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*7-ACA: 7-Amino—3-acctoxymethyl—ceph—3—em—4—carboxylic acid; 7-ADCA: T7-amino—3—mcthyl—cc—
ph—3—em—4—carboxylic acid; 7-ACT: 7-amino—3—(1-methyl-1H~—tctrazol-5—ylthio)~mcthyl—ceph—3—cm—4—
carboxylic acid; 7-ACD: 7—amino—3—(2—methyl-1, 3, 4-thiodiazole~5—ylthio)-mcthyl—ccph—3—em—4-
carboxylic acid
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B HIIE Y%, WRMEK (Sephadex LH-20) HEHT AR LMZEN
SIS R G,
Tab 1. Physical properties and spectral data of 7—(1,7—disubstituted—1,
4—dihydro—4—oxo0—1,8—naphthyridine—3—carboxamido)—cephalosporins

o
COOH
]
1R R R Formula | MP(C) 'HNMR (6 ppm)®
u
Compd ! ? @° PP
Cy,HxN,0,S 1.40(1,3H,1'-CH,), 2.01(s,3H, \
W | cH | cH, OCOCH, 202 N0 g 4 (,3H,I"-CH,), 2.01(s,3H,0COCH,)
A « H,0 2.65(s,3H,7’-CH,), 4.58(q,2H,1'~CH,~)
N 40(1,3H,1'-CH,). 2. -
w | cm | cn, " CuHxNOSS | o o | 1.40(,3H,1'-CH,). 2.00(s,3H,3—CH,
+ H,0 2.65(s,3H,7’~CH,), 4.58(q,2H,1'-CH,-)
"*—‘ h CoHaNOSS, 1.40(t,3H,1I’~CH,). 2.65(s,3H,7-CH,),
Vi, C,H; | CH, S \er -llH o 161~3 | 3.95(s,3H,tetrazol 1-CH,),
da, 22 4.58(q,2H,1'-CH,-)
] _
N—N 1.40(1,3H,V—CH,). 2.65(s,3H,7-CH,)
CyH,NOS ’
Wi, | C,Hy | CH, s_'ks)k(" B ;’H°O’ > | 156~8 | 2.68(s,3H,thiodiazole 5~CH,),
s 2 4.58(q,2H,1’'-CH,-)
_.r_,; S — — -
CyoH 3N,O,S
i, H | CH, OCOCH, 2 ;‘H‘O 7 191~3 &.OS(S,JH,—OCOCHQ,2.62(5, 3H,7'-CH,)
* 2
Ci¢H N0
Vi, H | CH, H ) 1% H,0 | 242~4 RO0G3H3-CHy),262(s, 3H,7-CHy)
Nh CaoH1gN;O,S 2.62(s,3H,7-CH
w, | B |cn | s & 205 | ygq | Z6263HT-CHy),
N * 3H,0 3.95(s, 3H,tetrazol 1-CH,)
CH,
e | . —— e
CyH NS, 7] ’
_— .62(s,3H,7'~CH}),
Vi, A |cn | NN dno | 167~9 s CHy)
s Al ah 2.68(s, 3H,thiodiazole S—CH,)
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a MPT)
R 1
Compd R, R, Formula @ HNMR(S ppm)®
2.03(s,3H,0COCH,), 2.65(s,3H,7'~CH,),
CxH,N,O,8 3.76(br.s,2H,1'—CH, CH,0H),
Vi, |CH,CH,OH|CH OCOCH 127~ i
’ G i ’ « H,0 ? 4.45~4.95(m,5H,1'-CH,CH,OH,
3—CH,—and—~OH)
2.03(s,3H,3~CH,), 2.66(s,3H,7'—CH,),
C S .76(br.5,2H,1’-CH, CH,OH),
W, |CH,CH,OH| CH, H wHONOS; | ) g | 37600 2 CHOH)
+ H,0 4.61(t,2H,1’'—CH,CH,0H),
