
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Reversed Phase Liquid Chromatography of Phenacyl Esters of Some
Natural Penicillins
Stanley Lama; Eli Grushkaa

a Department of Chemistry, State University of New York at Buffalo, Buffalo, New York

To cite this Article Lam, Stanley and Grushka, Eli(1978) 'Reversed Phase Liquid Chromatography of Phenacyl Esters of
Some Natural Penicillins', Journal of Liquid Chromatography & Related Technologies, 1: 1, 33 — 41
To link to this Article: DOI: 10.1080/01483917808068376
URL: http://dx.doi.org/10.1080/01483917808068376

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483917808068376
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 1(1), 33-41 (1978) 

REVERSED PHASE LIQUID CHROMATOGRAPHY OF 
PHENACYL ESTERS OF SOME NATURAL PENICILLINS 

Stanley Lam and E l i  Grushka (1 1 
Department o f  Chemistry 

S ta te  Un ive rs i t y  o f  New York a t  Bu f fa lo  
Buf fa lo ,  New York 14214 

ABSTRACT 

The present work demonstrates a method by which na tu ra l ,  
non-UV absorbing p e n i c i l l i n s  can be de r i va t i zed  t o  form phenacyl 
esters.  
twenty minutes. 
the peak he igh t  o f  a phenacyl es te r  d e r i v a t i v e  and t h e  amount o f  
the p e n i c i l l i n ,  a f a c t  which a t t e s t s  t o  the  a p p l i c a b i l i t y  o f  the  
method f o r  quan t i t a t i on .  The phenacyl es te rs  o f  the  p e n i c i l l i n s  
studied here were separated on a reversed phase column. 

The reac t i on  i s  r a p i d  and e s s e n t i a l l y  completed i n  
A s t r a i g h t  l i n e  c o r r e l a t i o n  was found between 

INTRODUCTION 
The separat ion and p u r i f i c a t i o n  o f  p e n i c i l l i n s  and cephalo- 

spor ins from harvest ing bro ths  i s  an important step i n  the  com- 

mercial  p repara t ion  of these a n t i b i o t i c s .  Hughes e t  a l .  (2) have 

recen t l y  reviewed some o f  t he  chromatographic methods used i n  the  
ana lys is  o f  p e n i c i l l i n s  and cephalosporins. 
performance 1 i q u i d  chromatography (HPLC) can prov ide  a f a s t  and 
sens i t i ve  method o f  separation, r e l a t i v e l y  few workers have 
app l ied  i t  t o  the  ana lys is  of p e n i c i l l i n s .  

- a1 ( 3 )  has c l e a r l y  demonstrated the  s u p e r i o r i t y  o f  HPLC over 
spectrophotometric , chemical and m i  c rob i  o l  og i  ca l  procedures. 

usefulness o f  the  method i s  f u r t h e r  exempl i f ied i n  the  ana lys is  

o f  the  degradation products o f  p e n i c i l l i n  G(4) and A m p i l l i c i n  

( 5 ) .  

Although h igh  

The work o f  White 

The 

Furthermore, reversed phase HPLC can be used t o  c o r r e l a t e  

33 
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34 LAM AND GRUSHKA 

b io log i ca l  p roper t ies  t o  the  p a r t i t i o n  c o e f f i c i e n t s  o f  some peni-  
c i l l i n s  and cephalosporins (6) .  

have a chromophore which can be detected a t  254 nm. 
known t h a t  several mutants o f  P e n i c i l l i n  Chrysogenum on 

syn the t ic  n u t r i e n t s  produce, i n  add i t i on  t o  the  UV absorbing 
p e n i c i l l i n s ,  several p e n i c i l l i n s  t h a t  g i ve  no response t o  the 
conventional 254 nm 1 i q u i d  chromatographic UV detectors.  These 
p e n i c i l l  i n s  were prev ious ly  separated by paper chromatography and 
i d e n t i f i e d  by the bac te r ta l  i n h i b i t i o n  method ( 7 ) .  Using an 
e l e c t r i c a l  conduc t i v i t y  detector,  Mar t i n  and Randall (8)  have 
monitored s i m i l a r  p e n i c i l l i n s  i n  the  e luent  o f  a l i q u i d  chromato- 
graphic column. Recently, a gas-1 i q u i d  chromatographic method 

was reported f o r  the  determinat ion o f  the  methyl es te rs  o f  na tu ra l  
p e n i c i l l i n s  w i t h  a1 i p h a t i c  side-chains together w i t h  p e n i c i l l  i n  

