° 184 - Acta Pharmaceutica Sinica 2004 ,39(3) :184 - 189

7 (7- -5 [24] -5 )T -6 -& -
14 -4 -3

( S , 100050)
(7 -5 [2.,4] -
5 )-1- -6 -8 -1 4 -4 -3- , . 20
, "HNMR,MS HRMS . 5 (22 ~26) ,
24 13 MIC <0.03 mg*L',
, 6 . . (22 ~ 26)
: R916 .41 ; R916 .693 CA 2 0513 - 4870(2004)03 - 0184 - 06

Synthesis and antibacterial activity of 7- (7- aminomethy} 5- azaspiro
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Abstract: Aim To find new antibacterial agents of quinolone with high activity and low toxicity .
Methods To design and synthesize 7-( 7-aminomethyl-5-azaspiro[ 2 ,4 ]hept 5-yl)-1-cyclopropyl- 6-fluoro 8-
methoxy-1 ,4- dihydro- 4- oxo 3- quinolinecarboxylic acid and its analogues , and to study their antibacterial activity
in vitro and in vivo . Results Twenty new compounds (2 - 11, 17 - 26) were obtained including five targeted
compounds (22 - 26) . The structures of the compounds were confirmed by ' HNMR, MS and HRMS.
Compounds 22 - 26 showed broad spectrum of antibacterial activity against Granr positive and Granr negative
organisms . Especially for compound 24 , the relevant MIC values for 13 strains of Granr positive organisms were
<0.001 - 0.03 mg* L', including 4 strains of S. pneumoniae , 2 strains of S. pyogenes, 3 strains of S.
aureus and 2 strains of Enferococci which exhibited more potent activity than contrast agents ( clinafloxacin and
gatifloxacin) . The MIC values of 24 for 6 strains Granr positive organisms were 0.01 - 1 mg® L', which
exhibited equal or lower activity than contrast agents. They were more effective than ciprofloxacin and
gatifloxacin against intraperitoneal infections caused by S. preunoniae and S. aureus in mice . Conclusion
Compounds (23, 24 and 26) showed excellent antibacterial activity in vitro and in vivo and should be worth
further investigation .
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(12"‘16) , 17 ~ 21. N<'1N3/HZO;e:toluene;f:6mol'L'l HCl; g: LiAlH,, THF; h: Et; N,
o og . 0, P 0,
929 ~ 26 . 20 AcCl, CH,Cl, ; i:10 %PdC, H,, EtOH, 506.6 kPa (5 atm) ; j: 5 %Pd
. C, H,, MeOH, 9 118.8 kPa (90 atm)
HNMR , MS HRMS . .
’ ’ Scheme 1  Route of synthesis of 7-(acetyl) aminomethyl-
° 17 ~ 26 1. 5-azaspird 2 ,4 Jheptane
Table 1 Physical corstants and spectral data of compounds 17 - 26
Compd . Mp/ 'C  Yield % " HNMR/ §( CF; COOD) EIMS and HRMS
17 224-226  85.9  0.61-1.02(4H,m,l" ,2-H) ,1.60(3H,d, ] =7.5 Hz,3-CH;) ,2.07(3H, 429( M*) ,387,357 342 ;
