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A series of stereochemically pure 7-(3-amino-2-methyl-1-azetidinyl)-1,4-dihydro-6-fluoro-4-
oxoquinoline- and -1,8-naphthyridine-3-carboxylic acids, with varied substituents at the 1-, 5-,
and 8-positions, was prepared to determine the effects of chirality on potency and in vivo efficacy
relative to the racemic mixtures (for part 2, see: J. Med. Chem. 1994, 37, 4195—-4210). A
series of chiral 9-fluoro-2,3-dihydro-3-methyl-7-o0x0-10-(substituted-1-azetidinyD-7H-pyrido[ 1,2,3-
del-1,4-benzoxazine-6-carboxylic acids was synthesized to study the effect of the azetidine moiety
on tricyclic quinolone antibacterial agents. A series of amino acid prodrugs of chiral
naphthyridines 24a and 24b and quinolone 33a (cetefloxacin) was prepared and evaluated for
antibacterial activity, solubility, and pharmacokinetic behavior. The absolute configuration
of the new azetidinylquinolones was established by X-ray analysis of one of the diastereomeric
salts of the resolved azetidinols (15) and of compound 25a (E-4767), which showed the best in
vitro and in vivo overall profile. Structure—activity relationship studies indicated that the
absolute stereochemistry at the asymmetric centers of both the azetidine and the oxazine rings
was critical to increase in vitro activity and oral efficacy. The 3S configuration in the
pyridobenzoxazine series and the (2S,3R) configuration of the 3-amino-2-methylazetidine moiety

for all new compounds conferred the best antibacterial activity.

Quinolone antibacterial agents continue to represent
an important new class of therapeutically useful com-
pounds and have been the subject of many recent
reviews.3

The importance of chiral chemical compounds in
biological, pharmaceutical, and pharmacokinetic phe-
nomena is well-documented.* In favorable cases the
enantiomers of drugs have been shown to result in
enhanced selectivity, greater potency, and reduced side
effects.

Nearly all clinically useful quinolone antibacterial
agents developed to date are either achiral or racemic
mixtures. Recently,® however, optically active centers
have increasingly been introduced into the structures
of synthetic quinolones. In some case the racemic mix-
tures have been resolved as individual enantiomers or
they have been synthesized in a chiral manner. A
substantial difference in potency has then been observed
between the chiral forms. Most of the tricyclic quino-
lones possess an asymmetric center in the quinolizine
or benzoxazine rings (Chart 1), but among them only a
few are capable of resolution into antipodes.> The (S)-
enantiomers of the tricyclic quinolones have been re-
ported to exhibit greater biological activities (10—100-
fold) than their antipodes.® Recently, optically active
enantiomers of flumequine (1),52 methylflumequine (2),5
and 8% have been obtained by asymmetric synthesis
and the more outstanding, the (S)-(—)-enantiomer of
ofloxacin 4, known as levofloxacin, has been prepared
using its optically resolved synthetic intermediated¢ or
by an efficient asymmetric synthesis.5f

With regard to quinolones and naphthyridinones,
some examples have been reported in the literature on
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the influence of side-chain asymmetry on antibacterial
activity.® The (S)-enantiomer of 5 is about 4 times more
potent in vitro than (R)-5.%2 Although (S)-(—)-6 does
show a consistent trend toward increased potency
against Gram-positive organisms, there is no significant
potency difference with its enantiomer (R)-(+)-6.5> The
(8)-(+) enantiomer of tosufloxacin (7) is 2-4 times more
active than its (R)-(—) enantiomer.5¢ (R)-8 shows 10-
60-fold greater potency than its antipode.®d Although
pairs of enantiomers have not been synthesized, the
enantiomerically homogeneous series (4S)-9 shows that
the absolute stereochemistry at the 2-position of the
pyrrolidine ring is critical in exhibiting potent antibac-
terial activity.8? (3R)-3-(1-Amino-1-methylethyl)-1-pyr-
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rolidinyl and (3R)-3-[(1S)-1-aminoethyl]-1-pyrrolidinyl
derivatives 10 were identified as the most potent
stereoisomers in this series.f¢f (1R,4R)-11 stereoiso-
mers are 2-8-fold more potent than its (18,4S) coun-
terparts.¢ Although no difference in in vitro antibacte-
rial activities was observed between the enantiomers
of temafloxacin (12), a slightly better pharmacokinetic
profile was observed for (S)-(—)-12 in mice.5t

On the other hand, we have shown that replacing the
1-piperazinyl or l-aminopyrrolidinyl moiety of quino-
lones and naphthyridinones with 3-amino- or 3-amino-
3-methyl-1-azetidinyl rings (13; R7; = Rze = H; Ry =
H, CHs; R74 = NHy) greatly enhanced in vivo efficacy.”
Recently, racemic 2,3-disubstituted 1-azetidinyl deriva-
tives (13; R71, Rre, R73 = H, CHs; R74 = NHp) have been
reported as particularly potent members of this class
of antibacterial agents.! Among them the trans-3-
amino-2-methyl-1-azetidinyl group conferred the best
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overall antibacterial, pharmacokinetic, and physico-
chemical properties to the 7-azetidinylquinolones. It
seemed of interest to us to know which of the stereo-
isomers was more potent or even if one of the enanti-
omers was the active component of the racemic mix-
tures. In this paper, we report the efficient synthesis
and in vitro antibacterial activities of stereoisomers of
quinolones and naphthyridinones 18, and pyridoben-
zoxazines 14, as well as the in vivo activity comparison
between these compounds and their corresponding
racemic mixtures in mouse protection tests. We have
also developed the reactions of amino acids or peptides
with stereoisomers 13 in order to improve their very low
solubility in water and at physiological pH. We have
also carried out the single-crystal X-ray analysis of
compounds 15 and 25a in order to establish their
absolute configuration and to compare 25a with the
unsubstituted and 3-monosubstituted azetidinylquino-
lones previously analyzed.!
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Chemistry

The chiral 3-amino-2-methylazetidines used in this
study are new compounds that we have prepared in our
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Table 1. Azetidine Nucleus?®

R, R,
s
Ha/ >
/,,
N— H5
H4
compd stereo Ry Rs Rs Ry Rs
16a 2S,3R CHj; H H OH Pho,CH
16b 2R, 38 H CHj; OH H Pho,CH
l6c 28,38 CHj; H OH H Ph,CH
16d 2R,3R H CHs H OH Ph,CH
17a 2S,3R CHj; H H MsO Pho,CH
17b 2R,3S H CHj; MsO H Ph,CH
17¢c 28,38 CHj; H MsO H Pho,CH
17d 2R 3R H CHj; H MsO Pho,CH
18a 2S,3R CHj; H H NH, Pho,CH
18b 2R, 38 H CHj; NH; H Ph,CH
18c 2S,3S CH3 H NH2 H PhQCH
18d 2R,3R H CHj; H NH; Pho,CH
19a 2S,3R CHj; H H NH; H
19b 2R 38 H CHj; NH; H H
19¢ 28,38 CH;3 H NH; H H
19d 2R,3R H CHj; H NH; H

@ Abbreviation: Ms = methylsulfonyl.

laboratories.}® 3-Azetidinols are key compounds in the
synthesis of 3-aminoazetidines. The N-(diphenylmeth-
ylazetidinols 16 have been obtained in a stereospecific
fashion by treatment of the monomesylate derived from
N-(diphenylmethyl)-3-amino-1,2-butanediols with tri-
ethylamine,® or by resolution of the racemic mixture,
which in turn was synthesized from 1-hydroxy-2-
butene.! Resolution of (+)-trans-1-(diphenylmethyl)-3-
hydroxy-2-methylazetidine was achieved by fractional
recrystallization of the (+)-(1S)-camphorsulfonic salt
from water. The less soluble diastereomeric salt pro-
vided (+)-(2R,38)-1-(diphenylmethyl)-3-hydroxy-2-
methylazetidinyl (1S)-camphorsulfonate with 97% opti-
cal purity, as determined by HPLC. From basified
mother liquor and treatment with (—)-(1R)-camphor-

sulfonic acid, 15 was obtained with 96% optical purity,
as determined by HPLC.

An amino group was introduced at the 3-position of
1-benzhydrylazetidine (Scheme 1) by sequential meth-
anesulfonate ester formation (17) and displacement with
ammonia to obtain 18 with stereospecific retention of
configuration.! Removal of the (diphenylmethyl) group
yields 19, which could be condensed with the quinolone
nuclei 20 (Scheme 2) to yield compounds 21—44 follow-
ing synthetic routes previously reported.”1? Physical
properties of chiral compounds 2144 and their struc-
tures are summarized in Tables 2 (quinolone and
naphthyridinone) and 3 (pyridobenzoxazine).

Amino acid derivatives 46 were obtained (Scheme 3)
by reaction of naphthyridinones 24a and 24b, and
quinolone 33a with the amino acid active esters of
N-hydroxysuccinimide 45, whose amino functional group
was protected with a suitable group such as those used
in peptide synthesis.l! Removal of the protective groups
was carried out by means of a catalytic hydrogenation
(method a), or by acidolysis employing trifluoroacetic
acid (method B). The corresponding salts 47 and 48
were obtained by treatment with hydrochloric acid or
p-toluenesulfonic acid in ethanol. Physical properties
of compounds 47 and 48 and their structures are
displayed in Table 4.

X-ray Crystallographic Study

The absolute configurations of the isolated 3-hydroxy-
2-methylazetidine stereoisomers were confirmed by
X-ray crystallography of (—)-(1R)-camphorsulfonate of
16a (compound 15). Cell parameters and characteris-
tics are described in Table 5. Compound 16a has 2S,3R
configuration (Figure 1). According to previously re-
ported work,'2 the four-membered azetidine ring was
found to be buckled ranging from 0 to 11°, but larger
buckling (from 14 to 27°) was observed in 3-hydroxyaze-
tidine derivatives. The azetidine ring of 15 is present
in a buckled form to an extent of 22.2° (angle of
puckering, 8 = 157.8°). The endocyclic N—C bonds
[1.518(3) and 1.531(3) A] are longer than the exoxyclic
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Figure 1. Single-crystal X-ray structure of 15.
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Figure 2. Single-crystal X-ray structure of 25a.

one [1.501(3) Al. This lengthening may be atributed to
the strain in the four-membered ring.

