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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF 75-(4, 7-DISUBS-
TITUTED COUMARIN-3-ACETAMIDO) CEPHALOSPORIN
DERIVATIVES

Cheng Jiangming, Duan Tinghan and Li Minghua
Department of Pharmaceutical Chemistry

A series of 78-(4, 7-disubstituted coumarin-3-acetamido) cephalosporin derivatives (2a-2m)
were synthesized by acylation of 7-ACA, 7-ADCA, 7-ACT and a series of-3- (substituted phenyl-
methyl) cephalosporin nuclei (5¢-5f) by 4, 7-disubstituted coumarin-3-acetic acid chloride. The’
nucleophilic displacement of 3-acetoxy group in 7-ACT with substituted phenols or in 2a with sub-
stituted pyridines to afford cephalosporin’ nuclei (5¢-5f) or 3-(substituted pyriniomethyl)cephalosporin
derivatives (2n and 20), respectively, was also studied. Studies on the antimicrobial activity were
extended to these 14 newly-synthesized cephalosporin derivatives. The minimum inhibitory concen-
tration (MIC) values in witro showed that all the compounds exhibit a significant activity against
Gram-positive bacteria’ including penicillin-resistant strains.

Key words: antibiotics; cephalosporin; antibacterial activity; 4, 7-disubstituted coumarin-3-acetic

ac1d, 3-(substituted phenylmethyl) cephalosporin nucleus.

The enormous clinical and commercial impor-
tance of cephalosporins has sustained a worldwide
research effort directed at examining the effects
of structural modifications on their biological
properties. Changes in cephalosporin structure
that have provided new clinical useful analogs
are mostly confined to the variation of 78 -acyl-
amino- side chain and the 3-substituent. In the
research of 78-side chain which leads to novel
cephalosporin derivétives, our colleagues have
introduced some bioactive coumarin-3-formic
acids to the 7p- position of cephalosporin nuclei,
and reported a series of cephalosporin derivatives
(1) which have some activities against Gram-
positive bacterial (i, 23,

As part of our research program on novel
cephalosporin antibiotics we therefore become
interestéq in the synthesis of cephalosporin deri-
vatives with a substituted coumarin-3-acetic
acid as 7f6-side chain and with a variety of 3-
substituents. : '

We describe herein the synthesis of 4, 7-di- .

substituted coumarin-3-acetic acid intermediates
and. 3- [(substituted pheny) methyl]cephalosporin
nuclei, their conversion into cephalosporin anti-
biotics and antimicrobial activity of the new
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cephalosporin derivatives with the genetal
structure (2).

S mﬂ""

Coumarin-3-acetic acid(3a) was prepared by
the method similar to Biman’s ¢3’ , but some
modifications in separation procedures were
made (see scheme I). 7-Acyloxy-4-methylcou-
marin-3-acetic acids (3b-3e) were synthesized
from resorcindl by acid condensation, base
hydrolization and acylation with acid chloride or
acid anhydride as shown in scheme II.

The nucleophilic displacement of the 3-acetoxy
group in 5a by heterocyclic thiol in BF;+Et;0 %’
or by substituted phenols in TFA and BF;:Et;O
produced the cephalosporine nuclei 5b-5f bearing
a thiomethyl group or a substituted phenylmethyl
group at 3-position, respectively (see scheme III).

-
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The coupling of coumarin-3-acetic acids
(3a-3e) " to cephalosporin nuclei (5a-5f) was
achieved via their acid chlorides formed with
PCl;s at ice bath temperature (see scheme V).

Nucleophilic displacement of the 3-acetoxy
group in 2a with substltuted pyridines was per-
formed in the usual way -5.8 to afford the pyridi-
nio compounds 2n and 2o.

