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Summary

A series of lipidic amide conjugates (2b, ¢, 3b, ¢, 4b-d, 5b and ¢) of 8-lactam antibiotics were synthesised using mixed anhydride
methods to couple the Boc-protected lipidic amino acids (1a and b) and oligomer (1¢) to a variety of penicillins and cephalosporins.
Conjugates (2b, ¢, 3b, 4b-d and 5b) showed weak to moderate activity in vitro and were only weakly active in vivo against the

non-B-lactamase producing strain S. aureus 663E.

Introduction

Fatty amino acids are a-amino acids with a
linear or branched alkyl side chain. A number of
uses can be envisaged that exploit the amphi-
pathic nature of these compounds and their
oligomers. Of particular interest is the use of
fatty amino acids monomers and oligomers (Gib-
bons et al., 1990) as conjugating units for biologi-
cally active compounds. The conjugates formed
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would be expected to possess a degree of lipid- or
membrane-like character due to the long alkyl
side chains of the lipidic moieties. It is antici-
pated that this feature will enhance the passage
of poorly absorbed drugs across biological mem-
branes to reach their site of action.

Because of their bifunctional nature, the lip-
idic amino acids and peptides have the capacity
to be chemically conjugated to drugs with a wide
variety of functional groups. The linkage between
the drug and the lipidic unit may either be biolog-
ically stable (i.e., a new drug is formed) or possess
predictable biological or chemical instability (i.e.,
the conjugate is a pro-drug). In either case, the
resulting conjugates could possess a high degree
of membrane-like character, sufficient to facili-
tate their passage across membranes. The long
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hydrocarbon side chains may also have the addi-
tional effect of protecting a labile parent drug
from enzymatic attack and hence promote
metabolic stability and reduce the required dose.

In this paper, we report investigation into the
ability of lipidic amino acids and peptides to
improve the oral absorption of the B-lactam an-
tibiotics.

Despite the outstanding clinical success of the
B-lactam antibiotics, ineffective absorption of
these compounds, particularly following oral ad-
ministration, has continually plagued investiga-
tors in this field. Even compounds that show
appreciable activity after oral administration, such
as a-amino benzyl penicillin (ampicillin, 3a) are
by no means fully absorbed from the gastro-in-
testinal tract (Kirby and Kind, 1967).

There are several possibilities for conjugation
of lipidic amino acids and peptides to the B-
lactam antibiotics, by conjugation through either
the free carboxylic or the free amino functions. A
number of B-lactam antibiotics possess a free
amino function which may be acylated with N-
protected lipidic amino acids, which should pro-
vide a convenient way of introducing lipidic func-
tionality to antibiotics.

Materials and Methods

Infra-red spectra were recorded with a Perkin
Elmer 841 spectrophotometer. 'H-NMR spectra
were obtained on Varian XL-300 and Bruker
AMS500 instruments operating at fields of 300 and
500 MHz respectively; chemical shifts are re-
ported in ppm downfield from internal TMS.
Mass spectra were run on a VG Analytical ZAB-
SE instrument, using fast atom bombardment
(FAB) ionisation. Reaction progress was moni-
tored by thin layer chromatography (TLC) on
Kieselgel PF,s, using dichloromethane : methanol
(10:1) as the mobile phase. Purification was
achieved by flash chromatography through
Kieselgel G (dichloromethane : methanol, 10: 0.5).
Solvents were evaporated under reduced pressure
with a rotary evaporator. Melting points are not

given for enantiomers. Analytical HPLC separa-
tion was carried out on a Whatman Partisil 5
RAC silica column. HPLC grade dichloromethane
(Aldrich) and methanol (Rathburn) were filtered
through a 25 pm membrane filter and degassed
with helium flow prior to use. Separation was
achieved with a solvent gradient beginning with
0% methanol, increasing constantly to 50%
methanol at 15 min and decreasing steadily to 0%
methanol from 17 to 20 min at a constant flow of
3 ml min~!. The gradient was effected by two
microprocessor-controlled Gilson 302 single pis-
ton pumps. Compounds were detected with a
Holochrome UV-VIS detector at 254 nm. Chro-
matographs were recorded with an LKB 2210
single channel chart recorder. The experimental
data are summarised in Table 1.

