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A series of novel chiral74 7-amino-5-azaspiro[2.4]heptan-5-yl)-8-chloro-l-~2-fluorocyclopropyl~- 
quinolones were synthesized as a continuation of a research project of 1-(2-fluorocyclopropyl)- 
quinolones by considering stereochemical and physicochemical properties of the molecule. 
Absolute configurations of the l-(cis-2-fluorocyclopropyl) moiety and the 747-amin0-5-azaspiro- 
[2.4]heptan-5-yl) moiety were determined by X-ray crystallographic analysis. Stereochemical 
structure-activity relationship studies indicated that l-[(1R,2S)-2-fluorocyclopropyll and 
7-[(7S)-amin0-5-azaspiro[2.4]heptan-5-y1] derivatives are more potent against Gram-positive 
and Gram-negative bacteria than the other stereoisomers and 7-[(7S)-7-amino-5-azaspiro[2.41- 
heptan-5-yll-8-chloro-l-[(1R,2S)-2-fluorocyclopropyllquinolone (33) is the most potent of all 
stereoisomers. Pharmacokinetic profiles and physicochemical properties of the selected 
compounds were also examined, and it was found that 33 (DU-6859a) possesses moderate 
lipophilicity and good pharmacokinetic profiles. 

In recent years, many clinically important antibacte- 
rial agents which possess a 1-substituted 6-fluoro-1,4- 
dihydro-4-oxoquinoline-3-carboxylic acid moiety (1- 
7)3-9 and collectively known as quinolones have been 
discovered. These agents selectively inhibit bacterial 
DNA gyraselO relative to mammalian topoisomerase 11, 
and this mode of action is characteristic of quinolones 
as excellent antibacterial agents.ll A great number of 
quinolones have been synthesized, and a large body of 
structure-activity relationships (SARs)  have been ac- 
cumulated.12 Studies on the N-1 substituent of the 
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1 : R1=C2H5, Rz=l  -piperazinyl, X=CH (nor f l~xac in )~  
2: R, =C2H5, R2=l -piperazinyl, X=N ( e n ~ x a c i n ) ~  
3: R , ,  X=-CH(CH3)CH20C-, Rz=4-methyl-l -piperazinyl ( o f l ~ x a c i n ) ~  
4: R1=c.C3H5, R2=l-piperazinyi, X=CH (ciprofloxacin)6 
5: R1=C2H5, R2=3-methyi-l -piperazinyl, X=CF ( lomef l~xacin)~ 
6: R,=2,4-difluorophenyI, R2=3-amino-l-pyrrolidinyl, X=N (tosufloxacin)' 
7: R1=c-C3HS, R2=3-amino-l -pyrrolidinyl, X=CCI (AM-1091, PD-127391)' 

quinolone nucleus showed that cyclopropyl derivatives 
exhibit particularly potent antibacterial activities. We 
have recently reported that a series of l-(cis-2-fluoro- 
cyclopropyl)-7-piperazinyl derivatives have potent activ- 
ity comparable to those of nonfluorinated congeners.' 
Those fluorocyclopropyl derivatives have lower lipophi- 
licities compared to the nonfluorinated c0unterparts.l 
Adverse reactions of new quinolones such as central 
nervous system (CNS) effects13 and interaction with the 
nonsteroidal antiinflammatory agent, fenbufen,14 have 
been noted in clinical use. It is reported that blood- 
brain barrier transport of quinolones is characterized 
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by its nonlinear dependence on lipophilicity, and the 
compounds which are more lipophilic than ofloxacin 
penetrate the blood-brain barrier ~onsiderab1y.l~ There- 
fore, the cis-2-fluorocyclopropyl group would be a favor- 
able N-1 substituent to  modulate the lipophilicity and 
reduce the incidence of CNS adverse event by minimiz- 
ing CNS concentration. Furthermore, it was discovered 
that those fluorocyclopropyl derivatives are less effective 
inhibitors of mammalian topoisomerase I1 than the 
corresponding cyclopropyl derivatives.16 These results 
suggest that it is possible to obtain a highly potent 
compound with reduced toxicity by structural manipu- 
lation of l-(cis-2-fluorocyclopropyl) derivatives. 

Most of the compounds which are either in an 
advanced stage of clinical development or already 
marketed have a piperazinyl or pyrrolidinyl substituent 
at the C-7 position. The quinolones with a substitution 
of a 3-(aminomethyl)-l-pyrrolidinyl or 3-amino-1-pyr- 
rolidinyl group have enhanced activities against Gram- 
positive organisms compared to piperazinyl deriva- 
tives.12 It has been reported that 341-aminoethy1)- 
pyrrolidinyl derivatives possess potent activity against 
Gram-positive and Gram-negative bacteria.17J8 Their 
lipophilicity and aqueous solubility, modulated by the 
C-7 substituent and the quinolone nucleus, are largely 
responsible for their oral ab~orbabi1ity.l~ But, certain 
of the 3-(l-aminoethyl)pyrrolidines, especially those 
containing a halogen at C-8, strongly inhibited topo- 
isomerase I1 and were c y t o t o ~ i c . ~ 8 J ~  It has been con- 
sidered that the 3-aminopyrrolidinyl group enhances 
Gram-positive activity but makes the molecule less 
soluble and is unfavorable for oral absorption.2o Sanchez 
reported, however, that the 7-(3-amino-l-pyrrolidinyl)- 
8-chloro derivative, clinafloxacin (AM-1091, CI-960, PD- 
127391) (7),9 has potent activity in vitro and in vivo 
against Gram-positive and Gram-negative bacteria. 
Clinafloxacin has been proven to have good pharmaco- 
kinetic profiles in human.21 The topoisomerase I1 
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Table 1. Physical Data of the Chiral2-Fluorocyclopropyl Derivatives Prepared in Scheme 1 
compd config (chirality) yield,b % mp, "C rotationC elemental formulad 

9a cis (1S,2S) 25 102 f143.6 CizHi4FNO 
9b cis (1R,2R) 27 108 f62.0 CizHi4FNO 
9C trans 23 126-128 +143.1 
9d 

10a 
lob 
1oc 
10d 
l l a  
l l b  
l l c  
l l d  
14a 
14b 
14c 
14d 
15a 
15b 
15c 
15d 
16a 
16b 
16c 
16d 

trans 
cis 
cis 
trans 
trans 
cis 
cis 
trans 
trans 
cis 
cis 
trans 
trans 
cis 
cis 
trans 
trans 
cis 
cis 
trans 
trans 

19 
73 
79 
76 
75 
57 
50 
73 
60 
89 
79 
47 
50 
90 
94 
96 
88 
90 
85 
90 
89 

101-103 
oil 
oil 
oil 
oil 
63 
73 
60 
59 
99-100 
98-100 
99 
98 
174 
181-184 
187 
187 
177-182 
170-171 
206-208 
207-209 

f117.5 
+21.6 
-23.1 
f41.5 
-42.3 
-60.3 
+65.6 
+20.5 
-20.5 
+6.7 
-6.7 

+12.5 
-12.8 
-45.3 
+45.1 
-23.6 
+23.5 
-26.8 
+30.4 
-20.0 
+19.9 

a Configuration of fluorine atom in relation to the carbonyl group or amino group on the cyclopropyl ring. Yields were not optimized. 
Degrees, measured in CHC13. Analyses for C, H, and N were within &0.4% of the theoretical values. 

inhibitory activity of clinafloxacin has been found to be 
comparable to  that of enoxacin.lg These results sug- 
gested that 3-aminopyrrolidine is superior to  3-( 1- 
aminoethy1)pyrrolidine in terms of selective toxicity as 
the C-7 substituent, and the chlorine atom at  C-8 is 
favorable for oral efficacy. As a continuation of the 
search for potent broad-spectrum quinolone antibacteri- 
als, we selected a 3-aminopyrrolidinyl group at C-7 and 
a chlorine atom at C-8 for l-(cis-2-fluorocyclopropyl)- 
quinolone and carried out extensive modifications by 
considering stereochemical and physicochemical proper- 
ties of the molecule. 

It has been reported that 4-methylpiperazinylzz and 
3,5-dimethylpiperazinyl  derivative^^^ are less effective 
to  the CNS than piperazinyl derivatives. This result 
seems to be related to steric hindrance for the basic 
center at the 4-position of piperazinyl moiety. Further- 
more, it is known that 2-methyl-4-aminopyrrolidinylz4 
and 3-amino-4-methylpyrrolidinyl derivativesz5 are more 
soluble in water than nonmethylated congeners but 
retain their high level of activity. These results indi- 
cated that introduction of a substituent, which has steric 
bulk comparable to that of a methyl group at the C-4 
position of 3-aminopyrrolidine, would be favorable for 
reduction of CNS potency and improvement of pharma- 
cokinetic profiles. From these viewpoints, we designed 
novel 7-amino-5-azaspiro[2.4lheptane for the C-7 sub- 
stituent of l-(cis-2-fluorocyclopropyl)quinolone. In this 
paper, we report synthetic procedures for the prepara- 
tion of chiral cis-2-fluorocyclopropyl derivatives and 
7-amino-5-azaspiro[2.4lheptyl derivatives and also struc- 
ture-activity relationships and pharmacokinetic pro- 
files among these compounds. 