Among the thousands of synthesized quinolones, only
a few structures have been reported using X-ray crys-
tallography.!® Recently,! we described the single-crys-
tal X-ray analysis of two 7-(unsubstituted-azetidinyl)-
quinolones (UAQ) and a 7-(3-(ethylamino)azetidinyl)-
quinolone (3AQ). Concerning 7-(3-amino-2-methylaze-
tidinyl)quinolones, compound 25a (E-4767) afforded
suitable crystals for X-ray analysis and the 2S,3R
absolute configuration was confirmed (Figure 2). The
28,3R absolute configuration of 25a also shows conclu-
sively that the introduction of an amino group at the
3-position of the azetidinol, by activation of the hydroxyl
as the mesylate and subsequent displacement with the
nucleophile, proceeds with retention of configuration,
since the starting material was (2S,3R)-1-(diphenyl-
methyl)-3-hydroxy-2-methylazetidine. Cell parameters
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and characteristics are described in Table 5. The angle
of puckering for azetidine ring is 170.1°, and the
endocyclic N-C bonds [1.490(8) and 1.492(8) A] are
substantially longer than the exocyclic one [1.370(8) A].
The azetidine ring deviates from the plane determined
by the quinoline [33.5(3)°] to a greater extent than for
UAQ and 3AQ [9.2(3) and 16.0(1)°, respectively],! prob-
ably due to the presence of a chlorine atom at the
8-position of 25a. We may argue the same reason for
the measured angle between the cyclopropyl ring and
the quinoline least-square plane [115.0(4)°]. The amino
acid 3AQ showed a zwitterionic character,! but the
carboxylic group has a nonionic character in amino acid
25a. An intramolecular hydrogen bond between the
carboxylic acid and the carbonyl group forms a quasi-
planar pseudo-six-membered ring, which does not devi-
ate significantly from the planarity determined by the
quinoline ring [4.3(3)°]. These hydrogen bonds and
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Table 2. Physical Data of the Quinolones and Naphthyridinones Prepared for This Study*

R, 0
F COOH
Ry 7 | |
R =
72 s \A .
N
R73 “'l ' l
R,
R
[a]2%p, deg
compd A R Rs Rn R Riz  Rgy  stereo® mp, °C (¢, 0.5 N NaOH) analyses® % yield?
21 CH ¢-C3Hs H H CH; NH; H racemic
2la CH c¢-C3Hs H CH; H H NH; 2S,3R 252-254 -12.1(0.30) Cy7H18FN305-0.3H;0 87
21b CH ¢-C3Hs H H CH; NH; H 2R ,3S 242-244 +13.7(0.38) C;7H;3FN3030.1H,0 81
22 CF  ¢-C3H;s H H CH; NH; H racemic
22a CF c¢-CsHs H CH; H H NH; 2S,3R 231-233 -10.6 (0.27)  C17H17F2N3040.2H,0 82
22b CF c¢-C3Hs H CHs NH; H 2R,3S 229-231 +9.4 (0.26) C17H17F2N3030.3H0 89
23 CF  ¢-C3H; H H CH; H NH; racemic
23¢c CF C-03H5 H CH3 H NH2 H 2S,3S 193—-197 —-32.3 (0.69) Cl7H17F2N303'0.7H20 71
23d CF  ¢-C3Hs H H CH; H NH:; 2R3R 196-200 +32.0 (0,50) C17H17F3N3030.5H,0 64
24 N ¢-C3Hs H H CHs; NH; H racemic
24da N ¢-C3Hs H CH; H H NH; 2S,3R 236—239 -12.1(0.94) Ci6H17FN4030.4H20 85
24b N ¢-C3Hs H H CH; NH; H 2R,38 231-236 +10.5 (1.0) C16H17FN4O350.9H0 76
25 CCl ¢-C3Hs H CH; H H NH; racemic
25a CCl ¢-C3Hs H CH; H H NH; 2S,3R 221-225 -156.0(0.30) C17H17CIFN3O3 76
25b CCl c-CsHs H H CH; NH; H 2R, 38 249-252  +155.2(0.88) C;7H17CIFN3O3 88
26 CF c¢-C3Hs NH; CH; H H NH; racemic
26a CF c¢-C3Hs NH; CH; H H NH; 2S,3R 210-218 -45.4(0.35) Cy17H;8FoN405:0.2H,0 75
27a N c-C3Hs CH; CH; H H NH; 2S,3R 199-201 -7.1(1.0) C17H19FN405:0.7H20 80
28 CF C;H; H CH; H H NH:; racemic
28a CF CyHs H CH; H H NH: 2S,3R 206—-211 -5.0(0.92) C16H17FoN30O4 78
29a CF CgH; NH; CH; H H NH; 2S,3R 263-267 -22.0(1.0) C16H18F2N4030.4H,0 73
30 CF 4-FPh H CH; H H NH: racemic
30a CF 4-FPh H CH; H H NH:; 2S,3R 250—-254 -12.5 (1.0) Ca0H16F3N305:0.6H20 93
31 CF 24.Fo.Ph H CH; H H NH: racemic
31a CF 24-F;Ph H CH; H H NH; 2S,3R 197-200 -14.0 (0.30) Ca0H15F41N3030.5H0 82
32 N 2,4-F;,Ph H CH; H H NH; racemic
32a N 2,4-F:Ph H CH; H H NH; 2S,3R 191-196 -33.5(0.65) C19H5F3N405-0.8H;0 59
32b N 2,4-Fo,Ph H H CH; NH; H 2R, 38 183-187 +38.4 (1.0) C19H15F3N4O3 68
33 CH 24-F;,Ph H CH; H H NH; racemic
33a CH 24-F.Ph H CH; H H NH; 2S,3R 227-230 -40.8 (1.1) CooH16F3N3031.1H,0 71
33b CH 24F,Ph H H CH; NH; H 2R,3S 207-212 +38.6 (1.0) CooH;6F3N3030.5H,0 52
34 CCl 24F,Ph H CH; H H NH; racemic
34a CCl 24FPh H CHs H H NH, 2S,3R 180-181 —70.8(0.75)  CgooHi15C1F3N305:0.2H,0 34
35a CF 24F,Ph NH; CH; H H NH; 2S,3R 246-248 -49.3 (0.5) C20H16F41N403:0.7H20 65
36a N 2,4F;Ph  CH; CH; H H NH; 2S,3R 126—128 -16.0(0.5) CooH17F3N4030.8H20 53

@ Abbreviations: ¢-C3Hs = cyclopropyl, 4-FPh = 4-fluorophenyl, 2,4-FoPh = 2 4-difluorophenyl. ® Racemic compounds were previously
described.! © C, H, and N analyses where within +0.4% of the theoretical values for the formula shown. ¢ Yields are those obtained from

the coupling step to final product.

angle are practically the same as for 8-fluoro-7-(unsub-
stituted-azetidinyl)quinolone! analogs of 25a [0(32)—
H(32) 1.07(9) A, O(4)--H(32) 1.49 (9) 4, <O---H-O
160.0(8)°].

Biological Assays

Compounds 21—-44 and 47—48 were evaluated for in
vitro antibacterial activity versus a variety of Gram-
positive and Gram-negative bacteria. These activities
are reported as minimum inhibitory concentration (MIC,
ug/mL). Representative data for the stereoisomers are
displayed in Table 6. Data for racemic mixtures as well
as for ciprofloxacin and levofloxacin are provided for
comparison. The in vivo efficacy of several stereoiso-
mers determined by the mouse protection test is shown
in Table 7. The potency is given in EDsg values which
are expressed as the total dose of compound in mg/kg
required to protect 50% of the mice challenged intra-
peritoneally with Staphylococcus aureus, Pseudomonas

aeruginosa, or Escherichia coli. Data for racemic mix-
tures are provided for comparison, and ciprofloxacin and
levofloxacin were used as standards. The compounds
were administered orally (po). Blood levels of selected
quinolones after oral administration (50 mg/kg) in mice
are displayed in Table 8.

Results and Discussion

We have shown previously! that the introduction of
a methyl group at C-2 of a 3-aminoazetidinyl group
attached at C-7 of 18 markedly influenced the antibac-
terial activity with respect to the mono-substituted and
3,3-disubstituted azetidine.” We also found! that the
trans-3-amino-2-methyl-1-azetidinyl moiety (compound
22) produces 2—8 times better activity than the cis-3-
amino-2-methyl-1-azetidinyl substituent, 23. In this
study, we have focused on the four stereoisomers of
2-methyl-3-amino-1-azetidinyl derivatives. The enan-
tiomer (2R,3S5)-22b and its epimer (2R,3R)-23d were
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Table 3. Physical Data of the Pyridobenzoxazines Prepared for This Study®

o]
F COOH
Ry
R g = I
: 4
2 N N R
93 /1y, [ o . \\\\\ 31
o \l
Rs, R
[a}20p, deg NMR, &9
compd Ra1 Rs2 Re1 Ra Ros Roy  stereo mp, °C (¢, 0.5 N NaOH) analyses® % yield® CsHe C/Hf
37 H CH3s: H H NH: H 38 236-240 —78.8(0.41) C16H16FN30£0.5H,0 65 8.88 7.52
38 CHs H H H NH CH; 3R >300 +82.2 (0.43) C17H18FN3O4 57 8.62 7.50
39 H CHs H H NH CH; 38 >300 —83.1(0.41) C17H18FN3040.4H,0 57 8.66 7.47
40 H CHs H H NHMe CH; 3S >300 —77.4(0.50) C18H20FN3040.5H20 83 8.91 7.55
41 H CHs H H NMe; H 38 >300 —79.6 (0.41) C18H20FN3041.2H20 64 8.57 17.52
42 H CH3: H H NMe CH; 3S 298—299 —74.6 (0.40) C19H22FN3040.1H,0 56 8.76 17.50
43 H CH; H H CH:NHEt CH; 3S 242-245 —56.1(0.48) C20H24FN3040.1H,O 37 8.86 7.48
44a H CH; CH; H H NH, 38,2'S,3R 217-221 -30.2(0.36) C17H18FN3040.2H20 72 8.92 17.57
44b H CH: H CH; NH H 3S,2°R,3’'S  217-219 -—106.8(0.31) C17H1sFN3041.0H20 54 8.92 7.58

@ Abbreviations:
deprotection when appropriate.!

Scheme 3
72
H,N Rz
24a, 24b, 33a 45
o o
E
1) Deprotection el OH
Rkt e, [
2) HCI or TsOH a © LN X, N
tAl
z |
B2 T R,
N H
RY M
47,48

slightly less potent than or as potent as ciprofloxacin
against Gram-positive bacteria, but they were ap-
preciably less active against Gram-negative microor-
ganisms. Conversely, the enantiomer (28,3R)-22a was
not only more potent but also resulted in a general
increase in Gram-positive in vitro potency over cipro-
floxacin by a factor of 2—16. Moreover, the excellent
Gram-negative activity was retained or improved 4
times, except for P. aeruginosa, against which it was
one dilution less active. In summary, the in vitro
activity for the stereoisomers of 3-amino-2-methyl-1-
azetidinylquinolones 22 and 23 shows the following
decreasing trend: 2S,3R > 28,38 > 2R,3S = 2R,3R. The
important feature of these results is the difference in
activity between each of the pairs of enantiomers (22a/
22b, 23¢/28d) as well as the preferred absolute stereo-
chemistry S at C-2 of the azetidine group.

