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Many of the earlier known penicillins contain di- and tri- substituted acetic acids in the side chain. 
Triphenylmethylpenicillin [I], which has the same activity in vitro against pathogenic staphylococci regard- 
less of their ability to produce penicillinase, was the first of the latter to display a clearly expressed re- 
sistance toward staphylococcus penicillinase. It was inferior in activity to penicillin D with regard to sus- 
ceptible staphylococci but proved to be more active with regard to resistant strains. 

This and analogous facts led us to feel that this resistance to the enzyme was caused by the presence 
of the three substituents in the oz-position. It should be mentioned that the resistance to the enzyme reached 
a maximum for the triphenylmethyl derivative. 

Many of the penicillins of this type displayed a high activity only in vitro toward the staphylococci 
resistant to benzylpenicillin; they were not active in experiments on animals, which can evidently be ex- 
plained by their poor absorbability. 

These data changed the direction of our investigations and again led to the synthesis of sterically 
hindered acids, but just through substituting a hydrogen in the aromatic ring. 

2,6-Disubstituted benzoic acids [2] were chosen as the starting products. This choice gave good re- 
sults and led to the synthesis of 2,6-dimethoxyphenylpenicillin (methicillin), which was highly resistant to 
penicillinase and active toward staphylococci both in vitro and in vivo [3]. 

Data on the synthesis and the investigation of the properties of phenyl- and benzylpenicillins (I-IV 
and V-VII), which have methoxyl groups as the substituents in the ortho, recta, and para positions of the 
b e n z e n e  r i n g  (Table  1), a r e  p r e s e n t e d  in  t h i s  r e p o r t :  
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The groups of perAcillins noted above were  p r e p a r e d  by the acid chlo-  
r ide method [2, 4]. 

The reac t ion  for  p r e p a r i n g  penici l t ins  I - IV and VIII -XIII  was c a r r i e d  
out by reac t ing  sodium 6-aminopenic i l l ina te  (6-AP) with the acid chlor ides  
of the r e spec t ive  benzoic  acids in an aqueous acetone med ium in the p r e s -  
ence of sodium bicarbonate .  Peniei l l ins  V-VII  and XIV-XIX were  obtained 
by reac t ing  6 -AP with the acid chlor ides  of the r e spec t ive  phenylacet ic  
acids in absolute acetone in the p r e s e n c e  of t r i e thy lamine .  

The s ta r t ing  acids and the i r  acid chlor ides  had a l r eady  been p r e -  
pa r ed  by the methods desc r ibed  in [5, 6]. 

The s t ruc tu re  of the penici l l ins obtained was conf i rmed by the i r  IR 
spec t ra ,  thin l a y e r  ch romatography ,  and e lementa l  analysis .  

The IR spec t r a  were  run on a UR-10 spec t ropho tome te r  as mine ra l  
oil mul ls .  The c h a r a c t e r i s t i c  absorpt ion  bands of the carbonyl  in the f i -  
l ac t am ring (1765 to 1790 cm-1), the carbonyl  in the amide  group (1640 to 
1660 cm-1), and the carbonyl  in the carboxyl  group (1710 to 1725 cm-1), 
plus those of the benzene r ing (1600 to 1615 cm -1) [7] we re  detected.  

Thin l a y e r  ch roma tog raphy  was c a r r i e d  out by a known method [8]. 
Ord inary  ph a rmaceu t i c a l  talc was used  as the subs t ra te .  An n-butanol -  
e t h e r - a c e t o n e - w a t e r  (14:4.6:4.5:5) eluting s y s t e m  was employed.  The 
c h r o m a t o g r a m  was developed for  3 to 4 h. The c h r o m a t o g r a m s  were  
t r ea t ed  with ammonia  vapo r s  for  30 rain, and developed by using the r e a c -  
tion between the penici l l ins  and iodine subsequent  to spli t t ing the p - l a c t a m  
ring. 

The optical  act ivi ty was de te rmined  on a c i r c u l a r  p o l a r i m e t e r ;  all the 
penici l I ins  obtained were  opt ical ly act ive.  

The penici l l ins  were  p r e p a r e d  as the i r  sodium sa l t s  in o r d e r  to in-  
ves t iga te  the i r  biological  p r o p e r t i e s .  

The i r  an t ibac te r ia l  act ivi ty in re la t ion  to var ious  o r g a n i s m s  was  
de te rmined  by the two-fold s e r i e s  dilutions method. The min imum b a c -  
t e r io s t a t i c  concent ra t ion  of the sodium sal t  of benzylpenici l l in  was d e t e r -  
mined in each expe r imen t  as a control .  All the p r e p a r a t i o n s  were  used 
in equivalent  amounts  with r e s p e c t  to benzylpenici l l in  so that  a c o m p a r a -  
t ive evaluat ion of the an t ibac te r ia l  act ivi ty  of the penici l l ins  with var ious  
side chains could be made v e r s u s  benzylpenici l l in .  The expe r imen t s  were  
repea ted  five t imes .  The acute toxici ty  was de te rmined  on mice  using 
a single in t ravenous  inject ion of the subs tances  we studied. The m a x i m u m  
bea rab l e  dose  was de te rmined .  