s,COCH;) ,2.60 - 2.75(1H,m,7-H) ,3.20 - 5.10(9H,m,2,3,4 ,6-H CyHyuFN; O;
and 7-CH,N) ,7.95(1H,d,] =12.0 Hz .8 H) ,9.18(1H,s ,5 H) Calcd :429.170 0 ,Found :429.172 9
18 267-270  98.0  0.80- 1.22(4H,m,l" ,2-H) ,1.41 - 1.72(4H,m,cycl .°CH,CH,) ,2.41 -  446( M") ,402 ;374 359 ;
2.46(1H,m,7-H) ,2.60(3H,s,COCH;) ,3.61 - 4.63(7H,m,4 ,6-Hand CpnHyuFNO,
7-CH, N, cycl .°CH) ,9.13(1H,s ,2- H) Calcd :446.176 6 ,Found :446.177 0
19 98-103 77.9  0.68- 1.09(10H, m,1",2-H and 2 x CHy;),1.12 - 1.44 (4H, m, 484( M* - 73 - OCOEt) ,
cyel .®CH,CH,) ,2.13 - 2.28 (1H,m,7-H) ,2.40 - 2.50 (4H, m,2 x  384( M" - 173 - B( OCOE),)
OCH,) ,2.60 - 4.32(7H,m .4 ,6-H and 7-CH, N,cycl .°CH) ,3.60(3H,s,
OCH;) ,7.85(1H,d,] =13.5 Hz,5-H) ,9.20(1H s ,2- H)
20 100- 105  54.0  0.60- 1.00(4H,m,1" ,2-H) ,1.46(3H,t, ] =7.5 Hz,CH;) ,2.20 - 2.60 472( M") ,442 ,414;
(1H,m,7-H) ,3.20 - 4.60(8H,m,4 ,6-H,7-CH,N,OCH,) ,7.10 - 7.40  Cp Hy; F3 N, O
(2H,m,ArH) ,7.50 - 7.70(1 H,m,Ar H) ,8.15(1H,d,] =10.2 Hz,5H) , Calcd:472.172 2 ,Found:472.176 6
9.10(1H ,s,2- H)
21 219( dec) 58.1 0.81- 1.42(8H,m,1" ,2-H, cyel .°CH,CH,) ,1.50(3H,t, ] =6.0 Hz, 400( M") 370,357,342 ;
CH;) ,2.41 - 2.44(1H, m,7-H) ,3.40 - 4.65(7H, m,4 ,6-H and 7- Gy HysFN, Oy
CH, N,cyel .>CH) ,4.75(2H,q, ] =6.0 Hz,OCH,) ,8.05(1H,d,J =11.7 Calcd:400.191 1 ,Found:400.196 1
Hz ,5- H) ,9.02(1H,s ,2- H)
22 235 - 237 64.0 0.67 - 0.92(4H,m,1' ,2'-H) ,1.61(3H,d,] =7.5 Hz,CHy) ,2.54 - 2.66 387( M") ,357,329 ,285 ;
(1H,m,7-H) ,3.11 - 5.04(9H,m,2,3,4 ,6-H and 7-CH,N) ,7.82(1H, CyH,, FN; O,
d,]=12.0 Hz 8 H) ,9.05(1H,s ,5 H) Calcd :387.159 4 ,Found :387.159 3
23 >250 44.2 0.90-1.22(4H,m,lI" ,2-H) ,1.40 - 1.71(4H,m,cycl .°CH,CH,) ,2.46 -  404( M") ,374 ,360 ,346 ;
2.54(1H,m,7-H) 3.51 - 4.73(7H,m,4 ,6-H and 7-CH,N,cycl .CH) , CoHnF NGO
9.27(1H,s ,2- H) Calcd :404.166 0 ,Found :404.163 2
24 195-200  75.6  0.80- 1.60(8H,m,1" ,2-H,cycl .°CH,CH,) ,2.46 - 2.59(1H,m,7-H) , 401(M") 385,357 343 ;
3.40 - 4.60(7H,m,4 ,6-H and 7-CH, N,cycl .>CH) ,3.75(3H,s ,0CH;) , Ca HuFN O,
7.20(2H ,br,NH,) ,8.03(1H,d, ] =13.2 Hz,5 H) ,9.26(1H s ,2- H) Caled :401.175 1 ,Found :401.177 8
25 195-200  69.3  0.68-1.09(4H,m,l" ,2-H) ,2.27 - 2.62(1H,m,7-H) ,3.11 - 4.63(6H, 444( M™- HCl) ,416 ,387 ,342 ;
m,4 ,6-Hand7-CHyN) ,7.12 - 7.46 ,7.42 - 7.70(3H,2x m ,Ar H) 8.15 ), H,yF, N, 0,
(1H,d,]=10.2 Hz,5H) ,9.10(1H,s,2- H) Calcd :444.140 9 ,Found :444.143 3
26 265-270 93 0.82-1.10,1.19 - 1.61 (8H, m,1" ,2'-H,cycl .°CH,CH,) ,2.41 - 2.54 372( M"-HQl) ,328 314