TABLE 1

Synthesis of B-lactam conjugates

Product Starting Yield Analysis
compounds (%)

2b 1a, 2a 583 C,3H;39N;0(S (485.6)
Caled. C, 56.88; H, 8.09; N, 8.65
Found C, 56.51; H, 8.33; N, 8.29
C,,H,47N304S (541.7)
Caled. C, 59.86; H, 8.75; N, 7.76
Found C, 59.59; H, 8.87; N, 7.55
C5,H4sN,05S (618.8)
Calcd. C, 60.17; H, 7.49; N, 9.05
Found C, 60.32; H, 7.49; N, 8.81
C,sH5,N,0,S (674.9)
Caled. C, 62.28; H, 8.04; N, 8.30
Found C, 62.00; H, 8.39; N, 8.21
C55H3oN;O4S (541.7)
Calcd. C, 55.42; H, 7.26; N, 7.76
Found C, 55.29; H, 7.41; N, 7.58
C,3H,7N;0,S (597.8)
Caled. C, 58.26; H, 7.92; N, 7.03
Found C, 58.00; H, 7.99; N, 6.77
C55H54N,O,S (710.9)
Calcd. C, 59.13; H, 8.22; N, 7.88
Found C, 58.97; H, 8.39; N, 7.65
C;,H,4N,0,S (616.8)
Calcd. C, 60.36; H, 7.19; N, 9.08
Found C, 60.11; H, 7.33; N, 8.85
C;sH;,N,0,S (672.9)
Calcd. C, 62.47; H, 7.79; N, 8.33
Found C, 62.41; H, 7.86; N, 8.18

2¢ 1b, 2a 55

3b 1a, 3a 80

3¢ 1b, 3a 67

4b 1a, 4a 63

4c 1b, 4a 69

4d Ic, 4a 47

5b la, 5a 65

5¢ 1b, 5a 67




Synthesis

[2°(S,R),28,5R,6R]-6-{2'-(tert-Butoxycarbonyl-
amino)-decanamido]-3, 3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid (2b).
'H NMR (CDCl;): 8 = 7.25(1H,m,NH),
6.64(l1H,m,C,-H), 5.56(1H,m,Cs-H),
5.20(1H,M ,NH), 4.45(1H,2s,C,-H),
4.18(1H,m,a-CH), 1.82(2H,m,CH,), 1.70,
1.68(3H,2s,CH,), 1.62, 1.60(3H,2s,CH.,),
1.45(9H,s,C(CH ;);), 1.30(12H,m,6CH ,),
0.903H,t,CH;). MS m/z (%)=486 M+ H)*
(55), 460 (24), 430 (13), 386 (18), 271 (13), 185
(14), 114 (10), 75 (15), 57 (100), 45 (20), 41 (26),
29 (23).

[2°(S,R),28,5R,6R]-6-[2'-(tert,-Butoxycarbonyl-
amino)-tetradecanamido -3, 3-dimethyl- 7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid
(2¢). 'H NMR (CDCl;): 6§ = 8.40
(1H,br.,COOH), 7.38 (1H,br.,CONH), 5.58, 5.53
(2H,ab,Cs-H,C4-H), 5.34 (1H,5,0CONH),4.40
(1H,d,C,-H), 4.16 (1H,br.,a-CH), 1.77 (1H,m, 8-
CH), 1.65, 1.58 (2H,2s,2CH), 1.40
(9H,5,C(CH,);), 1.24 (20H,s,10CH,), 0.90
BH,t,CH;). MS m/z (%) =586 (M + 2Na-H)™*
(11), 564 (M + Na)* (8), 204 (50), 198 (16) 182
(11), 174 (10), 160 (10), 119 (10), 88 (18), 79 (15),
72 (13), 63 (20), 57 (100).

[27(S,R),2'R,2S,5R 6R]-6-{2'-[2"-(tert-Butoxy-
carbonylamino)-decanamido]phenylacetamido }-
3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0] hep-
tane-2-carboxylic acid (3b). 'H NMR (CDCl,):
5 =770 (1H,mNH), 7.26, 7.20 (SH,m,aromatic
H), 5.65 (1HmNH), 547 (1Hm,CH), 5.40
(1H,m,Cs-H), 4.40(1H,m,C,~H), 4.25, 4.05
(2H,2m,a-CH), 1.80(2H,m,CH,), 1.63, 1.57
(6H,5,2CH,), 1.50(9H,s,C(CH,);), 1.35
(12H,m,6CH,), 0.9GH,t,CH,;). MS m/z(%) =
619(M + H)* (76), 593 (38), 563 (45), 519 (100),
471 (44).