Chemistry 
The test compounds in Table 2 were prepared by 

nucleophilic displacement of 8-chloro-6,7-difluoroquino- 
lones with appropriate 3-[(tert-butoxycarbonyl)aminol- 
pyrrolidines, followed by deprotection of the tert- 
butoxycarbonyl groups (Scheme 1). To clarify the effect 

of chirality of the l-(cis-2-fluorocyclopropyl) moiety and 
the 7-(7-amino-5-azaspiro[2.41heptan-5-y1) moiety on 
antibacterial activity, absolute configurations of these 
substituents were determined by X-ray crystallographic 
analysis of 15a and 28.26 

The synthetic routes of chiral 8-chloro-6,7-difluoro- 
l-(2-fluorocyclopropyl)quinolones 16a-d are summa- 
rized in Scheme 2. dl-cis-2-Fluorocyclopropanecarbox- 
ylic acid (Salz7 was converted to (R)-(1-phenylethyll- 
amides 9a and 9b, and each isomer was separated by 
HPLC.28 Hydrolysis of each isomer gave chiral cis-2- 
fluorocyclopropanecarboxylic acids 10a and lob. Reac- 
tion of 10a and 10b with diphenyl phosphorazidateZ9 
in tert-butyl alcohol yielded rearrangement products 1 la 
and l l b  with retention of the configuration. Enanti- 
omers of truns-N-(tert-butoxycarbonyl)-2-fluorocyclopro- 
pylamine l l c  and l l d  were prepared similarly from dl- 
trans-2-fluorocyclopropanecarboxylic acid 8b.27 Com- 
pounds l la-d were hydrolyzed by trifluoroacetic acid 
and then reacted with 1330 and triethylamine to give 
enamino keto esters 14a-d. Cyclization of 14a-d with 
sodium hydride gave 3-quinolinecarboxylates 15a-d. 
Compound 15a was obtained as prisms, and the abso- 
lute configuration was determined to  be (1R,2S) by 
X-ray crystallographic analysis as shown in Figure 1. 
Hydrolysis of 15a-d in HC1 gave chiral 1-(2-fluorocy- 
clopropyl)-8-chloro-6,7-difluoro-4-oxo-3-quinolinecarbox- 
ylic acids 16a-d. 

The synthetic routes of chiral7-[(tert-butoxycarbonyl)- 
amino]-5-azaspiro[2.4lheptanes 27a and 27b are sum- 
marized in Scheme 3. 1-Acetyl-1-cyclopropanecarboxylic 
acid (17I3l was converted t o  (R)-(l-phenylethyl)amide 
18 to achieve chiral resolution at the later stage. 
Bromination of 18, followed by treatment with sodium 
hydride, gave 22 in low yield, and this route was not 
applicable to  scale-up preparation. Then, the ketone 
group of 18 was protected by ketal, and the resulting 
ketal was converted to  stable bromide 20. Reaction of 
20 with sodium hydride, followed by deprotection, gave 
4,7-dioxo-5-azaspiro[2.4]heptane (22) in moderate yield. 
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Table 2. Physical Properties of the Chiral 8-Chloroquinolones 

U 

chirality 
compd Ri Rz X 1' 2' 3' mp, "C rotationQ (solvent) yield,b % formulac 

29 H H F R S S 247-252dec -94.7(0.1NNaOH) 73 Ci7HifiClF2N303.H20 
30 H H F S R S 214-217 +120.8 (0.1 N NaOH) 66 Ci7HifiClFzN303"/zHzO 
31 -(CHz)z- H S 166-170 dec -112.6 (0.1 N NaOH) 55 CigHigC1FN3O3J/2H2Od 
32 -(CH2)2- H R 160-165 dec $110.3 (0.1 N NaOH) 43 CigHisClFN303J/zHzO 
33 -(CH&- F R S S 225dec -199.9 (1 N NaOH) 38 CigHisClFzN3033/2HzO 
34 -(CHz)z- F S R S 123-128 +21.5 (1 N NaOH) 74 ClsHieClF2N303.'/2HzO 
35 -(CHz)z- F R S R 121-127 -21.1 (1 N NaOH) 55 Ci~HisClFzN203'~/zHz0" 
36 -(CH&- F S R R 126-160dec +186.8(lNNaOH) 41 C I ~ H I & ~ F ~ N ~ O ~ ~ / ~ H Z O  
37 -(CHz)z- F NDfX S 127-130 -209.2 (1 N NaOH) 61 CigHisClFzN303"/2HzO 
38 -(CHz)z- F NDh S 167-173 -23.4 (1 N NaOH) 53 CigHi&lFzN3033/4HzO 
39 -(CHz)z- F NDB R 162-172 +3.4 (1 N NaOH) 45 CieHisClFzN303'3/4HzO 
40 -(CH2)2- F NDh R 129-131 +197.2 (1 N NaOH) 55 Ci~HigClFzN303.~/2H20 

Q Degrees. b Yields are those obtained from the coupling step to final product, including deprotections. Analyses for C, H, and N were 
H: calcd, 5.03; found, 5.44. e H: calcd, 4.50; found, 5.42. f Not determined. within f0.4% of the theoretical values, unless otherwise noted. 

g Derived from 16c. Derived from 16d. 

Scheme 1" 
n 

H 

R,, R2 = H or 
RI R2 = -(CH2)2- 

(a) Et3N, MeCN, reflux; (b) TFA. 

Oximation of 22 and subsequent reduction gave a 
diastereomeric mixture of amines 24a and 24b. Each 
isomer was separated by silica gel column chromatog- 
raphy. Reduction of 24a and 24b with lithium alumi- 
num hydride gave 25a and 25b. Reaction of 25a and 
25b with 2-[[(tert-butoxycarbonyl)oxyliminol-2-phenyl- 
acetonitrile (Boc-ON), followed by debenzylation gave 
chiral 7-[(tert-butoxycarbonyl)aminoI-5-azaspiro[2.41- 
heptanes 27a and 27b. Reaction of 2% with 8-chloro- 
l-cyclopropyl-6,7-difluoro-l,4-dihydro-4-oxo-3-quinoline- 
carboxylic acid32 gave 7-[(7S)-7-[(tert-butoxycarbonyl)- 
aminol-5-azaspiro[2.4lheptan-5-yll-8-chloro-l-cyclopro- 
pyl-6-fluoro- 1,4-dihydro-4-oxo-3-quinolinecarboxylic acid 
(281, which was crystallized to be crystals suitable for 
X-ray analysis. Absolute configuration of 28 was de- 
termined to be the S-form by X-ray crystallographic 
analysis as shown in Figure 2. 

Results and Discussion 
Compounds 29-40 were evaluated for their in vitro 

antibacterial activity against a variety of Gram-positive 
and Gram-negative bacteria. Data for four Gram- 
positive bacteria and six Gram-negative bacteria as 
representative examples are summarized in Table 3. 
The data for (5')-clinafloxacin (7aI33 and ciprofloxacin 
(CPFX) (4) are included for comparison. 

In order to estimate the effects of chiral 2-fluorocy- 
clopropyl groups and 7-amino-5-azaspiro[2.4lheptyl 
groups, the compounds were divided into three groups. 
In the first, stereochemical effects of N-1 substituents 

were investigated. As (S)-3-aminopyrrolidine is known 
to be a more potent C-7 substituent than its (R)- 
~ o u n t e r p a r t , ~ ~  7-((S)-3-aminopyrrolidinyl)-l-(cis-2-fluo- 
rocyclopropyl) derivatives 29 and 30 were synthesized. 
It is known that fluorine is hydrogen mimic,35 and the 
effect of chirality of cis-2-fluorocyclopropyl group was 
delicate: (1R,2S)-29 and (1S,2R)-30 were nearly equi- 
potent, and the difference of the activity was 2-fold 
at the most. 

Secondly, the activities of chiral7-(7-amino-5-azaspiro- 
[2.4lheptyl)-l-cyclopropyl derivatives 31 and 32 were 
compared. (S)-31 was 2-16-fold more potent than its 
antipode (R)-32 against Gram-positive and Gram-nega- 
tive bacteria, and was highly potent as 7a. These 
observations indicated that the cyclopropyl group at C-4 
position of the pyrrolidine ring has little effect on 
antibacterial activity and stereochemistry of the amino 
group at C-3 is important. 

