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Phenoxymethylpenici l l in  is widely used in medicine.  It is the only prepara t ion  of this type which is 
stable to acid and the re fo re  can be given ora l ly .  H o w e v e r ,  it is somewhat toxic,  insoluble in water ,  and un-  
stable to penioi l l inase-forming organ isms .  

With the aim of obtaining new phenoxymethylpeniei l l in analogs that a re  soluble in water ,  nontoxic, and 
act ive against  benzylpenic i l l in - res i s tan t  o rgan i sms ,  penicill in der iva t ives  of t r isubst i tu ted acet ic  acids with 
the  g e n e r a l  f o r m u l a  (RO)R 'R"CCOOH w e r e  p r e p a r e d ,  

where ~: ~ o c %  

(:H((;JJ~)z 

with dif ferent  combinations of i so - s t r uc tu r a l  groups.  

In this paper  we r epo r t  the synthesis  and study of compounds with R' and R" as given above 

oQi~ 

O - G - t V J  -flu GH 

The t r i subst i tu ted  acet ic  acids used as s tar t ing mate r ia l s  were p repared  by condensing guaiacol withthe 
appropr ia te  a , a -d i a lky lb romoace t i c  acid [1]. The s t ruc tu re s  of the products  were confi rmed by e lementa l  an-  
a lys is  and physical  data; IR and NMR spec t ra  conf i rmed the p resence  of a carboxyl  carbonyl  group and an 
e ther  linkage (Table 1). 

TABLE 1. P r o p e r t i e s  of the 2-Methoxyphenoxy-a ,a -d ia lky lace t ic  
A c i d s  

.Com- 

pound 

la* 

R' R" 

IIa 
Ilia 
IVa 
Va 

Via 
VIIa 

VIIIa 
IXa 
Xa 

XIa 
XIIa 

XIIIa 
XlVa 
XVa 

XVIa 
XVIIa 

XVIIIa 
XIXa 
XXa 

XXIa 

V - -  

* Reported in [3]. 
Note .  Subsequen t ly ,  R' 
c o m p o u n d .  

bp, "C (lzrn: 
Fo~and, % 

C H 

C=H5 62,9 85--9 (2) 63,86 7,46 I 
Call7 61,0 95--[00 (I) 65,26 7,43l 
i~o~:sH 7 57,9 75--8 (2) 65,66 7,78 1 
C4H9 65,0 85--8 (2) 66,20 7,83 
iso-C4H9 65,7 78--82 (2) 67,04 7,50 

C~H6 56,5 75--8 (2) 65,65 8,01 
CsH ~ 58,5 72--4 (I) 67,11 7,92 l 

8,34 iso-CsH 7 57,2 85--90 (2) 66,66 8,80 
C4Ho 55,0 125--7 (]) 68,00 
iso-C~Hs 61,2 88--90 (2) 67,79 8,61 [ 

CaHv 57,2 84--8 (2) 68,12 7,45 ] 
iso-C~Hv 58,1 95--7 (2) 67,71 8,03 1 
t~rCaH= 60,0 71--5 (2) 68,61 9,02 1 

59,5 ~ (2> 66. 3.21 
C~H~ 60,0 I I0--5 (1) 69,08 8,24 [ 
i~o-CaH~ 55,8 75--80 (1) 68,11 8,03 [ 

CaH~ 61,6 72--6 (2) 69,88 8,11 [ 
iso-C~H~ 64,5 88--90 (2) 69,43 8,67 

:arts i~c~C~H~ 69,0 76--8 (2) 70,00 8,35 

and R" w i l l  c o r r e s p o n d  to 

Empirical 
formula 

CnH,404 
Cz=HIeO4 
CxsH* sO4 
C~sHxsO4 
Cx4H~O4 
C14H~O4 
C,sH, sO4 
C14H~O4 

qsH=~04 
CasH2~O4 
C1~H2=O4 
C1~H~O4 
C16H~O4 
C,~H~O4 
C,,H,404 
cCaeH2404 
17H2eO4 