Cephalosporins (2a-2m) with a non-ionic

substituent at 3- position were isolated and puri-
fied by centrifugal- thin-layer chromatography
and Sephadex G-10 gel chromatography. How-
ever those(2n and 20) with an ionic substituent
at 3- position were isolated and purified by ace-
tone precipitation, acid-base treatment and
Sephadex G-10 and G-25 gel chromatography,
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adsorption chromatography failed to give pure
targeted compounds.

Antimicrobial Activity

The minimum inhibitory concentration (MIC)
values of the 4, 7- disubstituted coumarin-3-acet-
amidocephalosporins (2b-20) against selected
strains of Gram- positive and Gram-negative
bacteria were determined by the agar dilution
technique ' 7’, Cefazolin and penicillin G were
used as the reference compounds.

Table 1 lists'the activity of the substituted cou-
marin- 3-acetamidocephalosporins (2a-20). All the
compounds exhibit a significant activity against
Gram -positive bacteria including penicillin-re-
sistant strains. Those (2c and 2e) bearing a 1-me-
thyl-1, 2, 3, 4-tetrazole-5-thiomethyl group at the
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Tab 1. Minimum inhibitory concentration (MIC) values (ﬂg/mL) of 7/-(4,7-disubstituted coumarin-3-acetamido)

cephalosporins R?
R 0 o N A CH; ;R:
£
Test Organisms @

2 R? R2 R3 R¢ 1 1I m v v VI VI v
“ab H H —~Q0OCCH; —COOH 0. 08 0.39 0.31 NT¢ NA¢ NT NA NT

b C¢HsCH,COO— CH;j; H —COOH 1.56 3.125 6.25 >200. >200. >200 >200 >200

T i
¢ CgHsCH,COO—~ CH; -8 E;{N —COOH 0. 0125 0. 05 0. 025 200 25 25- 100 >200
) . .

d CeHsCH,COO— CH; —OOCCH; —COOH. o

e
e C,H5CO0— CH; NN —COOH <o.

CHs
f C:HsCO00— CH; —OOCCH; —COOH 0.
g  CeHsCO0— CH; -00CCH; =-COOH 0.

R H
h CH;COO—  CH; b"” —COOH 0.

Q.
HCCH3

: o :

j H H AOOH —COOH 0.
) - CHs, )

k H H ‘,—D-OH —COOH o,

HO
1 H H @_CHB —~COOH 0.

i CH,CO0— CH, ”@ —COOH o
N

HO.
m H H Q 0 —COOH 0.
~yncchs :
n H H @Nf >\ . —C002 0.
o H H @Q-coowa; —-C0o02 0.
Cefazolin <0.
. Penicillin G <0.

05 -+ 0.4 0. 05 >200 >200 >200 >200 >200

00625 0.2  0.05 100 50 100 100 >200
1 0.1 <0.00625 200 100 200 200 >200
8 6.25 0.4  >200 >20 >200 >20 >200
1 0.4 0.1  >200 >200 >200 >200 >200
1 0.4 0.2 >20 >200 >200 >200 200
2 0.78 0.78  >200 >200 >200 >200 >200

0125 0.1 0.4 >200 >200 >200 >200 >200

0125 0.2 0.2 >200 >200 >200 >>200 >200

4 1.566 0.4 >200 >200 >200 >200 >200
1 0.4 0.4 , 100 50 50 100 >200
1 1.56 1.56 > 200 50 100 >200 >200
00625 0.4 0.2 1. 56 1. 56 1. 56 1. 56 50
00625 6.25 0.05 1?5 6.25 3.125 50 200

a1. S aurens 209p, II. S.qureus Penicillin-resistant strain, 1. B.subtilis, N. E.coli, V. S.typhi, VI. S.paratyphi
B, V1. Shigella dysenteriae, WI. P.vulgaris OX-19. Al the MIC valves against P. avvuginosa and S wareescons are
over 200 yg/ml. *from reference '8). ¢ No Activity. {Not Tested.