(1H,m,7-H) ,3.45- 4.64(7H,m,4 ,6-H and 7-CH, N,cycl .°CH) ,8.07
(1H,d,]=10.2 Hz,5 H) ,9.10(1 H,s ,2- H)

Cio Hy FN, O;°
Calcd :372.159 8 ,Found :372.165 6

“The structure are shown in Scheme 2 ; "cycl . :

cyclopropyl ;  The molecular formula of free base
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|
12, 17 and 22 : XR, = O\)\ ,RR=Ry=H, Ry=Ac,n=0; 13, 18 and 23: X=CF, R, =cyclopropyl, R, =H, R; =NH,, Ry = Ac, n=0; 14, 19

and 24 : X=COMe, R, = cyclopropyl , R, = B OCOEt), , Ry =R, =H, n=0; 15, 20 and 25: X= N, R, =2 ,4-difluorophenyl , R, =Et, Ry =R, =H, n=
1;16,21and 26: X=N, R =cyclopropyl, R, =Et, Ry =R, =H, n=1

MIC
( MIC

Scheme 2 Route of synthesis of the title compounds 22 - 26
-1
22 ~ 26 (MIC 0.12~0.5 mgeL ")
13 6 , 23 ,24
) 9798
2. 2 ,
9 3 b
. , 24 9798
24 13 1.7 , 9.5
<0.001 ~0.03 mgeL -1, 15 4.2
-1
0.06 ~0.25 mgeL" ') 2~128 | 12.6
Table 2 In vitro antibacterial activities of the title compounds 22 - 26
. MIC/ mgeL"'
Organis m
22 23 24 25 26 CLFX* GTFX®
S . preunoniae 31108 0.25 0.03 0.03 1 0.25 0.25 0.5
S . preunoniae 9618 0.25 0. 002 0. 002 0.03 0.03 0. 06 0.25
S . pneumoniae 9757 0.5 0.005 0.03 1 0.25 0.12 0.5
S . preunoniae 97100 0. 06 <0.001 <0.001 0.03 0.03 0. 06 0.12
S . Pyogenes 961 0.03 0. 002 0. 002 0.03 0.03 0. 06 0.12
S . Pyogenes 9119 0.03 0. 002 0. 002 0. 06 0.03 0.25 0.12
S . henolyticus 15 0.25 0. 002 0.03 0.12 0.03 0. 06 0.25
E . faecalis 755 0.12 0. 002 0. 005 0. 06 0.25 0.12 0.5
E . faecium 9427 0.5 0.03 0.03 1 0.25 0.25 0.5
S . aureus ATCC 25923 0.03 0.25 0.03 0.25 0. 06 0.25 0.25
S . aureus 15 0.25 0.12 0.03 0. 06 0. 002 0.12 0.25
S . aureus 9776 0.12 1 0.03 1 0. 06 0.12 0.25
S . epidernidis 9710 0.25 0.12 0.03 0. 06 0. 002 0.12 0.25
E.coli 26 0. 06 0. 06 0.01 1 0.03 0. 005 0.002
P . aeruginosa 17 2 8 1 2 2 0.25 1
K. preumoniae 14 0.12 0. 06 0.03 0. 06 0.03 0. 005 0. 002
P . vulgaris 9 4 1 0.5 1 1 0.12 0.25
S . sonmei 51592 0. 01 0.12 0.06 1 0.06 0. 006 0.002
S . typhi H901 0.25 0.12 0.03 0. 06 0. 01 0. 005 0. 005

*CLFX: clinafloxacin ; " GTFX: gatifloxacin

°
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Table 3 Therapeutic effect of compounds 23 , 24 and
26 against experimental intraperitoneal infections due
to granr positive bacteria in mice

Organism Challenge dose ompd. EDyy  95% ?or_lfidence
CFU/ mouse / mgekg ™! li mits
S . pneunoniae 9798 9.5 x 10* 23 1.33 0.61 - 2.86
24 3.07 2.07 - 4.55
26 1.68 0.73 - 3.89

