
infernurional Jour-nd <tf F~rart~lu~~l~~j~.~, 77 t IYY 1) 13 -20 
33 1991 Eisevier Science Publishers B.V. All rights reserved 0378-.5173/YL/$O3.50 

ALWNIS 0.17% 1739 1(~~3~00 

Fatty peptides. VI. Penicillin and cephalosporin esters 
with increased lipophilic character 
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Summary 

Several series of metho~~~lrhonyi alkyl esters, 2b-d, 3h and 4b-d, with increased lip~)phili~it~, were prepared hy c(~nju~~tin& 

penicillin G, ampicillin and cefuroxime. respectively. The suitability of this type of ester linkage as a pro-drug linkage for the 

carhoxylic acid group of /%lactam antibiotics was determined hoth in vitro and in viva. Only one compound, the penicillin G 

conjugate Lb showed a weak activity in vitro against the sensitive Stuplzyloc’oc~c~crs auras strain thfrRE), Psrndomotrus and clostridia. 

The remaining conjugates 2c, d, 3b and 4b-d were inactive. Conjugates 2b-c and Jb exhibited antibiotic activity against S. uuwus 

h63E following subcutaneous administration in the mouse. The most active conjugates 2b and 4b were methyl octanoyl derivatives 

of penicillin G and cefuroxime. It can he assumed that the secondary alcohol ester linkage was cleaved in viva to afford active, 

presumably the parent, antibiotic. The penicillin G conjugate 2b-d and the ampicillin conjugate 3b were orally active. conjugate 3b 
was more active than the parent ampicillin, and cefuroxime conjugates 4c and d were orally inactive. Conjugation of a lipidic moiety 

via a secondary alcohol ester linkage may improve the absorption of fi-lactam antibiotics. There appeared to be a preference for 

short alkyl chains for oral and subcutaneous activity in this series of conjugates. therefore. it can he assumed that the longer alkyd 

chains in compounds 2d, 4c and d protect the ester hond from esterases. 

Introduction 

Despite the outstanding clinical success of the 
p-lactam antibiotics, effective absorption of many 
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of these compounds, particularly following oral 
administration, has plagued investigators in this 
field. Even compounds with appreciable activity 
after oral administration, such as ampicillin (3a), 
arc not fully absorbed from the gastrointestinal 
tract (Kirby and Kind, 1967). An attempt to cou- 
pie several neutral and acidic amino acids to 
pheno~methylp~nicillin and cephalothin has 
been reported ~Bounkhala at al., 1988). and it 
was envisaged that the compounds might be bet- 
ter taken up by lysosomes than the parent. How- 
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ever, the conjugates were devoid of antimicrobial 
activity, presumably due to the stability of the 
conjugate towards degrading enzymes. The free 
carboxylic acid function of the penicillins and 

cephalosporins is necessary for antibiotic activity 
and larger mammals, including man, lack an es- 
terase capable of hydrolysing simple p-lactam 
antibiotic esters (Agersborg at al., 1966). Never- 
theless, it should be possible to conjugate lipidic 
units to the carboxylic acid, in the hope that 
enzymatic hydrolysis will give the active antibiotic 
in vivo. A degree of biological or chemical insta- 
bility would, however, have to be built into the 
linking group. 

Two types of ester groups suitable for linking 
lipidic amino acids and peptides were investi- 
gated: firstly acyloxyalkyl esters which are related 

to established enzymically labile pro-drug deriva- 
tives (Hughes at al., 1991), and secondly, novel 
methoxycarbonyl alkyl esters. 

Materials and Methods 

Infrared spectra were recorded with a Perkin 
Elmer 841 spectrophotometer. ‘H-NMR spectra 
were obtained on Varian XL-300 and Bruker 
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AM500 instruments operating at fields of 300 and 
500 MHz, respectively; chemical shifts arc re- 
ported in ppm downfield from internal TMS. 
Mass spectra were run on a VG Analytical ZAB- 
SE instrument, using fast atom bombardment 
(FAB) ionization. Reaction progress was moni- 
tored by thin-layer chromatography (TLC) on 
kieselgel PF,,, using dichloromethane : methanol 
(10: 1) as the mobile phase. Purification was 
achieved by flash chromatography through kiesel- 
gel G (dichloromethane : methanol 10 : 0.5). Sol- 

vents were evaporated under reduced pressure 
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TABLE 1 

