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DANIEL T. W. CHU, AKIYO K. CLAIBORNE, JACOB J. CLEMENT, and JACOB J. PLATTNER. Can. J. Chem. 70, 1328 (1992). 
A series of quinoline and naphthyridine antibacterial agents possessing an acyclic or cyclic gem-disubstituted piper- 

azine substituent at the C-7 position have been prepared and evaluated in vitro and in vivo for antibacterial activity against 
a variety of Gram-positive and Gram-negative organisms. They are, however, not as active as quinolones or naphthyr- 
idines with a monosubstituted piperazine substituent at C-7. The chemical synthesis of these derivatives is also de- 
scribed. 

DANIEL T. W. CHU, AKIYO K.  CLAIBORNE, JACOB J .  CLEMENT et JACOB J. PLATTNER. Can. J. Chem. 70, 1328 (1992). 
On a prepark un sCrie d'agents antibactkriens dCrivts de quinolkines et de naphtyndines portant comme substituant en 

position C-7 une pipkrazine gem-disubstituke sur la portion aliphatique ou cyclique; on a CvaluC leur activite anti- 
bactkrienne in vitro et in vivo contre une variCt6 d'organismes Gram-positifs et Gram-negatifs. Ils ne sont toutefois pas 
aussi actifs que les quinolones ou les naphtyridines portant une piperazine monosubstituCe en pos~tion C-7. On dCcrit 
aussi la synthkse chimique de ces dCrivCs. 

[Traduit par la rCdaction] 

Introduction We have svnthesized both enantiomers of temafloxacin. 

Since the introduction of nalidixic acid 1 (1) into clinical 
practice in 1963, a large number of related analogs have been 
synthesized. Recently, several highly potent broad-spec- 
trum antibacterial agents of this class have been made. All 
of them possess a 1 -substituted- l,4-dihydro-4-0x0-pyri- 
dine-3-carboxylic acid moiety and a fluorine atom at the C-6 
position and are collectively known as quinolones. These 
agents include norfloxacin 2 (2), temafloxacin 3 (3), cipro- 
floxacin 4 (4), lomefloxacin 5 ( 3 ,  fleroxacin 6 (6), ofloxa- 
cin 7 (7), and tosufloxacin 8 (8). They have been shown to 
inhibit DNA gyrase (9, 10). Chirality in the quinolone mol- 
ecule may have a great impact on the biological activity. The 
S enantiomer of ofloxacin 9 (1 1, 12) and S-25930 10  (13) 

1 were recently reported to possess greater biological activi- 
ties (10- to 100-fold) than their antipodes. The enantiomers 
of the 3-ethylaminomethylpyrrolidin-1-yl derivative 11,  
however, were reported to have similar biological activity 
(14). 

Recently, it has been shown that coadministration of en- 
oxacin and theophylline to rats causes an increase of elimi- 
nation half-life of theophylline, leading to an increase in its 
plasma concentration (15). This results in increased theoph- 
ylline-related adverse reactions such as headache, nausea, 
and tachycardia. It is suggested that enoxacin competitively 
inhibits the binding of theophylline to cytochrome P-448 (15). 
The coplanarity between the C-7 piperazinyl group and the 
naphthyridine nucleus of enoxacin may be a possible expla- 
nation for this interaction. To avoid this undesirable inter- 
action with theophylline, it is highly desirable to produce a 
potent quinoline with a bulky substituent on the piperazine 
of the C-7 substituent so that the coplanarity between the C-7 
substituent and the quinolone nucleus can be avoided by steric 
interaction. 

'A preliminary account of this work was presented at the 30th 
Interscience Conference on Antimicrobial Agents and Chemother- 
apy, October, 1990, Atlanta; Abstr No. 394. 

' ~ u t h o r  to whom correspondence may be addressed. 

They were found to possess identical antibacterial activities 
(16), suggesting that there may be a large pocket at the en- 
zymatic site that allows a substituent at both the a and 
position of the C-3 of the piperazin-1-yl group. As a con- 
tinuation of our search for a potent quinolone without in- 
teraction with theophylline, we synthesized a series of 
1-substituted- 6 -fluoro- 1 -(3-gem-disubstituted-piperazin-1 -yl)- 
1,4-dihydro-4-oxoquinoline-3-carboxylic acids (or naph- 
thyridine analogs) 12  for biological evaluation. In addition 
to gem-dimethyl substitution, these derivatives also in- 
cluded a 3-spirocyclopropane ring since substitution at N-1 
of the quinoline ring with cyclopropyl group has been shown 
to dramatically increase in in vitro potency (17). 

Chemistry 
The synthesis of the desired 1-substituted-6-fluoro-743- 

gem-disubstituted-piperazin- 1 -yl)- l,4-dihydro-4-oxoquino- 
line-3-carboxylic acids and their corresponding naphthyri- 
dine derivatives 12  (a-j) (Tables 1-3) is outlined in Scheme 
1. They were prepared by displacement of the 7-halo of 
the known ethyl 1-substituted 6,7,8-trifluoro- l,4-dihydro- 
4-oxoquinoline-3-carboxylate, ethyl 1-substituted-6,7-di- 
fluoro- l,4-dihydro-4-oxoquinoline-3-carboxylate, or ethyl 
1 - substituted - 6 -fluoro- 7 -chloro- l , 4  -dihydro - 4  -oxo- l ,8-  
naphthyridine-3-carboxylate (14) with the appropriate 2-spiro- 
substituted piperazine (130,b) followed by acid hydrolysis. 
The gem-dimethyl derivatives were prepared by direct 
displacement of the 7-halo of the quinoline or  naphthyri- 
dine-3-carboxylic acid derivatives (16) with 2,2-dimethyl- 
piperazine (13c). 

The requisite 6,9-diazaspiro[4,5]decane (13a) was pre- 
pared by the reaction sequence outlined in Scheme 2. Ester- 
ification of 1-amino-1-cyclopentanecarboxylic acid (17) with 
thionyl chloride in ethanol yielded the a amino acid ethyl 
ester hydrochloride (18). Condensation of 18 with carbo- 
benzyloxyglycyl-0-succinimide in the presence of sodium 
bicarbonate gave the protected dipeptide (19). Removal of 
the protecting group by hydrogenoiysis provided the free 
amino derivative, which cyclized to yield the diketopiper- 
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azine derivative (20). Borane-THF reduction of 20 gave the 
desired 6,9-diazaspiro[4,5]decane (13a). 

The above synthetic methodology was not regioselective 
for the synthesis of the 4,7-diazaspiro[2,5]octane (13b). The 
key intermediate (23) not only provided the desired diketo- 
piperazine 24 but also gave a substantial amount of the 
homoketopiperazine by-product 25 as illustrated in Scheme 
3. It could be reasonable that displacement of the ethoxy 

group by the free amino group in 23 provided 24. However, 
because of the presence of the ester function attached to the 
cyclopropane ring, the free amino group could also attack the 
carbon atom on the cyclopropane, generating a ring-opened 
product. To avoid this undesired ring opening, the previous 
reaction sequence was reversed. The desired 4,7-diazas- 
piro[2,5]octane (13h) was prepared by a route shown in 
Scheme 4.  

N-Protection of the 1 -amino- 1 -cyclopropane carboxylic 
acid 21 with carbobenzyloxy-0-succinimide in the presence 
of sodium bicarbonate in THF gave the protected acid 26. 
Activation of the carboxylic acid function of 26 with dicy- 
clohexylcarbodiimide and N-hydroxyl-0-succinimide gave 
the 0-succinimide derivative 27. Treatment of 27 with ethyl 
glycine yielded the protected dipeptide 28. Removal of the 
N-protecting group by hydrogenolysis yielded the free amino 
derivative 29. Cyclization of 29 with DBU in refluxing tol- 
uene gave the desired diketopiperazine 24. No ring opening 
by product was isolated. Borane-THF reduction of 24 pro- 
vided the desired 4,7-diazaspiro[2,5]octane (136). 

The 2,2-dimethylpiperazine (13c) was prepared by the 
same reaction sequence as the preparation of 6,9-diazas- 
piro[4,5]decane (13a) but using 3-amino-2-methylpropa- 
noic acid instead of 1 -amino- 1 -cyclopentanecarboxylic acid. 