5.59(br.s,1H,~OH)
Ne— N 2.66(s,3H,7'~CH,),3.76(br.s,2H,
o C,,H,,N,OS ~CH,CH,OH)
CH,CH,OH| CH N 2T TN 165~ 7 i
W e } T/ «H,0 4.60(m,3H,1'—CH,CH,OH and—OH),
CH, 3.95(s,3H,tetrazol 1-CH,)
2.62(s,3H,7~CH,),2.68(s,3H, thiodiazole
: CyHyNO,S, 5-CH,),3.77(br.5,2H, '-CH,CH,0H),
CH,CH,0H| CH 158~ bt
W e : r[j\a«, - 2H,0 38~60 4.20~4.70(m,5H,1'-CH,CH,0H,
3—CH,— and OH)
1.02(t,3H,1'~CH,),2.04(s,3H,0COCH,),
CH,CH,~ CLH;N,O,S 2.65(s,3H,7~CH,), 3.72(m, 4H,1'~CH -
Ci H. 142~4
s OCH,CH, H, OCOC : « H,0 CH,0CH,CH,) 4.75(t,2H,1'-
CH,CH,OCH,CH,)
1.02(1,3H,1’~CH,),2.00(s,3H,3~CH,),
CH,CH,~ C,H, N,OS 2.66(s,3H,7'~CH,), 3.40(m, 4H,1'-CH~
i, CH, H 129~31 ,
OCH,CH, «H,0 CH,0CH,CH; and 2-H)),3.74(t,2H,1'~
CH,CH,0-),4.74(1,2H,1'—-CH,CH,0-)
Ne—N 1.02(1,3H,1'~CH,),2.66(s,3H,7'~CH,),
, CH,CH,~ ch, | s | /l,{, CuHyNOGS; | 0 o | 3.74(m,4H,I'—CH,CH,0CH,CHy),
OCH,CH, ril « 2H,0 3.95(s,3H,tetrazol 1-CH,),
CH, 4.74(1,2H,1'~CH,CH,0-)
1.02(1,3H,1~CH,),2.65(s,3H,7'—CH,),
CH,CH,~ N 2.68(s,3H, thiodiazole 5—CH,),3.70(m,4H,
H H,N,OS, |109~10
M | ocn,cn, | M ;—"\sjkc“, CasHluNOSs 1'~CH,CH,0CH,CH),
k.75(,2H,1'~CH,CH,0CH,CH,)
2.04(s,3H,0COCH,),2.65(s,3H,
CH,CH = C,Hy,N,O,S 7'—CH,),4.85~ 5.40(m,5H,
. 132~4
Vl,-, CHZ CH] OCOCHg . H,O 3 I"'C_Hz“CH =93_12 and G—H),
6.00(m,1H,1’~CH,CH = CH,)
2.02(s,3H,3-CH,),2.65(s,3H,7'—
CH,CH = CyHyN,O,S CH,),5.10~ 5.30(m,5H,1'~CH,~
168~ 71 —2
Wi CH, CH, H < H,0 68~7 CH =CH, and 6~H),5.90~ 6.30(m,2H,
1’-CH,CH =CH, and 7-H)
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Continued
. MP(T
2 R R, R, Formula P(, ) \HNMR(é ppm)*
Compd d)
l——t? 2.65(s,3H,7—CH,),3.95(s,3H tetrazol 1—
CHuN,O - PR
w. |CHiCH= | S_I . }4 2HaNy 552 135 | CH5.10~5.30(m,SH,1'~CH,
® | CH, 3 | *1;H,0 CH=CH, and 6-H),5.85~ 6.25(m,2H,
CH, I'~CH,CH =CH, and 7-H)

2.65(s,3H,7’~CH,),2.68(s,3H, thiodiazol
= ot 09~ 5.31¢m,5H,1'-CH,—

CH,CH cH, I‘ i CuHuNOS, | o . 5—CH,),5.09~ 5.31(m, CH,

CH, 8~ “CH, + H,0 CH =CH, and 6~H),5.91~ 6.24(m,2H,

1’-CH,~CH =CH, and 7-H)

Vi

1.47(t,3H,1'—CH,),
Vi, | CH,CH; |CClL,| OCOCH, |CuH,CLN,0,8| 151~3 |2.05s.3H,0COCH,),
4.64(q,2H,1'-CH,CH,)