3-position showed a higher activity. In com-
parasion with others, those (2c, 2e, 2n and 20)
with a thiomethyl group or a substituted pyri-
diniomethyl group at the 3-position displayed
a stronger activity against E. coli, S. typhi, S.

paratyphi B and Shigella dysenteriae, but were
much less active than cefazolin. All the newly-
synthesized cephalosporins showed no favorable
inhibitory effect on P. aeruginosa, S. marcescens
and P. vulgaris 0X-19. Further biological evalua-
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‘tions on these cephalosporin derivatives remained
to be made,

Experimental

Infrared spectra were obtained on a Nicolet
5 SXC FT-IR spectrometer. 'H NMR spectra
were obtained on a JEOL FX 90 (60MHz) NMR
spectrometer. The data are listed in & values
(TMS: 60.00 or acetone ¢ 2.04).High-perfomance
liquid chromatography (HPLC) was performed
on a Shimadzu LC-6 HPLC instrument (solid
phase: shim-pack ODs 6.0mm ¢X1.5m, moble
phase: CH;0H —H;0, 4 :1). Melting points were
uncorrected.

7-ACA (5a) and 7-ADCA (bg) were commer-
cial products.

Minimum Inhibitory Concentration (MIC)

All the antibacferial activity /» witro is given
as the MIC in pxg/ml The MIC’s of cephalospo
rins were determined in two fold dilution by the
agar dilution method. Nutrient agar (pH 7.4) was
used as assay medium. The test organism was
grown for 6 h on nutrient agar and one loopful
of a suspension containing about 1 mg per ml
of test organism was used as inoculum. MIC
was determined after incubation at 37°C for 24 h.

Coumarin-3-acetic Acid (3a)

Biman’s method (3 was carried out with
some modifications. After reacting at 180°C for
4 h, the reactant was extracted with 95% ethanol,
the extract evaporated, then extracted with b%
NaHCO; and the extract adjusted to pH 2 with
3 N HCI The precipitate was collected by filtra-
tion and recrystallized from 95% ethanol. Yield
20—25%: mp 152—3°C. )

7-Propionoxy-4-methylcoumarin-3-acetic Acid
(3c)

To the freshly- distilled propionic anhydride
(2 ml, 0.015 mol), 7-hydroxy-4-methylcoumarin-
3-acetic acid (4) (0.5 g, 0.002 mol) was added.
The mixture was heated to 90°C and allowed to
react for 1.5 h with stirring. After cooling, the
reaction mixture was poured into, ice-water. The
resultant precipitate was collected by filtration
and recrystallized from 30% ethanol to yield a
white crystal: mp 165-6°C; Anal C15H 1,04, C 62.07
H 5.11 (Req C 62.07, H 4.83).

7-Acetoxy-4-methylcoumarin-3-acetic Acid(3b) ,
was alsé obtained in the similar way as a white
crystal mp 199 —200°C (37 ‘

7-Phenylacetoxy-4-methylcoumarin-3-acetic
Acid (3e) '

Compound 4 (0.5 g, 0.002 mol) was dissolved
in anhydrous acetone (20 ml). To the resultant
solution, one drop of pyridine and phenylacetyl”
chloride (0.41 g, 0.0026 mol) was added dropwise.
The mixture was refluxed for 5 h. After the
solvent was removed, the residue was dissloved
in 5% NaHCO;. The solution was washed with
benzene and adjusted to pH 2 with 3 N HCL A
white precipitate was collected by filtration.
Recrystallization from 95 % ethanol gave the
title compound 3e as a white crystal: mp 166—7°C;
Anal Cy0H 606, C 67.97, H 4.33 (Req C 68.18, H
4.55). : »

7-Benzoxy-4- methylcoumarin 3-acetic Acid
(3d)was also obtained by the similar method:mp
190—1°C 92,

7-Amino-3-[(2-hydroxy-5-acetamidophenyl)
methyl]cephalosporic Acid (5f)