Results and discussion 

Tables 4-6 summarize the in vitro antibacterial activity 
activity of the 7-gem-disubstituted piperazinyl quinolone 

derivatives (12a-j) against ten Gram-positive bacteria 
(Staphylococcus aureus ATCC6538P, Staphylococcus au- 
reus A5 177, Staphylococcus aureus 642A, Staphylococcus 
aureus NCTC10649, Staphylococcus nureus CMX5.53, 
Staphylococcus epidertniciis 35 19, Etzterococcus faeciurn 
ATCC 8043, Streptococcus hovis A5 169, Stt-eptococcus 
agalactiae CMX508, Streptococcus pyogenes EES61), and 
seven Gram-negative organisms (Escherichia coli Juhl, En- 
terobacter aerogetzes ATCC 13048, Klebsiella ptzeutnoniae 
ATCC8045, Pseudomonas aeruginosa BMH 10, Pseudo- 
tnonas aeruginosa A5007, Pse~~dornotzas aeruginosa K799/ 
61, Acinetohacter sp. CMX669). The in vitro antibacterial 
activities are reported as minimum inhibitory concentration 
(MIC) in p,g/mL determined by conventional agar dilution 
procedure. The data for ciprofloxacin (Cipro), a clinically 
useful antibacterial agent, are included for comparison. 

The antibacterial activity for these compounds indicated 
that the 7-(4,7-diazaspiro[2,5]octan-7-y1)-quinolones and 
naphthyridines were more active than 7-(3,3-dimethylpi- 
perazin-1-y1)-quinolones and naphthyridine derivatives, 
which were more active than 7-(6,9-diazaspiro[4,5]decan-9- 
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TABLE 1. Chemical structures for compound 12 (a-d) TABLE 3. Chemical structures for compound 12 (h-j) 

Compound X R HZ 

n CH A HC1 

b CF A HCI 

HCI 

TABLE 2. Chemical structures for compound 12 (e-g) 

- 

Compound X R HZ 

yl)-quinolones and naphthyridine derivatives. Although both 
enantiomers of temafloxacin were reported to possess iden- 
tical antibacterial activity, the presence of two bulky sub- 
stituents at C-3 of the piperazin-1-yl group reduced the 
antibacterial activity as did the 6,9-diazaspiro[4,5]decan-9- 
yl substituent. In general, the 1-substituted-6-fluoro-7-(4, 
7-diazaspir0[2,5]octan-7-y1)-1,4 - dihydro-4-oxoquinoline - 3- 
carboxylic acids and naphthyridine derivatives were more 
active against Gram-positive organisms than Gram-nega- 
tive organisms. This is in contrast to traditional quinolones, 
which are more active against Gram-negative organisms. The 
4,7-diazaspiro[2,5]octan-7-yl derivative 12b was the most 
active compound in this series and was found to be more 
active than ciprofloxacin against Gram-positive bacteria and 
slightly less active against Gram-negative bacteria. 

Compound X R 

T o  determine in vivo efficacy, several of these com- 
pounds were evaluated in mouse protection tests. Cipro- 
floxacin (Cipro) was used as a standard. The compounds were 
administered either orally (po) or subcutaneously (sc) with 
a specific amount of the test compound divided equally, to 
be administered 1 and 5 h after the injection. The potency is 
given in ED,, values, which are expressed as a total dose of 
the compound in mg/kg required to protect 50% of mice 
challenged intraperitoneally with the organism indicated. The 
results against Staphylococcus aureus and E. coli systemic 
infections are shown in Table 7. With the exception of 12b,  
all the compounds tested were inferior to ciprofloxacin. 12b 
possessed potency similar to ciprofloxacin against S .  uu- 
reus infection in the mouse protection test. 

In summary, we have synthesized a series of gem-disub- 
stituted piperazin-I-yl quinolone derivatives with good an- 
tibacterial activity. However, they were found to be 
somewhat inferior to ciprofloxacin, which is currently used 
clinically as a broad spectrum antibacterial agent. This new 
series provided better anti-Gram-positive activity than anti- 
Gram-negative activity, an observation contrary to classical 
quinolone SAR. 

Experimental 

Unless otherwise noted, materials were obtained from commer- 
cia1 suppliers and used without further purification. Melting points 
were taken in a Thomas-Hoover capillary apparatus and were 
uncorrected. NMR spectra were determined on a General Electric 
GN-300 spectrometer operating at 300.1 MHz. Chemical shifts are 
expressed in ppm downfield from internal tetramethylsilane. Sig- 
nificant 'H NMR data are tabulated in the order: multiplicity (s, 
singlet; d, doublet; t, triplet; q, quartet; m, multiplet; dd, double 
doublet; b, broad), coupling constants(s), number of protons, and 
designation. The IR spectra were recorded on a Perkin-Elmer model 
7 10A infrared spectrometer. Mass spectra were obtained with a 
Hewlett-Packard 5985A mass spectrometer or a Kratos MS-50 
instrument with El source (70 eV). The IR, NMR, and mass spec- 
tral data of all compounds were consistent with the assigned struc- 
tures. Solutions were dried over magnesium sulfate. E. Merck silica 
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I COOEt - 
I R2 I 

H R 
I 

13a, b, c 14 R2 

acid / 

NHCOCH2NHCOOCH2C6H5 

17 18 19 

H H 

C - 
H H 

20 13a 

(a) C2H,OH/SOCI2; (b) Cbz-glycyl-0-succinimide/NaHC03; (c) H2; lO%Pd/C; (d) borane-THF/HCl 

SCHEME 2 

gel (230-400 mesh) obtained from VWR Scientific was used for distilled water to the desired volume. The median lethal dose of the 
column chromatography, and yields of the reactions were not op- test organisms was determined as follows. 
timized. Elemental analyses were performed by the Abbott ana- After 18 h of incubation, the cultures of test organism in BHI 
lytical department and IR, NMR, and mass spectra were recorded broth were serially diluted by using 10-fold dilutions in 5% (w/v) 
by the Abbott structural chemistry department. hog gastric mucin. Cultures (0.5 mL), dilution from lo- '  to lo-', 

were injected intraperitoneally into mice. The LD,, for the test or- 
In vitro atltibacterial activity ganism was calculated from cumulative mortalities on the sixth day 

The in vitro antibacterial activity of the test compounds was tested by ,sing the ~~~d and ~~~~~h procedure (1 8). 
in a side-by-side comparison with temafloxacin and determined by After 18 h, cultures of the above were diluted in 5% (w/v) hog 
conventional agar dilution procedures. The organisms were grown gastric mucin to obtain 100 times the LD,,, and 0.5 was in- 
overnight in brain-heart infusion (BHI) broth (Difco 0037-01-6) jected intraperitoneally into mice, -rhe mice were treated subcu- 
at 3 6 " ~ .  ~ w o f o l d  dilutions of the stock solution (2000 Pg/mL) of taneously (sc) or orally (po) with a specific amount of the test 
the test compound were made in BHI agar to obtain test concen- compound divided equally to be administered 1 and 5 h after in- 
trations ranging from 200 to 0.005 p g / m ~ .  They were then incu- jection. A group of 10 animals each for at least three dose levels 
bated at 36°C for 18 h. The minimal inhibitory concentration (MIC) was thus treated, and the deaths were recorded daily for 6 days, Ten 
was the lowest concentration of the test c o m ~ u n d  that yielded no ,ice were left ,,,,treated as infection control, ED,, values were 
visible growth on the plate. calculated from the cumulative mortalities on the sixth day after 

infection by using the trimmed version of the logit method (19). 
In vivo antibacterial activity 

The In vivo antibacterial activity of the test compounds was de- 
termined in CF-I female mice weighing approximately 20 g. I-Amit~o-I-ethox~~carbo1~ylcyclopet1t~t1e hydrochloride (18) 
Aqueous solutions of the test compounds were made by dissolv- To a stirred mixture of 1-amino-1-cyclopentanecarboxylic acid 
ing the hydrochloride salt in distilled water and diluting it with (50 g, 387 mmol) in absolute ethanol (600 mL) at O°C was added, 
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NH2. HCI NHCOCH2NHCOOCH2C6H5 -D< - COOH COOC2H5 