CPFX*  29.06  21.32- 39.60
GTFX’ 5.30 3.27 - 8.59

S . aureus 15 7.0x10° 23 0.76 0.30-1.95
24 0.39 0.18 - 0.81
26 0.90 0.40 - 1.99

CPFX* 4.92 3.10 - 7.81
GTFX’ 1.65 1.22-2.23

*CPFX: ciprofloxacin ; " GTFX: gatifloxacin
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; Mercury-300
,TMS ; VG ZAB 2z
1,13,15,16
(378l . 12,14
1 5 -4 -7 -5 [2,
4] (2)
60 % (8.0 g,0.2 mal)
(280 mL) , -15~-107C
(45.0 g,0.2 mal) ,
1.5 h, 1(41.0 g,0.2 mol)
(80 mL) , 2h,
(1L , 3,
Na, SO, , , ,
, 2. , mp
70~72 C, 41.3 g 80.4 %) . ' HNMR( CDCl,)

§:1.19 ~1.79(7H,m -CH,CH,  CH,) ,4.10(2H.q,
J=7.0 Hz,OCH,) ,4.47(2H,s ,NCH,Ph) ,4.69( 2H,
s,6-H),5.30(1H,s, =CH) ,7.26 ~ 7.36(5H, m, Ar
H) . EIMS( 77 z) :285( M) ,256( M" - 29 ,-Et) ,240

(M' - 45 -OEt) ,212( M" - 73 ,-COOEt) ,91 ( ,

PhCH, ") . HRMS: MF: G, Hyy NO, , Calcd:285.136 5 ,
Found :285.136 2.
2 5 -4 -7 -5 [2,4]
@3)
2(5.0 g,17.5 mmol) , (2.5 g

‘14 -4 -3 < 187 -
EtOH(100 mL) , 303.96 kPa(3 atm)

4 ha B B 3°

., 4.9 g( 97.3 %) . ' HNMR

(CDCl,) §:0.72 ~1.16(4H,m,CH,CH,) ,1.21(3H,t,
J=7.1 Hz,CH;) ,2.25 ~ 2.28(2H, m,CH, CO) ,2.63
~2.67(1H,m,7-H) ,2.98 ~3.03,3.55 ~3.61 (2H,2
x m,6-H) ,4.08(2H,q,] =7.1 Hz,OCH,) ,4.49(2H,
s ,CH,Ph) ,7.22 ~7.36(5H, m,Ar H) . EIMS( { 2) :
287( M) ,258( M - 29 -Et) ,242( M" - 45 - OEt) ,
200( M" - 87,-CH,COOEt) , 91 ( , PhCH, ") .
HRMS: MF: C;H, NO,, Calcd: 287.152 1, Found:
287.152 2.

3 5 -4 -7- -5 [2 4] 4)
3(4.5 g,15.7 mmol) .5 % NaOH
(35 mL) EtOH(35 mL) , 3h,
1/2 , (35 mL) , pH 3 ~ 4,
CH, (1, , , Na, SO, ,
, 4. ,mp 130 ~131 C, 3.8¢

( 93.6 %) . ' HNMR( CDCl;) 6:0.74 ~1.19(4H,
m,CH,CH,) ,2.29 ~2.32(2H,m,CH, CO) ,2.61 ~2.65
(1H,m,7-H) ,2.99 ~3.05,3.56 ~3.62(2H,2 X m,6
H) ,4.49(2H,s,CH,Ph) ,7.21 ~7.35(5H, m, Ar H) .
EIMS( nf z) :259( M) ,214( M" - 45 - COOH) , 200
(M" - 59 -CH, COOH) ,91 ( ,PhCH, ") . HRMS:
MF :C;5 H,; NO; ,Caled :259.120 8 ,Found :285.121 9.