Me = methyl, Et = ethyl. ? See Table 2. ¢ Yields are those obtained from the coupling step to final product, including
4 Solvent: DMSO-dg, TFA. ¢ Singlet. / Doublet.

[o} [0}
F
N-methylmorpholme o’ | OH
DMF
e %)L L
gl Sy

46

R, = CBZ, t-BOC, CBZ-L-Ala (See Table 4 for Structures)

After examination of the MIC values against Gram-
positive and Gram-negative organisms, it is found that
the in vitro activity associated with an 8-unsubstituted-
7-azetidinylquinolone is comparable with that of the
corresponding naphthyridine (21a/24a; 21b/24b; 33a/
32a; 33b/32b). This conclusion was also achieved in a
related study!* concerning piperazinyl and substituted
pyrrolidinyl side chains at the 7-position of 8-unsubsti-
tuted quinolones and naphthyridines. Conversely to
what is described in the literature for 7-pyrrolidinyl-
substituted N-cyclopropylquinolones!* and N-(4-fluo-
rophenylquinolones),!® the in vitro activity of 7-azeti-
dinylquinolones bearing an 8-F, fluctuates in a narrow
range relative to 8-H (22a/21a; 22b/21b; 31a/33a). The
presence of a chlorine at C-8 resulted in a general
increase in in vitro potency for the N-cyclopropyl
compounds (25a/21a), while the presence of chlorine at
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Table 4. Physical Data of the N-Amino Acid-Substituted Azetidinylquinolones and -naphthyridinones Prepared for This Study®

azetidine [0, (c, 0.5 N method _NMR, &¢
compd A R stereo Rz Ry Rgy salt  mp, °C NaOH) analyses® (% yieldr C;He CsH/
47aA N c-C3H; 2S3R H CH; H HCI 190-192 +16.2(0.88) C19H23CIFN5040.7H0 A (38) 8.58 8.00
47aD N c¢-C3Hj 2S,3R CH; H H HCl 238-240 +3.4(0.73) C19H23CIFN5041.1H,0 A (39) 854 7.91
47bD N ¢-C3Hs 2R 3S¢ CH; H H HCI 193-195 -16.1(0.67) C19H23CIFN5040.4H,0O A(77) 8.59 8.01
47al. N ¢-C3H; 2S3R H iBu H HCI 181-184 +23.8(0.75) Co2H19sCIFN5040.7H,0 B (34) 8.98 8.01
47aAA N ¢-C3Hs 2S3R H CH; A HCl 188—-191 +16.6(0.70) C22H2sCIFNgO50.9H0 A 37 8.52 7.88
48aA CH 2,4-F,Ph 2S8,3R H CH; H TsOH 172-175 -21.0(0.90) Cj30H29F3N40O781.6H0 A (68) 8.60 7.85
48aD CH 24-F;Ph  2S,3R CH; H H HCl 207-211 -24.5 (0.83) Cy3H32ClF3N4O40.7 H;O A (61) 8.65 17.87
48aN CH 24-F.,Ph 2S3R H nPr H TsOH 164-167 -12.3(0.79) Cs3H3asF3N4O7581.1 H.O B (56) 8.80 7.95

@ Abbreviations: ¢-CsHs = cyclopropyl, 2,4-FoPh = 2 4-difluorophenyl, A = L-alanine, D = D-alanine, L = L-leucine, AA = L-alanine-
L-alanine, N = L-norvaline, \Bu = isobutyl, "Pr = n-propyl, TsOH = p-toluensulfonic acid.  See Table 3. ¢ Overall yield (see Scheme 3).
d Solvent: DMSO-ds, TFA. ¢f See Table 3. &€ The stereochemistry is the oposite to that showed in the picture.

Table 5. Crystal and Refinement Parameters for Compounds 15 and 25a

152 25a®

formula

crystal color

crystal size/mm
symmetry

unit-cell determination

unit cell dimension
al.

b/A

c/A

Pldeg

packing: V/A, Z
dJ/g em™3, M, F(000)
wlem™1, TVK

AA

technique

scan time

number of reflections
measured
independent
observed

Rint

standard reflections

range h,k,l

drift correction

absorption corr; y-scans

solution and refinement

parameters: no. of var

final shift/error

weighting scheme

g

max. thermal value/A2

final AF peaks/e A~3

final R and Ry

Co7H3sNOsS

colorless

0.23 x 0.20 x 0.17

monoclinic, P2;

least-squares fit from 25 reflections
(15° < 6 < 20°)

C17H17CIFN303
colorless

0.30 x 0.20 x 0.10
orthorhombic, P212,2;

(10° < 6 < 16°)

10.190(6) 6.989(2)
11.966(5) 10.469(3)
10.793(4) 21.458(6)
102.03(5)

1287(1), 2 1570.2(8), 4
1.25, 485.6, 520 1.55, 365.8, 760
1.54, 293 2.74, 200
0.71073 0.71073

diffractometer: Enraf-Nonius CAD-4 single-crystal
graphite crystal monochromator: Mo Ka, w—26 scans
1 min per reflection 2 min per reflection

6948 3411

4484 2761

3245[30(I) criterion] 1597[{30(I) criterion]
0.018 0.038

three reflections every 60 min

-9,—-11,-10 to 12,14,12 —-8,—-12,-25 to 8,12,25

0.98-1.02 0.98-1.01
0.89-1.03 0.61-1.46
direct methods; full matrix least-squares on F,

313 239
0.002 0.0042

Sw(Fo — Fe)2, w = 1[oXF,) + gF,2] with o(F,) from counting statistics
0.0001 0.001
Us3lO(2)] = 0.126(2) Ua3IN(75)] = 0.077(5)
0.23, -0.34 0.72, —0.59
0.034, 0.033 0.059, 0.059

@ Solvent of recrystallization = water. ® Solvent of recrystallization = dimethylformamide—water (95:5).

C-8 for the N-(2,4-difluorophenyl) analogs resulted in a

2-fold decrease in activity (84a/33 a).

As previously reported!® in the context of a QSAR
study for the l-position of 7-pyrrolidinyl-substituted
quinolones, the cyclopropyl derivative of 7-azetidi-
nylquinolone 22a was more active in vitro than the

corresponding ethyl 28a, 4-fluorophenyl 30a, and 2,4-
difluorophenyl 31la (22a > 30a = 3la > 28a).
Recently,13h17 comparison of 8-F quinolones with their
5-amino derivatives showed this latter being more
potent in vitro. In our series, the influence brought
about by adding a 5-amino group to 22a to yield 26a
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Table 6. In vitro Antibacterial Activity of 7-Azetidinyl-Substituted Quinolones (MIC, ug/mL)*®

compd Bs Be St Sa Se Pa Mm Pv Kp Ec Ecl
21 0.03 0.06 0.25 0.12 0.12 0.25 0.03 0.06 0.03 0.015 0.03
21a 0.015 0.015 0.12 0.06 0.06 0.12 0.015 0.06 0.015 0.015 0.015
21b 0.25 1 2 1 1 4 0.5 1 0.25 0.25 0.25
22 0.03 0.06 0.25 0.06 0.06 0.25 0.03 0.06 0.03 0.015 0.03
22a 0.015 0.06 0.25 0.015 0.015 0.25 0.015 0.06 0.015 0.015 0.015
22b 0.12 0.5 2 0.25 0.25 4 0.25 0.5 0.12 0.25 0.25
23 0.06 0.12 1 0.12 0.12 1 0.12 0.25 0.12 0.06 0.06
23c 0.03 0.06 0.5 0.06 0.12 0.5 0.06 0.12 0.03 0.03 0.03
23d 0.25 0.25 2 0.25 1 2 0.25 1 0.25 0.25 0.25
24 0.03 0.06 0.25 0.12 0.12 0.5 0.03 0.06 0.03 0.03 0.03
24a 0.015 0.015 0.12 0.06 0.06 0.12 0.015 0.06 0.015 0.015 0.015
24b 0.06 0.25 2 0.5 0.25 2 0.25 0.5 0.06 0.12 0.12
25 0.03 0.03 0.06 0.03 0.03 0.12 0.03 0.03 0.015 0.015 0.03
25a 0.015 0.015 0.015 0.015 0.015 0.12 0.015 0.015 0.015 0.015 0.015
25b 0.12 0.5 0.25 0.5 0.5 4 0.25 0.25 2 0.25 0.25
26 0.015 0.015 0.06 0.015 0.015 0.25 0.015 0.06 0.015 0.015 0.015
26a 0.015 0.015 0.12 0.015 0.015 0.12 0.015 0.06 0.015 0.015 0.015
27a 0.25 0.25 0.12 0.12 0.12 0.5 0.12 0.25 0.12 0.12 0.12
28 0.06 0.25 1 0.25 0.12 1 0.06 0.25 0.015 0.06 0.06
28a 0.12 0.25 2 0.25 0.25 2 0.12 0.5 0.06 0.12 0.12
29a 0.06 0.25 0.25 0.12 0.25 0.5 0.06 0.25 0.25 0.25 0.06
30 0.12 0.25 2 0.25 0.12 2 0.25 0.5 0.12 0.12 0.12
30a 0.06 0.12 1 0.12 0.25 0.5 0.12 0.25 0.015 0.06 0.015
31 0.06 0.12 1 0.12 0.12 1 0.25 0.5 0.06 0.06 0.06
3la 0.06 0.12 1 0.12 0.12 0.5 0.25 0.5 0.015 0.06 0.06
32 0.06 0.25 1 0.12 0.25 1 0.25 1 0.06 0.12 0.12
32a 0.015 0.06 0.5 0.06 0.12 0.5 0.25 0.5 0.015 0.06 0.06
32b 0.25 0.5 4 0.5 0.5 8 1 2 0.25 0.5 1

33 0.03 0.25 1 0.12 0.12 2 0.25 0.5 0.015 0.06 0.12
33a 0.06 0.25 1 0.12 0.12 1 0.25 0.5 0.06 0.06 0.12
33b 0.25 0.5 4 0.25 0.25 8 1 2 0.25 0.5 1