21 22 

24 13b 

(a) Cbz-0-succinimide/NaHC03; THF; (b) N-hydroxysuccinimide/DCC; THF; (c) ethyl glycine hydrochloride/NaHC03; THF-H20; (d) 
Hz; lO%Pd/C; EtOAc; (e) DBU/toluene, heat; (f) borane-THF/HCl 

dropwise, thionyl chloride (85 mL, 1.16 mol). The ice bath was C6H,,CIN02: C 42.99, H 8.36, N 8.36; found: C 42.92, H 8.61, 
removed, and the mixture was heated at reflux for 4 h and concen- N 8.31. 
trated In vacuo to give a white solid, which was crystallized from 
ether-ethanol yielding 18 (62 4 g, 83%), mp 232°C. IR (KBr). 1740 
(CO) cm-'.  'H NMR (DMSO-d6) 6: 1.24 (t, J = 7 Hz, 3H, ethyl 
CH,), 1.72 (m, 2H, CH?), 1.88 (m, 2H, CH2), I .97 (m, 2H, CHZ), 
2.10 (m,  2H, CH2), 4.21 (q, J = 7 Hz, 2H, ethyl CHI), 8.80 (bs, 
3H, NH,CI). Anal. calcd. for C8H,,CIN02: C 49.61, H 8.33, N 
7.23; found: C 49.75, H 8.49, N 7 22. 

By use of this procedure, 2-amino-2-methylpropanoic acid gave 
ethyl 2-amino-2-methylpropanoate hydrochloride in 97% yield, mp 
159°C. IR (KBr): 1742 (CO) cm- ' .  'H NMR (DMSO-(I(,) 6: 1.24 
(t, J = 7 Hz, 3H, ethyl CH,), 1.47 (s, 6H, CH,x2), 4.21 (q, J = 

7 Hz, 2H, ethyl CH?), 8.70 (bs, 3H, NH,. HC1). Anal. calcd. for 

I -N -Ctrr-bobetz~ylosyglyc~I~~tt~ir~o-1 -ethoxj~c~~rborzyylcj~cIopentme 
(19) 

A solution of carbobenzyloxyglycine succinimido ester (19.4 g, 
63 mmol) in THF (150 mL) was added dropwise to a solution 
of 1 -amino- l -ethoxycarbonylcyclopentane hydrochloride (18) 
(1 1.6 h, 60 inmol) and sodium bicarbonate (15.1 g, 180 mmol) in 
water (200 mL) at 0°C. After the addition, the reaction was al- 
lowed to warm up to room temperature and was stirred for 16 h. 
The solvent was removed under reduced pressure and the residue 
was taken up in methylene chloride (350 mL) and washed twice 
with water. The organic portion was separated and dried. Re- 
moval of the solvent yielded 17.6 g (88%) of 19, mp 99°C. IR 
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TABLE 4. In vitro activity of quinolones 12 (a -d )  

0 

'& Hg R I 'HZ 

Organism 

Staph. nureus ATCC6538P 
Staph. nureus A5 177 
Stciph. nur-eus 642A 
Staph. aureus NCTC 10649 
Staph. nureus CMX553 
Staph. epidermidis 35 1 9 
Enter. fc~ecium ATCC 8043 
Strep. bovis A5 169 
Strep. ngalactiae CMX508 
Strep. pyogerzes EES6 1 
Escherichin coli Juhl 
Enter. aerogerzes ATCC 13048 
Kleb. pneutnoniae ATCC8045 
Pseudo. nerugirlosn BMH 10 
Pseudo. nerc.tgitzosa A5007 
Pseudo. neruginosci K799/6 1 
Acirzetobncter sp. CMX669 

Cipro 

0.2 
0.39 
0.39 
0.39 
0.78 
0.39 
0.39 
1.56 
0.78 
0.78 
0.01 
0.05 
0.02 
0.1 
0.1 
0.02 
0.39 

TABLE 5. In vitro activity of quinolones 12 (e-g)  

0 

Organism 

Staph. nlo-eus ATCC6538P 
Staph. nurelts A5 177 
Staph. nureus 642A 
Staph. aloeus NCTC 10649 
Srr~pph. nureuJ CMX553 
Staph. epidertnidis 35 19 
Enter. faeciutn ATCC8043 
Srrep. bovis A5 169 
Strep. agnlactiae CMX508 
Strzp. pyogenes EES6 1 
Escherichin coli Juhl 
Enter. rrerogetzes ATCC 13048 
Kleb. ptzeurnonine ATCC8045 
P s e ~ ~ d o .  aeruginosn BMH I0 
Pseudo. rrerugirzosa A5007 
Pseudo. neruginosa K799/6 1 
Acinetobncter sp. CMX669 

K Cipro 

0.39 0.2 
0.39 0.39 
0.39 0.39 
0.39 0.39 
0.78 0.78 
0.39 0.39 
3.1 0.39 

12.5 1.56 
3.1 0.78 
3.1 0.78 
0.78 0.01 
1.56 0.05 
0.39 0.02 

12.5 0.1 
12.5 0. I 
0.78 0.02 
1.59 0.39 
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TABLE 6. In vitro activity of quinolones 12 (h- j )  

h Organism I j Cipro 

Staph. aureus ATCC6538P 
Staph. aureus A5 177 
Staph. aureus 642A 
Staph. aureus NCTC 10639 
Staph. aureus CMX553 
Staph. epiderrnidis 35 19 
Enter. faeciurn ATCC8043 
Strep. bovis A5 169 
Strep. agalactiae CMX508 
Strep. pyogenes EES6 1 
Escherichia coli Juhl 
Enter. aerogenes ATCC 13048 
Kleb. pneumoniae ATCC8045 
Pseudo. aeruginosa BMH 10 
Pseudo. aeruginosa A5007 
Pseudo. aeruginosa K799/61 
Acinetobacter sp. CMX669 

TABLE 7. Mouse protection test of selected quinolones 

Test organism ED,, (95% confidence 
(Dose) Compound Route limits) rng/kg 

S. aureus NCTC 10649 12b S C 6.2 (3.7-10.3) 
(100 X LD,,) PO 13.1 (9.7-17.6) 

Cipro SC 1.6 (1.0-3.5) 
PO 15.5 (9.9-24.1) 

E. coli Juhl 126 SC 2.0 (1.3-3.2) 
(100 X LD,,) PO 5.0 (3.2-7.9) 

12c SC 8.0 (5.1-12.7) 
PO 19.7 (8.5-45.9) 

(CDCI,): 1682, 1727 (CO) crn-I. 'H NMR (CDCI,) 6: 1.23 (t, J 
= 7 Hz, 3H, ethyl CH,), 1.76 (rn, 4H, CH2x2),  1.95 (rn, 2H, 
CH2),2.21 (rn, 2H,CH2), 3 . 8 6 ( d , J =  5 H z , 2 H ,  NCHZ),4.13 
(q, J = 7 Hz, 2H, ethyl CH,), 5.13 (s, 2H, OCH,), 5.49 (bs, lH ,  
NH), 6.54 (bs, 1 H, NH), 7.34 (rn, 5H, aromatic H). Anal. calcd. 
for C ,,H2,N2O,: C 62.05, H 6.94, N 8.04; found: C 62.04, H 7.05, 
N 8.12. 

By use of this procedure, reacting ethyl 2-amino-2-methylpro- 
pionate hydrochloride instead of l-arnino-l-ethoxycarbonyl-cy- 
clopentane hydrochloride (18) with carbobenzyloxyglycine 
succinirnido ester, ethyl 2-N-carbobenzyloxyglycylarnino-2-meth- 
ylpropionate was obtained in 89% yield, mp 85°C. IR (CDCl,): 

1682, 1727 ( ~ 0 ) c r n - I .  'H NMR (CDCI,) 6: 1.27 (t, J = 7 Hz, 3H, 
ethyl CH,), 1.56 (s, 6H, CH,X2), 3.85 (d, J = 6Hz, 2H, CH2), 
4.20 (q, J = 7 Hz, 2H, ethyl CH2), 5.14 (s, 2H, benzyl CH,), 5.37 
(bs, lH,  NH), 6.54 (bs, lH, NH), 7.36 (m, 5H, aromatic H). Anal. 
calcd. for C16H22N20s: C 59.63, H 6.83, N 8.70; found: C 59.72, 
H 6.92, N 8.67. 