C,7H=604 
CI:H~604 

c [ H 

64,28 1 7,43 
65,54 1 7,561 
65,54 1 7,56 
66,67 [ 7,93 
66,67 ] 7,93 
65,54 ] 7,56 
66,67 ] 7,93 
66,67 1 7,93 
67,661 8~27 
67,66 ] 8,27 
67,66 ] 8,27 
67,66 ] 8,27 
68,57 [ 8,57 
67,66 ] 8,27 
68,571 8,57 
68,571 8,57 
69,38 .~ 8,85 
69,381 8,85 
69,38 / 8,85 

the  n u m b e r  o f  the  
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TABLE 2. P r o p e r t i e s  of 2-Methoxyphenoxy-a ,~  -d ia lky lmethy l -  
penicill ins 

Compound 

I 
II 

II1 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 
XV 

XVI 
XVII 

XVIII 
XIX 
XX 

XXI 
pheno  xy-  
methyl- 
~ieni d f l -  

58,0 
58,5 
59,5 
57,5 
58,0 
58,2 
55,0 
59,0 
51,0 
55,2 
53,0 
62,1 
53,0 
52,0 
60,7 
58,8 
57,0 
60,0 
56,0 
56,0 
56,5 

0 Rt 5" TI/2, rain 

85--6 10,581128,6 (98 .6- -158,6)  
86--7 }0,781110,0 (115,0--115,0) 
58--6010,891109,2 (94 6--I06,0) 
96--7 10,81!165,1 (147,5--18-9,7) 
82--3  /0,80 231,0 (23t ,0--231,0)  
79--82/0,89 166,9 (139,1--194,7) 
78--8010,87 96,4 (85 ,2- -107,6)  
74--5 /0 ,79 173,1 (172,6--173,5) 
70--2 | 6 ,87  104,5 180,9--120,5)  
88--9 IO,8O 165,2 (147,9--182,2) 
69--71]0,83 138,2 (137,9--139,1) 
72--5  16.80 124,0 1111,I--130,9} 
75--7 Io.85 70,7(66,3--75,0) 
80--2 ~u.~ 
70-- I  ~.~7 
72--4 ,0,80 
81--3 0,79 
94--6 0,81 
95--6 0,83 
8o-1  
85--7  

142~2 (124,2-- 160,2) 
173,9 (173,2--174,6) 
198,0 
173,3 (173,3-- 173,3) 
71,0 (63,6--78,4) 

138,0 (138,0-- 138,0) 
210,0 (210,0-- 210,0) 
174,5 (I 73,7-- 175,31 
123,0 (I 09,0-- 137,0} 

Minimum concentration suppressing I 
microorganism growth ~g/rnl 
= . . . .  

0,12 ] 
o,o9 I 
0,0241 
0,024 
0,019 
o,o121 
0,09 I 
0,09 
0,012 
0,0121 
0,0481 
0,0241 
0,09 1 
0,09 
0,048] 
10,043' 
i0,09 
'0,048 
0,024 
10,012 
O, 024 
0,005 

9,09 10,09 0,09 
3,09 0,39 0,19 
1,56 10,78 0,39 
D,39 10,39 0,19 
D,39 0,39 0,39 
0,19 10,19 0,048 
3 . i9  I0,19 0,19 
1,56 ]0,39 0,39 
3,12 ~3,19 0,39 
0,78 ]0,39 0,39 
0,19 10,19 0,09 
3,12 [1,56 1,56 
0,78 ~3,12 3,12 
0,09 |0 ,19 0,09 
1,56 11,56 0,78 
1,56 ~6,78 0,19 
0,39 10,19 0,09 
0,39 I0,39 0,39 
1,56 ~1,56 0,09 
0,39 |0,19 0,39 
1,56 |1 ,56  1,56 
0,02410,043,0"012 

* M e l t s  w i th  d e c o m p o s i t i o n .  
? n - B u t a n o l - e t h e r - a c e t o n e - - w a t e r  (14:  4 . 5 : 4 . 5  : 5 ) .  