[2"(S,R),2'R,2S,5R,6R]-6-{2"-[2"-(tert-Butoxy-
carbonylamino)-tetradecanamido J-phenylacetam-
ido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo-
[3.2.0]heptane-2-carboxylic acid (3c¢). 'H NMR
(CDCl,): 8 =6.80 (1H,m,CONH), 7.35, 7.30
(5H,m,aromatic H), 5.60, 5.45 (3H,m,C,-H,Cs—
H,NH), 4.40 (1H,M,C,-H), 4.25, 4.10 2H,m,2 8-
CH), 1.80 (2H,m,CH,), 1.55, 1.45 (6H,2s,2CH ,),
1.40 (9H,s,C(CH,),), 1.25 (20H,m,10CH,), 0.90
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(GH,t,CH,). MS m/z (%) =720 (M + 2Na-H)*
(4), 697 (M + Na)™ (6), 287 (6), 204 (14), 198 (16),
160 (8), 106 (100), 74 (10), 57 (63).

[2'(S,R),6R, 7R]-3-Acetoxymethyl-7-[2'-(tert-
butoxycarbonylamino)decanamido]-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid (4b).
'H NMR (CDCl,): 8 =5.77 (1Hm,CONH),
5.54-4.85 (5H,m,C,-H,C,~H,CH,0, OCONH),
4.22 (1H,m,a—CH), 3.59-3.33 QH,m,C,-H ,C,-
HB)’ 2.01 (3H,s,COCH,), 1.79 (1H,m,CH), 1.59
(1H,m,CH), 1.43 (9H,s,C(CH,);), 1.24
(12H,m,6CH ), 0.88 (3H,t,CH,). MS m/z (%) =
586 (M + 2Na-H)*" (3), 526 (12), 492 (10), 426
(20), 307 (28), 285 (12), 241 (11), 232 (11), 214
(13), 202 (21), 142 (15), 119 (10), 105 (42), 88 (21),
78 (11), 72 (15), 63 (20), 57 (100).

[2'(S,R),6R, 7R]-3-Acetoxymethyl-7-[2'-(tert-
butoxycarbonylamino)tetradecanamido [-8-oxo0-5-
thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
(4¢c). 'H NMR (CDCly): & = 5.77
(1H,m,CONH), 5.68-4.85 (SH,m,C,~H,C,-
h,CH,0,0CONH), 4.27 (1H,m,a-CH), 3.54~3.31
(2H,m,C,—H,,C,~H ), 2.01 (3H,5,COCH), 1.83
(1H,m,CH), 1.60 (1H,m,CH), 1.44 (9H,s,C(CH ,),),
1.25 (20 H,m,10 CH,), 0.85 (3H,t,CH;). MS m /z
(%) = 642 (M + 2Na-H)™ (5), 582 (15), 548 (11),
513 (17), 482 (17), 438 (8), 388 (17), 307 (38), 287
(38), 241 (12), 214 (15), 201 (24), 198 (34), 175
(11), 173 (14), 119 (14), 105 (41), 88 (21), 71 (13),
63 (19), 57 (100).

[2'(5,R),2"(S,R),6R, 7R]-3-Acetoxymethyl-7-{2'-
[2"-(tert-butoxycarbonylamino)decanamido]dec-
anamido }-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-
ene-2-carboxylic acid (4d). 'H NMR (CDCl,):
8 =6.80, 568 (2H,2m,2 CONH), 5.47-4.84
(SH,m,C,~H,C,~H,0CH,,0CONH), 4.45, 4.23
(2H.2m,2a-CH), 4.14-332 (Hm,C,~H_.C,-
HB)’ 2.10 (3H,d,COCH,), 1.45 (9H,s,C(CH,),),
1.83 (1H,m,CH), 1.60 (1H,m,CH), 1.26
(24H,m,12CH,), 0.86 3H,t,CH,). MS m/z (%)
=778 (M + 3Na-2H)™* (10), 501 (29), 479 (19),
449 (13), 424 (31), 402 (100), 379 (20), 173 (10),
142 (21), 57 (30).