34 0.03 0.03 0.25 0.12 0.06 0.5 0.25 0.25 0.12 0.03 0.12
34a 0.12 1 2 0.25 0.5 2 0.5 1 0.5 0.25 0.25
35a 0.03 0.12 0.12 0.06 0.12 0.5 0.12 0.5 0.25 0.03 0.12
36a 0.015 0.06 0.25 0.06 0.06 0.5 0.25 1 0.12 0.06 0.12
37 0.06 0.12 0.12 0.12 0.06 0.25 0.06 0.25 0.015 0.015 0.015
38 2 4 4 4 4 32 8 8 8 8 4

39 0.015 0.25 0.5 0.25 0.12 0.5 0.015 0.25 0.015 0.015 0.015
40 0.06 0.12 0.5 0.12 0.12 1 0.06 0.5 0.015 0.015 0.06
41 0.015 0.06 2 0.12 0.12 4 0.12 0.25 0.015 0.06 0.06
42 0.06 0.5 2 0.25 0.12 4 0.25 0.5 0.12 0.12 0.5
43 0.06 0.5 2 0.5 0.25 8 1 1 1 0.25 0.5
44a 0.015 0.06 0.12 0.015 0.015 0.25 0.015 0.06 0.015 0.015 0.015
44b 0.12 0.5 1 0.25 0.25 4 0.12 0.5 0.06 0.25 0.25
47aA 0.12 1 8 0.5 0.5 8 0.5 1 0.06 0.12 0.12
47aD 0.12 0.5 1 0.25 1 8 2 2 0.5 0.25 0.25
47bD 0.5 1 1 1 0.25 16 8 8 8 1 4
47aL 0.12 0.12 2 0.25 0.25 8 0.25 0.25 0.06 0.06 0.12
47aAA 1 16 16 4 8 16 4 8 8 2 2
48aA 0.5 1 8 1 16 8 4 16 2 1 2
48aN 0.25 0.5 4 0.5 0.5 16 4 8 0.25 0.5 1
CIP* 0.06 0.25 0.5 0.25 0.5 0.12 0.06 0.06 0.03 0.03 0.03
LEV¢ 0.03 0.25 0.25 0.25 0.12 0.5 0.03 0.5 0.03 0.03 0.03

@ Structures are shown in Tables 2—4. b Organisms selected for the table are as follows: Bs, Bacillus subtilis ATCC 6633; Be, Bacillus
cereus ATCC 11778; Sf, Streptococcus faecalis ATCC 10541; Sa, Staphylococcus aureus ATCC 25178; Se, Staphylococcus epidermidis
ATCC 155-1; Pa, Pseudomonas aeruginosa ATCC 10145; Mm, Morganella morganii ATCC 8019; Pv, Proteus vulgaris ATCC 8427; Kp,
Klebsellia pneumoniae ATCC 10031; Ec, Escherichia coli ATCC 23559; Ecl, Enterobacter cloacae ATCC 23355. ¢ CIP: ciprofloxacin. ¢ LEV:

levofloxacin.

appeared to slightly improve the in vitro activity,
particularly against Gram-positive and P. aeruginosa.
5-Methyl-7-aminopyrrolidinyl-substituted naphthyri-
dones were reported!® to have better in vitro activity
than the 5-hydrogen analogs. Concerning 7-azetidinyl-
naphthyridinones, the 5-methyl group maintained the
in vitro activity with the 1-(2,4-difluorophenyl) moiety
(36a/32a), but it gave poorer activity with the 1-cyclo-
propyl substitution (27a/24a).

The 28 stereocisomers 21a, 23¢, and 25a—83a are at
least as potent in in vivo tests as the racemic mixtures
21, 23, and 25—33, respectively, and 22a and 24a
display a 3-fold improvement in in vivo efficacy versus
the corresponding racemic mixtures 22 and 24. Among
7-[(28,3R)-3-Amino-2-methyl-1-azetidinyl]-1-cyclopro-

pylquinolones 21a—27a, the most potent members of
this series in vitro (22a, 24a, and 25a) also show the
best activities in vivo. It has been widely pub-
lished!:13h,1417a that 8.H and 8-F and 5-NHz-substituted
quinolones decrease their in vivo potency with respect
to 8-F and 8-Cl quinolones and naphthyridines bearing
a cyclopropyl group at the l-position. Our results in
Table 7 corroborate the diminished in vivo efficacy
related to 7-azetidinyl-8-unsubstituted- (21a) and
5-amino-7-azetidinyl-8-fluoroquinolone (26a).

As shown in Table 7, the compounds evaluated
(including 28,3R enantiomers and their antipodes 2R,3S)
resulted in an increased potency po against S. aureus
over ciprofloxacin by a factor of 2—12 (22a, 25a). The
data showed that in vivo efficacy of 2S,3R stereoisomers
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Table 7. Efficacy on Systemic Infections after Oral
Administration in Mice of Selected Quinolones (EDso, mg/kg)

S. aureus E. coli P. aeruginosa
compd HS-93 HM-42 HS-116
21 22.3 3.5 108
21a 17.0 2.9 100
22 9.0 2.0 22
22a 3.5 1.0 18
22b 12.2 10.2 65
23 18.6 6.2 123
23c 5.4 6.1 117
24 13.8 3.5 95
24a 4.6 1.0 34
25 9.6 2.8 38
25a 3.6 2.1 36
25b 19.1 184 147
26 8.7 4.2 102
26a 11.4 4.1 96
28 5.1 4.0 56
28a 5.9 3.9 60
30 5.7 2.5 55
30a 4.8 2.1 53
31 10.0 2.3 61
31a 11.2 3.0 98
32 8.9 3.3 140
32a 6.6 4.2 156
32b 8.6 10.3 400
33 8.1 6.0 78
33a 7.0 4.0 64
33b 16.1 10.0 90
39 19.1 6.7 121
44a 6.9 5.9 26
44b 46.1 50.0 53
47aL. 9.4 2.0 63
CIp¢ 45.1 3.0 70
LEV?® 14.0 5.0 109

@ CIP: ciprofloxacin. ® LEV: levofloxacin.

Table 8. Blood Level of Selected Quinolones after Oral
Administration in Mice® (50 mg/kg)

compd AUC? compd AUC
21a 4.0 32b 28.3
21b 2.2 33a 28.4
22a 21.8 33b 35.9
22b 13.6 39 8.5
24a 19.2 44a 2.3
24b 22.3 47aA 28.8¢
25a 5.2 47aD 0.4¢
26a 11.4 47bD 0.0¢
28a 21.0 47aL. 24.9¢
29a 12.5 47aAA 19.2¢
30a 40.9 CIPe 2.3
32a 38.2 LEV/ 10.2

@ These data were determined by a bioassay procedure and
represent total activity present in the serum. ® Area under the
concentration—time curve recorded at 0.5, 1, 2, and 4 h after dosing
(AUC, 0—4 h), ug/mL per hour. ¢ AUC of the parent compound 24a.
4 AUC of the parent compound 24b. ¢ CIP: ciprofloxacin. f LEV:
levofloxacin.

(EDso = 1—4 mg/kg) and ciprofloxacin (EDsy = 3 mg/
kg) displayed a comparable potency against E. coli.
Concerning P. aeruginosa, we have to point out a greater
dispersion of results than for other strains. Although
most of the 28,3R enantiomers showed a similar in vivo
efficacy to ciprofloxacin, some compounds (22a, 24a,
25a) displayed 2—4 times more activity than ciprofloxa-
cin. The 2S,3R stereoisomers 1-(4-fluorophenyl)- (80a)
and 1-(2,4-difluorophenyl)quinolone (33a) (cetefloxacin)
showed an analogous in vivo profile to that of cipro-
floxacin against Gram-negative strains, but displayed
over 6-fold improvement against S. aureus.

In the pyridobenzoxazine series, our findings led to
results (Table 6) similar to those of ofloxacin and its
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Table 9. Aqueous Solubility of Selected Compounds
solubility (ug/mL)® solubility (ug/mL)e

compd H;0 pH74  compd H,0 pH 7.4
24a 23.0 16.5 33a 8.0 5.9
47aA >500 >500 48aA >500 >500
47aD 495 386 48aN >500 >500
47bD >500 >500

47aL >500 >500

47aAA >500 >500

@ Solubility determined at 25 °C in water and in a pH 7.4 buffer.
See the Experimental Section.

derivatives.® The 3S-(10-aminoazetidinyl) derivative 37
resulted in an increase in Gram-positive in vitro potency
over levofloxacin by a factor of 2, and the Gram-negative
activity was retained. The (S)-(—) enantiomer 39 was
16—512 times better than its antipode 38, and overall,
it has an excellent activity with a broad spectrum
comparable to levofloxacin. It is interesting to observe,
from a molecular biological standpoint, that the same
enantiopreference is seen in the aminoazetidinyl and
piperazinyl series. The importance of stereochemistry
at the azetidine ring on the antibacterial activity of (3S)-
10-azetidinyl-3-methylpyridobenzoxazines can be seen
by the antibacterial activity comparison of the 2°S,3’'R
and 2'R,3’S diastereomers 44a and 44b, respectively,
as shown in Table 6. The diastereomer 44b shows 2—8
times weaker activity than levofloxacin, while the
2’S,3’'R isomer 44a was 2—8 times more active than
levofloxacin. Concerning in vivo efficacy, the compari-
son of 3-amino-3-methylazetidinyl derivative 39 and
levofloxacin shows that they have similar potency (Table
7). Once again 44a was the most potent member of the
pyridobenzoxazine series in vivo, exhibiting twice the
efficacy versus its diastereomer 44b against P. aerugi-
nosa and 7-fold improvement against E. coli and S.
aureus. The 2'S,3’'R diastereomer 44a compares very
favorably with levofloxacin.

Results of preliminary pharmacokinetic studies of
selected compounds in mice are displayed in Table 8.
As described for the racemic trans-3-amino-2-methyl
series,! several selected stereoisomers showed areas
under the plasma level curves 10—17 times greater than
ciprofloxacin. 1-(4-Fluorophenyl) derivative 30a and
1-(2,4-difluorophenyl) derivative 38a (cetefloxacin) dis-
played promising pharmacokinetic properties.

Concerning amino acid derivatives 47 and 48, in vitro
activity resulted in a decrease as compared with the
parent drug (Table 6). The amino acid analogs showed
equal or less in vivo efficacy. The L-amino acid deriva-
tives were enzymatically cleaved after oral administra-
tion in mice to release parent drugs (Table 8), but no
blood levels of parent drug were detected when D-amino
acid derivatives 47aD and 47bD were administered in
mice. On the other hand, the amino acid prodrugs
showed over 20 times improved solubility in water with
regard to parent drugs (Table 9).