In the next study, the activities of all the possible 
stereoisomers of 7-(7-amino-5-azaspiro[2.4lheptyl)- 142- 
fluorocyclopropyl) derivatives 33-40 were compared. In 
the stereoisomeric pairs of 7(S) and 7(R) derivatives (331 
35, 34/36, 37/39, or 38/40), 7(S) derivatives were more 
potent than 7(R) derivatives. With respect to the 
l-cyclopropane ring of the series of 7(S)-isomers and 
7(R)-isomers, cis-isomers were more potent than truns- 
isomers as previously reported in a series of 7-piper- 
azinyl-l-fluorocyclopropyl derivatives.l In the stereo- 
isomeric pairs of 1-(uZ,2S) and 1-(1S,2R) derivatives (33 
and 34, or 35 and 361, the difference of the activity was 
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Ph 
F COOH F NHBoc F CONH-( C 

F COOH 
a 

8a: cis 9a: (1 S,2S) loa: (+)-(1S92S) Ida: (-)-(1 R,2S) 
lob: ( - ) - (1R32R) l l b :  (+)-(1S,ZR) 9b: (1R,2R) 

H COOH H COOH 
Ph 

H NHBoc a 

8b: trans 9c 
9d 

NHBoc NH,.TFA 

11 a-d 12a-d 

0 

F ,mCooEt OEt 
CI 

13 

0 

1oc: (+) 11c: (+) 
10d: (-) l l d :  (-) 

0 

f 
t 

/ 
2 

14a: (-)-(1 R , 2 S )  

14c: trans (+) 
14d: trans (-) 

14b: (+ ) - ( lS ,2R)  

0 

F*cOOEt F 9 F*cooH F 

c' d / F  

15a: (-)-(1 R,2S) 

15c: trans (-) 
15d: trans (+) 

15b: (+)-(1S,2R) 

CI d / F  

16a: ( - ) - (1  R,2S) 

16c: trans (-) 
16d: Vans (+) 

16b: (+ ) - ( lS ,2R)  

a (a) N,"-Carbonyldiimidazole, (R)-PhCH(Me)NHz; (b) HC1; (c) DPPA, t-BuOH, Et3N; (d) TFA (e) Et3N; (0 NaH (g) HCl, AcOH. 

0 

15a 

Figure 1. ORTEP drawing of 1Sa. 

not significant. After all modifications and stereochem- 
ical relationships, it was found that (S)-(7-amino-5- 
azaspiro[2.4]heptyl) group and chiral cis-2-fluorocyclo- 
propyl groups are preferred stereoisomers, and 29,30, 
31, 33, 34, and (SI-7 are nearly equipotent. 

Oral bioavailability is an important aspect for in vivo 
efficacy as well as in vitro antibacterial activity. Since 

the introduction of ofloxacin (3),5 which exhibits excel- 
lent pharmacokinetic profiles in human, we focused our 
research toward more orally effective agents. In the 
studies, we decided that new compounds should have 
good aqueous solubility and lipophilicity comparable to 
that of ofloxacin to exhibit good oral absorbability and 
reduced metabolism. In this study, we examined phys- 
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Scheme 3 a  

Kimura et al. 

1 9  
17 

Ph 

20 2 1  2 2  

A Ph Ph 

23 24a: ( 7 R  ) 25a: ( 7 R )  
24b: (7s) 25b: (7s) 

,NHBoc NHBoc 3 -  I 

H Ph 
26a: (76‘) 27a: ( 7 R )  
26b: (7s) 27b: (7s) 

a (a) ClCOOEt, EtsN, (R)-PhCH(Me)NHZ; (b) (CHzOH)z, p -  
TosOH; (c) Brz, dioxane; (d) NaH; (e) HCl; (0 NH20H.HCl, Et3N; 
(g) Hz, Ra-Ni; (h) LiAlH4; (i) Boc-ON; (j) Hz, Pd-C. 

icochemical properties and pharmacokinetic profiles of 
selected compounds. Apparent partition coefficients 
(P’s) and aqueous solubilities of 29, 31, 33, and 7 are 
given in Table 4. The data for ofloxacin is included for 
comparison. Lipophilicities were related to structural 
feature of the molecules. Introduction of a fluorine atom 
reduced the apparent partition coefficient of correspond- 
ing nonfluorinated compound (7 - 29,31- 33) as we 
reported previous1y.l Introduction of cyclopropyl group 
at  C-4 of 3-aminopyrrolidine increased apparent parti- 
tion coefficient (7 - 31,29 - 33). The lipophilic natures 
of the N-1 and C-7 substituents of 33 offset each other 
and 33 showed moderate lipophilicity comparable to 
that of 7. Aqueous solubilities of cyclopropyl derivatives 
were higher than those of fluorocyclopropyl congeners 
(7 and 29, or 31 and 33). The (S)-(7-amino-5-azaspiro- 

[2.4lheptyl) group did not improve aqueous solubility 
in this set of compounds (7 and 31, or 29 and 33). 
Aqueous solubilities did not correlate with apparent 
partition coefficients. 

The pharmacokinetic profiles after oral dose of 20 mg/ 
kg to rats are given in Table 5. Aqueous solubility is 
suggested to be associated with the extent and rate of 
oral absorption of a compound.24 Peak plasma concen- 
trations of cyclopropyl derivatives were higher than 
those of less soluble fluorocyclopropyl congeners (7 and 
29, or 31 and 33). But, peak plasma concentration of 
29 was lower than those of less soluble 31 and 33. Oral 
absorbability might be related to lipophilicity as well 
as aqueous solubility. The urinary recovery of 31 was 
relatively low compared to its serum level, and half of 
31 excreted via urine was found as its glucuronide. This 
seems to  be related to the high lipophilicity of 31.36 
Active metabolites of 7 were found in urine, but no 
active metabolite of 33 was found. It is known that 
metabolic stability of primary amino derivatives, such 
as phenylethylamine, are improved by introducing a 
substituent at the a-carbon of amines.37 Therefore, 
metabolic stability of 33 should be due to the steric 
hindrance for the basic center of 7-amino-5-azaspiro- 
[2.4lheptyl group. As a result, (S)-7-amino-5-azaspiro- 
[2.4lheptane was found to be a suitable C-7 substituent 
of l-(cis-2-fluorocyclopropyl)quinolone in terms of the 
pharmacokinetic profiles. 

This study has demonstrated that (SI-7-amino-5- 
azaspiro[2.4lheptane is an excellent C-7 substituent of 
(lR,2S)-(2-fluorocyclopropyl)quinolone in terms of an- 
tibacterial activity and pharmacokinetic profiles. Bio- 
logical evaluation of these fluorocyclopropyl derivatives 
has been carried out extensively. Fluorocyclopropyl 
derivative 33 was found to be a less effective topo- 
isomerase I1 inhibitor than the corresponding cyclopro- 
pyl analogue 31.17 In the micronucleus test, 31 induced 
the micronuclei in mouse bone marrow cells when 
administrated 150 mgkg, iv, while 33 did There- 
fore, compound 33 was suggested to be less effective to 
mammalian cells and less toxic. Compound 33 (DU- 
6859a) was finally selected and is presently under 
clinical studies. 

Experimental Section 
Melting points were taken on Yanagimoto micro melting 

point apparatus and are uncorrected. lH NMR spectra were 
taken at 90 MHz with a JEOL Fx-90 spectrometer and 400 

H6 

H 

H25 

0 
F. A 

Figure 2. ORTEP drawing of 28. 
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Table 3. In Vitro Antibacterial Adivite 
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min inhibitory concn, &mL 
~ 

S. aureus S. epidermidis S. pyogenes S. aecalia E .  coli K. pneumoniae P. vulgaris E .  cloacae S. marcescens P. aeruginosa 
compd 209P 56556 G36 AT6C19433 NIHJ Type2 08601 03400 10100 32104 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
(SI-7 
CPFX 

0.013 
0.025 
0.013 
0.1 
0.013 
0.025 
0.1 
0.1 
0.1 
0.78 
0.78 
3.13 
0.025 
0.1 

0.05 
0.05 
0.025 
0.1 
0.025 
0.05 
0.1 
0.2 
0.1 
0.78 
0.78 
3.13 
0.05 
0.2 

0.1 0.2 
0.2 0.2 
0.1 0.1 
0.78 0.39 
0.05 0.1 
0.2 0.2 
0.1 0.78 
0.2 0.39 
0.39 0.78 
3.13 3.13 

'12.5 6.25 
> 12.5 > 12.5 

0.1 0.1 
1.56 1.56 

0.006 
0.013 
<0.006 

0.05 
<0.006 

0.013 
0.025 
0.05 
0.006 
0.05 
0.05 
0.39 

s0.006 
0.006 

0.05 
0.05 
0.025 
0.05 
0.025 
0.025 
0.05 
0.1 
0.05 
0.2 
0.39 
1.56 
0.025 
0.05 

0.006 
0.013 
0.006 
0.05 
0.006 
0.013 
0.025 
0.05 
0.025 
0.1 
0.1 
0.39 
0.006 
0.013 

0.006 
0.025 
0.006 
0.05 
0.006 
0.013 
0.025 
0.05 
0.013 
0.2 
0.1 
0.78 
0.006 
0.025 

0.025 
0.05 
0.025 
0.1 
0.025 
0.05 
0.1 
0.5 
0.1 
0.2 
0.39 
0.78 
0.025 
0.05 

0.05 
0.1 
0.05 
0.39 
0.05 
0.2 
0.39 
0.78 
0.39 
1.56 
1.56 
6.25 
0.05 
0.1 

a See the Experimental Section. 

Table 4. Physicochemical Propertiesa 
~~ ~ 

29 31 33 7 OFLX 
solubilitp 344 203 131 500 2400 
PC 0.55 11.1 3.1 2.3 4.9 

a See the Experimental Section. Aqueous solubility, pg/mL. 
Apparent partition coefficient, CHCldO.1 M phosphate buffer (pH 

7.4). 