1,024 I000 50012000 
{),19 500 125}2000 
3,39 I000 I000[2000 
D,78 500 500~3000 
1,39 I000 I00013000 
0,09 125 12512000 
D,09 125 250 2500 
1,56 500 2502500 
~,09 2501 5009500 
D,78 2501 250 2500 
~,19 500  5002500 
~,39 500 500 3000 
0,19 5001 5002500 
~,19 2501 2502500 
~,78 500  125 1500 
0,39 j62,5 125 25[~0 
0,09 [ 125 5003000 
0,73 250 500 2500 
0,78 5001 500 3000 
0,39 500[ 500 3000 
0,39 125] 500 I000 
O, 024 2000 2000 250 

Note. Limi ts  of exper imenta l  e r r o r  a r e  g{ven in parentheses ;  con-  
ditions: pH 1.3, 37~ 

4O 
8O ~ 
20 ,oL  
0 

Fig. 1. inactivation of penicil l ins a f t e r  1 h under 
the action of one unit of f l - l ac tamase  f rom Bac. 
l icheni formis ,  Compounds a r e  plotted along the 
absc i s sa :  0)  phenoxymethylpenicil l in;  [-XXI) 2- 
methoxyphenexy (~,~-dia lkyl)  methylpenici l l ins;  
amount of inact ivated penicillin (ED) is plotted 
along the ordinate .  Ver t ica l  l ines give the con-  
fidence in te rva l s .  

The dialkylacet ic  acids  were  obtained f rom disubsti tuted matonic e s t e r s ,  and the d ia lkylbromoacet ic  
acids by brominat ion of the dialkylacet ic  acids by the V o l h a r d - Z e l i n s k y  method [2]. 

The penicil l ins were obtained by acylat ion of 6-aminopenici l l inic  acid (6-APA) with mixed anhydrides 
of the cor responding  acids [3]. 

The s t ruc tu re s  of the compounds were  conf i rmed by e lementa l  ana lys i s  and by [R spec t r a ,  which indi-  
cated the p resence  of f i - lactam and thiazolidine r ings ,  amide ,  carboxyl  groups ,  ando ther  substi tuents.  The 
puri ty  of the p repa ra t ions  was checked by TLC [4]. The penicill ins were  cha rac te r i zed  as  the acids .  

The p rope r t i e s  of the sodium sa l t s  of  the penicil l ins were  compared  with the se of phenoxymethylpeni-  
cillin in t e s t s  pe r fo rmed  under the same exper imenta l  conditions. 

The acute toxici ty of the compounds was de te rmined  by means of single intravenous injection into white 
mice  (178 animals) .  With the exception of XV and XXI, the m a x i m u m  to le rab le  dose of the penici l l ins was about 
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Fig. 2. Acid inactivat ion of penici l l ins  V, XX, and phen-  
oxymethylpenic i l l in .  Inactivat ion t ime  (in h) is plotted 
along the a b s c i s s a ;  amount  of  res idua l  penicil l in (in ~) 
is plotted along the ordinate .  

2000-3000 m g / k g ,  i .e . ,  on the a v e r a g e ,  they were  l e s s  toxic than phenoxymethylpenici l l in  by a f ac to r  of 10 
(Table 2). 