To a solution of 5a (2.72 g, 0.01 mol) in TFA
(20 ml), BF;-Et,O (5.6 g, 0.04 mol) and p -acet-
amidophenol (1.64 g, 0.011 mol) were added. The
mixture was allowed to react at 0—5°C for 10 h.
After the solvent was removed, the residue was
dissolved in water (20 ml). The solution was
adjusted-to pH 3.5 with 28% ammonia aqueous
solution in an ice-bath. After standing in ice-bath
for an hour, the precipitate was filtered and
washed thoroughly with water until the pH
reached 6.5—7.0, and then with acetone to give
a white powder. The sodium salt of the crude
product was dissolved in water (2 ml) and the
chromatography on a Sephadex G-10 column
was carried out, using water as eluant. By the
usual work-up procedure" ""the title compound
5f was obtained as a white powder: mp 199 —-201°C
(Dec.); IR (KBr) v 3200, 1780, 1660, 1610, 1500,
1240 cm—1; *H NMR (DMSO-Dg) ¢ 1.96 (s, 3H),
3.28 (dd, 2H), 3.68 (s, 2H), 4.63(d, 1H, J=5 Hz),
495 (d, 1H, J=5 Hz), 6.68 (d, 1H, J=8 Hz), 7.20
(dd, 1H, J=8 Hz; 3 Hz), 7.33 (d, 1H, J=3 Hz),
9.54 (s, 1H, exchangeable with D;0).

The same method was used to prepare the
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following compounds

7-Amino-3-[(2, 4- dlhydroxyphenyl)methyl]
cephalosporic ACId(5C)

The title compound 5¢ was obtamed as a
white powder: mp 190—-1°C; IR (KBr) » 3350,
1770, 1605, 1500, 1400 cm—!; *H NMR (DMSO —
De) 63.25(dd, 2H, J=18 Hz), 3.54 (s, 2H), 4.20 (d,
2H, J=5 Hz), 495 (@, 1H, J=5 Hz), 6.09 (d, 1H,

"J=3 Hz), 6.21(dd, 1H, J=8 Hz; 3 Hz), 6.81 (dd,
- 1H, J=8 Hz).

The Mixture of 7-Amino-3-[(2-hydroxy-4-
methylpheny!) methyl]cephalosporic Acid (5d)
and 7-Amino-3-[(4-hydroxy-2-methylphenyl)
methyl] cephalosporic Acid (5e) which was used
without isolation. '

The mixture was obtained as a white powder:
mp 194—5°C; IR (KBr) v 3350, 1770, 1650, 1500,
1400, 1340 cm—*.

General Procedure for the Acylation of 74-
Aminoceph-3-em-4-carboxylic Acids (5) with an
Acid Chloride (6)

Synthesis of cephalosporins 2a-2m: PCls (0.005
mol) was dissolved in anhydrous methlene chloride
(20 m1). To the solution, the side chain acid (3)
(0.002 mol) was added. The mixture was allowed
to react at 20°C for an hour. After the. solvent
was removed, the solid was washed twice with
petroleum ether to give the acid chloride (6).

To a solution of (5) (0.002 mol) and NaHCO;
(0.002 mol) in water (20 ml) and acetone (20 ml)
at —i()"C, a solution of the acid chloride (6) dis-
cribed above in anhydrous acetone (20 ml) at
-10°C was added with stirring. At the same time

an aqueous solution of 5% NaHCO; was added to
maintain the pH at 7.5—7.8. Then the mixture
was allowed to react with stirring at -10°C for
half an hour, at 0°C for an hour and at 20°C for
2 h. The reaction mixture was adjusted to pH 2
with 3 N HCL The precipitate was filtered, washed
thoroughly with water and dried 7/» wacuo to
give the crude (2). The crude product was sub-
jected to chromatography on a Sephadex G—10
gel column using water as eluant. The appropriate
fractions were lyophilized to give a white powder.
The powder was then purified by chromatography
on a centrifugal-thin-layer chromatography ins-
trument, using GF254 silica gel as absorbant and