Table 5. Pharmacokinetic Profiles of Selected Compounds 
after Oral Administration to  Ratsa (20 mg/kg) 

urinary recovery (%) 

compd C,,, NdmL tm, h unchanged conjugate 
29 2.0 1.2 12 4 
31 3.4 1.5 7 7 
33 2.6 1.0 22 1 
7 3.9 1.6 24b 5 

a See the Experimental Section. Including active metabolite. 

MHz with a JEOL JNM-EX400 spectrometer. Chemical sifts 
are expressed in ppm (6) with tetramethylsilane or sodium 2,2- 
dimethyl-2-silapentane-5-sulfonate as an internal standard. 
The structures of all compounds were consistent with their 
spectral data. Optical rotations were measured at 589 nm 
with a Horiba SEPA-200 polarimeter. Elemental analyses are 
indicated by the symbol of the elements; analytical results 
were within 0.4% of the theoretical values unless otherwise 
noted. Solutions were dried over sodium sulfate. E. Merck 
silica gel (230-400 mesh) was used for column chromatogra- 
phy. Thin-layer chromatography (TLC) was performed with 
Merck silica gel 60 F254 TLC plates. 

N-[ 1(R)-Phenylethyl]-1,2cis-2-fluorocyclopropanecar- 
boxamide (9a and 9b). To a solution of dl-cis-2-fluorocyclo- 
propanecarboxylic acid (8a) (1.0 g, 9.61 "01) in THF (30 mL) 
was added NJV-carbonyldiimidazole (1.78 g, 12.0 mmol), and 
the solution was stirred at  room temperature for 1 h. To the 
solution was added (R)-(+)-1-phenylethylamine (1.45 g, 11.8 
mmol). The mixture was stirred at room temperature for 2 h 
and then concentrated under reduced pressure. The residue 
was dissolved in CHC13 and washed with 10% aqueous citric 
acid and HzO. The organic layer was dried and concentrated 
to afford a mixture of 9a and 9b. Each isomer was separated 
by preparative HPLC: Nucleosil50-5 column (20 x 250 mm) 
(Senshu Kagaku Co., Ltd.). Solvent: AcOEt-THF (9:l). Flow 
rate: 9.0 mumin. Retention time: 11 min for 9a; 13 min for 
9b. 9a: lH NMR (CDCl3) 6 0.98-1.34 (m, 2 H), 1.52 (d, 3 H, 
J = 7 Hz), 1.64-1.96 (m, 1 H), 4.58 (dm, 1 H, J = 66 Hz), 5.24 
(m, 1 H), 7.40 (m, 5 H). 9b: 'H NMR (CDC13) 6 0.92-1.34 
(m, 2 H), 1.50 (d, 3 H, J = 7 Hz), 1.50-1.96 (m, 1 H), 4.68 
(dm, lH, J = 64 Hz), 5.14 (m, 1 H), 7.40 (s, 5 H). By using 
this procedure, trans-N-[l(R)-phenylethyll derivatives 9c (Rf 
0.29) and 9d (Rf 0.22) were prepared from dl-trans-2-fluoro- 
cyclopropanecarboxylic acid 8b and separated by silica gel 
column chromatography using AcOEt-toluene (1O:l) as eluent. 
9c: lH NMR (CDC13) 6 1.27-1.39 (m, 1 H), 1.52 (d, 3 H, J = 

7Hz),1.74-1.84(m,1H),4.81(dm,1H,J=64Hz),5.11(q, 
1 H, J = 7 Hz), 5.88 (b, 1 H), 7.27-7.38 (m, 5 H). 9 d  lH 
NMR (CDCl3) 6 1.31-1.41 (m, 1 H), 1.50 (d, 3 H, J = 7 Hz), 
1.74-1.84 (m, 1 H), 4.77 (dm, 1 H, J = 64 Hz), 5.11 (q, 1 H, J 
= 7 Hz), 5.85 (b, 1 H), 7.28-7.39 (m, 5 H). 
Chiral2-Fluorocyclopropanecarboxylic Acids (loa- 

d). General Procedure. A mixture of N-[l(R)-phenylethyll- 
2-fluorocyclopropanecarboxamide (9) (8.0 mmol) and 35% 
hydrochloric acid (30 mL) was stirred at 100-110 "C for 5 h. 
The reaction mixture was made pH 8-9 with NaHC03 and 
washed with CHCl3. The aqueous layer was made pH 4 with 
HC1 and extracted with AcOEt. The extract was dried and 
concentrated to dryness to give chiral 2-fluorocyclopropane- 
carboxylic acid (10). 10a and lob: 'H NMR (CDCl3) 6 1.0- 
1.42 (m, 1 H), 1.56-1.98 (m, 2 H), 4.76 (dm, 1 H, J = 66 Hz), 
11.32 (bs, 1 H). 1Oc and 10d: 'H NMR (CDCb) 6 1.68-1.80 
(m, 2 H), 2.45-2.54 (lH, m), 4.94 (dm, 1 H, J = 65 Hz), 9.47 
(bs, 1 H). 

Chiral 1-[ (tert-Butoxycarbonyl)aminol-2-fluorocyclo- 
propanes (lla-d). General Procedure. To a solution of 
10 (2.55 "01) in tert-butyl alcohol (6 mL) was added diphenyl 
phosphorazidate (800 mg, 2.91 mmol) and triethylamine (270 
mg, 2.67 mmol). The mixture was refluxed for 4.5 h and then 
concentrated under reduced pressure. The residue was ex- 
tracted with CHC13, and the extract was washed with 10% 
aqueous citric acid, 2% aqueous NaOH, and HzO. The organic 
layer was dried and concentrated to  dryness. The residue was 
chromatographed with CHCl3 to  give 11. l l a  and l lb: lH 
NMR (CDCl3) 6 0.66-1.3 (m, 2 H), 1.46 (s, 9 H), 2.48-2.74 
(m, 1 H), 4.58 (dm, 1 H, J = 65 Hz), 4.6-5.1 (br s, 1 H). l l c  
and l ld:  'H NMR (CDC13) 6 0.82-0.95 (m, 1 H), 1.26-1.37 
(m, 1 H), 1.48 ( s ,9  H), 2.85-2.93 (m, 1 H), 4.52 (d, 1 H, J = 64 
Hz), 4.42-4.62 (bs, 1 H). 

Chiral Ethyl 3-(2-Fluoro-l-cyclopropyl)-2-(3-chloro- 
2,4,5-trifluorobenzoyl)acrylates (14a-d). General Pro- 
cedure. Compound 11 (1.12 g, 6.39 mmol) was dissolved in 
trifluoroacetic acid (10 mL) and stirred at room temperature 
for 20 min. The solution was concentrated to dryness to obtain 
2-fluorocyclopropylamine trifluoroacetate (12) as an  oil. To a 
suspension of 12 in CHzClz (20 mL) was added triethylamine 
(2.0 g, 19.8 mmol) at 0 "C, and the mixture was stirred for 20 
min. To the mixture was added a solution of ethyl 3-ethoxy- 
2-(3-chloro-2,4,5-trifluorobenzoyl)acrylate (131, prepared from 
ethyl 2-(3-chloro-2,4,5-trifluorobenzoyl)acetate (1.50 g, 5.35 
mmo1),26 in CHzClz (10 mL). The mixture was stirred at  room 
temperature for 1 h and then concentrated to  dryness. The 
residue was chromatographed with benzene-AcOEt (4:1), and 
the eluent was concentrated to  dryness. The residue was 
triturated with isopropyl ether-n-haxane, and the resulting 
precipitates were collected by filtration to give 14. 14a and 
14b: lH NMR (CDCl3) 6 0.95, 1.08 (each t, 3 H, 1:2.5, J = 7 
Hz), 1.0-1.5 (m, 2 H), 2.8-3.15 (m, 1 H), 4.03, 4.07 (each q, 2 
H, 1:2.5, J = 7 Hz), 4.78 (dm, 1 H, J = 65 Hz), 7.13 (ddd, 1 H, 
J=9.5,8.6,5.9Hz),8.20,8.25(eachd, l H ,  1:2.5,J= 14Hz). 
14c and 14d: lH NMR (CDC13) 6 0.87, 1.02 (each t, 3H, 1:2.3, 
J = 7 Hz), 1.16-1.28 (m, 1 H), 1.42-1.6 (m, 1 HI, 3.23-3.35 
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(m, 1 H), 3.94, 4.00 (each q, 2 H, 1:2.3, J = 7 Hz), 4.64, 4.67 
(each m, 1 H, 1:2.3), 7.00-7.07, 7.15-7.23 (each m, 1 H, 2.3: 
11, 8.00, 8.07 (each d, 1 H, 1:2.3, J = 14 Hz), 9.32, 10.66 (each 
d, 1 H, k2.3, J = 14 Hz). 
Chiral Ethyl 8-Chloro-6,7-difluoro-l-(2-fluoro-l-cyclo- 

propyl)-4-oxoquinoline-3-carboxylates (15a-d). General 
Procedure. To a suspension of 60% NaH (560 mg, 14 mmol) 
in dioxane (10 mL) was added a solution of compound 14 (1.70 
g, 4.65 mmol) in dioxane (20 mL). The mixture was stirred at 
room temperature for 2 h and concentrated to dryness. To 
the residue was added 0.1 N HC1. The resulting precipitates 
were collected by filtration and washed with water and ether 
to give 15. 15a and 15b: 'H NMR (CDC13) 6 1.40 (t, 3 H, J = 
7 Hz), 1.4-1.9 (m, 2 H), 4.08 (m, 1 H), 4.39 (9, 2H, J = 7 Hz), 
4.90 (dm, 1 H, J = 65 Hz), 8.24 (dd, lH,  J = 11 Hz, 10 Hz). 