By use of the above procedure, ethyl l-arnino-l-cyclopropane- 
carboxylate (20) yielded ethyl l-N-carbobenzyloxyglycylarnino-1- 
cyclopropanecarboxylate (22) in 86% yield, rnp 90-91°C. IR 
(CDCl,): 1700, 1730 (CO) crn-I. 'H NMR (CDCl,) 6: 1.14 (rn, 2H, 
CH,), 1.21 (t, J = 7 Hz, 3H, ethyl CH,), 1.56 (rn, 2H, CH,), 3.87 
(d, J = 6 Hz, 2H, NCH2), 4.11 (q, J = 7 Hz, 2H, ethyl CH,), 5.12 
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CHU ET AL.: 2 1335 

(s, 2H, OCH,), 5.58 (bs, 1 H, NH), 6.73 (bs, 1 H, NH), 7.34 (m, was washed with ethanol. The combined solution was filtered 
5H, aromatic H). Anal. calcd. for C16H20N20s: C 59.99, H 6.29, through a 0.45 p,m Nylon filter to remove the residual catalyst. 
N 8.75: found: C 60.06. H 6.28, N 8.74. Concentration of the filtrate to dryness yielded a residue, which was 

6,9-Diaza-7,IO-dioxospiro[4,5]decat1e (20) 
A solution of 19 (17.6 g, 53 mmol) in ethanol (250 mL) was 

hydrogenated at 4 atmospheres (1 atm = 101.3 kPa) of hydrogen 
with 10% palladium on carbon for 18 h. The solution was then fil- 
tered and the residue was washed with ethanol. The combined so- 
lution was filtered through a 0.45 p~ Nylon filter to remove the 
residual catalyst. Concentration of the filtrate to dryness yielded a 
solid, which was crystallized in acetonitrile yielding 6.35 g (71.4%) 
of 20, mp >25S°C. IR (KBr): 1675 (CO) cm-'. 'H NMR (DMSO- 
d,) 6: 1.66 (m, 6H, CH3x2), 2.06 (m, 2H, CH,), 3.74 (d, J = 3 
Hz, 2H, NCH,), 7.93 (bs, lH,  NH), 8.35 (bs, lH,  NH). Anal. 
calcd. for C,HI2N2O2: C 57.13, H 7.19, N 16.66; found C 57.33, 
H 7.36, H 16.78. 

Using similar reaction conditions as above, ethyl 2-N-car- 
bobenzyloxyglycylan~ino-2-methylpropionate produced 2,2-di- 
methyl-3,6-dioxopiperazine in 98% yield, mp 258-261°C. IR 
(KBr): 1680 (CO) cm-'.  'H NMR (DMSO-d6) 6: 1.29 (s, 6H, 
CH3x2), 3.78 (d, J = 2.5 Hz, 2H, CH,), 7.91 (bs, lH, NH), 8.23 
(bs, lH,  NH). Anal. calcd. for C6HION202: C 50.70, H 7.04, N 
19.72; found: C 50.55, H 7.14, N 19.79. 

2,2-Dimethylpipet-azine dihydr-ochloride (13 c) 
2.2-Dimethyl-3,6-dioxopiperazine (15 g, 106 mmol), was sus- 

pended in THF (650 mL). A 433 mL sample of 1 M borane-tetra- 
hydrofuran complex (433 mmol) was then added dropwise to the 
above stining suspension over 1 h. Gas evolution occurred and the 
mixture became nearly homogeneous at the end of the addition. The 
mixture was heated at 60°C for 20 h. It was cooled to room tem- 
perature and 200 rnL of methanol was added over a L h period. Gas 
evolution occurred and the reaction mixture was concentrated to 
dryness. The residue was redissolved in methanol (150 mL), ex- 
cess methanolic HCI solution (500 mL) was added, and the solu- 
tion was refluxed for 2 h. It was cooled and allowed to stand at room 
temperature overnight. The reaction was evaporated to dryness. The 
mixture and added acetonitrile were boiled with stirring for 0.5 h,  
then cooled, and the acetonitrile was decanted off. The residue was 
dissolved in a small amount of hot methanol. Upon cooling, crys- 
tals appeared. After addition of ether, they were filtered inside a 
dry-box and the residue was dried under vacuum yielding 16.5 g 
(84%) 2,2-dimethylpiperazine dihydrochloride (13c). This solid was 
very hygroscopic. Upon exposure to air, it turned watery within 
several seconds. The IR spectrum showed no carbonyl absorption 
signal. 'H NMR (D,O) 6: 1.54 (s, 6H, CH3 X2), 3.42 (s, 2H, CH,), 
3.52 (m, 2H, CHI), 3.60 (m, 2H, CH,). Exact Mass calcd. for 
C6HISN2: 1 15.1235; measured: 1 15.1235. 

By use of this procedure, borane-THF reduction of 6,9-diaza- 
7,lO-dioxospiro[4,5]decane (20) yielded 6,9-diazaspiro[4,5]dec- 
ane dihydrochloride (130) in 99% yield. This compound behaved 
as 13c and was very hygroscopic. The IR spectrum showed no 
carbonyl absorption signal. 'H NMR (DMSO-d,) 6: 1.62 (m, 2H, 
CH?), 1.75 (m, 2H, CH?), 1.90 (m, 2H, CH?), 1.99 (m, 2H, CH2), 
3.28 (bs, 4H, NCH,X2), 3.48 (m, 2H, NCH?), 9.98 (bs, 2H, 
NH X2). Exact Mass calcd. for C8H,,N2: 141.1392; measured: 
141.1392. 

By use of the above procedure, borane-THF reduction of 4,7- 
diaza-5,8-dioxospiro[2,5]octane (24) yielded 4.7-diazaspiro[2,5]- 
octane dihydrochloride (130) in 98% yield. This compound was 
very hygroscopic. The IR spectrum showed no absorption signal 
for carbonyl group. 'H NMR (DMSO-d6) 6: 0.99 (m, 2H, CH,), 
1.21 (m, 2H, CH2), 3.48 (m, 6H, NCH,x3), 9.85 (bs, 2H, NH2CI), 
10.29 (bs, 2H, NH2C1). Exact Mass calcd. for CI6Hl3NZ: 1 13.1079; 
measured: 1 13.1079. 

Hydrogetzolysis of 22 
A solution of 22 (18.5 g, 58 mmol) in ethanol (250 mL) was 

hydrogenated at 4 atmospheres of hydrogen with 10% palladium 
on carbon for 18 h. The solution was then filtered and the residue 

suspended in acetonitrile and boiled f i r  10 min. It was cooled and 
filtered, yielding 3.17 g of two products in about 1 : 1 ratio by TLC. 
'H NMR showed the presence of two compounds; one corre- 
sponding to 24 that h a d m  identical spectrum to an authentic sam- 
ples prepared by another route. The remaining signals in this 
spectrum indicated the presence of 25. Repeated purification 
through several chromatographies yielded a small amount of 25 for 
'H NMR analysis. 'H NMR (CDCI,) 6: 1.22 (m, 5H, CH, and ethyl 
CH,), 1.58 (m, 2H, NCH,), 1.89 (bs, l H ,  NH), 3.32 (bs, 2H, 
NCH2CO), 3.72 (m, IH, NCH), 4.14 (q, J = 7 Hz, 2H, ethyl CH,), 
7.70 (bs, lH,  CONH). The mass spectrum showed a m/z (M + 1) 
at 187 consistent with the structure assigned. 