1.47(1,3H,1'-CH,),
W, | CH,CH, |cCCl H CxH,,C,N,0,S| 174~6 | 2.06(s.3H,3~CH,),
4.67(q,2H,1'-CH,CH,)

' ) 1.47(1,3H,1'-CH}),
| CH,CH, | CCl, %—-LN,IN C20H 15CLN,O,S,| 163~4 | 3.95(s.3H,tetrazol 1-CH,),
éu, 4.63(q,2H,1’-CH,CH,)

1.47(1,3H,1'-CH,),

i CH,CH cCl [ ICy3H 1 gC1,NO,S,! 168~ 70 | 2.69(s.3H,thiodiazole 5—CH,),
24 2 3 ] s—ks)\CH, 235519013 N6\ s 47“ ZHI,—CHCH) 3
.1nq,2n, LHLLH;

a. All compounds were analyzed for elements C,H and N with the relative error of 0.5% to the calculated values;
IR(KBr) cm"3400~32§0 (NH,OH), 1791~ 1762 (f—lactam), 1720~ 1700 (carboxylic acid);

b. The thermometer was not calibrated;
H
—Lj:’f}:?‘
~Ca,
h

cooH
c¢. '"HNMR of 6 ppm3.40~ 3.74 (q,2H,2-H),4.34~ 5.05

(q,2H,3—CH,), 5.05~ 5.25 (d,1H,6—H), 5.88~ 6.18(dd,1H,D,0 exchanged, one doublet peak disappeared, 7-H), 7.40~
8.25(d,1H,6'—H), 8.50~ 8.93(d,1H,5'-H), 8.70~ 9.20(s, 1H, 2'~H), 10.44~ 10.78 (d, 1H, D,0 exchanged, the peak dis-
appeared, -CONH-); Compound Vil was dissolved in (D,C),CO and the rest in DMSO—d;

d. Known compound.

BRIV EAREY: KZEFUEYMERHEEM LT RAGEAAR
SFIOEIER. RBEEHARMER. ARLEYMERYERENSKFEAARER
BAER. (&Y (Moo VI Wy VHjgoype Vil FIVIL) XP-ERHURE R RCINE
WE (MIC) W 2. #E—L R B TOE M FridefT.

E-4
“<
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Tab 2. In vitro antibacterial activity of compounds Vly_,, Vil;, VI3, Yl ;4 ,7, Yl pand VH,,

MIC(ug / ml)
Epiyl—ovcocusi ﬁphylococus
Compd aureus aurcus Hay Ba— | Poteus . Klebes Serralia
209p(penici— (penicillin cillus 0oXxX-19 B.Coli penumoniae marcesceus
11in sensitive) resistant)
Vi, 3.13 25 12.5 6.25 > 100 > 100 > 100
Vi, 25 12,5 >100 6.25 > 100 > 100 > 100
i, 12.5 100 >100 25 > 100 > 100 > 100 o
Vi, 25 100 50 25 > 100 > 100 > 100
Vi 12.5 25 50 12.5 > 100 > 100 > 100
Vi, 50 3.13 >100 50 > 100 > 100 > 100
), 25 1 oa 50 12.5 >100 > 100 >100
Vi, 25 10(3 >100 50 > 100 > 100 . > 100
Sodium
<0.2 6.25 <0.2 <0.2 25 > 100 > 100
penicillinG
Cefazolin  <0.15 03 0.3 <0.15 1.25 > 100 > 100

MIC,were determined by double dilution method;

The concentration ofcompound started with 100 ug / ml in MIC, determination.
= e
AR

BREIFERKLEIE: 250G R Nicolet SSXC FI-IR X, KBr [E}; BREItIR
{4 JEOC FX-90Q, TMS HMA#R; YEBEH A,: CHCl,—C,H,O0H-HAc(15:0.6:1),

A,: CHCl,~C,H,OH-HAc (15:0.8:1), A,: CHCl,—C,H,OH-HAc (10:0.8:1),

A, CHCl,-C,H,OH-HAc (10:0.5:1), A;: CH,CL,—C,H,OH-HAc (10:0.4:0.8),
A¢: CH,Cl,—C,H,OH-HAc (10:1:0.5), A,: CH,Cl,-C,H,OH-HAc (10:0.8:1),
Aq: CH,CL~C,H,O0H-HAc (10:2:1), A;: CH,Cl,—C,H,O0H-HAc (10:1:1),

A,y CHCI,—C,H,O0H-HAc (16:3:1).