1.50 (m, 1 H), 1.78-1.92 (m, 1 H), 4.29 (q, 2 H, J = 7 Hz), 
4.38-4.48 (m, 1 H), 4.66 (dm, 1 H, J = 64 Hz), 8.10 (t, 1 H, J 
= 7 Hz), 8.44 (s, 1 H). 
Chiral8-Chloro-6,7-difluoro-l-(2-fluoro-l-cyclopropyl)- 

4-oxo-S-quinolinecarboxylic Acids (16a-d). General Pro- 
cedure. The mixture of 15 (1.4 g, 4.0 mmol) and 35% HC1 
(10 mL) was heated at 110 "C for 2.5 h. To the reaction 
mixture was added HzO (50 mL). The resulting precipitates 
were collected by filtration and washed with water and ether 
to give 16. 16a and 16b: IH NMR (CDCl3) 6 1.3-2.0 (m, 2 
H), 4.12-4.34 (m, 1 H), 4.95 (dm, 1 H, J = 63 Hz), 8.27 (dd, 1 
H, J = 8 Hz, 8 Hz), 8.87, 8.89 (each s, 1 H, split, 1:l). 16c 
and 16d: 'H NMR (CDC13) 6 1.46-1.56 (m, 1 H), 1.89-2.02 
(m, 1 H), 4.53-4.58 (m, 1 H), 4.65 (dm, 1 H, J = 64 Hz), 8.22 
(t, 1 H, J = 8 Hz), 8.28 (8, 1 H). 

(R)-N-( 1-Phenylethy1)-1-acetyl-1-cyclopropanecarbox- 
amide (18). Ethyl chloroformate (215.9 g, 1.99 mol) was 
added dropwise to  a stirred solution of l-acetylcyclopropane- 
carboxylic acid (17) (232 g, 1.80 mol) and triethylamine over 
a period of 40 min at -40 to  -30 "C. After the addition, the 
mixture was stirred at -30 "C for 40 min. To the reaction 
mixture was added dropwise (R)-(+)-1-phenylethylamine (241.1 
g, 1.98 mol) over a period of 20 min (internal temperature was 
kept at -20 "C). After being stirred for 1.5 h, the reaction 
mixture was washed twice with 1 N HC1, saturated aqueous 
NaHC03, and HzO. The organic layer was dried and concen- 
trated to dryness to give 489.3 g of 18, which was used without 
purification: lH NMR (CDC13) 6 1.50 (d, 3 H, J = 7.2 Hz), 
1.4-1.6 (m, 2 H), 1.7-1.9 (m, 2 H), 1.95 (s, 3 H), 5.1 (q, 1 H, 
J = 7.2 Hz), 7.3 (s, 5 H). 

(R)-N-( 1-Phenylethy1)- 1-[ 1, 1-(ethy1enedioxy)ethyll - 1- 
cyclopropanecarboxamide (19). A mixture of 18 (248.4 g), 
ethylene glycol (230 mL), p-toluenesulfonic acid monohydrate 
(10.0 g, 52.6 mmol), and benzene (800 mL) was refluxed for 
24 h under azeotropic condition. After cooling, HzO (500 mL) 
and benzene (500 mL) were added to  the reaction mixture. 
The organic layer was separated and washed with saturated 
NaHC03. The organic layer was dried and concentrated to 
dryness to give 227.8 g of 19, which was used without 
purification: lH NMR (CDC13) 6 0.7-0.95 (m, 2 H), 1.0-1.2 
(m, 2 H), 1.48 (s, 3 H), 1.47 (t, 3 H, J = 7.2 Hz), 3.98 (s, 4 H), 
5.22 (q, 1 H, J = 7.2 Hz), 7.31 (s, 5 H), 7.75 (br s, 1 H). 

(R)-N-( l-Phenylethyl)-l-[2-bromo-l,l-(ethylenedioxy)- 
ethyl]-1-cyclopropanecarboxamide (20). Bromine (145.4 
g, 0.91 mol) was added dropwise to dioxane (436 mL) over a 
period of 30 min, and the mixture was stirred for 30 min. To 
the mixture was added a solution of 19 (227.8 g) in CHzClz 
(2.0 L), and the resulting mixture was stirred for 2 h. To the 
reaction mixture was added 10% aqueous sodium thiosulfate 
solution, and the organic layer was separated, dried, and 
concentrated to dryness to give 326.0 g of 20, which was used 
without purification: 'H NMR (CDC13) 6 0.7-1.0 (m, 2 HI, 1.0- 
1.25 (m, 2 H), 1.49 (d, 3 H, J = 7.2 Hz), 3.69 (s, 2 H), 3.8-4.3 
(m, 4 H), 5.08 (4, 1 H, J = 7.2 Hz), 7.30 (6, 5 H), 7.6 (br s, 1 H). 
4,7-Dioxo-5-[ 1 (R)-phenylethylI-5-azaspiro[2.41- 

heptane 7-Ethylene Acetal (21). To a solution of 20 (293.0 
g) in DMF (500 mL) was added portionwise 60% NaH (43 g, 
1.08 mol) during 1.5 h under cooling to  keep the internal 
temperature at 30 "C, and the mixture was stirred for 18 h. 
The mixture was poured into ice and extracted with AcOEt 

1 5 ~  and Ed: 'H NMR (CDC13) 6 1.33 (t, 3 H, J = 7 Hz), 1.38- 
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(3.0 L). The extract was washed several times with HzO and 
dried. The solution was concentrated to dryness to give 203.3 
g of the 21 as an oil, which was used without purification: 'H 
NMR (CDCl3) 6 0.98-1.38 (m, 4 H), 1.50 (d, 3 H, J = 7.2 Hz), 
3.07 (d, 1 H, J = 10.2 Hz), 3.41 (d, 1 H, J = 10.2 Hz), 3.83 (s, 
4 H), 5.61 (q, 1 H, J = 7.2 Hz), 7.30 (s, 5 HI. 
4,7-Dioxo-5- [ 1 (R)-phenylethyl] -5-azaspiro i2.41- 

heptane (22). A mixture of 21 (203.3 g), acetone (1.0 L), and 
1 N HCl was refluxed for 1.5 h. The mixture was concentrated, 
and AcOEt (1.5 L) was added to the residue. The organic layer 
was separated and dried. The solution was treated with 
charcoal and concentrated under reduced pressure. The 
residue was chromatographed with CHC13-AcOEt (1O:O-9: 
1) to give 65.7 g (45% from 17) of 22 as a crystalline solid: mp 

1.74(m, 4H), 3.48(d, 1 H, J =  17.7 Hz), 3.88 (d, 1 H, J =  17.7 
Hz), 5.81 (q, 1 H, J = 7.2 Hz), 7.34 (s, 1 H). 
7-(Hydroxyimino)-5-[ 1 (R)-phenylethyl1-4-0~0-5- 

azaspiro[2.4]heptane (23). A mixture of 22 (3.35 g, 14.6 
mmol), hydroxylamine hydrochloride (1.60 g, 23.0 mmol), 
triethylamine (2.3 g, 22.7 mmol), and EtOH (80 mL) was 
stirred at room temperature for 2 h. The mixture was 
concentrated under reduced pressure. To the residue was 
added CHC13, and the mixture was washed with 10% aqueous 
citric acid solution and brine. The organic layer was dried and 
concentrated to dryness to  give 3.50 g (98%) of 23: mp 188- 
194 "C; lH NMR (CDC13) 6 1.2-1.4 (m, 2 H), 1.53 (d, 3 H, J = 
7.2 Hz), 3.8 (d, 1 H, J = 18 Hz), 4.16 (d, 1 H, J = 18 Hz), 5.63 
(q, 1 H, J = 7.2 Hz), 7.32 (s, 5 H). 
7-Amino-54 1 (R) -phenylethyl] -4-oxo-5-azaspiro [ 2.41 - 

heptanes (24a and 24b). A mixture of 23 (3.50 g, 14.3 mmol), 
Raney nickel (7.5 mL), and MeOH (150 mL) was stirred under 
a hydrogen atmosphere for 12 h. The catalyst was filtered 
off, and the filtrate was concentrated under reduced pressure 
to afford a mixture of (7R)-24a and (75)-24b. The mixture 
showed two spots on silica gel TLC (24a, Rf = 0.89; 24b, Rf = 
0.80) using CHCl3-MeOH (5:l). The mixture was chromato- 
graphed with CHCl3-MeOH (955) to give 1.0 g (30%) of (7R)- 
24a and 1.0 g (30%) of (75)-24b. (7R)-24a: 'H NMR (CDClz) 
6 0.6-1.3 (m, 4 H), 1.40 (s, 2 H), 1.53 (d, 3 H, J = 7.2 Hz), 
2.99 (dd, 1 H, J = 12.8 Hz, 7.2 Hz), 3.15-3.45 (m, 2 H), 5.52 