I -N-CarboDenzyloxyamit~o- I -cyclopropanecarbonylic acid (26) 
A solution of N-benzyloxycarbonyloxy succinimide (60.7 g, 

24 mmol) in THF (300 mL) was added to a solution of l-amino- 
1-cyclopropanecarboxylic acid hydrochloride (24.5 g, 17.8 mmol) 
in water (45 mL). At ice temperature, a solution of sodium bicar- 
bonate (82 g ,  96 mmol) in water (500 mL) was poured into the 
mixture. After the addition, the reaction was allowed to warm up 
to room temperature and was stirred for 16 h. The solvent was re- 
moved under reduced pressure. The residue was suspended in 
200 mL of methylene chloride and extracted with water 
(500 mL). The water solution was acidified with acetic acid and the 
precipitate was filtered yielding 26 (18 g ,  43%), mp 157°C. IR 
(KBr): 1690, 1710 (CO) cm-'.  'H NMR (DMSO-d6) 6: 1.01 (m, 
2H, CH,), 1.3 1 (m, 2H, CH?), 5.02 (s, 2H, OCH,), 7.34 (m,  5H, 
aromatic H), 7.88 (s, 1 H, NH), 12.42 (bs, 1 H, OH). Anal. calcd. 
for Cl,Hl,NO,: C 61.27, H 5.51, N 5.95; found: C 61.33, H 5.60, 
N 5.96. 

Preparation of active ester (27) 
Dicyclohexylcarbodiimide (7.74 g, 37.6 mmol) in THF (15 mL) 

was added dropwise to a mixture of 26 (8.83 g, 37.5 mmol) and 
N-hydroxysuccinimide (4.53 g, 39.4 mmol) in THF (60 mL). The 
mixture was allowed to stir at room temperature for 18 h. The pre- 
cipitate was removed by filtration. The filtrate was concentrated to 
a residue, which was dissolved in ethyl acetate (300 mL). The or- 
ganic solvent was washed with sodium bicarbonate solution. The 
organic layer was dried and concentrated to yield 27 (9.87 g, 
79.2%), mp 119-120°C. IR (KBr): 1745, 1785, 1810 cm-'. 'H 
NMR (CDC1,) 6: 1.46 (bs, 2H, CH,), 1.86 (bs, 2H, CH,), 5.15 (bs, 
2H, OCH,), 5.47 (bd, IH, NH), 7.35 (m, 5H, aromatic H). Anal. 
calcd. for Cl6HI6N2o6: C 57.83, H 4.85, N 8.43; found: C 57.84, 
H 4.88, N 8.38. 

Preparation of dipeptide (28) 
The active ester (27) (2 g, 6 mmol) in THF (15 mL) was added 

to a chilled solution of glycine ethyl ester hydrochloride (0.8 g, 5.1 
mmol) in water (5 mL). Sodium bicarbonate solution (1.4 g in 
20 mL of water) was then added to the reaction mixture. After the 
addition, the reaction was allowed to warm up to room tempera- 
ture and was stirred for 18 h. The solvent was removed under re- 
duced pressure and the residue was washed with water and extracted 
with methylene chloride. The organic layer was dried and concen- 
trated to a solid under reduced pressure, yielding a solid 28 (1.88 
g, 97.5%), mp 97-98°C. IR (KBr): 1675, 1740 (CO) cm-'.  'H 
NMR (CDCI,) 6: 1.07 (bs, 2H, CHI), 1.27 (q, J = 7 Hz, 3H, ethyl 
CH,), 1.59 (in, 2H, CH2), 3.99 (d, J = 5 Hz, 2H, NCH?), 4.19 
(q, J = 7 Hz, 2H. ethyl CHI), 5.43 (s, 2H, OCH,), 5.58 (s, lH, 
NH), 6.98 (bs, lH,  NH), 7.34 (s, 5H, aromatic H). Anal. calcd. 
for C16H20N,0s: C 59.99, H 6.29, N 8.74; found: C 60.06, H 6.27, 
N 8.74. 

4,7-Diaza-5,8-dioxospiro[2,5]octatze (24) 
A solution of the dipeptide (28) (8.63 g, 27 mmol) in ethyl ace- 

tate (250 mL) was hydrogenated under a hydrogen atmosphere at 
4 atmospheres pressure with 10% palladium on carbon for 18 h. The 
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solution was filtered and the filtrate was concentrated under re- 
duced pressure to a residue, 29. 'H NMR (DMSO-d6) 6: 0.77 (dd, 
J = 4 . 5 H z ,  2H, CH,), 1.05 (dd, J =  4.5 Hz, 2H, CH,), 1 .19( t ,  
J = 7 Hz, 3H, ethyl CH,), 2.31 (bs, 2H, NHx2),  3.84 (d, J = 6 .5  
HZ, 2H, NCH,), 4.09 (q,  J = 7 Hz, 2H, ethyl CH,), 8.43 (t, J = 
6.5 Hz, IH, CONH). The residual liquid 29 was dissolved in tol- 
uene (200 mL). To this solution was added DBU (2 mL). After 
heating at 115OC for 22 h, the mixture was cooled to room tem- 
perature to yield 24 (3.2 g ,  89%), mp >260°C. IR (KBr): 1685, 
1695 (CO) cm-I. IH NMR (DMSO-d6) 6: 0.94 (dd, J = 4.5 Hz, 
2H, CH,), 1.16 (dd, J = 4.5 Hz, 2H, CH2), 3.85 (d, J = 2.5 Hz, 
2H, NCH?), 8.02 (bs, 1 H, NH), 8.27 (bs, IH, NH). Anal. calcd. 
for C6HHN10?: C 5 1.42, H 5.75, N 20.00; found: C 5 1.10, H 5.66, 
N 19.80. 

I-C~~clopropyl-6Tfluoro-7-(3,3-di1~1eth~~Ipipernir1--y/)-l ,4- 
dihvdro-4-oxoq~iir~oline-3-cnrboxylic acid hydrochlorirle 
(12h) 

2,2-Dimethylpiperazine dihydrochloride (13c) (423 mg, 2.3 mrnol) 
was added to a mixture of 1 -cyclopropyl-6,7-difluoro- 1,4-dihy- 
dro-4-oxoquinoline-3-carboxylic acid (21) (500 mg, 1.9 mmol) and 
triethylamine (10 mL) in N-methyl pyrrolidinone (20 mL). The 
reaction mixture was heated at 50°C for 18 h. The reaction was 
cooled to room temperature and concentrated under reduced pres- 
sure to dryness. Ethanol was added and digested under reflux for 
30 min. The mixture was cooled and filtered, yielding 12h 
(525 mg, 70%), mp >260°C. IR (KBr): 1730 (CO) cm-'. 'H NMR 
(D20)  6: 1.22 (m,  2H, CH2), 1.44 (m, 2H, CH,), 1.58 (s, 6H, 
CH,X2), 3.43 (s, 2H, NCH?), 3.58 (in, 4H, NCH2x2), 3.73 (m, 
IH,  CH), 7.52 (d, JH-F = 6.5 HZ, IH, C8-H), 7.54 (d, JH- ,  = 
13 Hz, IH, C5-H), 8.67 (s, lH ,  C2-H). Anal. calcd. for 
Cl9H,,C1FN,0,: C 57.65, H 5.82, N 10.62; found: C 57.73, H 
6.02, N 10.42. 

By use of this procedure, 1-(2,4-difluoropheny1)-6-fluoro-7-(3,3- 
dimethylpiperazin- 1 -yl)- 1,4-dihydro-4-oxoquinoline-3-carboxylic 
acid hydrochloride 12i was prepared by reaction of 13c with 1-(2,4- 
difluorophenyl) - 6,7-difluoro- l,4-dihydro-4-oxoquinoline - 3-car- 
boxylic acid (16) in 77% yield, mp >260"C. IR (KBr): 1730 (CO) 
cm-I. 'H NMR (D20) 6: 1.48 (s, 6H, CH3X2), 3.25 (s, 2H, NCH,), 
3.36 (m, 2H. NCH,), 3.42 (m,  2H, NCH,), 6.47 (d, JII-F = 6 HZ, 
lH,  C8-H), 7.37 (m, 2H, aromatic H), 7.72 (m, l H ,  aromatic H), 
7.92 (d, Ju-, = 12 Hz, I H,  C5-H), 8.82 (s, 1 H, C2-H). Anal. calcd. 
for C22H,,ClF,N,03. 1/4 H20:  C 55.93, H 4.56, N 8.90; found: 
C 55.85, H 4.68, N 8.90. 