Summuty of experimental data 

Product Starting Yield 

compounds (%) 

Analysis 

2b 2a, la 17 

2c 2a, lb 51 

2d 2a, lc 38 

3b 3a, la 43 

4b 4a, la 46 

4c 4a, lc 51 

4d 4a, Id 20 

C25H34N20hS (490.6) 
Calcd. c 61.20 

Found c 61.15 

C,,H,,N20,S (574.8) 
Calcd. c 64.78 

Found c 64.55 

C,,H,,,N,O,S (602.8) 
Calcd. c 65.75 

Found c 65.90 

CzSH3,N,0,S (505.6) 
Calcd. c 59.39 

Found C 59.24 

C,,H,,N,O,,,S (580.6) 
Calcd. C 51.72 

Found c 51.4x 

C,,H,,N,O,,,S (692.8) 
Calcd. C 57.21 
Found c 57.07 

C,,H,,N,O,,S (X90.1) 
Calcd. C 60.72 

Found c 60.88 

H 6.9X N 5.71 

H 7.00 N 5.52 

H 8.07 N 4.87 

H 8.00 N 4.75 

H X.36 N 4.65 

H X.15 N 4.59 

H 6.98 N X.31 

H 6.89 N X.11 

H 5.56 N 9.65 

H 5.39 N 9.40 

H h.YX N X.09 
H 6.83 N 7.85 

H X.04 N 7.X7 

H X.00 N 7.69 



with a rotary evaporator. Melting points arc not 
given for enanti~~m~rs= ,~nal~ti~a~ HPLC separa- 
tion was carried out on a whatrn~~~~ Partisil F 
RAC siIira column. HPLC grade d~~~~~~~rornetha31~ 
(AIdrich) and methanol fRathburn1 were filtered 
through a 25 pm membrane filter and degassed 
with helium flow prior to USC. Separation was 
achieved with a solvent gradient beginning with 
0% mcthanof, increasing ~~)llst~~~tiy to 50% 
methanol at IS min and decreasing steadiIy to 0%: 
methanot from 17 to 20 min at a constant flow of 
3 ml min- I* The gradient was effected by two 
~ni~r~3pr~~ess~~r-~ontro~~ed Gilson 302 sin&-pis- 
ton pumps. C~~~~~~ds wert: detected with a 
Ho~~~h~~}rne LJV-Vis detector at 2% nm. Chro- 
nl~t~~~ra~hs were recorded with an LKB 2210 
single-channel chart recorder. The experimental 
data are summarized in Table 1. 

Mi~~mun~ inhibitory c~~~~ent~t~o~~s @ilCsJ 
were determined by incor~?or~lt~~~~ of compounds 
into Iso-&&test agar (Ox&d Ltd. U.K.). Finaf 
levets in the medium were in the range 1X-0.tlh 
m&l. Aerobic test organisms were applied to the 
agar by mu~tipojnt inocuiator (Denley instrument 
Lim~ted~ at IO’ and IO’ coiony forming units (c&f 
per spot. For anaerobes, the medium was supple- 
mented with 5% (v/v) defibrinated horse blood 
(Toxoid Ltd) and the organisms tested at a single 
inoculum of 10’ cfu. Plates were incubated at 
37°C for 24 h under aerobic and anaerobic eondi- 
tions fGaspak System. BBL) as appropriate. MfCs 
were recorded as the lowest concentration com- 
pletely inhibiting visible bacterial growth. 