4 5 -4 -7 -5 [2,4]
(5)
4(10.0 g,38.6 mmol) (50 mL) ,
-5~0 C (4.8 g,48.0 mmol) .
(6.4 g,47.0 mmol) . 1 h,
(5.6 2,86.2 mmol) (2.5
mL) , 30 min , 1 h,
(150 mL) , , ,
Na, SO, , , 5. )
10.9 g( 99.4 %) , ,

. "HNMR( CDCl,) §:0.71 ~1.24(4H,m,CH,CH,) ,
2.32~2.38(1H,m,7-H) ,2.86 ~3.60(4H, m,6-H,
CH,CO) ,4.50(2H,s ,CH,Ph) ,7.22 ~7.37(5H,m, Ar

H) .
5 & -4 -7 -5 [2,4]
(6)
5(10.9 g,38.4 mmol) (100
mL) | 2.5 h, 6,
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. 9.5 g( 96.5 %) , ,

. "HNMR ( CDCl,) &:0.67 ~ 1.14 (4H, m,
CH,CH,) ,2.27 ~2.33(1H,m,7-H) ,2.70 ~ 3. 47(4H,
m,6- H, CH, NCO) ,4.25 ~ 4.62(2H, m,CH,Ph) ,7.19
~7.34(5H,m,Ar H) .

6 5 -4 -7 -5 [2 4] 7)
6(9.0 g,35.2 mmol) 8 mol*L"'
(70 mL) , 30 min, (50 mL) ,
(50 mLx 2),
pH 8 ~9,CH,d, (30 mLx3),
, Na, SO, , , 1,

. 5.1 g( 62.9 %) . ' HNMR( CDCl,) §:0.76
~1.20(6H,m,CH,CH, ,NH,) ,2.43 ~2.61 (1H,m,7
H) ,2.93 ~3.40(4H,m,6- H,CH,N) ,4.05 ~ 4.81(2H,
m,CH,Ph) ,7.18 ~7.36(5H,m,Ar H) . EIMS( n{ 2) :
230( M) ,200( M - 30,-CH,NH,) , 91 ( )

PhCH, ') .
7 5 -7 -5 [2 4] (8)
7(5.1 g,22.1 mmol)
(25 mL) ,
(4.1 g, 110 mmol) (120 mL)
s 30 min, 5h,.
(4 mL) .15 %NaOH( 4
mL) (12 mL) , 20 min, ,
, CH, Cl, , )
Na, SO, , 8, , 3.8¢

( 79.3 %) . , .
"HNMR( CDCl;) §:0.34~0.71(4H,m,CH,CH,) ,1.75
(2H,br ,NH,) ,1.89 ~2.10(1H, m,7- H) ,2.44 ~ 2.62
(5H,m,4H,6-H,CH,N) ,3.07 ~3.12(1H, m,6- H) ,
3.56,3.62(2H,2x s ,CH,Ph) ,7.22 ~7.35(5H,m, Ar
H) . EIMS( n/z) :186( M" - 30 ,-CH,NH,) ,158( M"

- 58 ~CH, NH, -CH, = CH,) ,91( ,PhCH, ") .
8 5 -7 -5 [2 4] 9)

8(12.3 g,56.9 mmol) .CH,Cl, ( 200
mL) (9.5 mL,68.0 mmol) s
AcCl(4.47 g,57.0 mmol) , s 0.5h,

, Na, SO, , ,
s 9, R 10.3 g(

70 %) . 'HNMR ( CDCl,) 8:0.45 ~ 0.72 (4H, m,

CH,CH,) ,1.98(3H,s ,CH, CO) ,2.00 ~2.15(1 H,m,7-
H) ,2.47(1H,d,] =9 Hz,6-H) ,2.79(1H,d,] =9 Hz,

6-H) ,2.84 ~2.89(2H, m,4 H) ,3.06 ~ 3.20(2H, m,
CH,N) ,3.64,3.67(2H,2 x s,CH,Ph) ,7.12(1H,br,
NH) ,7.26 ~ 7.34(5H, m, ArH) . EIMS( nf z) :258
(M"),18 (M - 72 -CH,NHCOCH;) ,158 ( M' -
100 - CH, NHCOCH, ;- CH, = CH,) ,91( ,PhCH, ") .
HRMS: MF: C¢H,, N, O, Calcd: 258.173 2, Found:
258.173 8.
9 T -5 [2 4] (10)