By use of this procedure, I-(2,4-difluoropheny1)-6-fluoro-7-(3,3- 
dimethylpiperazin- I-y1)- 1,4-dihydro-4-oxo[l,8]naphthyridine-3- 
carboxylic acid hydrochloride (12j) was prepared by reaction of 
13c with 1 -(2,4-difluoropheny1)-6-fluoro-7-chloro- 1.4-dihydro-4- 
oxoll,8]-naphthyridine-3-carboxylic acid (22) in 94% yield, mp 
>260°C. IR (KBr): 1730 (CP) cm-I. 'H NMR (CFsCOOH) 6: 1.43 
(s, 3H, CH,), 1.47 (s, 3H, CH,), 3.56 (m, 2H, NCH,), 4.03 (bs, 
2H, NCH,), 4.26 (m, 2H, NCH?), 7.28 (m, 2H, aromatic H), 7.75 
(m, IH, aromatic H), 8.33 (d, J H _ ,  = 13 Hz, IH, C5-H), 9.26 (s,  
1 H, C2-H). Anal. calcd. for C21H,,CIF,N,03: C 53.79, H 4.27, N 
1 1.95; found: C 53.58, H 4.28, N 1 1.73. 

Ethyl I-cyclopropyl-6-fl~ioro-7-(4,7-~liazaspiro~,5]octnrz-7-yl)- 
I ,4-dihydro-4-o.~oq~ii11olir1e-3-car-bo~~~lnte (1%) 

4,7-Diazaspiro[2,5]octane dihydrochloride (13b) (1.5 g, 8 mmol) 
was added to a solution of ethyl 1-cyclopropyl-6,7-difluoro-1,4- 
dihydro-4-oxoquinoline-3-carboxylate (14n) (750 mg, 2 .6  mmol) 
in I-methyl-2-pyrrolidione (30 mL) at 75°C. 1,8-Diazabicy- 
clo[5.4.0]undec-7-ene (DBU) (1.2 g ,  10.2 mmol) was then added 
to the reaction mixture. The mixture was heated at 100°C for 
16 h. The solvent was removed by vacuum distillation. Column 
chromatography of the residue on silica gel using 5% methanol in 
methylene chloride as eluent yielded 15n (0.4 g ,  40%), mp 223- 
225°C. IR (CDC1,): 1680, 1720 (CO) cm-I. 'H  NMR (CDCI,) 6: 
0.68 (m, 2H, CH,), 0.72 (m, 2H, CH,), 1.14 (m, 2H, CH,), 1.2 1 
(m, 2H, CH?), 1.49 (t, J = 7 Hz, 3H, ethyl CH,), 3.10 (s, 2H, 
NCH2), 3.21 (m,  4H, NCH,X2), 3.43 (m, IH, CH), 4.48 (q, J = 

7 Hz, 2H, ethyl CH,), 7.22 (d, J H _ ,  = 7 Hz, 1 H, C8-H), 8.04 (d, 
J H _ ,  = 13 Hz, lH,  C5-H), 8.53 (s, lH ,  C2-H). Anal. calcd. for 
C,,H?,FN,O,. 1/2 H,O: C 63.94, H 6.39, N 10.65; found: C 64.09, 
H 6.23, N 11.04. 

By use of this procedure, reaction of 13b with ethyl I-cyclopro- 
pyl-6,7,8-trifluoro- 1,4-dihydro-4-oxoquinoline-3-carboxylate (14b) 
gave ethyl l-cyclopropyl-6,8-difluoro-7-(4,7-diazaspko[2,5]~~tan- 
7-yl)- I ,4-dihydro-4-oxoquinoline-3-carboxylate (156) in 42% yield. 
IR (CDCl,): 1685, 1725 (CO) cm-I. 'H NMR (CDCI,) 6: 0.62 (m, 
2H, CH?), 0.69 (m, 2H, CH,), 1.09 (m, 2H, CH,), 1.23 (m, 2H, 
CH?), 1.40 (t, J = 7 Hz, 3H, ethyl CH,), 3.11 (m, 2H, NCH?), 
3.16 (s, 2H, NCH,), 3.33 (m, 2H, NCH?), 3.87 (m, 1 H, CH), 4.38 
(q, J = 7 Hz, 2H, ethyl CH2), 7.90 (dd, JII-F = 13 HZ, IH, C5-H), 
8.54 (s, 1 H, C2-H). Anal. calcd. for C,, H2,F2N30, . 1 /4 H20: C 
6 1 . 3 8 , H 5 . 8 1 , N  10.30;found:C62.06,H5.81,N 10.43. 

Using a similar procedure, reaction of 13b with I-cyclopropyl- 
6-fluoro-7-chloro- l,4-dihydro-4-oxo[l,8]naphthyridine-3-carbox- 
ylate ( 1 4 ~ )  gave ethyl I-cyclopropyl-6-fluoro-7-(4,7-diazaspiro- 
[2,5]0ctan-7-yl)- 1,4 -dihydro- 4 -oxo[l,8]naphthyridine-3-carboxyl- 
ate (1%) in 46% yield, mp 174-175°C. IR (CDCI,): 1685, 1725 
(CO) cm-'.  I H  NMR (CDC1,) 6: 0.62 (m, 2H, CH,), 0.66 (m, 2H, 
CH2), 1.02 (m, 2H, CH2), 1.18 (m, 2H, CH?), 1.41 (t, J = 7 Hz, 
3H, ethyl CH,), 3. l l (m, 2H, NCH,), 3.47 (m, IH, CH), 3.70 (s, 
2H, NCH2), 3.83 (m,  2H, NCH,), 4.39 (q, J = 7 Hz, 2H, ethyl 
CH,), 8.09 (d, Jk,-, = 13 Hz, 1 H, C5-H), 8.50 (s, 1 H, C2-H). Anal. 
calcd. for C20H,3FN,0,: C 62.16, H 6.00, N 14.50; found: C 62.3 I,  
H 5.94, N 14.93. 

By use of this procedure, reacting 13b with ethyl 1-(2,4-difluo- 
ropheny1)-6-fluol-o-7-chloro- I,  4-dihydro-oxo[ l,8]naphthyridine-3- 
carboxylate ( l4d)  gave ethyl 1-(2,4-difluoropheny1)-6-fluoro-7-(4,7- 
diazaspiro[2,5]octan-7-y1)- 1,4-dihydro-4-oxo[l,8]naphthyridine-3- 
carboxylate (15d) in 53% yield, mp 172-174°C. IR (CDCI,): 1685, 
1725 (CO) cm-I. 'H NMR (CDCl,) 6: 0.34 (m, 2H, CH,), 0.54 (m, 
2H, CH,), 1.41 (t, J = 7 Hz, 3H, ethyl CH,). 2.91 (t, J = 4 Hz, 
2H, NCH?), 3.42 (s,  2H, NCH,), 3.56 (ni, 2H, NCH,), 3.39 (q, 
J = 7 Hz, 2H, ethyl CH,), 7.06 (m, 2H, aromatic H), 7.49 (m,  IH, 
aromatic H), 8.1 1 (d, JH-F = 13 HZ, IH, C5-H), 8.39 (s, I H, 
C2-H). Anal. calcd. for C2,H,,F,N,03. 1 /4 H,O: C 59.67, H 4.68, 
N 12.10; found: C 59.57, H 4.72. N 12.06. 

By a similar procedure, reaction of 6,9-diazaspiro[4,5]decane 
dihydrochloride (130) with quinolone ester (14n) gave ethyl I-cy- 
clopropyl- 6-fluoro-7-(6,9 -diazaspiro[4,5]decan-9-yl)-1,4 -dihy- 
dro-4-oxoquinoline-3-carboxylate (15e) in 48% yield, mp >255"C. 
IR (CDC13): 1685, 1720 (CO) cm-I. 'H NMR (CDCI,) 6: 1.13 (m, 
2H, CH,), 1.34 (m, 2H, CH?), 1.41 (t, J = 7 Hz, 3H, ethyl CH,), 
1.77 (m, 2H, CH,), 2.04 (m,  2H, CH,), 2.17 (m, 4H, CH,X 2), 
3.35 (s, 2H, NCH?), 3.43 (m,  2H, NCH,), 3.57 (m, 2H, NCH,), 
4.40 (q, J = 7 Hz, 2H, ethyl CH,), 7.31 (d, Jl , - ,  = 6 Hz, IH, C8- 
H), 8.10 (d, J,{-, = 13 HZ, IH, C5-H), 8.55 (s, IH, C2-H). Exact 
Mass calcd. for C,,H,8FN303: 413.21 15; measured: 413.21 13. 