P~%ection tests in mice wwc performed ac- 
cording to literature methods (Ryan at al., 19761, 
using a non-penicillinase producing strain of 
StujcrEzyl~~cocars aureus (strain 663E). Female CD 1 
mice (18-20 gl were challenged intraperitoneatly 
wit.h approx. 10 times the 50% lethal dose (1.25 X 

10” ~~~i/mouse~ of bacteria, suspended in 0.5 mt 
of braids-heart infusion broth ~onta~~~~n~ a final 
concentration of 1.5% dried baker’s yeast to po- 
tentiate virulence. compounds were dissolved ini- 
tially in dimethyl sulphoxide (finai concentration 

ItEG), followed by serial l-fold dilurior3s in t).Yl 
sodium carhoxymettlylcclluiitse containing IO? 
DMSC). Dose Ievels generally ranged from 2.5 to 
0.4 mg/kg. Five mice were used at each of the 
compound dose concentrations and dosing (0.2 

ml volume) was administered either subcuta- 
neuusly (3.c.) or orally (p.o.> at 1 and 5 h post- 
chailengc. The median effective dose (ED<,, 
mmol/kg per dose) was ~~~l~ul~~ted by logit tmns- 
formatirtn from the number of animais sm$ving 
at each dose fevel on day 5. 

Penicillin-G (lb) potassium salt (1.34 rnmr~l) 
and 1 X-crown-h (354 mg, I .34 mmoli were stirred 
in a mixture of ethanol (fff mi) and water 12 mlf 
for I h at room temperature. The solvents were 
removed in vactto at WC and the residue 
~~ophiIis~d overnight. The resuitant cefuroxitne 
crown-ether comptex was added to methy! ?- 

bromoo~tan~~~te <Ial 132fl n-g, I..34 mmoif in 
dimethyt f~~~rnan~ide fS ml) and the solution 
stirred overnight at room temperature. After di- 
lution with ethyl acetate (50 ml) and washing with 
brine (50 ml), 3% sodium hydrogen carbonate (50 
ml) and brine (50 ml), the organic phase was 
dried fNazSO,) and evaporated. The crude m&r‘- 
riat was purified by TLC. ’ ~-~~~~~~~~~ ,I: S = 
7.35 ~S~,nl,aro~~~~ti~ Hf. 5.65 I I H,m,Cr,-H ), 5.50 
f I H.m,C,-f-f), 5.00 (1 H&a-CH), 3.50. 4.W 
(1 H.s,Cz-H~, 3.7s t?H,s,COuCH ;I. 3.65 
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(2H,s,benzyl CH,), 1.91) (2H,m$-CHz), 1.58, 1.50, 
1.42 (6H,3s,2xCH J), 1.30 (SH,m,4xCH 2), 0.8() 
(3H,t,CH,). MS m /z (??I) = 513[M + Nal+ (lOO), 
338 (191, 316 (871, 279 (51, 215 (4), 160 (6), 114 

(S), 91 (361, 55 (131, 39 f.5). 

/2’-(S,R),2S,SR,6Rj (Methyl ietrudecanoate)-2’-yl 
6-phenylacetamido-3,3-dimethyl-7-ox-o-4-thiu-l-a- 

zabicyclo/3.2.Olheptane-2-curboxylate (2~) 
‘H-NMR(CDC1,): 6 = 7.38, 7.34, 7.30 

(SH,m,aromatic H), 6.06 (lH,t,CONH), 5.67 

(lH,m,C,-H), 5.51 (lH,m,C,-H), 5.06, 5.01 
(lH,2t,a-CH), 4.50, 4.40 (lH,2s,C2-H), 3.75 
(3H,m,COOCH 3), 3.66 (2H,m,benzyl CH ?), 1.89 
(2H,m,p-CH,), 1.58, 1.50, 1.44 (6H,3s,2xCHj), 
1.28 (20H,m,lOxCH,), 0.90 (3H,t,CH,). MS m/z 
(%) = 620 (69) [M + 2Na - HI+, 597 (100) [M + 

Nal+, 422 (17), 400 (49), 176 (37), 114 (15), 91 

(20). 

/2 ‘- (S,R),2$5R,6R] (Methyl hexadecanoatel-2(-y/ 
6-phenylacetamido-3,3-dimethyl-7-oxo-4-thia-l-a- 

zabicyclo/3.2.0/heptune-2-carboxylate (2d) 

‘H-NMR(CDC1,): 6 = 7.34 (SH,m,aromatic 

H), 6.05 (1 H,m,CONH), 5.65 (lH,quintet,C,-HI, 
5.50 (lH,t,C,-H). 5.03 (lH,m,wCH), 4.47, 4.40 
(lH,2s,C,-H), 3.74 (3H,m,COOCH,), 3.64 
(2H,m,benzyl CH 2>, 1 .X7 (2H,m$-CH 2 1. 1 .S2, 
1.44 (6H,2s,2xCHJ), 1.27 (24H,m,12xCH2), 0.8Y 
(3H,t,CH,). MS m /z (%I = 647 (100) [M + 2Na 
- HI+, 626 (35), 625 (91) [M + Na]+, 450 (231, 
428 (52), 3Yl (5), 274 (5). 176 (81, 114 (221, 91 

(25), 69 (9). 55 (10). 