G and V (9 ) .  

o f  p e n i c i l l i n s  s ince i t  al lows easy t rapp ing  procedures f o r  those 
a n t i b i o t i c s  which have t o  be character ized f u r t h e r .  Therefore, 
i t  would be bene f i c ia l  t o  develop a d e r i v a t i z a t i o n  scheme which 
would permit  the use o f  UV detectors t o  analyze na tura l  a l k y l -  
peni c i  11 i n s  , 

graphic p roper t ies  and d e t e c t a b i l i t i e s .  They have been prev ious ly  
app l ied  t o  f a t t y  acids ( v i z .  1 0 , l l )  and prostaglandins (12). 
Taking advantage o f  the carboxylate moiety present i n  p e n i c i l l i n s ,  
the phenacyl de r i va t i ves  can be prepared e a s i l y  w i t h  s l i g h t  
mod i f i ca t ions  o f  t he  procedures reported before (10, 12). 
paper repor ts  the preparat ion o f  phenacyl p e n i c i l l i n  de r i va t i ves  

and t h e i r  separat ion on a reversed phase column. 

Thus fa r ,  the m a j o r i t y  o f  the p e n i c i l l i n s  separated by HPLC 
It i s  

L iqu id  chromatography can be more a t t r a c t i v e  f o r  the  ana lys is  

Phenacyl de r i va t i ves  are  known f o r  t h e i r  exce l l en t  chromato- 

This 

EXPERIMENTAL 

P e n i c i l l  i n  K (n-heptyl-penic i  11 i n )  , Chemicals and reaqents: 
p e n i c i l l i n  F (n-pent-2-enyl-penicillin), and the  potassium s a l t s  
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LC OF PHENACYL ESTERS OF PENICLLLINS 35 

of d i  hydro- pen ic i  11 i n  F(n-pentyl-penic i  11 in 1 and pen ic i  11 in V 

(phenoxymethyl p e n i c i l l i n )  were provided by B r i s t o l  Laborator ies 
(Syracuse, N.Y. ). Tr iethylamine and heptaphenone were obtained 
from Eastman-Kodak (Rochester, N.Y. ) .  
18-Crown-6 were purchased from A ld r i ch  Chemical Co. (Milwaukee, 
Wisconsin). A1 1 organic solvents were obtained from F isher  S c i e n t i f i c  
(P i t t sburg ,  Penn.). A l l  chemicals were used as received w i t h  the  
exception o f  a c e t o n i t r i l e  which was d r i e d  w i t h  molecular s ieve  

when used as a d e r i v a t i z a t i o n  solvent.  Water used f o r  the mobi le 
phase was d i s t i l l e d  and passed through an i o n  exchange column 
(Barnstead Sybron, Boston, Mass.). 

Instrumentation. 

labora tory .  
one described by Scot t  (13). 
r a t e  o f  1.5 ml/rnin. t o  a mix ing  vessel (50 m l  beaker w i t h  a nagnet ic  
s t i r r e r )  through a 50 m l  buret .  The i n i t i a l  cond i t i on  i n  the mix ing  
vessel was 20 m l  o f  5% CH3CN i n  water. The mixed so lvent  was de- 
l i v e r e d  t o  the column using a model 396 M i l t o n  Roy m in i  pump (LDC, 
R ive r ia  Beach, F la . )  a t  a f l o w  r a t e  o f  1.3 ml/min. 

The samples were introduced v i a  a Rheodyne i n j e c t i o n  va lve  
model 70-10 purchased from A l tex  S c i e n t i f i c  Co. (Berkeley, Ca. ). 
The s i ze  of the i n j e c t i o n  was 10 pl .  The UV de tec t ion  a t  254 nm 
was ca r r i ed  ou t  w i t h  a Tracor 100 de tec tor  (Tracor Inc., Austin, 
Texas) having a c e l l  volume o f  8 ~ 1 .  The reversed phase packing was 

prepared by reac t i ng  trimethoxyoctadecylsilane w i t h  P a r t i s i l  10 
(Whatman, C l i f t o n ,  N. J . ) .  
packed by the conventional s l u r r y  technique. 