By use of the above procedure, reaction of 13n with ethyl 1-(2,4- 
difluoropheny1)-6,7-difluoro- 1,4 -dihydro- 4 -0xoquino1ine-3 -car- 
boxylate (14e) gave ethyl 1 -(2,4-difluoropheny1)-6-fluoro-7-(6,9- 
diazaspiro[4,5]decan-9-y1)- l ,4-dihydro-4-oxoquinoline-3-carbox- 
ylate ( I f f )  in 39% yield, inp 216-218°C. IR (CDCI,): 1690, 1725 
(CO) cm-.'I. 'H NMR (CDCl,) 6: 1.49 (t, J = 7 Hz, 3H, ethyl CH,), 
1.59 (m, 4H, CH2x2) ,  1.79 (m, 4H, CH,X2), 2.89 (m, 4H, 
NCH,x2), 3.01 (m, 2H, NCH,), 4.39 (q, J = 7 Hz, 2H, ethyl 
CH2). 6.12 (d, J,I-F = 6.5 Hz, IH, C8-H), 7.15 (m, 2H, aromatic 
H), 7.50 (m, IH, aromatic H), 8.06 (d, J H _ ,  = 13 Hz, IH, C5-H), 
8.3 1 (s, I H, C2-H). Anal. calcd. for C,,H,,F3N30,. 1 /2 HzO: C 
63.15, H 5.50, N 8.50; found: C 63.25, H 5.32, N 8.53. 

Using a similar procedure, reaction of 130 with quinoline ester 
(14rl) gave ethyl l-(2,4-difluorophenyl)-6-fluoro-7(6,9-diaza- 
spiro[4,5]decan-9-yl)- 1,4 -dihydro-4-oxo[l,8]naphthyridine-3- 
carboxylate (15g) in 8 1 % yield, rnp 120- 122°C. IR (CDCI,): 1690, 
1725 (CO) cni-'. 'H NMR (CDC1,) 6: 1.40 (t, J = 7 Hz, 3H, ethyl 
CH,), 1.46 (m,  4H, CH,x2), 1.56 (m, 2H, CH,), 1.68 (m, 2H, 
CH,), 2.90 (t. J = 5 Hz, 2H, NCH,), 3.42 (m, 2H, NCH,), 3.53 
(m. 2H, NCH?), 4.49 (q, J = 7 Hz, 2H, ethyl CH,), 7.06 (m,  2H, 
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aromatic H), 7.39 (m, 1 H, aromatic H), 8.1 1 (d, JH_,  = 13 Hz, 1 H, 
C5-H), 8.38 (s, lH,  C2-H). Anal. calcd. for C,5H,5F,N,03. 1/4 
H,O: C 61.15, H 5.23, N 11.41; found: C 61.13, H 5.26, N 11.20. 

1 -Cyclopropyl-6-fluoro-7-(4, 7-diazaspiro[2,5]octan-7-y1)-1,4- 
dihydro-4-oxoquitzolitze-3-carborylic acid hydrochloride 
(12 a) 

A suspension of 150 (80 mg, 0.2 mmol) in 6 N HCI (3 mL) was 
refluxed for 48 h. The solvent was then concentrated to dryness 
under reduced pressure. Ethanol (5 mL) was added to digest the 
residue for 15 min under reflux. It was cooled, filtered, and dried 
to give 35 mg 120 (43%), rnp 247-255°C (dec.). IR (KBr): 1720 
(CO) cm-l. 'H NMR (DMSO-d6) 6: 0.95 (m, 2H, CH,), 1.05 (t, 
J  = 7 Hz, 3H, ethyl CH,), 1.15 (rn, 2H, CH,), 1.19 (m, 2H, CH,), 

IH, OH). Anal. calcd. for C2,H,3CIF3N303. 1/4 H,0: C 57.83, H 
4.75, N 8.43; found: C 57.66, H 4.70, N 8.41. 

Hydrolysis of 15g in a mixture of trifluoroacetic acid and 6 N HCI 
yielded 1-(2,4-difluoropheny1)-6-fluoro-7-(6,9-diazaspiro[4,5]de- 
can-9-y1)- l,4-dihydro-4-oxo[l,8]naphthyridine-3-carboxylic acid 
trifluoroacetic acid salt (12g), rnp 255°C. IR (KBr): 1680, 1735 
(CO) cm-I. 'H NMR (DMSO-d6) 6: 1.28 (m, 2H, CH,), 1.64 (m, 
6H, CH,x3), 3.23 (rn, 2H, NCH,), 3.59 (m, 2H, NCH,), 3.85 (rn, 
2H, NCH,), 7.38 (m, lH, aromatic H), 7.66 (m, lH, aromatic H), 
7.84 (rn, lH,  aromatic H), 8.26 (d, JH_,  = 13 Hz, lH, C5-H), 8.90 
(s, 1H, C2-H), 9.19 (bs, 2H, CF,COONH,), 14.87 (bs, 1 H, OH). 
Anal. calcd. for C25H22F6N405 . 1 /4 H,O: C 52.04, H 3.90, N 9.7 1; 
found: C 51.82, H 3.85, H 9.60. 

1.32 (m, 2H, CH,), 3.42 (m, 2H, NCH,), 3.45 (s, 2H, NCH,), 3.62 Acknowledgements 
(rn, 2H, NCH,), 3.84 (m, lH, CH), 7.59 (d, JH-F = 7 HZ, l H ,  
C8-H), 7.96 (d, Jf l -F  = 13 HZ, lH,  C5-H), 8.68 (s, lH ,  C2-H), We wish to thank the analytical research and structural 

9.72 (bs, 2H, NH,c~), 15.13 (s, 1 H, OH). calcd, for chemistry departments of Abbott Laboratories for elemental 
c~~H,,c~FN,o,. 1/2 H,O: c 56.64, H 5.50, N 10.43; found: c analysis and spectral measurements respectively, and Ms. 
56.60, H 5.50, N 10.15. Cynthia Shepherd for typing the manuscript. 

By use of a similar procedure, hydrolysis of 156 with 6 N HCI 
gave l-cyclopropyl-6,8-difluoro-7-(4,7-diazaspiro[2,5]octan-7-yl)- 
1,4-dihydro-4-oxoquinoline-3-carboxylic acid hydrochloride (126) 
in 81% yield, mp >25OoC. IR (KBr): 1725 (CO) cm- ' .  ' H  NMR 
(DMSO-4) 6: 0.93 (rn, 2H, CH?), 1.14 (m, 2H, CH,), 1.20 (m, 
4H, CH,x2), 3.35 (m, 2H, NCH,), 3.47 (s, 2H, NCH?), 3.65 (m, 
2H, NCH,), 4 . 1 2 ( m ,  lH,  CH), 7.88 (dd, Jb,-,  = 12 Hz, l H ,  
C5-H), 8.7 1 (s, IH, C2-H), 9.74 (bs, 2H, NH2C1), 14.66 (bs, lH, 
OH). Anal. calcd. for CI9H,C1F,N3O3. 1/2 H,O: C 54.22, H 4.99, 
N 9.99; found: C 54.12, H 4.82, N 9.92. 