The an t imic rob ia l  act iv i ty  of the penici l l ins was de te rmined  by the s tandard  method of double s e r i a l  d i -  
lution using mea t -pep tone  broth .  They were  found to be act ive  aga ins t  g r a m - p o s i t i v e  m i c r o o r g a n i s m s ;  the 
min imum concent ra t ions  which supp re s sed  the growth of St reptococcus  hemolyt icus  and Staphylococcus a r e  
given in Table  2. F o r  St reptococcus  faeca l i s  and hay baci l lus ,  the min imum concent ra t ions  a r e  in the range 
1 .56-12.5/~g/ml;  for  phenoxylmethylpenici l l in ,  the co r respond ing  f igure is 1.56 p g / m l .  Agains t  g r a m - n e g a -  
t ive o r g a n i s m s  (E. cel l ,  dysen te r ic  baci l lus ,  Salmonella  t yphosa) ,  they like phenoxymethylpenici l l in ,  showed 
weak act ivi ty .  Agains t  benzy lpen ic i l l i n - re s i s t an t  s taphylococci  (s t ra ins  18b and 39, i sola ted a t  the clinic) 
these  penici l l ins were  4-8 t imes  as  act ive  as  phenoxymethylpenici l l in .  

The r a t e  a t  which the penici l l ins  were  spli t  by f i - l ac tamase  f rom Bac. l i ehen i fo rmis  was de te rmined  
iodomet r ica l ly  [5-7]. Under our  expe r imen ta l  condit ions,  phenoxymethylpenici l l in  was hydrolyzed a t  a ra te  
of  56.2 (53.3-59.1) u n i t s / h ( F i g .  1). P e a i c i U i n s V I I a n d  :g were  hydrolyzed at  25.4  (22.4-28.4) and 25.5 (17-4-  
27.6) u n i t s / h r e s p e c t i v e l y ,  i .e , ,  they were  twice as s table (~ > 0.999) to the act ion of the enzyme  as  phenoxy-  
methylpenici l l in .  Penic i l l ins  II,  IV, VI, VIII,  IX, XIII ,  XV-XVIII ,  and XIX-XXI were  also m o r e  stable than 
phenoxymethylpenici l l in .  The d i f ference  between the a r i t hme t i c  means  for  a l l  the penici l l ins  and phenoxy-  
methylpenic i l l in  is s t a t i s t i ca l ly  re l iab le  and l ies  within the l imi ts  ~ > 0.99 to a > 0.9.q.q. Thus,  the ma jo r i ty  
of  the penici l l ins  studied a r e  somewhat  m o r e  s table  to the act ion of f i - l ac tamase  than is phenoxymethylpeni -  
cil l in,  and this is cons is ten t  with the i r  an t ibac te r i a l  ac t iv i ty  toward penic, i l l inase-producing  s t ra ins  of  s t aph-  
looocci  (18b and 3.9). 

Acid inact ivat ion of the penici l l ins was c a r r i e d  out in aqueous-a lcohol ic  solution a t  pH 1.3 and 37~ 
The i r  s tabi l i ty  was e x p r e s s e d  a s  the half decay per iod (r /2)  in minutes  [7]. 

All  the penici l l ins were  reasonab ly  stable to acid; IV-VI,  VIII,  X,  XI,  IV-XVIII ,  and XIX-XXI were  m o r e  
stable than phenoxymethylpeniei l l in .  The d i f ference  between the a r i t hme t i c  means  for  the penici l l ins  and for  
phenoxymethylpenic i l l in  is s t a t i s t i ca l ly  re l i ab le  and l ies  in the range  ~ > 0.98 to ~ > 0.999. Compounds V and 
XX a r e  the m o s t  s table  to acid.  F igure  2 shows the inactivation of these  two penici l l ins .  In the t ime  taken to 
hydrolyze  50g of the phenoxymethylpenici l l in  (130 min),  V and XX were  hydrolyzed by 34g and 36g r e s p e c -  
t ively.  

Thus,  we have synthes ized some new act ive  semisynthe t ic  penici l l ins which a re  l ess  toxic and m o r e  
s table  to acid than phenoxymethylpenici l l in ,  but unlike the la t te r  a r e  read i ly  soluble in wa t e r  and fa i r ly  stable 
to l a c t amase .  