L7-WER 48— 1,4— = F—4-Fa—1,8-F0E -3 EL(1X)

SRR B O 4
T~(1-EZE-T-BRE-14-"“F4- - 18- FHE-3-FRE) SR L ZHER L RRE
(vmlo)

1-BZE-T-PH-1,4-"H—4-Fi-1,8—-Z0E-3-KRER 0.75 g BIF T L /KNE 4 ml
MEKZEAR 12 ml WRGEHES, MAEK=ZZE 043 ml, KEHRE E-12C, iR
PBAHTHARTRATE 0.42 ml B THE 32 ml PRER, M, M ZEAHK
6 ml, FEFFAE-8~—-12CHLEMM 30 min, JHRIES KA.

7-ADCA 0.72 g &#Z T 10 ml k. BHTFTMAZZE 043 ml, BESFOEHE
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W, KEZEOCHHM.

FHRAT R 7-ADCA MW= ZBREAKBB —KEMARSBRE S, RIFEOICEAR
M1h REHAKRAZEE (20~25C) SEHHE2 b, T3, BREBKBRLH, FFK
HRWHIEpH 2.5/5, BEMAZRZE. M MZKRZER, BRABHAUZRIEER
S, 3R 120 ml. AFHREGR, AR (50 mlx2), JK Na,SO, TH. BWIEME
ZBRZ, BRtiREE 1.1 g,

BOHLG: 120 mg B FIUEEkm 1.5 ml fiR& 7K DMF §, BORBEHBH. #5
O R RE AR AVERR ] A 02, WHONAESAHG LA 2 ml/ min B3 B0 A UK IR I SRR 57 3t
TURBE, fEr et T, L3 ml/ min, 230 minJ§, WF=WHEH. 43K
W, MM, FEBEMBRBEAGHRZREY, WATKZBEEL. S8 BHAILKZ
BV, AZTREB/SOGEREX, mp 222~224C(d). TERH CyoH3N,O¢S *
H,0, it B {1 % C 51.95, H 4.76, N 12.12; 3 W { % C 52.23, H 4.55, N 11.84,
TR(KBr)cm™'3400 (NH, OH), 1775 (B-lactam), 1717 (carboxylic acid). 'HNMR
(DMSO-dg) é ppm 2.01(s, 3H, 3—CH,), 2.66 (s, 3H, 7—-CH,), 3.43 (q, 2H, J = 18Hz, 2-H),
3.76 (brs,2H, 1’-CH:CH,OH), 4.61(t, 2H, J=10Hz, 1'-CH,CH,OH), 5.13 (d, 1H,
J=S5Hz. 6—H), 5.59 (br. s, 1H, T X /584K, OH), 5.92 (d4, 1H, J=5, 9Hz, TK X #
Ja 5 W, 7-H), 7.47(d, 1H, J= THz, 6'~H), 8.56(d, 1H, J = 7THz, 5'-H), 8.90 (s, 1H, 2/~H),
10.54(d, 1H, J = 9Hz, T/K T #/5 W%, -CONH-). '

VI~ g Vg, VH | - SR ML RIS, VI, BERRAEE®, 2/ RN RS
AL ER L RIGMEER, A KB R IG B LS, TR CoHoN,OSS « H,0,
IHAAI%C 53.81,H 493N 12.56; LW{1% C 53.42, H4.79, N 12.22. VA, FIVl, 454
BUSL W, SBALE AETILEER, RMEOME0Eaid, I, BB A, VI, HYeE
F Ay VI, VH Vg VHG s FIVILG BIZERRFISNBIN A, Ag, Ay A, FT A,