Der i va t i za t i on  Procedures. 
prepared: 0.21 yn  of a,p-dibromoacetophenone i n  100 m l  o f  aceto- 

n i t r i l e ,  and 0.07 gm o f  18-crown-6 i n  100 m l  o f  a c e t o n i t r i l e .  

Two d i f f e r e n t  procedures were used t o  d e r i v a t i z e  the  p e n i c i l l  i n s  

depending on whether the p e n i c i l l i n  was ava i l ab le  as the  f r e e  a c i d  

o r  as the potassium s a l t .  

a,p-dibromoacetophenone and 

The l i q u i d  chromatograph was assembled i n  our  

The gradient system used was a s i m p l i f i c a t i o n  of the  
A c e t o n i t r i l e  was introduced a t  a 

A 250 nm x 4.2 nnn I.D. column was 

The fo l l ow ing  stock so lu t i ons  were 
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36 LAM AND GRUSHKA 

Alky la t i on  o f  P e n i c i l l i n  as the Potassium Sa l t .  
crown e ther  stock so lu t i on  was added t o  approximately 6 mg o f  the 

p e n i c i l l i n  i n  10 m l  of a c e t o n i t r i l e .  The mixture was heated t o  
80°C, a t  which po in t  5 m l  o f  a,p-dibromoacetophenone stock solu- 
t i o n  were added. The reac t i on  was al lowed t o  cont inue f o r  30 min- 
utes. The cooled reac t i on  mix tu re  could then be chromatographed 
o r  re f r i ge ra ted  f o r  l a t e r  analysis.  

A l ky la t i on  o f  P e n i c i l l i n  as the Free Acid. 

of p e n i c i l l i n  t o  a,p-dibromoacetophenone were used. The same 
procedure as the above method was fol lowed w i t h  the  exception 
t h a t  3 drops o f  t r i e thy lam ine  were added i n  place o f  crown e ther  
t o  catalyze the reac t ion .  

One m l  o f  the 

The same propor t ions  

RESULTS AND DISCUSSION 

I n i t i a l  attempts t o  neu t ra l i ze  the f r e e  ac id  groups o f  the 
p e n i c i l l i n s  w i t h  methanol ic-KOH t o  produce the potassium s a l t  f o r  
subsequent crown e ther  catalyzed a l k y l a t i o n  (10) proved t o  be a 
fa i l u re .  
chromatographed, several peaks r e s u l t ,  and the de r i va t i zed  peni- 
c i l l i n  could no t  be i d e n t i f i e d  eas i l y .  The ex t ra  peaks observed 

are a t t r i b u t e d  t o  degradation products s ince p e n i c i l l i n s  are 
known t o  break down r a p i d l y  i n  an hydroxide s o l u t i o n  (14).  When 
the p e n i c i l l i n  i s  ava i l ab le  as i t s  potassium s a l t ,  crown e ther  
catalyzed a l k y l a t i o n  can be c a r r i e d  out. Otherwise, a second 
rou te  u t i l i z i n g  a small amount o f  t r i e thy lam ine  i s  preferred. 
This a l t e r n a t i v e  method produces de r i va t i ves  w i t h  no observed 
decomposition products. 

be f a s t  and i t s  y i e l d  should be propor t iona l  t o  the  amount o f  

the s t a r t i n g  p e n i c i l l i n s .  To study the reac t i on  r a t e  and the 

de r i va t i ve  formation, con t ro l l ed  q u a n t i t i t e s  o f  heptaphenone were 
used as i n t e r n a l  standard. The heptaphenone was introduced t o  
the mixture p r i o r  t o  the add i t i on  o f  a l k y l a t i n g  agent. 

amount o f  de r i va t i zed  product i s ,  therefore,  measured r e l a t i v e  t o  

When the product o f  such an a l k y l a t i o n  reac t i on  was 

The d e r i v a t i z a t i o n  react ion,  t o  be of p r a c t i c a l  value, should 

The 
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LC OF PHENACYL ESTERS OF PENICILLINS 37  

the internal standard. When the reaction rate was studied, samples 
were taken directly from the reaction flask at certain times, and 
either chromatographed at once or refrigerated for later analysis 
after cold methanol was added to quench the reaction. 

The extent of the reaction as a function of time for both 
alkylation methods is shown in Figure 1. 
is defined as the height of the penicillin peak to that of the 
internal standard, namely heptaphenone. The increase in the peak 
height of  the penicillin as compared to the constant internal 
standard gives a measure o f  the yield of the reaction. 
height ratio vs. time pfots show that the reaction is essentially 
completed in about 20 minutes. 
route progresses initially at a faster rate. 

the completeness of the reaction. 
the reaction mixture at 50 sec. and at 1800 sec. after the start 
o f  the reaction. 