/2’-(S,R),2’R,2S,5R,6R] (Methyl octanoatek2’-yl 
6- (2’-amino-phenylacetamido)-3,3-dimethyl- 7-o,ro- 

4-tlzia-I-azabicyclo/3.2.Olheptane-2-carboxylate 

(3b) 
‘H-NMR(CDC1,): 6 = 7.44 (2H,m,NH,), 7.36, 

7.30 (SH,m,aromatic H), 5.67 (lH.m,C,-HI, 5.51 
(lH,m,C,-HI, 5.14 (lH,m,CONH), 5.04, 4.65 
(2H,2m,2xc~u-CH), 4.5Y (lH,d&-H), 3.75 
(3H,s,COOCH,), 1.87 (2H,m,P-CH2), 1.55, 1.45 
(6H,2s,2xCH j), 1.26 (8H ,m ,4xCH 2), 0.90 
(3H,t,CH,). MS m/z (9%) = 550 (16) [M + 2Na 
- I-I]+, 528 (5) [M -t- Na]‘, 338 (35), 316 (4Y), 279 
(101, 199 (13), 176 (75), 173 (481, 160 (151, 113 

(951, 106 (lOO), 93 (24), X7 (27). 83 (181, 6Y (161, 

55 (43). 

[2’-(S,i?),6R,?R/ (Methyl octunoutej-2’-yl .kur- 

bun~oyloxymethyl-7-~fi~rurz-2-yl~~~~drclxylirnino~- 

acetan~ido~-8-oxo-5-t~~~a-I-azabicyclo/4.2.Oloct-2- 

em-2-carhoxylute (4b) 
‘H-NMR(CDC1,): 6 = 7.50 (lH,d,CONH), 

6.9 1 (lH,d,Ck-H), 6.51) (2H,m,C:-H,Ci-H), 6.00, 
5.14 (2H,ab,m,OCH,), 5.81 (lH,m,C,-H), 5.35 
(1 H,m,C,-H), 5.08 (lH,m,a-CH), 4.70 

(2H,m,CONH2), 4.08 (3H,s,NOCH,), 3.78 
(3H,s,COOCH,), 3.64, 3.48 (2H,m,2xCH), 1.89 

(2H,m,P-CH L ), 1.3 1 (8H,m,4xCH 2 1, 0.90 

GH,t,CH,). MS m/z (%I = 603 (100) [M + Na]‘. 
542 (5), 326 (9), 1YY (12), 176 (5(l), 173 (33), Y2 

(18). 

/2’-(S,R),6R,7R/ (Methyl hexudecanoutcj-2’-yl 3- 

carbamoyloxymethyl-7-&ran-2-yl (hydroxylimino) 
acetamidol-8-oxo-5-thiu-I-uzabicyclo/4.2.Oloct-2- 

ene-2-carboxylate (4~) 
‘H-NMR(CDCI,): 6 = 7.53 (lH,m.CONH), 

6.91 (lH,d,C;-HI, 6.54 tlH,d,C;-HI, 5.4Y 
(lH,m,C;-HI, 5.86, 5.43 (2H,m,C,,-H.C,-H), 5.26 
(2H,m,CONH,), 5.12 (2H,m,0CH2). 4.98 

(lH,m,a-CH), 4,1 1 (3H,s,NOCH i), 3.75 

(3H,s.COOCH 3), 3.72 (2H,m,2xCH), 1.Y8 

(2H,m,,G-CH :), 1.76 (2H,m,CH Z), 1.27 
(22H,m,l lxCH,), 0.8X (3H,t,CH,). MS m/z (%I) 
= 715 (100) [M + Na]+ 413 (51, 325, (Y), IYY (lo), 
176 (73), 136 (1 I ), Y2 (10). 77 (XL 55 (8,. 