[2'(R),2"(S,R),6R,7R]-7-{2'-[2"-(tert-Butoxy-
carbonylamino)decanamido |phenylacetamido}-3-
methyl-8-oxo-5-thia-1-azabicyclof4.2.0] oct-2-ene-
2-carboxylic acid (5b). 'H NMR (CDCl,): & =
7.35, 6.98 (5H,m,aromatic H), 5.84, 5.56
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(2H,2m,2CONH), 5.67, 4.95 (2H,2m,C,-H,C(-
H), 5.14 (1H,m,0OCONH), 4.39, 4.16 (2H,2m,2 a—
CH), 349, 3.17 (2H2q,C,~H,,C,-H,), 2.16
(3H,5,C,~CH,), 142 (9H,m,C(CH,),), 1.18
(12H,m,6CH,), 0.88 3H,m,CH,). MS m/z (%)
=661 (M +2Na-H)* (8), 639 (M + Na)* (8),
627 (17), 583 (12), 561 (21), 539 (16), 470 (12), 448
(23), 444 (24), 422 (45), 390 (16), 364 (18), 342
(17), 323 (31), 298 (13), 279 (22), 257 (32), 232
(58), 202 (77), 173 (100), 158 (58), 119 (16), 92
(49), 88 (54), 72 (29), 63 (50), 57 (77).
[2'(R),2"(S,R),6R, 7R]-7-{2"-[2"-(tert-Butoxy-
carbonylamino)tetradecanamido Jphenylacetami-
do} 3-methyl-7-oxo-3-thia-1-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylic acid (5¢). 'H NMR
(CDCl,): 8 =7.35, 6.98 (5H,m,aromatic H), 5.82,
5.55 (2H,2m,2CONH), 5.67, 5.45 (2H.2m,C,-
H,C,-H), 5.14 (1H,m,OCONH), 4.39, 4.15
(2H,2m,2a-CH), 3.46, 3.16 (2H,2q,C,~H,, C,-
H,), 2.14 (3H,5,C,-CH,), 1.46 (9H,m,C(CH),),
1.23 (20 H,m,10CH,) 0.88 GH,t,CH,). MS m /2
(%) =717 (M +2Na-H)* (13), 695 (M + Na)*
(26), 617 (17), 595 (15), 504 (21), 500 (19), 478
(45), 446 (11), 420 (15), 335 (11), 313 (22), 287
(29), 202 (77), 198 (26), 177 (22), 158 (67), 106
(65), 88 (39), 57 (100).

Measurement of in vitro activity

Minimum inhibitory concentrations (MICs)
were determined by incorporation of compounds
into Iso-Sensitest agar (Oxoid Ltd, U.K.). Final
levels in fthe medium were in the range of 125 to
0.06 mg/1. Aerobic test organisms were applied
to the agar by multipoint inoculator (Denley In-
strument Ltd) at 103 and 107 colony forming units
(cfu) per spot. For anaerobes, the medium was
supplemented with 5% (v/v) defibrinated horse
blood (Oxoid 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
conditions (Gaspak System, BBL) as appropriate.
MICs were recorded as the lowest concentration
completely inhibiting visible bacterial growth.

Experimental chemotherapy
Protection tests in mice were performed simi-
larly to literature methods (Ryan et al., 1976),

using a non-penicillinase producing strain of
Staphylococcus aureus (strain 663E). Female CD1
mice (18-20 g) were challenged intraperitoneally
with approximately 10 times the 50% lethal dose
(1.25 X 10° cfu/mouse) of bacteria, suspended in
0.5 ml of brain heart infusion broth containing a
final concentration of 1.5% dried baker’s yeast to
potentiate virulence. Compounds were dissolved
initially ‘in dimethylsulphoxide (final concentra-
tion 10%), followed by serial 4-fold dilutions in
0.5% sodium carboxymethyl cellulose containing
10% DMSO. Dose levels generally ranged from
25 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-
neously (s.c.) or orally (p.o.) at 1 h and 5 h
post-challenge. The median effective dose (EDg,
mg /kg/dose) was calculated by logit transforma-
tion from the number of animals surviving at each
dose level on day 3.

Results and Discussion

Synthesis of B-lactam antibiotic conjugates

Four antibiotics with free amino groups,
namely 6-amino penicillanic acid (6-APA) (2a)
(Batchelor et al., 1959) and ampicillin (3a) (peni-
cillins), and 7-amino cephalosporanic acid (7-
ACA, 4a) (Abraham and Newton, 1961) and
cephalexin (5a) (cephalosporins) were acylated
with lipidic amino acids and peptides (1a—c).