Cheng JM,V et al. Synthesis and Antimicrobial Activity of Cephalosporin Derivatives 133

methylene chloride-ethanol-glacial acetic acid
(from 8 :1 :0.15 to 8 :4 :0.20) as eluant. The
product-containing fractions were concentrafed
in vacuo to furnish the title compounds 2a-2m.
The Anal. mp, IR and 'H NMR data of com-
pounds 2b-2m were listed in table 2. The data of
compound 2a were published otherwhere (83

General Procedure for Displacement at the 3-
Position with Substituted Pyridines

Synthesis of cephalosporins 2n and 20: To a
suspension of 2a (0.001 mol) and substituted
pyridine (0.002 mol) in water (3 ml), NaHCO3;
was added to prepare a solution and to adjust
the pH to 6.5. After sodium iedide (1.65 g, 0.011
mol) was added, the mixture was stirred at 70°C
for 2 h. When cooled, the reaction solution was
poured with stirring into acetone (200 ml) under
ice-cooling. The mixture was allowed to stand
overnight in a refrigerator. A solid was formed |
and collected. The solid was reprecipitated by
dissolving in water and then poured into acetone.
The reprecipitation was repeated until no iodic
ion could be detected. Then the precipitate was
dissolved in water and chromatographed on a
Sephadex G-10 gel colum with water as eluant.,
The fractions containing the desired product
(detected by HPLC and TLC) were collected and
adjusted to pH 2 with 3 N HCl After stirring
for 30 min, a precipitate was removed by filtra-
tion. The filtrat was then adjusted to pH 7 with
dilute NaOH solution and lyophilized to give a.
white powder. The powder was rechromato-
graphed on Sephadex G-10 and G-25 gel columns
using water as eluant. The product-containing
fractions were collected and lyophilized. The
rechromatography on Sephadex G-10 and G-25
gel columns was repeated until no impurity could
be detected by HPLC and IR spectra. Then the
title compound was obtained as a white powder.
Their Anal. mp, IR and 'H NMR data were
listed in table 2.
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“Tab 2. Mp. Anal. IR and

