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Note 1 

Analysis of potassium penicillin G and its degradation products by 
thiwlayer chromatography 

Tlw analysis of lxnicillin has lxx~n clirccted principnlly at methods of iclcntifying 
and quantifying tlic intact niolccule. I-Iowctw, rcccnt interest in the phnrmnco- 
kinetics of antihcterials and the possible role of penicillin dcgrndation products in 
penicillin allergy rcquircs that analytical mcthocls lx clcveloIxxl for both the intact 
penicillin molecule and clcgraclntion products. ‘l’liin-layer cliromatogrnpl~y (TLC) 
leas played an estcnsivc rOle in the mdyds of pCiiiCillinS. >IcGItVERA’i AND STIZICIC- 
thxl)l developed TLC procedures for the iclcntilicntion of ten natural and semi- 
syntl~ctic penicillins. Nlsrm3nr~c~ Iins also clevclopecl n mcthocl for the separation of 
five penicillins. Tlw TLC separation of ampicillin and closacillin in body fluids has 
lxen acllicvcc13, as hns been tlie resolution of components in solutions of procaine 
penicillin G”. Pzrrwr;.~z~ usccl ;1. previously clcvcloI~ccl TLC system1 to separate plwnosy- 
metliylpenicilloic acid nncl pl~cnosyctliylpcnicilloic ncicl from the parent penicillins; 
the pcnicilloic acids were then eluted nncl cletcrminecl qunntitati\*cly l)y n colorimctric 
procedure, Recently, TLC was enil~loyccl to sepamtc the clccomposition products of 
ampicillin from tlw parent molecule’8. 

The enicrging interest in thin-layer sIxctroclcnsitonictry (TLS) for qunnti- 
lication of nntibiotics7*R lccl us to nIlply this tccluiiquc to tlic annlysis of potassium 
penicillin G”, A prerequisite to the successful application of TLS is the development 
of TLC sywtcma that will scpnr;~tc tllc annlyte from other components of n mixture. 
From an opcrntional standpoint tlic scparntions sliould occur quickly, ancl one 
system should bc successful in siniultaneously separating a number of possible intcr- 
fering substances from the annlyte. The purpose of this investigation was to develop 
;L TLC system that ~voulcl rapidly scpnratc potnssium penicillin k and its clegrnclntion 
products. 

Matcvinls. Potassium penicillin C; (Clans. Pliscr and Co., New York, N.Y.) ancl 
I>-l~enzylpenicillcnic a&l (Sigma. Clicniical Co,, St, Louis, MO.) were olhinecl commer- 
cially, Monosodium u-bcnzylpenicilloate, r,-l~cnaylpenilloic acid, and a-methyl-rx- 
benxylpenicillonte were synthesizccl by standard methods 1”. Tllc sI)cctroscopic pro- 
perties of each product indicatccl that the major component was the dcsircd comp~uncl 
contamirlatcd with a small amount of penicillin G. This conclusion was conlirmecl 
by TLC, I;urtller purification was not cffectccl bccausc n pure product was not rc- 
quired for this qunlitntive study. 

‘I’lri~ti-Zqwv clrvonlnto~~~~pl/~~, Silica gel plates (EM Laborntorics, Inc., ISImsforcl, 
N.Y,) (20 2: zo cm) were spottccl using a x0-,4. Hamilton syringe. Typically, 5 ,~g of 
each degradation procluct was spotted from an aqueous solution. Chromatograms 
were developed in cac.11 solvent system until the mobile phnsc had trnvellccl 15 cm. 
Developn~ent occurred in cllromnto6raI)llic chmbcrs (7 x zS x 22 cm) lined wit11 
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TAI3J,II I. 

sI’R~~C’rURlI oiz I’I~~fCILI.IN c; ASIJ SOhIll IJllCil~r\l~r\‘rI~S PRODUCTS 
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Penicillin G 

Strltcfrln? 
.-_. _. .-.... - .-...._-__. - ..-. . . .._ _ . . ,._ _ . _ 

%u,cu,cONJ-J------ C02H 
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B@nZyloenicilloic acid 