In summary, 1-cyclopropyl-8-haloquinolones 22a and
25a and naphthyridine 24a bearing a (2S,3R)-3-amino-
2-methylazetidine ring at C-7 exhibited very good in
vivo efficacy against Gram-negative and especially
against Gram-positive organisms. 1-Cyclopropyl-8-chlo-
roquinolone 25a (E-4767) showed the best in vitro
overall profile, and the L-alanyl derivative of 24a (47aA)
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and the 1-(2,4-difluorophenyl) derivative 33a (cete-
floxacin) displayed promising pharmacokinetic proper-
ties.

Experimental Section

General Methods. Unless otherwise noted, materials were
obtained from commercial sources and used without further
purification. All melting points were determined on a Bausch
& Lomb apparatus and are uncorrected. Infrared (IR) spectra
were determined in KBr with a Nicolet FT-IR 5DXC spectro-
photometer. Proton magnetic resonance spectra were recorded
with either a Bruker AM-100 spectrometer operating at 100
MHz or a Varian Unity 300 spectrometer operating at 300
MHz. Chemical shifts are expressed in ppm (8) relative to
internal tetramethylsilane. Mass spectra were obtained with
a Finnigan Mat TSQ-70 mass spectrometer. The IR and NMR
spectral data of all compounds were consistent with the
assigned structures. Elemental analyses were obtained for all
new quinolones reported. Carbon, hydrogen, and nitrogen
analyses were within 0.4% of theoretical values. All organic
phases were dried over anhydrous MgSO, and removed in
vacuo with a Biichi rotatory evaporator at aspiratory pressure.
Chromatography was done using the medium-pressure flash
method and Merck silica gel 60 (230—400 mesh ASTM).

Optical Resolution of (+)-trans-1-(diphenylmethyl)-3-
hydroxy-2-methylazetidine (16a + 16b). From a solution
of (£)-trans-1-(diphenylmethyl)-3-hydroxy-2-methylazetidine
(16, 60.5 g, 0.239 mmol) and (+)-(18)-camphorsulfonic acid
(55.54 g, 0.239 mmol) in ethanol (200 mL) was obtained after
evaporation and washing twice with diethyl ether the salt mix-
ture (110 g). A 40 g (82.4 mmol) sample of the diastereomeric
mixture was recrystallized from water (800 mL) to afford (+)-
(2R,38)-1-(diphenylmethyl)-3-hydroxy-2-methylazetidinyl (1S)-
camphorsulfonate (13.87 g, 69%), [a]?*p +45.6° (¢ 1.0, CH;0H),
optical purity (97:3) determined by HPLC: ENANTIOPAC (a-
glicoprotein on silica gel), 4 x 100 mm column (LKB-Phar-
macia); solvent, 5 mM (+)-camphorsulfonic acid in 10 mM
phosphate buffer (pH 6); flow rate, 0.5 mL/min; ¢tz 10.6 min.

From the mother liquor, azetidinol free base (13.62 g, 53.83
mmol) was obtained after treatment with 0.5 N NaOH (HPLC
16a:16b 75:25). The azetidinol mixture (13.62 g) and (—)-(1R)-
camphorsulfonic acid (13.75 g, 53—81 mmol) in water (300 mL)
gave (—)-(28,3R)-1-(diphenylmethyl)-3-hydroxy-2-methylaze-
tidinyl (1R)-camphorsulfonate (15, 15.17 g, 76%), [alp —47.2°
(c+1.0, CH30H), optical purity (96:4) determined by HPLC as
described before: fg 18.8 min. The base 16a was liberated
from 15 to afford an optically pure compound (HPLC 99.5:0.5),
[alp —108.1° (¢ 1.0, CH;0H).

Preparation of Aminoazetidines (Scheme 1). (2S,3R)-
1-(Diphenylmethyl)-2-methyl-3-(methylsulfonyloxy)-
azetidine (17a). To a stirred solution of 16a (7.9 g, 31.2
mmol) and triethylamine (5 g, 49.5 mmol) in CH;Cl; (50
mL) was added dropwise a solution of methanesulfonyl
chloride (5.3 g, 46.8 mmol) in CH2Cl; (20 mL), and the mixture
was stirred for 24 h at room temperature. The organic solu-
tion was washed several times with water (30 mL), and the
solvent was removed in vacuo to obtain an oil, which was
crystallized with petroleum ether to afford 17a (10.8 g,
97%): [a]20p —98.0° (¢ 0.25, CHCl3); mp 72—-76 °C; IR(KBr)
1361, 1178, 1152, 708 cm~!; 1H-NMR (CDCl3) 5 0.87 (d, J = 6
Hz, 3H), 2.80 (s, 3H), 2.82 (m, 1H), 3.43 (t, J = 7 Hz, 1H),
3.74 (t, J = 7 Hz, 1H), 4.46 (s, 1H), 4.60 (m, 1H), 7.32 (m,
10H).

(25,3R)-3-Amino-1-(diphenylmethyl)-2-methylazeti-
dine (18a). A mixture of 17a (7.2 g, 21.7 mmol), 2-propanol
(40 mL), and ammonium hydroxide (30%, 25 mL) was heated
at 70 °C for 3 h. 2-Propanol was removed in vacuo, and the
resulting solution was alkalinized with Na,CO; and extracted
with CHoCl; to give 18a (4.7 g, 86%). 18a-2HCL: mp 152—
153 °C; IR (KBr) 3400—2300, 1453, 704 ecm™!; 18a: [a]®p
—110.3° (¢ 0.3, CHCl3); 'TH-NMR (CDCly) 6 0.64 (d, J = 7 Hz,
3H), 2.20 (q,J = 7 Hz, 1H), 2.63 (t, J = 7 Hz, 1H), 2.90 (quint,
J = 7 Hz, 1H), 3.50 (t, J = 7 Hz, 1H), 4.20 (s, 1H), 7.20 (m,
10H).
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(2R,38)-3-Amino-1-(diphenylmethyl)-2-methylazeti-
dine (18b): [0}®p —112.3° (¢ 0.3,CHCl3).

(28,38)-3-Amino-1-(diphenylmethyl)-2-methylazeti-
dine (18c¢). 18c2HCIL: mp 130—-132 °C; IR (KBr) 3348, 1492,
1450, 703 cm~1. 18¢: [a]®p —78.3° (¢ 0.3, CHCly); 'H-NMR
(CDCls) 6 0.63 (d, J = 6 Hz, 3H), 1.64 (br, 2H), 2.09(d, J = 4
Hz, 2H), 3.35 (m, 2H), 4.34 (s, 1H), 7,29 (m, 10H).

(2R,3R)-3-Amino-1-(diphenylmethyl)-2-methylazeti-
dine (18d): [0.]*°p +74.0° (¢ 0.3, CHCl3).

(28,3R)-3-Amino-2-methylazetidine Dihydrochloride
(19a). A mixture of 18a (4.5 g, 13.8 mmol) and 10% Pd(OH)y/C
(0.5 g) in ethanol (90 mL) was treated with Hy at room
temperature and 60 psi for 2 h. The mixture was filtered, the
solvent was evaporated, and the residue was washed with
benzene to give 19a (1.8 g, 82%): [a]®p —21.0° (¢ 1.0, CHs-
OH); mp 163-165 °C; IR (KBr) 3500—2100, 1561, 1451, 1365,
1403 cm™!; 'H-NMR (DMSO-ds) 6 1.51 (d, J = 7 Hz, 3H), 3.92
(m, 3H), 4.60 (m, 1H), 9.2 (br, 5H).

General Procedure for the Preparation of Quinolones,
Naphthyridines, and Pyridobenzoxazines (Scheme 2).
Preparation of 7-[(2S,3R)-3-Amino-2-methyl-1-azetidi-
nyl]-1-(2,4-difluorophenyl)-1,4-dihydro-6-fluoro-4-oxo-3-
quinolinecarboxylic Acid (Cetefloxacin, 83a). A mixture
containing 8.0 g (23.7 mmol) of 6,7-difluoro-1-(2,4-difluoro-
phenyl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid,!® 5.7 g
(35.8 mmol) of (25,3R)-3-amino-2-methylazetidine dihydro-
chloride (19a), and 25 mL (245 mmol) of triethylamine in 80
mL of pyridine was heated to reflux for 3 h and then cooled to
room temperature. After concentration of the reaction mixture
under reduced pressure, the residue was diluted with water.
The precipitated solid was collected by filtration and washed
with water to give the crude product. This solid was dissolved
in water, made basic with concentrated ammonium hydroxide,
and filtered, and the pH was adjusted to 7.2 by elimination of
NH;. The precipitated solid was collected and washed suc-
cessively with water and ethanol to give 88a (7.7 g, 81%): mp
227-230 °C; [0]*°p —40.8° (¢ 1.1, NaOH 0.5 N); IR (KBr): 1630,
1611, 1509 cm™!; 'H-NMR (DMSO-d¢/TFA) & 1.28 (d, 3H), 3,-
62 (m, 1H), 3.92 (m, 1H), 4.31 (m, 2H), 5.76 (d, J = 6.8 Hz,
1H), 7.41 (m, 1H), 7.67 (m, 1H), 7.91 (m, 1H), 794 d, J =
12.7 Hz, 1H), 8.23 (br, 3H), 8.79 (s, 1H). Optical purity (>99%)
was determined by HPLC: Lichrospher RP18, 4 x 125 mm
column (Merck); solvent, 6 mM L-phenylalanine and 3 mM
CuSOy (pH 3.5)/CH30H (60:40); flow rate, 0.8 mL/min; tem-
perature 0 °C; tg 15.5 and 17.5 min for 33a; 12.4 and 26.5 min
for 33b.

7-[(2S,3R)-3-Amino-2-methyl-1-azetidinyl]-1-cyclopro-
pyl-1,4-dihydro-6-fluoro-4-oxo-3-naphthyridinecarboxy-
lic Acid (24a). Optical purity (98.3%) was determined by
HPLC: Suplex PKB 100, 4 x 150 mm column (Supelco);
solvent, .6 mM L-phenylalanine and 3 mM Cu SOy (pH 3.5)/
CH;30H (85:15); flow rate 1 mL/min; temperature 25 °C; tg 50.9
min for 24a; tz 60.5 min for 24b.