IINMR data of compounds 2b-20

9  mp Anal IR 'HNMR (Ds —DMSO)
°C Formula Caled Found ptm~! ) J ppm
b 152—3 CgHaN20gS C 60.31 60.39 3400,3150,.1750,  8.91(1H,d), 7.85(1H d), 7.32(5H,s), 7.22(1H,dd), 7.10(1H,d),
-0.5H;0 H 4.48 447 1700, 1640, 1600, 5.55(1H,dd), 5.02(1H,d), 4.00(2H,s), 3.63(1H,s), 3.43(2H.dd),
N 4.382 482 1210, 1100. 2.35(3H,s), 2.01(3H,s).
c 166—8 C3oHzsN0gS; C 52.93 52.84 3400, 1760, 1700, 8.95(1H,d), 7.84(1H,d), 7.44(5H,s), 7.21(1H,dd), 7.09(1H,d),
H 412 421 1650, 1600, 1530, 5.61(1H,dd), 5.02(1H,d), 4.28(2H,s), 3.99(2H.s), 3.90(3H.s),
N 12.35 12.60  1210.  3.65(2H,dd), 3.62(2H,s), 2.35(3H,s).
d 155-6 CzoH26N2010S C 57.42 57.30 3400, 3260, 1760, 8.95(1H.d), 7.85(1H,d), 7.32(5H.s), 7.20(1H,dd), 7.10(1H,d),
-H;0 H 429 411 1700, 1650, 1600, 5.62(1H dd), 5.05(1H,d), 4.82(2H,dd), 3.98(2H,s), 3.62(2H s),
N 4.62 4.28 1530, 1210. 3.50(2H,dd), 2.35(3H,s), 2.00(3H,s).
e 185—6 CysHyyNgOsS: C 49.99 49.93 3350, 1780, 1740, 8.95(1H,d), 7.85(1H,d), 7.20(1H,d), 7.15(1H,dd), 5.62(1H,dd),
H 400 383 1708, 1660, 1605, 5.03(1H,d), 4.28(2H,s), 3.91(3H,s), 3.62(2Hs), 3.63(2H,dd),
. . N 14.00 13.35 1540, 1230." 2.62(2H,q), 2.38(3H,s), 1.13(3H, ).
f 181—-2 CpsHyyN;01,S C 55.14 54,68 3400, 3250, 1780, 8.95(1H,d), 7.83(1H,d), 7.23(1H,d), 7.20(1H,dd), 5.65(1H,dd),
‘ : H 441 452 1750, 1708, 1650, 5.07(1H,d), 4.85(2H,dd), 3.63(2H,s), 3.52(2H.dd), 2.62(ZH,q),
N 515 528 1600, 1235. 2.01(3H,s), 1.15(3H,1).
g 196—~7 CyoHayN,04,S C 5853 58.06 3400, 1750, 1710, 8.98(1H,d), 7.20 —8.20(8H,m), 5.65(1H,dd), 4.85(2H,dd),
H 3.83 385 1600, 1250, 1210, 3.65(2Hs), 3.55(2H,dd), 2.40(3H,s), 5.08(1H,d), 2.00(3H,s).
N 488 445
h  229-30 C2sH2uN2050S C 52.99 53.07 3400, 1760, 1700, 8.85(1H,d), 7.90(1H,d), 7.18(1H,d), 7.10(1H,dd), 6.78(1H,d),
+3H:0 H 473 483 1620, 1510, 1205.  6.02(1H,dd), 6.00(1H,d), 5.42(1H,dd), 4.93(1H,d), 3.55(2H, s),
‘ N 441 447 3.35(2H,s), 3.00(2H ,dd), 2.30(3H,s), 2.27(3H s).
i 210—1 CgHyN30,05 C 54.79 54.70 3400, 1760, 1710, 9.58(1H,s), 8.90(1H,d), 7.28(1H,d), 7.05 ~7.30(4H,m),
<2H,0 H 472 470 1705, 1700, 1650, 6.52(1H.d), 5.48(1H,dd), 4.97(1H,d}, 3.57(2H,s), 3.25(2H.s),
N 6.39 6.08 1605, 1200. 3.10(2H,dd), 2.32(3H,s), 2.28(3H,s), 1.98(3H;s).
i 138—9 CysH20N:205S C 54.24 54.46 3370, 1750, 1700, 8.90(1H,d), 7.88(1H,s), 7.20 — 7.70(4H,m), 6.80(1H d),
-2.5H,0 H 452 448 1600, 1500, 1400, 6.06(1H,dd), 6.02(1H,d), 5.46(1H,dd), 4.95(1H,d), 4.15(2H dd),
N 5.06 4.32 1350, 1170. 3.42(2H,s), 3.00(2H,dd).
k 91—-2 CzH32N,04,8 C 5853 5862 3300, 1775, 1710, 8.98(1H,d), 7.92(1H,s), 7.20 — 7.70(4H,m), 6.92(1H.d),
<15H,0 H 4.72 425 1650, 1600, 1500, 6.52(1H,d), 6.50(1H,dd), 5.58(1H,dd), 5.02(1H,d), 3.65(2Hs),
N 525 490 1220, 1180. 3.47(2H,s), 3.17(2H,dd), 2.11(3H,s).
1 94-5 CaHy2N,0;S C 56.62 56.62 3300, 1760, 1710, 8.92(1H,d), 7.88(1H,s), 7.20 — 7.70(4H,m), 6.90(1H d),
-2.5H,0 H 490 542 1600, 1560, 1500, 6.50(1H,dd), 6.45(1H.d), 5.50(1H,dd), 4.97(1H,d), 3.42(2H,9),
N 5.08 477 1400, 1180. 3.30(2H,s), 3.17(2H,dd), 2.08(2H,s). ‘
m 204—-5 CuH23N30.S C 55.38 5534 3400, 3250, 1760, 9.52(1H,s), 8.90(1H,s), 7.86(1H.s), 7.40 —7.70(4H,m),
<2H,0 H 427 454 1705, 1650,1600, 7.30(1H,d), 7.20(1H,dd), 6.53(1H,d), 5.50(1H,dd), 4.98(1H.d),
N 6.78 6.78 1540, 1500. 4.08(2H,dd), 3.35(2H.dd), 2.95(2H,s). 1.93(3H.5).
n >300 CpHi3N30sS C 56.13 5597 3400, 1765, 1710, 8.20 —8.80(5H,m), 7.90(1H,s), 7.20 —7.70(4H.m), 5.50(1H,d),
<2H,0 H 451 419 1605, 1490, 1220. 4.95(1H,d), 5.25(2H,dd), 3.60(2H,s), 3.20(2H,dd). (in D20)
N 818 7.79
0 >300 CusH,Nu0,8Na C 51.81 5167 3400, 1760, 1710, 8.90(2H,d), 8.10(2H,d), 7.76(1H,s), 7.10 —7.60(4H,m),
- 2H,0 H 380 3.73 1610, 1540, 1240. 5.55(1H,d), 5.30(2H,dd), 5.02(1H,d), 3.45(2H,s), 3.25(2H,dd).
N 7.25 648 ' (in D;0) ‘
Chemical Engineering for IR and 'H NMR