/2’-(S,R),2”(S,R),hK,7RI /(Methyl tetradecuno- 
ate)-2”-yl-tetrudecanoylamido/-2’-yl .Tcarbamoyl- 

oxymethyl-7-/furan-2-yl (hydroxylimino) acetami- 
do~-#-oxo-5-thia-l-uzuhicycl~~~4.2.O~oct-2-et~e-2- 

curboxylute (4d) 
‘H-NMR(CDC1,): 6 = 7.51 (lH,m,CONH), 

6.92 (lH,d,C;-H), 6.54 (lH,d,C;-H), 6.41) 
(lH,q,C;-H), 5.86, 5.36 (2H,m,C,-H,C,-H), 5.26 
(lH,m,CONH), 5.13 (2H,m,OCH,), 5.00, 4.50 
(4H,m,2xwCH,CONH, ), 4.10 (3H,s,NOCH 3 ), 
3.75 (3H,s,COOCH,), 3.72 (2H,m,C,-H,), 1.08 
(4H,m,2xP-CH2), 1.67 (4H,m,2x-CHz ), 1.26 
(36H,m,l8xCH 2), 0.88 (hH,t,2xCH,). MS m/z 
(%) = Y13 (100) [M + Na]+ 868 (41, 704 (5), SO6 
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(to, 447 (.s), 334 (12). 358 (7). 19x (13). 124 (13), 
67 (16). 55 (27). 

Results and Discussion 

~ethoxyc~~rbonyl alkyl esters of the cnrboxylic 
acid group of p-Iactam antibiotics arc novel 
derivatives whose stability in biological systems 

was not known. Thus, as an example of a diffcr- 
ent type of potentially labile linkage, lipidic con- 
jugates were prepared from the p-l&am antihi- 

otics penicillin G (2a), ampicillin (3a) and ce- 
furoxime (4a), using 2-bromo alkanoic acid methyl 
esters la-c and the dimer Id. The esters la-c 
were prepared from the corresponding acids with 
thionyl chloride in methanol. The dimeric lipidic 
peptide conjugating unit Id was obtained by con- 
densing methyl ~-~minotetr~dec~In~~~tc (Gibbons 
et al.. 1990) to 2-bromotctradecanoic acid, using 
standard solution-phase peptide synthetic meth- 
ods. The lipidic ester conjugate 2b was synthe- 
sized by coupling the bromomcthyl ester la to the 
sodium salt of penicillin G (Za) using a crown- 
ether assisted coupling method (Hughes at al., 
1991). Firstly, a complex of the sodium salt of 
penicillin G (2a> with the macrocyclic ethor, 1X- 
crown-h was prepared, then the complex was 

reacted with the bromomcthyl ester la. furnish- 
ing the ester conjugate 2b in good yield. This 
same procedure was used to synthesist the ottlet 
penicillin G c~)nju~~~tes 2c and Zd, the ~nlpicilliil 
conjugate 3b and the cefuroxime conjugates 4b-d. 

The methoxycarbonyl alkyl esters 2b-d, 3b and 
4b--d were compounds of unknown stability in 
biological systems. The suitability of the mcthoxy- 
carbonyl alkyl ester group as ;I pro-drug linkage 
for the carboxylic acid group of fi-lactam antibi- 
otics was thus determined using in vitro and in 
vivo experiments. 

The in vitro activities of methoxycarbonyt atkyt 
ester 2b-d, 3b and 4b-d were determined against 
the same organisms used for the amide conju- 
gates (Toth at al.. 1991) (Table 2). Conjugate 2b 
exhibited antibiotic activity against the sensitive 
S. ~~UIWI.Y strain (h63E). l~.~,.Fcudor?lor~~l.r and 
clostridia. The results were consistent with a par- 
tial hydrolysis of the penicillin G conjugate 2b, 
thus liberating some free penicillin G (2a) during 
the course of the experiment. The rern~~ini~l~ 
compounds 2c, d. 3b and 4b-d were inactive as 

expected. 
The in vivo activity of the methoxycarbonyl 
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Compound In viva 

ED,,, (mg/kg X 2) 

2a 

S.C. 