General Procedures for the Preparation of N-Amino
Acid-Substituted Azetidinylquinolones and -naphthy-
ridines (Scheme 3). Method A. Preparation of the
Hydrochloride of 7-[(2S,3R)-3-(Alanylamino)-2-methyl-
1-azetidinyl}-1-cyclopropyl-1,4-dihydro-6-fluoro-4-oxo-
1,8-naphthyridine-3-carboxylic Acid (47aA-HC1). N-CBZ-
Ala-N-hydroxysuccinimide (N-CBZ-45A) (0.74 g, 2.31 mmol)
was added to a solution of 7-[(2S,3R)-3-amino-2-methyl-1-
azetidinyl]-1-cyclopropyl-1,4-dihydro-6-fluoro-4-oxo-1,8-naph-
thyridine-3-carboxylic acid (24a) (0.70 g, 2.11 mmol) and
N-methylmorpholine (0.21 g, 2.11 mmol) in dry dimethyifor-
mamide (30 mL) cooled to 0 °C. The solution was kept at this
temperature for 1 h and then at room temperature for 8 h.
The resulting solution was added to a solution of hydrochloric
acid (200 mL, 0.5 N). The obtained precipitate was filtered
and washed with water, and the solid was dried over P;O5 to
give 7-[(2S,3R)-3-N-CBZ-Ala-amino-2-methyl-1-azetidinyl]-1-
cyclopropyl-1,4-dihydro-6-fluoro-4-oxo-1,8-naphthyridine-3-car-
boxylic acid (46aA) (1.1 g, 97%): mp 211-213 °C; [a]?’p +27.7°
(c 0.78, DMSO); IR (KBr) 3325, 1720, 1680, 1632, 1509, 1449,
1328 ¢cm~!; 1H-NMR (DMSO-d¢/TFA) 6 1.11 (m, 4H), 1.21 (d,
J = 7.0 Hz, 3H), 1.59 (d, J = 6.1 Hz, 3H), 3.60 (m, 1H), 3.85-
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4.70 (br, 5H), 5.01 (s, 2H), 7.30 (s, 5H), 7.97 (d, J = 11.5 Hz,
1H), 8.56 (s, 1H).

Pd/C (10%) (0.08 g) was added to a solution of 46aA (0.96
g, 1.78 mmol) in 80 mL of dimethylformamide, and the mixture
was kept under hydrogen atmosphere for 24 h. The catalyst
was filtered off and washed with dimethylformamide. The
solvent was evaporated at reduced pressure, and the resulting
solid was crystallized from an ethanol—water mixture to give
7-[(28,3R)-3-Ala-amino-2-methyl-1-azetidinyl]-1-cyclopropyl-
1,4-dihydro-6-fluoro-4-oxo-1,8-naphthyridine-3-carboxylic acid
(47aA) (0.50 g, 69%): mp 220—-222 °C; [a]®p +16.9° (¢ 0.75,
DMSO0); IR (KBr) 3630—2420, 1630, 1510, 1500, 1450, 1362,
1320 ¢m™!; 'H-NMR (DMSO-d¢/TFA) § 1.16 (m, 4H), 1.39 (d,
J =7.00 Hz, 3H), 1.65 (d, J = 6.2 Hz, 3H), 3.55—4.00 (m, 2H),
4.00—4.80 (br, 4H), 8.02 (d, J = 11.6, 1H), 8.15 (br, 3H), 8.60
(s, 1H), 8.95 (m, 1H).

47aA (0.35 g, 0.86 mmol) was treated with a solution of
EtOH-HC]. The solvent was evaporated at reduced pressure
to give the hydrochloride of 7-[(2S,3R)-3-Ala-amino-2-methyl-
1l-azetidinyl]- 1-cyclopropyl-1,4-dihydro-6-fluoro-4-oxo-1,8-naph-
thyridine-3-carboxylic acid (47aA-HCI, 0.37 g, 98%): mp 190—
192 °C; [a]®®p +16.2° (¢ 0.88, DMSO); IR (KBr) 3620—2400,
1718, 1686, 1631, 1561, 1490, 1449, 1328 cm™!; 'H-NMR
(DMSO-d¢/TFA) 6 1.10 (m, 4H), 1.38 (d, J = 7.0 Hz, 3H), 1.63
(d, J = 6.2 Hz, 3H), 3.50—4.00 (m, 2H), 4.00—4.80 (br, 4H),
8.00 (d, J = 11.5 Hz, 1H), 8.16 (br, 3H), 8.58 (s, 1H), 9.13 (m,
1H).

Optical purity (>98%) was determined by HPLC: Suplex
PKB 100, 4 x 150 mm column (Supelco); solvent, 6 mM
L-phenylalanine and 3 mM CuSO4 (pH 3.5/CH3;0H (80:20);
flow rate 1 mL/min; temperature 25 °C; tg 62.3 min.

Method B. Preparation of the Hydrochloride of 1-Cy-
clopropyl-1,4-dihydro-6-fluoro-7-[(2S,3R)-3-Leu-amino-2-
methyl-1-azetidinyl]-4-oxo-1,8-naphthyridine-3-carbox-
ylic Acid (47aL-HCl). N-:-BOC-Leu-N-hydroxysuccinimide
ester (N-BOC-45L) (0.43 g, 1.32 mmol) was added to a solution
of 7-[(28,3R)-3-amino-2-methyl-1-azetidinyl]-1-cyclopropyl-1,4-
dihydro-6-fluoro-4-oxo-1,8-naphthyridine-3-carboxylic acid (24a,
0.40 g, 1.20 mmol) and N-methylmorpholine (0.12 g, 1.20
mmol) in dry dimethylformamide (20 mL) cooled to 0 °C. The
temperature was maintained for 1 h, and the solution was
stirred at room temperature overnight. The resulting solution
was poured into a solution of hydrochloric acid (200 mL, 0.5
N). The precipitate was filtered off and washed with water,
and the solid was dried over P05 to give 7-[(2S,3R)-3-N-t-BOC-
Leu-amino-2-methyl-1-azetidinyl]-1-cyclopropyl-1,4-dihydro-6-
fluoro-4-oxo-1,8-naphthyridine-3-carboxylic acid (46aL, 0.60 g,
92%): mp 117—120 °C; [a]*p +17.0° (¢ 0.71, DMSO); IR (KBr)
3318, 2962, 1719, 1631, 1509, 1447, 1368, 1331 ecm~1; 'H-NMR
(DMSO-d¢/TFA) 6 0.85 (d, J = 5.9 Hz, 6H), 1.14 (m, 4H), 1.35
(s, 12H), 1.59 (d, J = 5.9 Hz, 3H), 3.55—4.70 (br, 6H), 7.97 (d,
J = 11.5 Hz, 1H), 8.57 (s, 1H).

46aL (0.54 g, 0.99 mmol) and trifluoroacetic acid (15 mL)
were kept at room temperature for an hour. Diethyl ether was
added, the precipitate was filtered off, and the solid was
washed with diethyl ether. The salt formed was dissolved in
water and adjusted to a pH of approximately 7.6 with NHs.
The precipitate was filtered, washed with water, and dried over
P;0; to give 7-[(28,3R)-3-Leu-amino-2-methyl-1-azetidinyl]-1-
cyclopropyl-1,4-dihydro-6-fluoro-4-oxo-1,8-naphthyridine-3-car-
boxylic acid (47aL, 0.25 g, 57%): mp 216—218 °C; [a]?’p +9.7°
(¢ 0.76 DMSO); IR (KBr) 3331, 2962, 1724, 1636, 1571, 1509,
1449 cm™!; TH-NMR (DMSO-d¢/TFA) 6 0.92 (d, J = 4.8 Hz,
6H), 1.13 (m, 4H), 1.65 (d, J = 5.9 Hz, 6H), 3.68 (m, 2H), 4.05—
4.80 (m, 4H), 8.03 (4, J = 11.7 Hz, 1H), 8.15 (br, 3H), 8.60 (s,
1H), 9.09 (m, 1H).

47al. (0.20 g, 45 mmol) was treated with a solution of
EtOH-HCI. The solvent was evaporated at reduced pressure
to give the hydrochloride of 7-[(2S,3R)-3-Leu-amino-2-methyl-
l-azetidinyl]-1-cyclopropyl-1,4-dihydro-6-fluoro-4-0xo-1,8-naph-
thyridine-3-carboxylic acid (47al-HCI, 0.21 g, 98%): mp 181—
184 °C; [a]®p +23.8° (¢ 0.75, DMSO); IR (KBr) 3600—2400 (br)
1718, 1687, 1630, 1562, 1512, 1449, 1325 c¢cm~!; TH-NMR
(DMSO-d¢/TFA) 6 0.89(d, J = 5.2 Hz, 6H), 1.11 (m, 4H), 1.63
(d, J = 5.5 Hz, 6H), 3.43 (m, 2H), 4.05—4.80 (br, 4H), 8.01 (d,
J = 11.4 Hz, 1H), 8.15 (br, 3H), 8.58 (s, 1H), 9.19 (m, 1H).
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Single-Crystal X-ray Analysis of 15 and 25a. Crystal-
lographic data were collected on an Enraf-Nonius CAD4 single
crystal diffractometer with Mo Ka radiation and a graphite
crystal monochromator. Unit cell dimensions were determined
from the angular settings of 25 reflections within the 0 ranges
shown in Table 5. Space groups were determined from
systematic absences or structure determination. The reflec-
tions were measured using the w—26 scan technique with a
variable scan rate and a maximum scan time of 60 s (15) or
120 s (25a) per reflection. The intensity was checked through-
out data collection by monitoring three standard reflections
every 60 min, Final drift corrections are shown in Table 5. A
profile analysis was performed on all reflections.1® A semiem-
pirical absorption correction, y-scan based, was applied.
Symmetry equivalent and double-measured reflections were
averaged, Ry, = X(|I|] — (I))ZI. Lorentz and polarization
corrections were applied and the data were reduced to |F|
values. The structure was solved by Direct Methods using the
program SHELX861% and expanded by DIRDIF.1*¢ Isotropic
least-squares refinement, using SHLX76,% was performed
until convergence. An empirical absorption correction was
applied.)® Maximum and minimum correction factors are
shown in Table 5. Further refinements included anisotropic
thermal parameters for all non-hydrogen atoms. All hydrogen
atoms were isotropically refined with a common thermal
parameter. The minimized function was Yw(F, — F.)?, w =
1.0/ (6%(F,) + gFo?) with o(F,) from counting statistics. Atomic
scattering factors were taken from ref 19g. The plots were
made using the EUCLID package.!®® Geometrical calculations
were made with PARST.1% All crystallographic calculations
were carried out on a MicroVax-3400. Fractional coordinates,
bond distances, bond angles, structure amplitudes, anisotropic
thermal parameters, H-atom parameters, distances and angles
involving H atoms, distances, angles, least-squares-planes
data, and torsion angles are available as supplementary
material.