Under similar conditions, hydrolysis of 15c with 6 N HCI gave 
1 -cyclopropyl- 6-fluoro- 7 -(4,7-diazaspiro[2,5]octan-7-y1)- 1,4-di- 
hydro-4-oxo[l,8]naphthyridine-3-carboxylic acid hydrochloride 
(12c) in 77% yield, rnp >250°C. IR (KBr): 1720 (CO) cm-I. I H  

NMR (DMSO-d6) 6: 0.97 (m, 2H, CH,), 1.12 (m, 4H, CH,x2), 
1.20 (m, 2H, CHI), 3.40 (m, 2H, NCH2), 3.72 (m, IH, CH), 4.02 
(s, 2H, NCH,), 4.18 (rn, 2H, NCH,), 8.17 (d, JIi+, = 13 Hz, 1 H, 
C5-H), 8.64 (s, IH, C2-H), 9.92 (bs, 2H, NH,Cl), 15.07 (bs, lH,  
OH). Anal. calcd. for C,,H,,ClFN,O,. 1 /2 H,O: C 53.53, H 5.20, 
N 13.88; found: C 53.25, H 5.31, N 13.74. 

Hydrolysis of 15d in trifluoroacetic acid and 6 N HCI mixture 
yielded 1-(2,4-difluorophenyl)-6-fluoro-7-(4,7-diazaspiro[2,5]octan- 
7-yl)- I ,4-dihydro-4-oxo[l,8]naphthyridine-3-carboxylic acid tri- 
fluoroacetic acid salt 12d, mp 229-230°C. IR (KBr): 1675, 1730 
(CO) crn-I. 'H NMR (DMSO-d,) 6: 0.53 (m, 2H, CH,), 0.93 (m, 
2H, CH,), 3.24 (m, 2H, NCH?), 3.66 (m, 2H, NCH,), 3.88 (rn, 
2H, NCH,), 7.37 (m, 1 H, aromatic H), 7.64 (rn, 1 H, aromatic H), 
7.83 (m, lH,  aromatic H), 8.25 (d, JH-F = 13 HZ, 1 H, C5-H), 8.93 
(s, 1 H, C2-H), 9.39 (bs, 2H, CF3COONH,), 14.86 (bs, 1 H, OH). 
Anal. calcd. for C,,H18F6N,05: C 50.74, H 3.33, N 10.29; found: 
C 50.83, H 3.53, N 10.20. 

Hydrolysis of 15e with 6 N HCI gave 17-cyclopropyl-6-fluoro- 
7-(6,9-diazaspiro[4,5]decan- 9-yl)- 1.4-dihydro-4-oxoquinoline-3- 
carboxylic acid hydrochloride (12e), mp >250°C. IR (KBr): 1720 
(CO) cm-I. IH NMR (DMSO-d6) 6: 1.18 (m, 2H, CH,), 1.33 (m, 
2H, CH,), 1.69 (m, 2H, CH,), 1.82 (rn, 4H, CH,X 2), 1.98 (m, 2H, 
CH,), 3.36 (m, 4H, NCHzx 2), 3.50 (m, 2H, CHI), 3.83 (rn, 1 H, 
CH), 7.03 (d, J H _ ,  = 7 HZ, IH, C8-H), 7 .98 (d, JIi_, = 13 HZ, 
1 H, C5-H), 8.70 (s, 1 H, C2-H), 9.30 (bs, 2H, NH,CI), 15.12 (bs, 
lH,  OH). Exact Masscalcd. forC2,H,,FN,O3: 385.1802; measured: 
385.1803. 

Hydrolysis of 15f with 6 N HCI yielded 1-(2,4-difluoropheny1)- 
6-fluoro-7-(6,9-diazaspiro[4,5]decan-9-y1)- 1,4-dihydro-4-oxoqui- 
noline-3-carboxylic acid hydrochloride (12f), rnp >250°C. IR 
(KBr): 1730 (CO) crn-'. 'H NMR (DMSO-d6) 6: 1.62 (rn, 2H, 
CH,), 1.82 (m, 6H, CH, x 3), 3.20 (m, 6H, NCH,x 3), 6.4 1 (d, JH-,  
= 7 Hz, IH, C8-H), 7.45 (m, 1H. aromatic H), 7.75 (rn, lH,  ar- 
omatic H), 7.94 (rn, lH,  aromatic H), 8.05 (d, J H _ ,  = 13 Hz, 
1 H, C5-H), 8.88 (s, 1 H, C2-H), 9.52 (bs, 2H, NH2C1), 14.84 (bs, 

G.  Y. Lesher, E. J. Froelich, M. D. Gruett, J. H. Bailey, and 
P. R. Brundage. J. Med. Chem. 5 ,  1063 (1962). 
H. Koga, A. Itoh, S .  Murayama, S .  Suzue, and T .  Irikura. J. 
Med. Chem. 23, 1358 (1980). 
D. J. Hardy, R. N. Swanson, D. N. Hensey, N. R. Ramer, 
R. R. Bower, C. W. Hanson, D. T. W. Chu, and P. B. 
Fernandes. Antimicrob. Agents Chernother. 31, 1768 (1987). 
R. Wise, J. M. Andrews, and L. J. Andrews. Antimicrob. 
Agents Chemother. 23, 559 ( 1983). 
Hokuriku Pharmaceutical Co. Ltd. (Japan). NY-198. Drugs 
Future, 11, 578 (1986). 
G.  Shantz. Drug, News Perspectives, 1 ,  297 (1988). 
K. Sata, Y. Matsuura, M.  Inoue, T. Une, Y. Osada, H. 
Ogawa, and S .  Mitsuhashi. Antirnicrob. Agents Chernother. 
22, 548 (1982). 
D.  T .  W .  Chu, P. B. Fernandes, A. K. Claiborne, E. H. 
Gracey, and A .  G.  Pernet. J. Med. Chem. 29, 2363 (1986). 
J. B. Cornett and M. P. Wentland. Annu. Rep. Med. Chem. 
21, 139 ( 1  986), and references therein. 
(a)  P. B.  Fernandes and D. T .  W.  Chu. Annu. Rep. Med. 
Chern. 22, 117 (1987), and references therein; (6) Annu. Rep. 
Med. Chem. 23, 133 (1988), and references therein. 
M. Imamura, S .  Shibamura, I.  Hayakawa, and Y. Osada. 
Antimicrob. Agents Chernother. 29, 163 (1986). 
L. A. Mitscher, P. N. Sharma, L. L. Shen, and D. T. W. Chu. 
J. Med. Chem. 30, 2283 (1987). 
J. F. Gerster, S .  R. Rohlfing, S .  E. Pecore, R. M. Winandy, 
R. M. Stern, J. E. Landmesser, R. A. Olsen, and W.  G. 
Gleason. J. Med. Chem. 30, 839 (1987). 
T. P. Culberton, J. M.  Domagala, J. B. Nicholas, S. Priebe, 
and R. W. Skeean. J. Med. Chem. 31, 503 (1988). 
Y .  Mizuki, M. Karnaura, T. Yamaguchi, Y. Sekine, and M. 
Hashirnoto. Arzneim.-Forsch. 39, 593 (1989). 
D. T .  W. Chu, C .  W. Nordeen, D. J. Hardy, R. N. Swanson, 
W. J. Giardina, A. G.  Pernet, and J. J. Plattner. J. Med. 
Chern. 34, 168 (1991). 
J .  M. Domagala, C .  L. Heifetz, M. P. Hutt, T .  F. Mich, J. 
B. Nichols, M. Solomon, and D. F. Worth. J. Med. Chem. 
31, 991 (1988). 
L. J. Reed and H. Muench. Am. J.  Hyg. 27, 493 (1938). 
M. A. Hamilton, R. C .  Russo, and R. V. Thurston. Environ. 
Sci. Technol. 11, 714 (1977). 
W. P. Wentland, R. B. Perni, P. H. Dorff, and J.  B.  Rake. 
J :  Med. Chem. 31,  1694 (1988). 
J. P. Sanchez, M. J. Domagala, S .  E. Hagen, C .  L. Heifetz, 
M. P. Hutt. J. B. Nichols, and A. K. Trehan. J. Med. Chem. 
31, 983 (1988). 
D. T .  W .  Chu, P. B.  Fernandes, A.  K. Claiborne, E. H. 
Gracey, and A. G .  Pernet. J.  Med. Chem. 29, 2363 (1986). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
A

 S
T

U
D

I 
N

A
PO

L
I 

FE
D

 I
I 

on
 1

0/
08

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