E X P E R I M E N T A L  ( C H E M I C A L )  

The phys ica l  cons tants  of  the a ,  a - d i a l k y l b r o m o a c e t i c  acids  p r e p a r e d  ag ree  with those given in the 
l i t e r a tu re  [8]. 

o - M e t h o x y p h e n o x y - ~ , ~ - d i a l k y l a c e t i c A c i d s  (Ia-XXIa). A solution of 9.67 g {0.078 mole)  of gtmiacol  in 
22.5 ml  of  20~ aqueous sodium hydroxide was added to a solution of 0.06 mole  of ~ , ~ - d i a l k y l b r o m o a c e t i c  acid 
in 22.5 ml  of  20o7~ sodium hydroxide,  and the mix tu re  ref luxed on the wa te r  bath for  10-12 h. Af te r  cooling, 
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the mixture  was ext rac ted  with e ther  and the aqueous layer  acidified with hydrochloric  acid. The resul t ing 
dark  brown oi l  was separa ted ,  the aqueous layer  ex t rac ted  with e ther ,  and the e ther  ex t rac t s  added to the oil  
and dried ove r  magnes ium sulfate.  The e ther  was evapora ted  and the res idue  disti l led in vacuum (Table 1). 

2-Methoxyphenoxy (a ,a -d ia lky l )methypenic i l l ins  ( I -xx) .  To a solution of 0.01 mole  of the s ta r t ing  acid 
in 25 ml  of absolute acetone a t  0 ~ was added with mixing a solution of 2,4 g (0.024 mole) of t r ie thylamine  in 
25 ml  of  absolute acetone and 3 g (0.028 mole) of  ethyl oh lorocarbonate in  20 ml  of absolute acetone.  Mixing 
was continued for  30 min at 0 ~ and for  2 h a t  room t empera tu re .  The precipi ta ted ma te r i a l  was added to a 
mix ture  of a solution of 5.6 g (0.026 mole) of 6-APA in 100 ml  of absolute acetone and 200 ml  of a 2.5g solu-  
tion of sodium bacarbonate ,  s t i r r ed  for  4 h, and ext racted with e ther .  The aqueous l ayer  was separa ted ,  ac id -  
ified to pH 2.0 with 1 N hydrochlor ic  acid a t  6-7 ~ and the acid formed extracted with e ther .  The e ther  ex-  
t r a c t  was washed with ice water ,  shaken with sodium sulfate and charcoa l ,  and f i l tered.  The f i l t ra te  was 
brought to pH 7.0-7.5 by the addition of 8~ aqueous sodium bicarbonate ,  the aqueous layer  separa ted ,  washed 
with e ther ,  and lyophitized {see Table 2), 
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The increased  in te res t  in complexes  of platinum(II) and other  p la t inum-group meta ls  with organic  ligands 
containing an amino group is la rge ly  due to the i r  observed  ant i tumor  act ivi ty  [1]. In view of the fact  that the 
nature  of  the amino compound has a substant ial  effect  on the ant i tumor  p rope r t i e s  of the complexes  [2], the 
possibi l i ty  a r i s e s  of a search  for  new act ive  compounds of this type by varying the organic  ligand containing 
the amino group. 

As ligands for the synthesis  of such potentially biologically act ive compounds,  it appeared  tous  des i rab le  
to util ize 2-a lkT1-N-(f l -aminomethyl)pyrrol id ines  (L): 

~ R== C4Iq ~ (I); iso-C~H u (If), I 

which have not hi therto been examined in this respec t .  Meanwhile,  it follows f rom the s t ruc tu res  of these c o m -  
pounds that they a r e  powerful  complexing agents  as a resu l t  of the p resence  of the donor ni trogen a toms  of the 
a m i n o - g r o u p  and the he terocyele .  

N. G. Chernyshevski i  Saratov Univers i ty .  Trans la ted  f rom Khimiko-Farmatsev t i chesk i i  Zhurnal ,Vol .  15, 
No. 12, pp. 41-43, December ,  1981. Original  a r t i c le  submitted January  21, 1981. 
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