Solubility Studies. A known excess weight of the com-
pound was added to water or to 0.05 M phosphate buffer (pH
7.4) into a suitable container. The solution was shaken for
24 h in a Heto shaking water bath, at 25 °C. The suspension
was filtered (0.22-um filter) and the first portion discarded to
ensure saturation of the filter. An aliquot of the filtrate was
diluted with either 0.1 N HCI or 0.1 N NaOH and analyzed
spectrophotometrically at the wavelength corresponding to the
maximum absorbance of the compound.

Microbiology. General Procedures for in Vitro Stud-
ies. The in vitro antibacterial activity was studied by side-
by-side comparison with Ciprofloxacin and levofloxacin and
determined by a serial 2-fold agar dilution technique using
Mueller Hinton medium. The inoculum size was adjusted to
10° cfu/mL, and concentrations of the compounds ranged from
0.007 to 16 ug/mL. Minimum inhibitory concentrations (MICs)
were defined as the lowest concentration of the compound that
prevented visible growth of bacteria after incubation at 37 °C
for 18 h.

In Vivo Studies (Mouse Protection Tests). The screen-
ing in vivo was carried out with 4 groups of 10 mice each. The
mice were infected intraperitoneally with a suspension con-
taining an amount of the indicated organism slightly greater
than its lethal dose 100 (LDyoo). Each group was treated orally
with the test compound administered as a single dose im-
mediately after infection. Four different doses, one per group,
were selected depending on the in vitro activity of the test
compound. EDs, values were calculated by interpolation
among survival rates in each group after a week. They express
the total dose of compound (mg/kg) required to protect 50% of
the mice from an experimentally induced lethal systemic
infection of the indicated organism.

Pharmacokinetic Studies. General Procedure. Mice
were given a single 50 mg/kg oral dose. At the specified time
intervals (0.5, 1, 2, and 4 h after dosing), blood was collected
from groups of six mice. All samples were assayed by a disk
agar diffusion bioassay procedure. Bacillus subtilis ATCC
6633 was used as the assay organism and Seed Agar as the
growth medium. The plates were incubated at 37 °C for 18 h.



1214 Journal of Medicinal Chemistry, 1995, Vol. 38, No. 7

Acknowledgment. The authors thank Mrs. M. A,
Xicota from the Microbiology Department and Prof. J.
Guinea (Fac. Farmacia, Barcelona) for biological test-
ings and Mrs. N. Basi (CIDA, Barcelona) for pharma-
cokinetic results. We would like to thank Mr. I. Tolra
for typing the manuscript.

Supplementary Material Available: Tables of atomic
coordinates, thermal parameters, bond lengths, bond angles,
anisotropic temperature factors, torsion angles, and angles
between planes for compounds 15 (JF 911) and 25a (E-4767)
(19 pages). Ordering information is given on any current
masthead page.

References
(1) Paper 2: Frigola, J.; Torrens, A.; Castrillo, J. A.; Mas, J.; Vand,

D.; Berrocal, J. M.; Calvet, C.; Salgado, L.; Redondo, J.; Garcfa-
Granda, S.; Valenti, E.; Quintana, J. R. 7-Azetidinylquinolones
as Antibacterial Agents. 2. Synthesis and Biological Activity of
7-(2,3-Disubstituted-1-azetidinyl)-4-quinolone- and 1,8-Naph-
thyridin-4-one-3-carboxylic Acids. Properties and Structure-
Activity Relationships of Quinolones with Azetidine moiety. «/.
Med. Chem. 1994, 37, 4195-4210.

(2) A preliminary account of this work was presented (a) at the 30th

3

=

ICAAC (Interscience Conference Antimicrobial Agents Chemo-
therapy), Atlanta, October 1990, Abstr. No. 396. (b) at the XIIth
International Symposium on Medicinal Chemistry, Basel (Swit-
zerland), September 1992, Abstr. No. P-076.B; and (c) at the XVI
Congress of the International Union of Crystallography, Beijing
(China), August 1993, Abstr. No. PS-06.02.13.

(a) Mitscher, L. A.; Zavod, R. M.; Sharma, P. N. Structure-
Activity Relationships of the Newer Quinolone Antibacterial
Agents. In International Telesymposium on Quinolones;
Fernandes, P. B., Ed.; J. R. Prous Science: Barcelona, 1989; pp
3-20. (b) Rosen, T. The Fluoroquinolone Antibacterial Agents.
In Progress in Medicinal Chemistry; Ellis, G. R., West, G. B.,
Eds.; Elsevier Science Publishers: New York, 1990; Vol. 27, pp
235—-295. (c) Wentland, M. P. In The New Generation of
Quinolones; Siporin, C., Heifetz, C. L., Domagala, J. M., Eds.;
Marcel Dekker, Inc.: New York, 1990; pp 1-43. (d) Chu, D. T.
W.; Fernandes, P. B. Recent Developments in the Field of
Quinolone Antibacterial Agents. Adv. Drug Res. 1991, 21, 39—
144. (e) Asahina, Y.; Ishizaki, T.; Suzue, S. Recent advances in
structure-activity relationships in new quinolones. Prog. Drug
Res. 1992, 38, 57—106. (f) Hammond, M. L. Recent Advances in
Anti-infective Agents. Annu. Rep. Med. Chem. 1993, 28, 119—
130. (g) Domagala, J. M. Structure-activity and structure-side-
effect relationships for the quinolone antibacterials. J. Antimi-
crob. Chemother. 1994, 33, 685—-706.

(4) (a) Sterochemistry and Biological Activity of Drugs; Ariéns, E.

6)

=

dJ., Soudijn, W., Timmermans, P. B. M. W., Eds.; Blackwell
Scientific Publications: Oxford, 1983. (b) Sterochemistry of
Organic and Bioorganic Transformations; Bartmann, W,, Sharp-
less, K. B., Eds.; Verlag Chemie: New York, 1987. (c) Drug
Stereochemistry. Analytical Methods and Pharmacology; Wainer,
I. W, Drayer, D. E., Eds.; Marcel Dekker: New York, 1988. (d)
Chirality and Biological Activity; Holmstedt, B., Frank, H.,
Testa, B., Eds.; Alan R. Liss, Inc.: New York, 1990.

(a) Mitscher, L. A.; Sharma, P. N.; Zavod, R. M. The influence
of optical isomerism on the biological properties of quinolone
antimicrobial agents. In International Telesymposium on Qui-
nolones; Fernandes, P. B., Ed.; J. R. Prous Science: Barcelona,
Spain, 1989; pp 73—83. (b) Gerster, J. F.; Rohlfing, S. R.; Rustad,
N. J.; Reiter, M. J.; Pecore, S. E.; Winandy, R. M.; Landmesser,
J. E. The Synthesis and Pharmacological Profile of the Stereo-
isomers of a Tricyclic Quinolone Antibacterial. In International
Telesymposium on Quinolones; Fernandes, P. B,, Ed.; J. R. Prous
Science: Barcelona, Spain, 1989; pp 85—-98. (¢) Gerster, J. F.;
Rohlfing, S. R.; Pecore, S. E.; Winandy, R. M.; Stern, R. M,;
Landmesser, J. E.; Olsen, R. A.; Gleason, W. B. Synthesis,
Absolute Configuration, and Antibacterial Activity of 6,7-Dihy-
dro-5,8-dimethyl-9-fluoro-1-oxo-1H,5H-benzo [ij] quinolizine-2-
carboxylic Acid. J. Med. Chem. 1987, 30, 839—843. (d) Hayaka-
wa, L.; Atarashi, S.; Yokohama, S.; Imamura, M.; Sakano, K.;
Furukawa, M. Synthesis and Antibacterial Activities of Optically
Active Ofloxacin. Antimicrob. Agents Chemother. 1986, 29, 163—
164. (e) Atarashi, S.; Yokohama, S.; Yamazaki, K.; Sakano, K.;
Imamura, M.; Hayakawa, I. Synthesis and Antibacterial Activi-
ties of Optically Active Ofloxacin and its Fluoromethyl Deriva-
tive. Chem. Pharm. Bull. 1987, 35, 1896—1902. (f) Mitscher, L.
A,; Sharma, P. N,; Chu, D. T. W,; Shen, L. L.; Pernet, A. G.
Chiral DNA Gyrase Inhibitors. 2. Asymmetric Synthesis and
Biological Activity of the Enantiomers of 9-Fluoro-3-methyl-10-
(4-methyl-1-piperazinyl)-7-oxo-2,3-dihydro-7H-pyrido [1,2,3-de]-
1,4-benzoxacine-6-carboxylic Acid (Ofloxacin). J. Med. Chem.
1987, 30, 2283—-2286.

(6)

(7

-

8

o

9

(10)

(11)

(12)

(13)

Frigola et al.

(a) Uno, T.; Iuch, K.; Kawahata, Y.; Tsukamoto, G.; Synthesis
of Antimicrobial Agents. II. Syntheses and Antibacterial Activi-
ties of Optically Active 7-(3-Hydroxypyrrolidin-1-yl)quinolones.
J. Heterocycl. Chem. 1987, 24, 1025-1028. (b) Culbertson, T.
P.; Domagala, J. M.; Nichols, J. B.; Priebe, S.; Skeean, R. W.
Enantiomers of 1-Ethyl-7-[3-[(ethylamino)methyl]-1-pyrrolidi-
nyl]-6,8-difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic Acid:
Preparation and Biological Activity. J. Med. Chem. 1987, 30,
1711-1715. (¢) Rosen, T.; Chu, D. T. W.; 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-Aminopyrrolidin-1-yl)-1-(2,4-difluorophenyl)-1,4-dihydro-6-
fluoro-4-oxo-1,8-naphthyridine-3-carboxylic Acid Hydrochloride.
J. Med. Chem. 1988, 31, 1586—1590. (d) 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-1-yl)quinolone-3-carboxylic Ac-
ids. J. Med. Chem. 1988, 31, 1598—-1611. (e) 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, S.
Quinolone Antibacterials Containing the New 7-[3-(1-Amino-
ethyl)-1-pyrrolidinyl] Side Chain: The Effects of the 1-Amino-
ethyl Moiety and Its Stereochemical Configurations on Potency
and in Vivo Efficacy. J. Med. Chem. 1993, 36, 871—-882. (D
Hagen, S. E.; Domagala, J. M.; Gracheck, S. J.; Sesnie, J. A,
Stier, M. A.; Suto, M. J. Synthesis and Antibacterial Activity of
New Quinolones Containing a 7-[3-(1-Amino-1-methylethyl)-1-
pyrrolidinyl] Moiety. Gram-Positive Agents with Excellent Oral
Activity and Low Side-Effect Potential. J. Med.Chem. 1994, 37,
733—-738. (g) Bouzard, D.; Di Cesare, P.; Essiz, M.; Jacquet, J.
P.; Kiechel, J. R.; Remuzon, P.; Weber, A.; Oki, T.; Masuyoshi,
M.; Kessler, R. E.; Fung-Tomc, J.; Desiderio, J. Fluoronaphthy-
ridines and Quinolones as Antibacterial Agents. 2. Synthesis and
Structure-Activity Relationships of New 1-ter¢t-Butyl 7-Substi-
tuted Derivatives. J. Med. Chem. 1990, 33, 1344—-1352, (h) Chu,
D.T, W.; Nordeen, C. W.; Hardy, D. J.; Swanson, R. N.; Giardina,
W. J.; Pernet, A. G.; Plattner, J. J. Synthesis, Antibacterial
Activities, and Pharmacological Properties of Enantiomers of
Temafloxacin Hydrochloride. J. Med. Chem.1991, 34, 168—174.
Frigola, J.; Parés, J.; Corbera, J.; Vané, D.; Merce, R.; Torrens,
A.; Més, J.; Valenti, E. 7-Azetidinylquinolones as Antibacterial
Agents. Synthesis and Structure-Activity Relationships. J. Med.
Chem. 1993, 36, 801—-810.