Benryloenillolc acid 

u-Methyl-D-banrylpenlcilloate 

BenZyloeniClllenic acid 

Wliatmnn No. 1 filter paper and prcsaturntecl with vapors of tlic mobile pl~nsc. 
Clirornatogrnms were visualized by first spraying with ferricyanicle reagent1 followed 
by esposing the plnte to ioclinc vapor. The latter proceclure mnclc visualization more 
sensitive, 

lZc~strlls nd tliscmsiou 

Table I shows the structures of the penicillin clcgraclation proclucts studied. 
T11ey were sclectcd to represent the types of decomposition reactions which commonly 
occur in aqueous solution 11, Penicilloic acid is proclucecl during alkaline hydrolysis 
or in the prescncc of penicillinasc. I’enilloic acid is believed to arise from rcarrangc- 
mcnt of pcnicilloic acid in acidic mcclia, Penicillenic acicl forms via acidic clccom- 

‘l’:\J3l,J2 II 

SI~l’hRh’rroS 01: I’l5SICIl.l.IN IJI’,ciRhl3ATIclS I’ROIluCTS 

Solvc11t svstc111s: h 3. XCl!tOnC-iLCCtiC ncitl (95:s); I3 = 
formic irdicl-\Krtcr (6s : 20: 5 : 10) ; 

orgilnic plli~SC of ,7myl ncctrrtc-lnctllrrIlol- 
C II Clilc~rofCrii~-iso~~rc~~~~~nol-~~~t~r (Go :.p :_I) ; II r;l ethyl ilw- 

tatc-acctic acid-wutcr (8 : 1 : I) ; E = rr-propnnol-\vutcr (70 :x0). 
___ ..__ __ __...__. _. ._ ._... .,._ ..,.. ._._ _. ._____. .__ _,.....,. ,...__. . ..__ _...._ - _.._. _. ._.._ _,....-_ _ _.,., .,,..... 

Solvc/rt 1efcJw,cc 12p zwtrrl? J~cvcJo/mrr~~r/ 
S*\~s/l!lrr liurc (It) 1’ 

PcwicilJiar 6 JlwyJ- ncrr,_vt- 
pcrricilloic mid pcuiiloic ctcid 

,. _ . . .._ . .._ ._. . 

;; 
1,4t 5 0.85 0.78 0.70 f 05 
I, 4 O.GZ 0045 0..(2 2 

c 2 o.Gs o,sG 0.55 305 
13 
E 

; o-5)0 0.74 0006 26 
o.Gs o.sG 0.55 4 

.I _ _ .,_ .__..._. -,.__._, . ._. ..~ _........,.... _... I.__ __...... . . _ _ ._... . .._ ., ._.. _ __,.._. _ ,..,, _“. : 

1’ l’iiiic for sc~lwnt front to trirvcl rg Cni. 
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position. a-Methyl-pcnicilloates represent a class of esters produced by decomposition 
of penicillins in the presence of alcol~ols. 

The previously reported TLC methods were evaluated to determine if they 
could be employed for the separation of penicillin degradation products, As indicated 
by the data in Table II, these systems can separate intact penicillin from several 
degradation products but they cannot resolve two related decomposition products 
such as bcnzylpenicilloic acid and benzylpenilloic acid. 

An acetone-chloroform-glacial acetic acid (50:45:5) solvent system was de- 
veloped which is capable of resolving all of the degradation products studied in the 
presence of the parent penicillin. As indicated in Table III, each decomposition 

TABI.E III 

SEPARATION Olr I’ESICILLIN I~~ECRA~~ATI~IN I~RoDUCTS 13Y Tlln ltlrCOnlnllcS1JEl~ TLC SYSTRXI~~ 

CO~~tpOWZCZ Rp valm 
-_.--._.-._-.- . .._..____...... ._-._ . . ._...__.._ . . . . _ . . . 

Penicillin G 0.33 
Bcnzylpcnicilloic acicl 0.15 
13cnzylpcnilloic acid 0.25 
Bcns~lponicillcnic wzirl 0.38 
rr-hIcthyl-IJ-bcnzplprnicilloatc 0.53 

. ..-_-_-..---_--- -____.._ L_ . . .._.. - _.___..._._. 

n R~ctonc-cliloroforln-ylncinl ncctic mid (50 :4.j :5), 

product was separated from the parent penicillin The decomposition products 
studied were also clearly separated from other decomposition products. In addition, 
development was relatively rapid requiring approximately I h for this system. 

Consistent h!J? vahes were obtained when mixtures containing two or tllree 
of the compounds in Table III were developed using this solvent system. 
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