Vg, VI, FIVI,, HO45EHLEG, SE AT RAERERE (Scphadex LH-20) HEHTAILEH
ARG O W2 R — 4R 4, 43 BUBUELE, 500 mg, ¥ T 3~4 ml &7k DMF &, L#E
PEEEREAE, L 85% AU/KINEAVERE. MIZAZNTABEMHEK 100 mg HF7H.LHE R
B VIl MERRA Ags VI, FIVE,, AIVEEF A L.
T-(-EE-T-RE-18-FE-3-ABREER I ABREL,)

A2 H-T-PFE-1,8-FF0E-3-H MR 1.02 g BiF T KK DMF 15 ml 1, BEHEFA
FAKZZHE 0.70 ml FHEFFCBUIER. KEBBF-15C., BAETMABETRRET
fii0.70 ml T DMF 2 ml FHMEH. H#-10CU TR 1.5 h, SRS MAEF.

7-ACA 1.36 g, $&HIRVE,, WIS LRBERAFHTHESRE. BWEHENRN
BRI, W E pH 2.5, LU, 48, Kk, HSFHREERTOBIRE K
1.8 g. MlsdfcLAHIRBEEERE (Scphadex LH-20) ¥4 4ifb, FMBEBA A, B4 3.0M
JEOr e, BENRT AR K, mp 191~193C (d). JCEIHT CyoHsN,O,8 + 2H,0, HH
fii% C 48.58, H 4.45, N11.34; LW{I%C 48.33, H4.04, N10.94, TR(KBr)em 1772
(B—lactam), 1734 (carboxylic acid). "HNMR[(D,C),CO] dppm 2.03 (s, 3H, ~COCH,), 2.62
(s, 3H, 7-CH,), 3.65 (q, 2H, J = 18Hz, 2-H), 5.05(q, 2H, J=13Hz, 3-CHz), 5.25(d, 1H,
J=5Hz, 6-H), 6.18 (dd, 1H, J=5, 9Hz, M & /K J5 & N H ¥, 7-H), 7.42 (d, 1H, J=THz,
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b’~H), 8.55 (d, 1H, J=7Hz, 5-H), 8.88 (s, 1H, 2’~H), 10.78 (d, 1H, J =9Hz, K J5
% ,~CONH-).

' LAYV VI, FIVEg 45 13 J7 Bk DA Rl i W 4 B 4> 51 5 7-ADCA, 7-ACT i

7-ACD #47 M &. VI, VI, WH R RMRBEN A, HE#175 L2 RN,

VI SR BRI R TS AV A YRR B

T-(1-HAE-7T-PE-14-—E—4-H-18-FE--FHEAE)3- ((1-FE-1 K-AOK

W-S—R)- X LM-3-§—4— KB,

- E-T-FR-1,4-" A ~4-F-1,8-20-3- R 1.22 g SEERROEFRR
TEREMELEYE,, W EERRESRE, KNEMELEEHN 15 min, 7-ACT 1.48 g ¥
HEASYM, W T EEREZEE KBRS ERABOMAGETRE RN, SR
19 g, ESARBA A, #TROEEEN, SERBEMNK, mp 135~136Cd). TX

5 HT CpHoNOSS, %Hzo, M % C 47.50, H 4.30, N 19.28; L W% C 47.67, H

4.20, N 19.32. IR(KBr)em'1778(f—lactam), 1720(carboxylic acid). 'HNMR (DMSO-
dy) & ppm 2.65 (s, 3H, 77—CH,), 3.72.(q, 2H, J = 18Hz, 2-H), 3.95 (s, 3H, 4 H®—~N-CH,),
4.35 (q, 2H, J = 13Hz, 3-CH,~), 5.10~ 5.30 (m, 5H, 6~H il I’-CH,CH = CH>), 5.85~ 6.25
(m, 2H, 7-H fl I'-CH,~CH = CHy), 7.48 (d, 1H, J=THz, 6¢'-H), 8.55 (d, 1H, J=7Hz,
§—H), 8.94 (s, 1H, 2'-H), 10.57 (d, 1H, J = 9Hz, B K L5 ¥ Ti%, —CONH-),