6 0.8-1.4 (m, 4 H), 1.52 (d, lH,  J = 7 Hz), 2.87 (dd, 1 H, J = 
10.3 Hz), 3.3-3.9 (m, 2 H), 4.27 (br s, 1 H), 5.24 (9, 1 H, J = 
7 Hz), 7.29 (s, 1 H). 
7(S)-Amino-5-[1(R)-phenylethyll-5-azaspir0[2.41- 

heptane (25b). A mixture of (75)-24b (1.0 g, 4.34 mmol), 
lithium aluminum hydride (0.50 g, 19.0 mmol), and THF (50 
mL) was refluxed for 17 h. To the mixture was carefully added 
HzO (0.5 mL), 10% aqueous NaOH (0.5 mL), and HzO (1.5 mL) 
under ice cooling. The grainy precipitate was filtered, and the 
filtrate was concentrated under reduced pressure to  give 755 
mg (80%) of 25b as an oil: 'H NMR (CDCl3) 6 0.2-0.8 (m, 4 
H), 1.35 (d, 3 H, J =  6.6 Hz), 1.6-2.0 (br m, 2 H), 2.2-3.1 (m, 
4 H), 3.24 (q, 1 H, J = 6.6 Hz), 3.5-3.9 (m, 1 H), 7.28 (br s, 5 
H). According to this procedure, (R)-25a was prepared from 
24a. 
7(5)-[ (tert-But~xycarbonyl)aminol-5-[ 1 (R)-phenylethyll- 

5-azaspiro[2.4lheptane (26b). To a solution of 25b (764 mg, 
3.53 mmol) in THF (20 mL) was added 2-[[(tert-butoxycarbon- 
yl)oxy]imino]-2-phenylacetonitrile (1.30 g, 5.28 mmol), and the 
mixture was stirred for 4 h. The reaction mixture was diluted 
with AcOEt. The solution was washed with 1 N NaOH and 
HzO. The organic layer was extracted with 10% aqueous citric 
acid solution. The aqueous layer was washed with AcOEt and 
then made alkaline with 15% NaOH. The aqueous solution 
was extracted with CHCl3. The extract was washed with 
brine, dried, and concentrated under reduced pressure. The 
residue was chromatographed with CHC13-MeOH (2O:l-10: 
1) to give 690 mg (67%) of the 26b as an oil. Standing at room 
temperature, this material was crystallized, which was tritu- 
rated with n-hexane to  give crystals: mp 103-105 "C; [ a l ~  
-15.2" (e 1.475, CHC13); 'H NMR (CDC13) 6 0.4-0.9 (m, 4 HI, 
1.36 (d, 3 H, J = 7.2 Hz), 1.44 (s, 9 H), 2.42 (AB q, 2 H, J = 
10.2 Hz), 2.79 (d, 2 H, J = 5.6 Hz), 3.24 (9, 1 H, J = 7.2 Hz), 
3.6-4.0 (m, 1 H), 4.6-5.1 (br d, 1 H), 7.28 (s, 5 H). Anal. 

98-103 "C; 'H NMR (CDC13) 6 1.81 (d, 3 H, J =  7.2 Hz), 1.4- 

(9, 1 H, J = 7.2 Hz), 7.30 (s, 5 H). (7S)-24b: 'H NMR (CDC13) 
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(ClsHzeNzOz): C, H, N. According to this procedure, (7R)-26a 
was prepared from (7R)-25a. (7R)-26a: mp 94-97 "C; [ a l ~  
+47.6" (c 0.890, CHCl3); IH NMR (CDCl3) 6 0.4-0.9 (m, 4 H), 
1.33 (d, 3 H, J = 6.6 Hz), 1.40 ( s ,9  H), 2.29 (d, 1 H, J = 9 Hz), 
2.44 (dd, 1 H, J = 10.8, 3.6 Hz), 2.77 (d, 1 H, J = 9 Hz), 2.88 
(dd, 1 H, J = 10.8 Hz, 5.3 Hz), 3.22 (9, 1 H, J = 6.6 Hz), 3.6- 
3.9 (m, 1 H), 4.7-5.2 (br d, 1 H), 7.27 (s, 5 H). Anal. 
(CigHzsNzOd: C, H, N. 
7~S~-[~tert-Butoxycarbonyl)aminol-5-azaspiro~2.41- 

heptane (27b). A mixture of 26b (650 mg, 2.24 mmol), 50% 
aqueous 5% palladium on carbon (500 mg), and EtOH (30 mL) 
was shaken under hydrogen atmosphere at 4.2 kg/cm2 for 6 
h. The catalyst was filtered, and the filtrate was concentrated 
under reduced pressure. The residue was dissolved in AcOEt 
and extracted with 10% aqueous citric acid solution. The 
aqueous layer was made alkaline with 15% NaOH and 
extracted with CHC13. The organic layer was dried and 
concentrated to dryness to give 440 mg (46%) of 2%: 'H NMR 
(CDC13) 6 0.4-1.0 (m, 4 H), 1.42 (s, 9 H), 2.71 (d, 1 H, J = 
10.2 Hz), 2.92 (dd, 1 H, J = 10.8 Hz, 3.6 Hz), 3.01 (d, 1 H, J = 
10.2 Hz), 3.33 (dd, 1 H, J = 10.8 Hz, 5.4 Hz), 3.5-3.9 (m, 1 
H), 5.0-5.4 (br d, 1 H). According to this procedure, (7R)-27a 
was prepared from (7R)-26a. 
7[7(S)-[(tert-Butoxycarbonyl)amino]-6-azaspiro[2.4]- 

heptan-5-yl]-8-chloro-l-cyclopropyl-6-fluoro-1,4-dihydro- 
4-0~0-3-quinolinec~bo~lic Acid (28). A mixture of 8-chlo- 
ro- l-cyclopropyl-6,7-difluoro-l,4-dihydro-4-oxo-3-quinoline- 
carboxylic acid (2.0 g, 6.67 mmol), 27b (1.75 g, 8.24 mmol), 
and Et3N (1.80 g, 17.8 mmol) in CHsCN (55 mL) was heated 
under reflux for 7.5 h. After standing at room temperature, 
the precipitates that formed were collected and washed with 
CH3CN to  give 2.5 g (76%) of 28b. This was recrystallized 
from CH3CN-EtOH (3:l) to give prisms, which was submitted 
to X-ray analysis: mp 216-217 "C; [ a l ~  -134.7" (c 1.653, 
CHC13). Anal. ( C Z ~ H Z ~ C ~ F N ~ O ~ ) :  C, H, N. 

Synthesis of 7[(7S)-7-Amino-5-azaspiro[2.4lheptand- 
yl]-8-chloro-6-fluoro-l-[( 1R,2S)-2-fluorocyclopropyll-1,4- 
dihydro-4-oxo-3-quinolinecarboxylic Acid Sesquihy. 
drate (DU-6859a) (33). General Procedure. A mixture of 
16a (12.0 g, 37.7 mmol), 27b (9.58 g, 45.2 mmol), Et3N (9.50 
g, 129 mmol), and CH3CN (120 mL) was heated under reflux 
for 5 h. On standing, the colorless crystals that formed were 
collected and washed with CH3CN and EtzO. The crystals 
were dissolved in 35% HC1 (80 mL) under ice cooling and 
stirred for 15 min at  room temperature. The mixture made 
alkaline (pH 10) with 15% NaOH and then neutralized with 
HCl to pH 7. The resulting precipitates were collected by 
filtration and washed with HzO to give a crude product. This 
was recrystallized from EtOH (600 mL)-H20 (200 mL)-28% 
NH40H (10 mL) to  give 7.35 g (38%) of 33: 'H NMR (DMSO- 
ds) 6 0.43-0.46 (m, 1 H), 0.55-0.61 (m, 2 H), 0.79-0.83 (m, 
1 H), 1.23 (dm, lH, J = 27 Hz), 3.06 (t, 1 H, J = 5 Hz), 3.25- 
3.28 (m, 1 H), 3.35 (d, 1 H, J = 7 Hz), 3.83 (d, 1 H, J = 7 Hz), 
3.92-3.96 (m, 1 H), 4.06-4.10 (m, 1 H), 4.50 (dm, 1 H, J = 64 
Hz), 7.74 (d, 1 H, J = 14 Hz), 8.47 (d, 1 H, J = 2 Hz). By 
using this procedure, the compounds in Table 2 were prepared. 

X-ray Crystallographic Study. All measurements were 
made on a Rigaku AF'C5R diffractometer (Cu Ka radiation; I 
= 1.541 78 A, graphite monochrometer, 0-28 scans, 28,, = 
120.1'). The crystal data and parameters are summarized 
below. The structures were solved by the direct methods and 
refined by full-matrix least-square and difference Fourier 
methods. All non-hydrogen atoms were refined anisotropi- 
cally. All hydrogen atoms of 28 were refined isotropically (dc-H 
= 0.95 A). Hydrogen positions of 15a were calculated assum- 
ing ideal geometries. For all crystallographic computations, 
the TEXSAN crystallographic software package was used. 