The peak height ratio 

The peak 

It seems that the triethylamine 

Penicillin V ,  which absorbs UV at 254 nm, was used to monitor 
Figure 2 shows chromatograms of 

Figure 2a shows that after 50 sec. penicillin 
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FIGURE 1 
Rate of reaction of penicillin with a,p-dibrornoacetophenone. 
0 - Penicillin F catalized with triethylamine. &Penicillin V 
catalyzed with 18-crown-6. 
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w 
0 20 

M I N  

FIGURE 2 
Separation of penicillin V phenacyl ester from its starting 
material. A = 50 sec. after the start o f  the reaction. B = 1800 
sec. after the start of the reaction. At the point indicated by 
an arrow, the attenuation was changed from 0.16 A U K  to 0.32 
AUFS. Mobile phase 5% acetonitrile in water increasing to 76% 
acetonitrile (see text). (1) - Penicillin V ,  (2) - a,p-dibromo- 
acetophenone, (3) Phenacyl ester o f  penicillin V .  

V is present in the mixture together with the alkylating reagent 
and the phenacyl derivative. 
could be detected at the attenuation used. The amount of the 
derivative is larger in Figure 2b as compared to 2a while the 
peak corresponding to the unreacted di bromoacetophenone decreased. 
The mobile phased used in Figure 2 was an acetonitrile gradient. 
The gradient was formed before the pump and the composition of 
the mobile phase was calculated according to the method describ- 
ed by Scott (13). 
in the retention times of the free and derivatized penicillin. 

penicillin V peak relative to that of heptaphenone for four 
initial amounts of penicillin V .  The linear plot indicates 
that the present method of derivatization can be used for 
quantitative purposes. 

After 30 minutes no penicillin V 

It is interesting to note the large differences 

Figure 3 shows a plot of the height of the phenacyl ester of 
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I0 15 20 
W E I G H T  OF P E N V  ( m g )  

FIGURE 3 

Peak h e i g h t  r a t i o  versus mg o f  p e n i c i l l i n  V used i n  t h e  d e r i v a t i -  
z a t i o n  r e a c t i o n .  

The s e p a r a t i o n  o f  t h e  phenacyl e s t e r s  o f  t h r e e  a l k y l p e n i -  

c i l l i n s  i s  shown i n  F i g u r e  4. 
t h e  r e s o l u t i o n  o r  t o  decrease t h e  r e t e n t i o n  t imes.  No s t u d i e s  
were made t o  i n v e s t i g a t e  t h e  l i m i t s  o f  d e t e c t i o n ;  however, o u r  

p rev ious  work w i t h  c a r b o x y l i c  a c i d s  (10, 15) would seem t o  i n d i -  
c a t e  t h a t  
e a s i l y  be detected.  

form t h e  phenacyl e s t e r s .  
t o  complet ion.  As a consequence, a l k y l  p e n i c i l l i n s ,  once d e r i v i -  

t i z e d ,  can be chromatographed, and q u a n t i t a t e d  w i t h  t h e  comnonly 
used 254 nm UV d e t e c t o r .  

No a t tempts  were made t o  o p t i m i z e  

gm o f  t h e  p e n i c i l l i n s  p e r  m l  o f  s o l v e n t  c o u l d  

I n  sumary ,  i t  seems t h a t  p e n i c i l l i n s  can be d e r i v a t i z e d  t o  
The r e a c t i o n  i s  f a s t  and seems t o  go 
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40 LAM AND GRUSHKA 

I I I I I 
0 2 0  40 

M I N U T E S  

FIGURE 4 
Separat ion o f  phenacyl e s t e r s  o f  some a l i p h a t i c  p e n i c i l l i n s .  
d e t e c t o r  a t  254 nm, 0.32 AUFS. 
Flow r a t e  2.2 ml/min. 
p e n i c i l l i n  F, ( 3 )  - d i h y d r o p e n i c i l l i n  F, (4 )  - p e n i c i l l i n  K. 

UV 
Mob i l e  phase 40% wa te r  i n  MeOH. 

(1 )  - a,p-dibromoacetophenone, ( 2 )  - 
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