(a) Cromwell, N. H.; Phillips, B. The Azetidines. Recent Synthetic
Developments. Chem. Rev. 1979, 79, 331—-358 (b) Moore, J. A.;
Ayers, R. S. Azetidines. In Small Ring Heterocycles, part 2;
Hassner, A., Ed.; John Wiley: New York, 1983; pp 1-217. (¢)
Frigola, J; Colombo, A.; Parés, J. Substituted 1-diphenylmeth-
ylazetidines. Eur Pat. Appl. EP 406112, 1991; US Patent US
5073646, 1991.

Poch, M.; Verdaguer, X.; Moyano, A.; Pericas, M. A.; Riera, A. A
versatile enantiospecific approach to 3-azetidinols and aziridines.
Tetrahedron Lett. 1991, 32, 6935—-6938.

(a) Bouzard, D. Recent advances in the chemistry of quinolones.
In Recent Progress in the chemical synthesis of antibiotics;
Lukacs, G., Ohno, M., Eds.; Springer-Verlag: Berlin, 1990; pp
249-283. (b) Leysen, D. C.; Zhang, M. Q.; Haemers, A.; Bollaert,
W. Synthesis of antibacterial 4-quinolone-3-carboxylic acids and
their derivatives. Part 1. Pharmazie 1991, 46, 485-501. (c)
Leysen, D. C.; Zhang, M. Q.; Haemers, A.; Bollaert, W. Synthesis
of antibacterial 4-quinolone-3-carboxylic acids and their deriva-
tives. Part 2. Pharmazie 1991, 46, 557—-572.

Bodansky, M. Principles of Peptide Synthesis; Springer-Verlag:
Berlin, 1984. (b) Greene, T. W.; Wuts, P. G. M. Protective Groups
in Organic Synthesis; Second Edition; John Wiley: New York,
1991.

(a) Ramakumar, S.; Venkatesan, K. The Crystal and Molecular
Structure of 1-(Diphenylmethyl)azetidin-3-ol. Acta Crystallogr.
1977, B33, 824—829. (b) Laguerre, M.; Boyer, C.; Leger, J. M.;
Carpy, A. New investigations of the reaction of epichlorohydrin
with hindered amines: X-ray and NMR analyses. Can. J. Chem.
1989, 67, 1514. (¢) Wetherington, J. B.; Moncrief, J. W. 1-(1-
Methyl-2-phenylethyl)-2-methyl-3-hydroxy-azetidinium Hydro-
chloride. Acta Crystallogr. 1974, B30, 534. (d) McGandy, E. L.;
Berman, H. M.; Burgner, J. W., II; Van Etten, R. L. The Crystal
and Molecular Structure of N-Methyl-N-t-butyl-3-hydroxyaze-
tidinium Methanesulfonate, a Nonplanar Azetidinium Ring. oJ.
Am. Chem. Soc. 1969, 91, 6173-6177.

(a) Achari, A.; Neidle, S. Nalidixic Acid. Acte Crystallogr. 1976,
B32, 600—-602. (b) Huber, C. P.; Sake Gowda, D. S.; Ravindra
Acharya, K. Refinement of the Structure of Nalidixic Acid. Acta
Crystallogr. 1980, B36, 497—499. (¢) Cygler, M.; Huber, C. P.
Structure of Oxolinic Acid, a Potent Antibacterial Agent. 1-Ethyl-
1,4-dihydro-6,7-methylenedioxy-4-oxo-quinolinecarboxylic Acid,
C1aH11NOs. Acta Crystallogr. 1985, C41,1052—-1055. (d) Fonseca,
1.; Martinez-Carrera, S.; Garcia-Blanco, S. Structure of Pipemidic
Acid. Acta Crystallogr. 1986, C42, 1618—1621. (e) Toffoli, P.;
Rodier, N.; Ceolin, R.; Blain, Y. Méthanesulfonate de Péfloxa-
cinium (Péflacine DCI) [Pefloxacinium methanesulfonate (pe-
flacine DCI).] Acta Crystallogr. 1987, C43, 1745—-1748. (f) Toffoli,



7-Azetidinylquinolones as Antibacterial Agents

(14)

(15)

(16)

amn

P.; Khodadad, P.; Rodier, N. Tétrachloroplatinate (II) de Bis
(péfloxacinium) Dihydrate. (Bis(pefloxacinium tetrachloroplati-
nate(Il) dihydrate.) Acta Crystallogr. 1988, C44, 470—472. (g)
Yoshida, A.; Moroi, R. Crystal Structure of Ofloxacin Perchlorate.
Anal. Sci. 1991, 7, 351-352. (h) Miyamoto, T.; Matsumoto, J.;
Chiba, K.; Egawa, H.: Shibamori, K.; Minamida, 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 Improved Potency. J. Med. Chem. 1990,
33, 1645—-1656. (i) Kido, M.; Hashimoto, K. Crystal Structures
of Nadifloxacin Anhydride and Its Hemidrate. Chem. Pharm.
Bull. 1994, 42, 872—-876.

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-Sub-
stituted Quinoline-3-carboxylic Acids and 1,8-Naphthyridine-3-
carboxylic Acids. J. Med. Chem. 1988, 31, 983—-991.

Chu, D. T. W,; Fernandes, P. B.; Maleczka, R. E.; Nordeen, C.
W.; Pernet, A. G. Synthesis and Structure-Activity Relatioship
of 1-Aryl-6,8-difluoroquinolone Antibacterial Agents. JJ. Med.
Chem. 1987, 30, 504—509.

Domagala, J. M.; Heifetz, C. L.; Hutt, M. P.; Mich, T. F., Nichols,
J. B.; Solomon, M.; Worth, D. F. 1-Substituted-7-[3-[(Ethylami-
no)methyl}-1-pyrrolidinyl}-6,8-difluore- 1,4-dihydro-4-oxo-3-quin-
olinecarboxylic Acids. New Quantitative Structure-Activity Re-
lationships at N for the Quinolone Antibacterials. J. Med.Chem.
1988, 31, 991-1001.

(a) Domagala, J. M.; Hagen, S. E.; Heifetz, C. L.; Hutt, M. P.;
Mich, T. F.; Sanchez, J. P.; Trehan, A. K. 7-Substituted 5-Amino-
1-cyclopropyl-6,8-difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxy-
lic Acids: Synthesis and Biological Activity of a New Class of
Quinolone Antibacterials. J. Med. Chem. 1988, 31, 503—506. (b)
Domagala, J. M.; Bridges, A. J.; Culbertson, T. P,; Gambino, L.;
Hagen, S. E.; Karrick, G.; Porter, K.; Sdnchez, J. P.; Sesnie, J.
A.; Spence, F. G.; Szotek, D. D.; Wemple, J. Synthesis and

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 7 1215

(18)

(19)

Biological Activity of 5-Amine and 5-Hydroxyquinolones, and the
Overwhelming Influence of the Remote N;-Substituent in De-
termining the Structure-Activity Relationship. J. Med. Chem.
1991, 34, 1142—-1154.

Bouzard, D.; Di Cesare, P.; Essiz, M.; Jacquet, J. P.; Ledoussal,
B.; Remuzon, P.; Kessler, R. E.; Fung-Tome, J. Fluoronaphthy-
ridines as Antibacterial Agents. 4. Synthesis and Structure-
Activity Relationships of 5-Substituted-6-fluoro-7-(cycloalkyl-
amino)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic Acids.
J. Med. Chem. 1992, 35, 518—525.

(a) Lehman, M. S.; Larsen, F. K. A Method for Location of the
Peaks in Step-Scan-Measured Bragg Reflexions. Acte Crystal-
logr. 1974, A30, 580—584, (b) Grant, D. F.; Gabe, E. J. The
Analysis of single-Crystal Bragg Reflections from Profile Mea-
surements. J. Appl. Crystallogr. 1978, 11, 114—120. (c) Sheld-
rick, G. M. SHELX86. Crystallographic Computing 3; Sheldrick,
G. M., Kruger, C.; Goddard, R., Eds., Clarendon Press, Oxford,
1985; pp 175—189. (d) Beurskens, G.; Noordik, J. H.; Beurskens,
P. T. 9,9a-Dihydro-1,2,9,9-tetramethyl-2,9a-epitetrathio-3,10-
diketopiperazino [1,2-a] indole, C15H;sN202S4. Absolute Config-
uration. Crystallogr. Struct. Commun. 1980, 9, 23-28. (e)
Sheldrick, G. M. SHELX. A program for crystal structure
determination; University Chemical Laboratory: Cambridge,
England, 1976. (f) Walker, N.; Stuard, D. An Empirical Method
for Correcting Diffractometer Data for Absorption Effects. Acta
Crystallogr. 1983, A39, 158—166. (g) International Tables for
X-Ray Crystallography; Kynoch Press, Birmingham, 1974. (h)
Spek, A. L. The EUCLID package. In Computational Crystal-
lography; Sayre, D., Ed.; Clarendon Press: Oxford, England,
1982; p 528. (i) Nardelli, M. PARST: A System of Fortran
Routines for Calculating Molecular Structure Parameters from
Results of Crystal Structure Analyses. Comput. Chem. 1983, 7,
95—98.

JM940813W