Crystal Data and Structure Analysis. 15a: A colorless, 
prism-shaped crystal was formed from AcOEt C15HllClF3N03; 
FW = 345.71; sample dimensions, 0.4 x 0.25 x 0.2 mm; 
triclinic, space group P I ;  a = 8.79896) A, b = 11.1337(9) A, c 
= 8.1730(6) A, V = 723.2(2) A3, a = 111.428(6)", ,L!? = 92.701- 

= 28.35 cm-l. The final cycle of full-matrix least squares 
refinement was based on 4354 observed reflections ( I  > 3.000- 

(7y,  y = 76.225(5)", = 2; d c d c d  = 1.587 g/Cm3; PO00 = 352; /A 
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(n) and 413 variable parameters and converged at R = 0.033 
(R, = 0.066). 28: A pale-yellow, distorted hexagonal prism 
was grown from CH3CN-EtOH: C~J4~7ClN305; Fw = 491.95; 
sample dimensions, 0.45 x 0.20 x 0.20 mm; orthorhombic, 
space group E1212 ; a = 9.673(3) A, b = 48.590(3) A, c = 5.075- 

/A = 18.33 cm-'. The final cycle of full-matrix least square 
refinement was based on 1966 observed reflections (I > 3.000- 
(I)) and 416 variable parameters and converged at R = 0.038 
(R, = 0.049). 
In Vitro Antibacterial Activity. The minimal inhibitory 

concentrations (MICs) of the test compound were determined 
according to the standard method by a serial 2-fold dilution 
method using Muller-Hinton broth (Difco Laboratories, De- 
troit, MI). The inoculum size was approximately lo5 cfu/mL. 
The MIC of a compound was defined as the lowest concentra- 
tion that prevented visible growth of bacteria after incubation 
at 37 "C for 18 h. 

Determination of Apparent Partition C0efficients.l 
The apparent partition coefficients of the compounds tested 
in this study were measured according to the method reported 
previously.' 

Determination of Aqueous Solubilities. About 400 mg 
of the sample (a  mg) was dissolved in 0.1 N NaOH (50 mL), 
and the maximum UV absorption of the solution was measured 
[AI]. A suspension of the sample in water (ca. 10 mL) was 
stirred for 0.5 h. The contents were filtered, and 3 mL of the 
filtrate was dissolved in 3 mL of 0.2 N NaOH. One milliliter 
of the solution was diluted with 0.1 N NaOH to  obtain 50 mL 
of 0.1 N NaOH solution. The maximum UV absorption of the 
solution was measured [Ad. The aqueous solubility, S, was 
calculated from S = a[Azy[A~l. 

Pharmacokinetic Studies. Plasma and urine levels in 
rats were determined by microbiological assay. Compounds 
were administered in solution by oral gavage (five per group). 
Blood samples were obtained at  0.5, 1, 3, 4, 5, 6, and 24 h 
aRer dosing. Urine was collected 0-4, 4-8, 8-24 h after 
dosing. Plasma levels and urinary excretion of test compounds 
were determined by agar plates system. The test organism 
was Bacillus subtilis ATCC 6051. 

(3) A, v=  2385(1) A3; = 4; ddCd = 1.370 g/cm3; Fooo = 31032; 

Acknowledgment. The authors thank members of 
the Laboratory of Microbiology and Pathology of their 
laboratory for determining the antibacterial activity and 
pharmacokinetic profiles. 

Supplementary Material Available: Tables of final 
atomic positional parameters, atomic thermal parameters, and 
bond distances and angles of 15a and 28 (41 pages). Ordering 
information is given on any current masthead page. 

References 
(1) This paper is part 2 in the series Fluorocyclopropyl Quinolones. 

Part 1: Atarashi, S.; Imamura, M.; Kimura, Y.; Yoshida, A.; 
Hayakawa, I. Fluorocyclopropyl Quinolones. 1. Synthesis and 
Structure-Activity Relationships of l-(2-Fluorocyclopropyl)-3- 
pyridonecarboxylic Acid Antibacterial Agents. J .  Med. Chem. 
1993,36, 3444-3448. 

(2) This paper is based upon work presented at 31st Interscience 
Conference on Antimicrobial Agents and Chemotherapy (Sep- 
tember 29-October 2, Chicago, IL, 1991, Abstract No. 1504). 

(3) Koga, H.; Itoh, A.; Murayama, S.; Suzue, S.; Irikura, T. Structure- 
Activity Relationships of Antibacterial 6,7- and 7,8-Disubstituted 
l-Alkyl-l,4-dihydro-4-oxoquinoline-3-carboxylic Acids. J. Med. 
Chem. 1980,23,1358-1363. 

(4) Matsumoto, J.; Miyamoto, T.; Minamida, A,; Nishimura, Y.; 
Egawa, H. Pyridonecarboxylic Acids as Antibacterial Agents. 2. 
Synthesis and Structure-Activity Relationships of 1,6,7-Trisub- 
stituted 1,4-Dihydro-4-oxo-l,8-Naphthyridjne-3-carboxylic Acids, 
Including Enoxacin, A New Antibacterial Agent. J .  Med. Chem. 
1984,27; 292-301. 

(5) Hayakawa, I.; Hiramitsu, T.; Tanaka, Y. Synthesis and Anti- 
bacterial Activities of Substituted 7-0~0-2.3-dihvdr0-7H-[1,2,3- . -  
de][l,4]benzoxazine-6-carboxylic Acids. Chem. Pharm. Bull. 
1984,32, 4907-4913. 



3352 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 20 Kimura et al. 

Wise, R.; Andrews, J.; Edwars, L. In Vitro Activity of Bay 09867, 
a New Quinolone Derivatives, Compared with those of Other 
Antibacterial Agents. Antimicrob. Agents Chemother. 1983,23, 
559-564. 
Hirose, T.; Okazaki, E.; Kato, H.; Ito, Y.; Inoue, M.; Mitsuhashi, 
S. In vitro and In Vivo Activity of NY-198, A new Difluorinated 
Qinolone. Antimicrob. Agents Chemother. 1987, 31, 854-859. 
Chu, D. T.; Prabhavathi, B. F.; Akiyo, K. C.; Pihuleac, E.; 
Nordeen, C. W.; Maleczka, R. E.; Pernet, A. G. Synthesis and 
Structure-Activity Relationships of Novel Arylfluoroquinolone 
Antibacterial Agents. J .  Med. Chem. 1985,28, 1558-1564. 
Sanchez, J. P.; Domagala, J. M.; Hagen, S. E.; Heifetz, C. L.; 
Hutt, M. P.; Nichols, J. B.; Trehan, A. K. Quinolone Antibacterial 
Agents. Synthesis and Structure-Activity Relationships of 
8-Substituted Quinolone-3-carboxylic Acids and 1,8-Naphthyli- 
dine-3-carboxylic Acids. J. Med. Chem. 1988,31, 983-991. 
(a) Wang, J. C.; DNA Topoisomerases. Annu. Rev. Biochem. 
1985,54,655-697. (b) Gellert, M.; Mizuuchi, K.; O'Dea, M. H.; 
Nash, H. A. DNA gyrase; An Enzyme That Introduces Super- 
herical Turns into DNA. Proc. Natl. Acad. Sci. U S A .  1976, 73, 
3872-3876. (c) Barrnet, J .  F.; Sutcliffe, J. A.; Gootz, T. D. In 
Vitro Assays Used to Measure the Activity of Topoisomerases. 
Antimicrob. Agents Chemother. 1990, 34, 1-7. 
(a) Hoshino, K.; Sato, K.; Une, T.; Osada, Y. Inhibitory Effects 
of Quinolones on DNA Gyrase of Escherichia coli and Topo- 
isomerase I1 of Fatal Calf Thymus. Antimicrob. Agents Chemoth- 
er. 1989, 33, 1816-1818. (b) Gootz, T. D.; Barrett, J. F.; 
Sutcliffe, J. A.; Inhibitory Effects of Quinolone Antibacterial 
Agents on Eucaryotic Topoisomerases and Related Test Systems. 
Antimicrob. Agents Chemother. 1990,34,8-12. (c) Hoshino, K.; 
Sato, K.; Akahane, K.; Yoshida, A.; Hayakawa, I.; Osada, Y. 
Significance of the Methyl Group on the Oxazine Ring of 
Ofloxacin Derivatives in the Inhibition of Bacterial and Mam- 
malian Type I1 Topoisomerases. Antimicrob. Agents Chemother. 
1991, 35, 309-312. (d) Gracheck, S. J.; Mychajlonka, M.; 
Gambino, L.; Cohen, M. A.; Roland, G.; Ciaravino, V.; Worth, 
D.; Theiss, J. C.; Heifetz, C. L. Correlation of Quinolone 
Inhibition Endpoints vs Bacterial DNA Gyrase, Mammalian 
Topoisomerase I and I1 and cell Clonogenic Survival, and in vitro 
Micronucleus Induction. Abstracts of the 31st Interscience 
Conference on Antimicrobial Agents and Chemotherapy; Chicago, 
IL, September 29-October 2, 1991, Abstract No. 1488. 
Chu, D. T. W.; Fernandes, P. B. In Advances in Drug Research; 
Testa, B., Ed.; Academic Press: San Diego, 1991; Vol. 21, p 42. 
Simpson, K. J.; Brodie, M. J.; Convulsions Related to Enoxacin. 
Lancet 1985, No. 2, 161. 
Anastasio, G. D.; Menscer, D.; Little, J. M. Norfloxacin and 
siezures. Ann. Intern. Med. 1988, 109, 169-170. 
Jaehde, U.; Goto, T.; de Boer, A. G.; Breimer, D. D. Blood-Brain 
Barrier Transport Rate of Quinolone Antibacterials Evaluated 
in Cerebrovascular Endotherial Cell Culture. Eur. J .  Pharm. 
Sci. 1993,1,49-55. 
Hoshino, K.; Sato, K.; Kitamura, A.; Hayakawa, I.; Sato, M.; 
Osada, Y. Inhibitory Effects of DU-6859, a New Fluorinated 
Quinolone, on Typd I1 Topoisomerases. Abstracts of the 31st 
Interscience Conference on Antimicrobial Agents and Chemo- 
therapy; Chicago, IL, September 29-October 2, 1991, Abstract 
No. 1506. 
Kimura, Y.; Sato, K.; Atarashi, S.; Hayakawa, I.; Sato, M.; Osada, 
Y. Design and Structure-Activity Relationships of New Quino- 
lone Derivatives, 7434 l-aminoalkyl)pyrrolidinyll-4-quinolones. 
Abstracts of the 29nd Interscience Conference on Antimicrobial 
Agents and Chemotherapy; Houston, TX, September 17-20, 
1998; Abstract No. 1192. 
Domagala, J. M.; Hagen, S. E.; Joannides, T.; Kiely, J. S.; 
Laborde, E.; Schroeder, M. C.; Sesnie, J. A.; Shapiro, M. A.; Suto, 
M. J.; Vanderroest, V. Quinoline Antibacterials Containing the 
New 7434 1-Aminoethy1)-1-pyrrolidinyl] Side Chain: The Effects 
of the 1-Aminoethyl Moiety and Its Stereochemical Configura- 
tions on Potency and in Vivo Eficacy. J .  Med. Chem. 1993,36, 
871-882. 
Akahane, K.; Hoshino, K.; Sato, K.; Kimura, Y.; Une, T.; Osada, 
Y. Inhibitory Effects of Quinolones on Murine Hematopoietic 
Progenitor Cells and Eukaryotic Topoisomerasell. Chemo- 
therapy 1991,37, 224-226. 
Chu, D. T. W.; Fernandes, P. B. Structure-Activity Relationships 
of the Fluoroquinolones. Antimicrob. Agents Chemother. 1989, 
33, 131-135. 