Several procedures for the acylation of amino-
containing B-lactam antibiotics are known (Per-
ron et al., 1960; Loder et al., 1961; Leanza et al.,
1965; Bamberg et al., 1967; Ryan et al., 1969). A
mixed anhydride method (Doyle et al., 1962) was
used for the preparation of the 6-APA /lipidic
amino acid conjugate 2b. Compounds 2¢, 3b and
3¢ were prepared using analogous conditions,
starting from either 6-APA (2a) or ampicillin
(3a), and the Boc-protected lipidic amino acids 1a
and 1b respectively.

Due to the poor solubility of cephalosporins in
aqueous solvents, the cephalosporin derivatives
4b—-d, 5b and 5¢ were synthesised by an alterna-
tive mixed anhydride acylation procedure in or-
ganic solvents (Spencer et al., 1966) from either



7-ACA (4a) or cephalexin (5a) with the appropri-
ate amino acids 1a, 1b and Ic.

In vitro antibiotic activity

The minimum inhibitory concentration (MIC)
of the compounds was determined in vitro against
a variety of Gram positive and negative bacteria
(Table 2).

Most compounds showed moderate to good
activity against a non-penicillinase-producing
strain of Staphylococcus aureus. This is interest-
ing from a structure—activity viewpoint, in that
conjugates 2b, ¢, and 4b—d do not have an aro-
matic side chain and very few B-lactam antibi-
otics with acyclic side chains have been reported.
However, even the most active compounds, 2b, 3b
and 4b were an order of magnitude less potent
than the antibiotics ampicillin (3a), penicillin G
(6) and cefuroxime (7). The ampicillin conjugate

TABLE 2
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3b showed activity against a B-lactamase-produc-
ing strain of S. aureus comparable to that of
penicillin G, but significantly weaker than that of
ampicillin (3a). The remaining conjugates were
weakly active or inactive against this organism.

Four conjugates, 2b, 3b, ¢ and 5b, were active
against Escherichia coli. Of these compounds, the
ampicillin conjugates 3b and 3c were as potent as
penicillin G (6). However, lipidic amino acid con-
jugation considerably reduced the activity of con-
jugates 3b and 3¢ relative to the unconjugated
parent compound, ampicillin (3a). Conjugates 3b
and 3¢ also demonstrated antibiotic activity
against a sensitive strain of Pseudomonas aerugi-
nosa being roughly equipotent with penicillin G
(6), but two orders of magnitude less than ampi-
cillin (3a).

All compounds except two, the 7-ACA conju-
gate 4¢ and the cephalexin conjugate 5S¢ were

In vitro tests (mmol /1 X 10 ~3) of amide conjugates of B-lactam antibiotics and the unconjugated antibiotics ampicillin, penicillin G
and cefuroxime (H = high (107 cfu * /mi) inoculum; L = low (107 cfu / mi) inoculum)

Compound S. aureus *° S. aureus ® E. coli Pseudomonas Clostridium
aeruginosa perfringens