LEYVL,;, VH FIVE IR E . BOMZARNVE, MBIRA Ay VL 8 A,
VI, A1 A,. ’
1-(1-ZB-T-ZERE-1,4- K 4-H-1,8-KE-3-PHREH)-3- (S-PE-1,34-%
ZTE-2-F)-FRE) SkB-3-E-4-RE(VIL)

1-ZR-T-Z P E—-1,4-—H—4—H-1,8-250E-3- M8 0.67 g MBSV, W
JHLE 7-ACD 0.69 g #1THE. HERERMKELFEWMAREREY E pH 2.5, HriliL
REFEE 1.1 g ,

5 120 mg ABEIEH A, BEATERCHERIAE. BHRERSHIRELERSE S mi
KKOERZER, SHEEEH. XM RBEARTE, B 50 ml KKKSEKUEER,
ZK2. AUEMAL BAK Na,SO, TREERTHLE. REARETHBREN, 5
WEEBAK, mp 168~170C (d). FGRIMHT CyH,,CLN(O,S,, HHE A% C41.72, H2.87,
N12.70; 3 % { % C 42.09, H 3.00, N 12.62, IR(KBr) cm™'1781 (B-lactam), 1719
(carboxylic acid). 'HNMR (DMSO-dy) & ppm 1.47 (1, 3H, J = 10Hz, 1'-CH,CH}), 2.69 (s,
3H, % — M 5-CH,), 3.72 (q, 2H, J=20Hz, 2-H), 4.49 (g, 2H, J=12Hz, 3-CH,), 4.70 (q
2H, J=10Hz, 1'-CH:CH,), 5.22 (d, 1H, J = 5Hz, 6-H), 6.05 (dd, 1H, J =5, 9Hz, T X #:
JEE N E¥, 7-H), 8.24 (d, 1H, J=THz, 6/~H), 8.91 (d, 1H, J=7Hz, 6¢-H), 9.16 (s, 1H,
2-H), 10.45 (d, 1H, J=9Hz, H/KXH, 54} %, ~-CONH-),

VI, 55 B MEEE B4, VI, FOVE,; TUERR A A AT B dtifh. VI, WA R HE
il o %) 3 BB BE AR (Sephadex LH—20) HEHi BB F A GHIREA, mp 174~176T (d).
JTLE PP C,oH,,CLN,O,S, - Bl % C 45.16, H 3.20, N 10.54; L W% C 45.56, H 3.17,
N 10.28.
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SYNTHESIS OF 7-(1,7-DISUBSTITUTED-1,4-DIHYDRO—-4—
OX0-1,8—NAPHTHYRIDINE-3-CARBOXAMIDO)-CEPHA-
LOSPORINS

JC Zhou, TH Duan and HS Zhou

(Department of Pharmaceutical Chemistry, China Pharmaceutical University, Nanjing 210009)

ABSTRACT A scries of mnew 7—(1, 7—disubstituted—1, 4—dihydro—4—oxo—1,
8—naphthyridine—3—carboxamido)—ccphalosporins has been preparcd by acylation of the
7—amino group of 7-ADCA, 7-ACA, 7-ACT and 7-ACD with 1, 7—disubstituted—1,
4—dihydro—4—o0xo0—1,8—naphthyridine—3—carboxylic acid. Mixed carboxylic—carbonic
anhydride method was adopted in the reactions. Isolation and purification were fulfilled
with Sephadex LH-20 column chromatography and centrifugal-TLC technigue. Twenty
four new cephalosporin derivatives were synthesized. Their structures have been confirmed
by elemental analysis, IR and "HNMR. In prcliminary In vitro antibacterial sensitivity
tests, most of these new derivatives were found to show good sensitivity to Gram—positive
bacteria. Bacteriostasis were also obscrved for seme Gram—ncgative bacteria,

Key words 7—(1,7-Disubstituted—1,4—dihydro—4-oxo0—1,8—naphthyridine—
3—carboxamido)—cephalosporin; Mixed carboxylic—carbonic anhydride; Centrifugal—
TLC; Antibiotic activity.





