7,21 
72,10 7,54 
72,848,36 
72,56 8,32 
73,54 8,15 
70,98 7,52 
71,85 8,05 
72,72 7,91 
72,45 7,85 
72,95 8,65 

Empirical 
formula 

C12H140~ 
C13H160~ 
Ci4HlsO3 
QsH~oOs 
C~5H2o03 

Cl8H1603 
C14H1803 
C1~H~o03 
CI~H=oO3 
Cl oH ~ ~O3 
61aH1603 
C14H1803 
Q~H~oO3 
C15H2oO3 
C16H2~O3 

Calculated, 

C H 

75,767,41 
70,887,32 
71,76 7,74 
72,558,10 
72,55 8,10 
73,21 8,45 
70,88 7,32 
71,76 7,74 
72,558,10 
72,55 8,10 
73,21 8.45 
70,88 7,32 
71,76 7,74 
72,558,10 
72,55 8,10 
73,21 8,45 

*Viscous subs tance .  
SDescr ibed in the l i t e r a tu r e  [3]. 

1-(o, m,  p -Alkoxyphenyl )cyc lopen ty l - l -pen ic i l l ins .  To  a solution of 1-(o, m,  p-alkoxyphenyl)cyolopentane 
1 -ca rboxyl ic  acid (0.02 mole)  in absolute  acetone  (60 ml)  was added with s t i r r ing  and cooling to 0~ t r i e thy l -  
amine  (2.4 g; 0.024 mole)  in absolute  ace tone  (40 ml) and ethyl  ch lo ro fo rma te  (3 g; 0.028 mole)  in absolute  
acetone  (20 ml) .  The m i x t u r e  was s t i r r e d  for  30 rain at 0~ and 2 h at r o o m  t e m p e r a t u r e  and then f i l tered.  
The f i l t r a te  was added to a m i x t u r e  containing 6-APA (5.6 g; 0.026 mole)  in acetone  (120 ml) and 2.5% sodium 
b ica rbona te  solution (100 ml) .  The  m i x t u r e  was s t i r r e d  for  4 h, wa te r  (100 ml) added, and the g r e a t e r  par t  
of the ace tone  dis t i l led off in vacuum with cooling. The res idue  was ex t rac ted  with e ther  and the aqueous l aye r  
acidif ied with 1 N hydrochlor ic  acid to pH 2.0 with cooling and s t i r r ing .  The isolated penicil l in de r iva t ives  
were  ex t rac ted  with ethyl ace ta te .  The ex t r ac t s  were  combined,  washed with water ,  and shaken with ac t ive  
ca rbon  (5 g) and anhydrous sodium sulfate  for  20 rain.  The ethyl a c e t a t e  solution was f i l te red  off, a port ion 
was left for  isolat ion of the acid by c rys t a l l i za t ion  f r o m  pe t ro l eum e ther ,  and the r e m a i n d e r  was t r ea t ed  with 
8% sodium b ica rbona te  solution to pH 7.0 in the aqueous layer .  The aqueous l ayer  was separa ted ,  washed 
with e ther ,  and lyophil ized (see Table  1). 
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