2bH > 257 0.51 > 257 > 257

L 8.23 0.51 329 > 257 16.45
2cH 114 7.38 > 230 > 230

L 29.5 3.69 > 230 > 230 29.5
3al 0.15 0.15 0.32 0.15 0.15
3bH 202 1.61 50.1 1.61

L 6.46 0.40 1.61 0.40 3.23
3cH > 185 2.96 23.7 1.48

L 91.8 1.48 5.93 0.74 11.85
4b H > 231 1.85 > 231 > 231

L 14.7 0.46 > 231 231 57.2
4c H 104 6.69 > 209 > 209

L 104 3.34 > 209 209 > 209
4d H 87.2 43.6 > 176 > 176

L 87.2 11.2 > 176 > 176 176
S5bH > 203 12.9 100 > 203

L 100 6.48 50.2 100 "50.2
5¢ H > 186 11.9 > 186 186

L > 186 11.9 > 186 186 > 186
6 H 336 0.16 43 0.67

L 5.37 0.16 215 0.35 21.5
7 H > 294 0.59 2.35 2.35

L 729 0.30 0.31 1.17 4.70

2 B-Lactamase producing.
b Non-B-lactamase producing.



264

CHs

. s

R (-N-CH- —E-r
(CHz )a a 0 - H ('r_qi C)Hz N/3 g
. CHn o7 CHZ 0-C-CH,

oo
=
=
o

Boc [-NH-CH-CO-1aOH p 1 7 Boc CH, C
’ ]
1 c 1 11 Boc
ﬁ.
1 n m Scheme 4.
a 7 1 @-C?H C-N -ZE&T;/\L
b 11 1
e 1 3 0y G-OH
,C= CHa‘(CHz)n ; 0
NH
! m
3 n m R 4 m n R R 5
2 0 - H Scheme 5.
a 0 H b 1 7 Boc
N 9 dn
b 7 1 Boc ¢ 1 11 Boc @CH -C-N=—f—1 S ~CHj
p—4 2 H
S/ N CH3
[ 11 1 Boc d 2 7 Boc 0]
H (.:. -OH
5 m n R 0
]
a 0 - H R
Scheme 6.
b 1 7 Boc
TABLE 3
< 1 n Boc Comparison of in vitro and in vivo (s.c. and p.o.) activity of
Scheme 1. B-lactam antibiotic amide conjugates against S. aureus 663E
Compound In vitro MIC In vivo ED?
2 Sq (mmol/1x107%)  (mmol,/kgx 10~%)
mmol /1 X 107" mmo X107
RNCH- C m N H (10 cfﬁ/ml) ik
(CHz)n O" 3 s.c. p.o.
CH H -0H 2b 0.51 > 103 > 103
6 2¢ 7.38 > 46.1 > 46.1
2 3a 015" 3.22 322
= 3b 1.61 10.0 > 80.8
Scheme 2. 3¢ 2.96 5.33 -
4b 1.85 > 46.1 > 46.1
O 4c 6.69 >41.8 >41.8
? Sa 4d 43.6 > 35.1 >35.1
CH- - N'a‘ﬁ ~CHj 5a 2.9 17.9
rIsJH g° N~ CH3 5b 129 >405  >405
- e ¢ 11.9 >37.1 >37.1
CH(CH ())—(';C{i H G-OH 6 0.16 1.34 9.67
37\CH,5 € 0 7 0.30 8.47 58.8
NH
Loom 3 ¢ Dose required to protect 50% of animals from lethal infec-

tion.
Scheme 3. 103 cfu/ml.



Scheme 7.

active against Clostridium perfringens. The ampi-
cillin conjugate 3b was more potent than peni-
cillin G (6) and equipotent with cefuroxime (7).

In vivo antibiotic activity

The conjugates tested in vivo were adminis-
tered by both subcutaneous (s.c.) and oral (p.o.)
routes to mice that had been previously infected
with a non-B-lactamase producing strain of S§.
aureus. An EDg, value was obtained for com-
pounds 2b, ¢, 3b, ¢, 4b-d, 5b and ¢ and the
antibiotics, penicillin G (6), ampicillin (3a),
cephalexin (5a) and cefuroxime (7) (Table 3).

Only one compound, the ampicillin conjugate
3¢, was active in vivo following subcutaneous ad-
ministration, with a reduced potency when com-
pared with penicillin G (6) or ampicillin (3a).
None of the other conjugates were orally active.
Thus conjugates 3b, ¢, 5b and ¢ were not effec-
tively cleaved to the parent antibiotics in vivo.
The latter results indicate that the B-lactam amide
conjugates 2b, ¢, 3b, ¢, 4b, d, 5b and ¢ were
insufficiently active in their own right to elicit a
protective response, as reflected in their modest
in vitro potencies.

Conclusions

The penicillin amide derivatives 2b, ¢, 3b and
¢, and the cephalosporin conjugates 4b—d, 5b and
¢ were prepared by coupling the appropriate N-
protected lipidic amino acids and peptides to the
parent antibiotics using mixed anhydride meth-
ods. All amide conjugates exhibited some antibi-

otic activity in vitro against a non-B-lactamase -

producing strain of S. aureus. However, the com-
pounds were insufficiently potent to protect
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against the lethal infection by the same organism
in vivo, following either subcutaneous or oral
administration. The reduced activity of conju-
gates compared with that of the parent antibiotics
suggests, as expected, that the amide linkage be-
tween the parent compound and the lipidic moi-
ety is biologically stable.

The purpose was to conjugate drugs to our
novel lipophilic systems to enhance delivery across
natural membrane barriers and enhance meta-
bolic stability of the parent antibiotic. The experi-
ments described our first attempts with antibiotic
conjugates. We intend to study lipophilic antibi-
otic conjugates in more detail, in particular to
establish the physical structure of the conjugates,
the pharmacokinetic profile for the drug conju-
gates and the rational design of better antibiotic
procedures.
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