The an t ibac te r ia l  s p e c t r u m  of phenylpenici l l in  and o- ,  m - ,  and p -  
methoxy-subs t i tu ted  phenyl -  and benzylpenic i l l ins  did not d i f fer  f r o m  the 
s p e c t r u m  of benzylpeniei l l in  (Table 4). The compounds a re  act ive against  
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  and inact ive against  g r a m - n e g a t i v e  ones. 
m-Methoxyphenylpenic i l l in  (Ill) is the mos t  active.  No regu la r i ty  with 
r e s p e c t  to the act ivi ty  of the va r ious  i s o m e r s  is obse rved  when the ant ibac-  
t e r i a l  act ivi ty  of methoxy subst i tuted phenyl -  and benzylpenic i l l ins  a re  
compared .  Apar t  f r o m  m-methoxyphenylpenic i l l in ,  the benzylpenici l l ins  
a r e  ba s i ca l l y  m o r e  act ive  than the i r  phenyl analogs.  Only m-methoxy--  
phenylpeniei l l in  was act ive in somewhat  l ess  concent ra t ion  than benzy l -  
penici l l in  with r e s p e c t  to the s ix r e s i s t an t  s taphylococcus  s t ra ins  that  were  
tes ted.  The o the r  compounds were  inactive.  Since m-methoxypheny lpen i -  
cillin was the mos t  ac t ive  of all  the compounds tested,  m - m e t h o x y - p -  
alkoxyphenylpenici l l ins  were  synthes ized for  the p u r p o s e  of studying the 
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relationship of the antibacterial activity both from the standpoint of the quantity of the alkoxy groups and 
from the size of the alkyl groups. It was established that these penicillins possess a low antibacterial acti- 
vity. They are also not active against resistant staphylococcus strains. Consequently, the introduction of 

a second alkoxy group into the para position leads in all cases to a decrease in activity. 

Benzylpenicillins which contain those same alkoxy groups in the meta and para position of the benzyl 

ring are inactive with the exception of the compounds containing methoxy and propoxy or methoxy and iso- 
propoxy groups. 

The size of the alkyl groups is reflected in different ways in the substituted phenyl- and benzylpenici- 
llins. Although penylpenicillins containing methoxy and isobutoxy groups are the most active, the introduc- 
tion of these same groups into benzylpenieillins (XIV and XIX) sharply lowers the activity. All of the peni- 
cillins we studied had low toxicity. Their tolerance is the same and does not differ from the tolerance of 
the sodium salt of benzylpenieillin (the maximum tolerable dose is 1500 to 2000 #g/kg). 

EXPERIMENTAL 

m-Methoxy-p-alkoxyphenylpenicillins (VIII-XIII). To a solution of 0.02 mole of 6-AP and 5 g of sodium 
bicarbonate in a mixture of 90 ml of water and 50 ml of acetone was added over a 15 rain period with stirr- 
ing and cooling to 0~ 0.02 mole of m-methoxy-p-alkoxybenzoyl chloride. The reaction mixture was stirred 
for another hour with cooking and for 4 h at room temperature, then it was extracted twice with ether. 
The ether extract was discarded and the aqueous layer was cooled to 5 to 7~ I00 ml of ether was added to 
it, and it was acidified with 1 N hydrochloric acid with stirring to pH 2.0. The ether layer was separated. 
The acidified aqueous layer was additionally extracted with ether. The combined ether extracts were 
washed with ice water and shaken with anhydrous sodium sulfate. The penicillin was recovered from the 
ether extract by fractionally adding an 8% aqueous sodium bicarbonate solution to it until the aqueous layer 
had a pH of 6.5 to 7.0. The latter was separated, extracted with ether, and evaporated in a vacuum desicca- 
tor over phosphorus pentoxide. The crystalline residue obtained was triturated with absolute ether. A 
small amount of the sodium salt was converted again into the penicillin-acid, the ether extract was eva- 
porated under reduced pressure, and the remainder was crystallized from petroleum ether. 

Methoxyphenylpenicillins (I to IV) were similarly obtained. 

m-Methoxy-p-alkoxybenzylpenicillins (XIV to XIX). A mixture of 0.05 mole of 6-AP and i00 ml of ab- 
solute acetone was cooled to 0~ 4.5 ml of triethylamine was added, the mixture was stirred for i0 rain, 
and 0.06 mole of m-methoxy-p-alkoxyphenylacetyl chloride in 60 ml of absolute acetone and 13.5 ml of tri- 
ethylamine were added simultaneously over a 30 rain period. The mixture was stirred another 2 h at room 
temperature, filtered, and the residue was washed with absolute acetone. The combined filtrates were 
cooledto 7%3, dilutedwithtwice their volume of ice water, and extracted with ether. The water layer was 
separated, half of its volume of ether was added to it, and it was acidified to pH 2.0 with 5 N sulfuric acid 
with stirring. The ether layer was separated. The acidified aqueous layer was extracted with ether twice 
more, the combined ether extracts were treated with anhydrous sodium sulfate and carbon, filtered, and 
shaken with a 3% aqueous sodium bicarbonate solution, gradually bringing the aqueous layer to pH 7.0. The 
latter was extracted with ether and evaporated in the cold at a reduced pressure. The crystalline residue 
of the sodium salt was triturated with absolute ether. It was again converted to the penicillin-acid, which 
was crystallized from petroleum ether, in order to determine its physieochemieal constants. 

The sodium salts of the penicillins were dissolved in aqueous acetone (1:5) and precipitated with ab- 
solute acetone with cooling in order to purify them. 

Methoxybenzylpenicillins (V to VII) were similarly prepared. 

1. 

2. 
3. 
4. 
5. 

6. 
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