(21) Dorr, M. B.; Weeb, C. L.; Bron, N.; Vassos, A. B. Single-Dose 
Tolerance and Pharmacokinetics of CI-960 (PD-127391) in 
Healthy Volunteers. Abstracts of the 31st Interscience Conference 
on Antimicrobial Agents and  Chemotherapy; Chicago, IL, Sep- 
tember 29-October 2, 1991; Abstract No. 1154. 
Akahane. IC: Sekirmchi. M.: Une. T.: Osada, Y. Structure- 
Epileptogenicity Reiationship'of Qukolones with Special Refer- 
ence to Their Interaction with y-Aminobutyric Acid Receptor 
Sites. Antimicrob. Agents Chemother. 1989,33, 1704-1708. 
Miyamoto, T.; Matsumoto, J.; Chiba, K.; Egawa, H.; Shibamori, 
A.; Minanida, A.; Nishimura, Y.; Okada, H.; Kataoka, M.; Fujita, 
M.; Hirose, T.; Nakano, J. Synthesis and Structure-Activity 
Relationships of 5-Substituted 6,8-Difluoroquinolones, Including 
Sparfloxacin, a New Quinolone Antibacterial Agent with Im- 
proved Potency. J .  Med. Chem. 1990,33, 1645-1656. 
Rosen, T.; Chu, D. T. W.; Lico, I. M.; Fernandes, P. B.; Marsh, 
K.; Shen, L.; Cepa, V. G.; Pernet, A. G. Design, Synthesis, and 
Properties of (4S)-7-(4-Amino-2-substituted-pyrrolidin-l-y1)- 
auinolone-3-carboxvlic Acids. J .  Med. Chem. 1988. 31. 1598- , ,  

i 6 u .  
Matsumoto, J.; Nakano, J.; Miyamoto, T.; Hirose, T.; Minamida, 
A,: Egawa. H.: Nishimura, Y.; Chiba, K.; Okada, H.; Shibamori, 
K.; G taoka ,  M.; Uno, H. AT-3295, a New Pyridonecarboxylic 
Acid Derivative with Potent Antibacterial Activity. Synthesis 
and Structure-Activity Relationships. In Recent Advances in 
Chemotherapy; Ishigami, J., Ed.; University of Tokyo Press: 

The X-ray crystal structure analysis was performed by J. D. 
Ferrara of Molecular Structure Corporation. 
Kusuyama, Y.; Tokami, K.; Nakanishi, W.; Negoro, T.; Ikeda, 
Y. pKa Values of the cis-2-Substituted 1-Cyclopropanecarboxylic 
Acids in 50% Ethanol a t  25 "C. Wakayama Daigaku Ky- 
oikugakubu Kiyo, Shizen Kagaku. 1984, 33, 33; Chem. Abstr. 
1984,101, 7 9 4 0 5 ~ .  
Recently chiral separation of 2,2-dichlorocyclopropanecarboxylic 
acid by similar method has been reported. Udo, K.; Hanssler, 
G. Eur. Patent 3815728,1989; Chem. Abstr. 19SS,108,167121a. 
Ninomiya, K.; Shioiri, T.; Yamada, S. Phosphorus in Organic 
Synthesis-VII. Diphenyl Phosphorazidata (DPPA). A New 
Convenient Reagent for a Modified Curtius Reaction. Tetrahe- 
dron 1974,30, 2151-2157. 
Grohe, K.; Heizer, H. Synthesis von 4-Chinolon-3-carbonsauren. 
(Synthesis of 4-Quinolone-3-carboxylic Acid.) Liebigs Ann. 
Chem. 1987,29-27. 
Singh, R. K.; Danishefsky, S. Preparation of Activated Cyclo- 
propanes by Phase Transfer Alkylation. J .  Org. Chem. 1975, 

Domagala, J. M.; Heifetz, C. L.; Minch, T. F.; Nichols, J. B. 
1-Ethyl-7-[3-[(ethylamino)methyll-l-pyrrolidinyll-6,8-difluoro- 
1,4-dihydro-4-oxo-3-quinolinecarboxylic Acid. New Quinolone 
Antibacterial With potent Gram-positive Activity. J .  Med. 
Chem. 1986,29,445-448. 
Peterson, U.; Schenke, T.; Schriewer, M.; Krebs, A.; Grohe, K.; 
Haller, I.; Karl, G.; Endermann, R.; Zeiler, H. J. Eur. Patent 
391169, 1990; Chem. Abstr. 1990,114, 185466~. 
Rosen, T.; Chu, D. T.; Lico, I. M.; Fernandes, P. B.; Shen, L.; 
Borodkin, S.; Pernet, A. G. Asymmetric Synthesis and Properties 
of The Enantiomers of the Antibacterial Agent 7-(3-Aminopyr- 
~lidin-l-yl)-l-(2,4-difluorophenyl)-1,4-~y~o-6-fluoro-4-oxo-l,8- 
naphthylidine-3-carboxylic Acid Hydrochloride. J .  Med. Chem. 

Moriguchi, I.; Kanada, Y. Use of van der Waals Volume in 
Structure-Activity Studies. Chem. Pharm. Bull. 1977,25, 926. 
Matsubayashi, K.; Kimura, Y.; Hayakawa, I.; Yoshida, K.; 
Hashimoto, S.; Sato, K.; Sato, M.; Osada, Y. Improvement in 
Pharmacokinetics of Quinolones by New N1-cis-Fluorocycropro- 
pyl Group. Abstracts of the 31st Interscience Conference on 
Antimicrobial Agents and Chemotherapy; Chicago, IL, Septem- 
ber 29-October 2, 1991; Abstract No. 1509. 
van der Schoot, J. B.; Ariens, E. J.; van Rossum, J .  M. 
Phenylisopropylamine Derivatives, Structure and Action. Arz- 
neim. Forsch. 1962, 12, 902-907. 
Shimada, H.; Itoh, S. Effects of DU-6859 and Related Quinolone 
Antibacterial Agents on Mammalian Chromosomes. Abstracts 
of the 31st Interscience Conference on Antimicrobial Agents and 
Chemotherapy; Chicago, IL, September 29-October 2, 1991; 
Abstract No. 1507. 

Tokyo; 1985; pp 1519-1520. 

40, 2969-2970. 

19SS,31, 1586-1590. 