References

spectroscopic measurement and for the elemen-
tal analysig. Thanks are also due to Prof. Cheng
Pongbao for instructing antimicrobial tests.

1 SRR, BER, ZW4E o-FUREE £ -3- BB LHE
HEHEAM. AT HFHREM 1985: 16 (4) 1 8—11



No.3 Cheng JM, et al. Synthesis and Antimicrobial Activity of Cephalospbrin Derivatives 135

2 B, BREN, =4 7-( T-Hmes-BABTE-3- P8 _ yimidazole-4-carboxamido) phenyl-acetamido) peni-
MR LMEEMAR. HF R 10865 21 (11): 816— cillins and cephalosporins. J Antibiotics 1983: 36 (3)
22 B L 242—9 .

3 Biman BD and Yegnarama S. Coumarin-3-acetic T BAXES BARREHHE. L. KRI4 B,
Acids. J Indian Chem Soc 1931; 8% 817 —26 ‘ 1985 & 622

4 04, BEY, BHHE ARHULEEEMAEE. & 8 WiEiR, BEN, FHE 7- (4L,T-ZBEREFZE-3-B
FHERFR 19855 16 (113 FELMEENGR. BEFM 1989; 24 (3):19-2

5 Goto J, Sakane K and Teraji T. Studies of 78-(2- 9 Shah R H and Shah N M. Condensation of substitu-

© (Aminoaryl) acetamido)-cephalosporin derivatives ted acetoacetates with phenols. VI.The' condensation
. synthesis and structure- activity relationships of Phenols with ethyl acetosuccinate. ] Indian Chem
in the aminothiadiazole series. J Antibiotics 1984; Soc 1942; 19 : 481—5 v ‘

37 (5) 1 557—171 ) , . 10 MR SEE#HE LR, B WA . 1980 1 170 —240

6 Yasuda N, Iwagami H, Nakanishi E, ef a/. Synthesis 11 Nagakura I, Yamazaki T, Nakanishi S, et al. Chem

and antibacterial activity of 6- and 7-(2~(5-carbox- Abstr 19865 105, 78760d

76-(4, 7-“HREEER -3-ZEBEE) kBMEE
TEYHSHRRE RS
By BREX 20k
ChI 22 Bt 20

B OE U4 T-ZHRBFEE -3- 2M AR, ABEEIES 7-ACA, 7T-ADCA, 7-ACT R— A H
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