1.34 

2b 

2c 

Ld 

3a 

3b 

4a 

4b 

4c 

4d 

2.67 
< 9.23 

ia ,’ 

3 7’ . .‘.._ 
ndr 

x.37 

4.13 
ia I~ 

ia ‘ 

p.0. 

9.67 

II.20 
Y.23 

27.40 

3.72 

2.52 

5X.80 

ndr 

ia h 

ia = 

dose-dependent response during the experiment. 
Cefuroxime conjugates 4c and d were orally inac- 
tive. The antibiotic activity of the methoxycar- 

bony1 alkyl ester 3b, when given by the oral route, 
was better than that of the parent ampicillin (3a). 
Lipidic conjugation via a bioreversible ester link- 
age was able to impart a positive effect on the 
absorption of 3b ampicillin conjugate. Penicillin 
G conjugates 2b and c showed similar oral activity 
to that of the penicillin G (2a). It is not unreason- 
able to assume that these conjugates were hydrol- 
ysed in the gut of the test animals to yield the 
active and absorbable parent compounds. 

Conclusion 

ia: inactive at dose equivalent to ” 41 mmol/kg, h 36 mmol/kg. 

’ 28 mmol/kg of active drug. ndr: no dose response. 

alkyl ester conjugates 2b-d, 3b and 4b-d against 
S. aureus 663E was determined after subcuta- 
neous and oral administration (Table 3). 

The penicillin and conjugates 2b, c and the 
cefuroxime conjugate 4b exhibited high antibiotic 
activity following subcutaneous administration. 
Therefore, it can be assumed that the secondary 
alcohol ester linkage (methoxycarbonylalkyl ester) 
is cleaved in vivo to afford active, presumably the 
parent antibiotic. The ampicillin conjugate 3b did 
not elicit a dose-dependent response in the test. 
The other three compounds tested were inactive. 
There appeared to be a preference for short alkyl 
chains for subcutaneous activity in this series of 
conjugates. Thus, the most active conjugates 2b 
and 4b were methyl-octanoyl derivatives of peni- 
cillin G (2a) and cefuroxime (4a), respectively, 
whereas the longer chain derivative of penicillin 
G, 2c, was somewhat less active. Also, the peni- 
cillin and conjugate 2d, and the cefuroxime 
derivatives 4c and 4d were inactive. The longer 
alkyl chains in compounds 2d, 4c and d may 
protect the ester bond from esterases. 

The penicillin G conjugate 2b-d and the ampi- 
cillin conjugate 3b were active when given orally. 
The cefuroxime conjugate 4b did not show a 

Several series of methoxycarbonyl alkyl esters, 
2b-d, 3b and 4b-d with increased lipophilicity, 
were prepared by conjugating penicillin G, ampi- 
cillin and cefuroxime, respectively. Only one com- 
pound, conjugate 2b, showed a weak activity in 
vitro against the sensitive S. aureus strain (663E), 
Pseudomonas and clostridia. The remaining con- 
jugates 2c, d, 3b and 4b-d were inactive, as 
expected. Conjugates 2b, c and 4b exhibited an- 
tibiotic activity against S. auras 663E following 
subcutaneous administration in the mouse. 
Therefore, it can be assumed that the secondary 
alcohol ester linkage is cleaved in vivo to afford 
active, presumably the parent, antibiotic. There 
appeared to be a preference for shorter alkyl 
chains for subcutaneous activity in this series of 
conjugates. The longer alkyl chains in compounds 
2d, 4c and d may protect the ester bond from 
esterases. 

The penicillin G conjugates 2b-d and the 
ampicillin conjugate 3b were active when given 
orally; cefuroxime conjugates 4c and d were inac- 
tive. The antibiotic activity of 3b, was better than 
that of the parent ampicillin (3a). Lipidic conju- 
gation via a bioreversible ester linkage was able 
to impart a positive effect on the absorption of 3b 
ampicillin conjugate. Penicillin G conjugates 2b 
and c showed similar oral activity to that of 
penicillin G (2a). It is not unreasonable to as- 
sume that the latter conjugates were hydrolysed 
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in the gut of the test animals to yield the active 
and absorbable parent compound. 
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