9(3.0 g,11.6 mmol) 10 %Pd C(0.55 g)

(50 mL) , 506.6 kPa(5 atm)
15 h, , , 10,
, 1.8 g( 89.6 %) . ' HNMR

(CDCl;) §:0.53 ~0.95(4H,m,CH,CH,) ,2.00(3H,s,
CH; CO) ,2.10 ~2.20(1H,m,7-H) ,2.77 ~3.40(6H,
m,4 H,6- H,CH,N) ,4.35(1H,br,NH) ,6.56(1H,br,
NH) . EIMS( nf/z) :167(M' - 1),140( M" - 28 -
CH,CH,) ,96( M" - 72 - CH, NHAc) ,68( M-
100 ,-CH, NHAc - CH, = CH,) . HRMS: MF + H: G H,,

N, O,Calcd:169.134 1 ,Found:169.135 8.

10 7 -5 [2 4] (11)

8(2.3¢g,10.6 mmol) . (40 mL) 5%
PdC(1.0 g), ,90 T,9118.8 kPa(90
atm) 24 h, , 11,

., 0.8 g( 44.7 %) . ' HNMR
(CDCL) 6:0.41 ~0.92(4H,m,CH,CH,) ,1.75 ~1.84
(1H,m,7-H) ,2.50 ~3.43(9H,m,4 H,6- H,CH, NH, ,
NH) . HRMS: MF: G H;, N, , Calcd:126.115 7, Found :
126.115 5.

11 9 -3(S)- -10- (7 -5
[2 4] -5 )T -2.,3 -TH [1,2,
3-de][1 4] £ -6 17)
12(1.8 g,6.4 mmol) . (12 mL) .
(2 mL) 10(1.7 g,10.4 mmol) 90 C
1.5h, , , , 17.
1. .
12 5 -1 -6.,% -7 (7 -5
[2,4] -5 )-1,4 -4 -3
(18)
, 13 10
13 1 -6 -7 (T -5 [2,4]
-5 )-8 -1,4 -4 -3 - -
(19)

14(1.6 g,3.6 mmol) . (18 mL) .
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(0.9 mL,6.6 mmol) 11(1.2g,6.6 mmol) ,

15h, , CH, (4, )
, Na, SO, , ,
, 19,
14 1 (2,4 )-6 -7 (7T -5
[2 4] -5 )-1,4 -4- -1,8 -3
(20)
15(1.1 g,2.8 mmol) . (16 mL) 11
(0.8 g,5.1 mmol) 3 h, ,
(60 mL) , , Na, SO, ,
, 20.
15 I -6 -7 (7T -5 [2 4]
-5 )14 -4- -1,8& -3 (21)
, 16 11
16 9 -3(S)- -10- (7 -5 [2 4]
-5 )T -2.,3 -TH [1,2,3de][1,
4] FE -6 (22)
17(1.0 g,2.3 mmol) 14 %NaOH
(10 mL) , 15 h, )
pH 10~11, , pH7.0,
0.5 h, , 30 %
, pH 7.0, s
, , 22,
17 5 -1- -6,8 -7- (7- -5
[2,4] -5 )-1,4 -4- -3
(23)
18
18 I -6 -7 (T -5 [2 4]
-5 )& -1 4 -4- -3 (24)
19(0.9 g,1.6 mmol) 5 %NaOH
(5 mL) , 1.5 h, , pH
7.0, , , 24 .
19 1 (2,4 )-6 -7 (7 -5
[2 4] -5 )-1,4 -4- -1,8 -3
(25)
20(0.3 g,0.7 mmol) 1 mol*L"' (5
mL) (5 mL) , 3h,
25,
20 I -6 -7 (T -5 [2 4]

5 )»14 -4+  -1.8 -3 (26)

21
21
pH 8.0, MH
( DIFCO) 2mL , 37 C 18 h, MH
1/200,
0.1 mL, 37 C 18 h, ,
. (M) ,
2.
22
ICR 2 8 , 18
~21 g, , 10, ip 5%
100 %
9798 15 , 1 h
ig 0.2 mL,
,  Bliss
(EDy) . 3.
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