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Abstract: The 8-position side chain of 2-pyridones is believed to be involved in the binding with bacterial DNA
gyrase to form the ternary complex, making them very important for the activity of 2-pyridones. A series of 2-
pyridones having fluoro-substituted amines at the 8-position has been synthesized and their antibacterial
activities and parmacokinetic properties are reported. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction. 2-Pyridones (1) are a class of newly discovered potent antibacterial agents that are of
particular interest due to their effectiveness against resistant bacteria.>® The 8-position side chain of these
compounds is thought to be involved in binding with bacterial DNA gyrase in the ternary complex,* making the
substituent at the 8-position a key factor in the activity of the 2-pyridones.? The 7-position fluorine atom,
which is highly electronegative, yet similar in size to hydrogen, has also proven to be very important to the
activity of 2-pyridones,? as well as their quinolone® predecessors. Our continued efforts in the area of 2-
pyridones led us to combine these two important findings such that we have synthesized a series of compounds
possessing fluoropyrrolidines at the 8-position. Syntheses of these compounds as well as their antibacterial
activity and pharmacokinetic properties are reported.®

Chemistry. The synthesis of 2-pyridones 3 with fluoro-substituted pyrrolidines at the 8-position was
achieved through the same route reported in our previous paper.’ The synthesis required nucleophilic
displacement of 8-chloropyridone 1 with fluoroamine 2 in acetonitrile or DMF. Lithium hydroxide mediated
hydrolysis of the ester, followed by acid mediated removal of the amine-protecting Boc group afforded desired
compound 3 in good yield (Scheme 1).
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Scheme 1.

The syntheses of the fluoropyrrolidines 2 are illustrated in Schemes 2-8. The cis- and frans-
fluoroaminopyrrolidines (2a and 2b) were prepared by modified procedures of Bouzard’ (Scheme 2). Epoxide 5,
which was prepared from Cbz-pyrroline 4 in 63% yield, was treated with sodium azide to give trans-
azidohydroxypyrrolidine 6 in 82% yield. When alcohol 6 was reacted with DAST in methylene chloride at —78
°C, the reaction unexpectedly proceeded with retention of configuration to give frans-azidofluoropyrrolidine 7.
The cis-azidofluorpyrrolidine 9 was obtained by an alternate two step procedure via Sy2 substitution of the
corresponding mesylate with sodium azide in 38% yield. Reduction of the azido groups of 7 and 9 and
subsequent protection with Boc,O provided racemic 8 (74%) and 10 (83%), respectively. The isomers of
compound 8 were separated by chiral preparative HPLC.® Hydrogenation gave the final products 2a and 2b.
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Scheme 2. (a) MCPBA, CHCl,, reflux; (b) NaN;, acetone/water, reﬂux (¢) DAST, CH,Cl,, —78 °C to rt; (d) 1. H, (4 atm), Ra Ni,
MeOH, tt; 2. (Boc),0, MeOH/water, rt; (¢) chiral HPLC separation;® (f) HCO,NH., 10% Pd-C, MeOH, reflux; (g) 1. MsCl, EtN,
CH,Cl3, 0 °C to rt; 2. 1.0 N BwNF in THF, 65 °C.

Synthesis of 2¢ and 2d (Scheme 3) began with ethyl fluoroacetate that was reduced with DIBAL. The
resulting aldehyde was reacted with a Wittig reagent to give a mixture (70%, 1:1) of cis- and trans-
fluorocrotonate 12. The 1,3-dipolar addition reaction of 12 with the azomethine ylide® produced, after
chromatographic separation, pyrrolidines 13 (46%) and 14 (46%). Conversion of the benzyl group of 13 to the
Cbz group (for ease of operation) and subsequent hydrolysis of the ester gave 15 in 78% yield. 15 then
underwent a Curtius rearrangement and subsequent hydrogenation to afford 4-fluoromethyl-3-aminopyrrolidine
2¢ in 65% yield. The same reaction sequence was repeated starting with 14 to afford the trans-isomer 2d.
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Scheme 3. (a) 1. DIBAL, CHCl;, ~78 °C; 2. PhyPCH,CO;Et, NaH, THF; (b) (MeOCH;XTMSCH,)NCH:Ph, TFA, CH,Cl,, -78
°C to rt, column chromatographic separation; (¢) HCO.NH,, 10% Pd-C, MeOH, reflux; (d) 1. Cbz-Cl, Na,COs, dioxane-H,0, 0 °C;
2. LiOH, THF-H,0, 0 °C to rt; (¢) DPPA, Et;N, #-BuOH, reflux.

The importance of protecting the aminopyrrolidines was discovered when unprotected
fluoromethylpyrrolidine 19, which was prepared by patent procedure,'® rearranged under the coupling
conditions ® to give the unexpected fluoropyrrolidinyl 2-pyridone 3e (Scheme 4). Scheme 5 depicts an alternate
route that was developed for the preparation of the Boc-protected 3-fluoromethylpyrrolidines, 2f and 2g.
Hydroxymethacrylate 20 was treated with DAST to yield fluoromethacrylate 21 quantitatively. Cycloaddition
of 21 with the azomethine ylide’ produced pyrrolidine 22 in 87% yield. 2f, the Boc-protected version of 19,
was prepared from 22 by the same reaction sequence described in Scheme 3. Alternately, ester 22 was reduced
to alcohol 25 with LAH in 43% yield. Conversion of 25 to 26 was achieved by Mitsunobu reaction with
phthalimide followed by hydrazinolysis and subsequent protection with (Boc),0 (64%). Hydrogenation of 26
produced 2g (Scheme 5)."!
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Scheme 5. (a) DAST, CH,Cl,, —78 °C to rt; (b) (MeOCH2)(TMSCH,)NCH.Ph, TFA, CH.Cl, 0 °C; (¢) HCO;NH,, 10% Pd-C,
MeOH, reflux; (d) 1. Cbz-Cl, Na,COs, dioxane/H,0, 0 °C; 2. LiOH, THF/H:O, 0 °C to rt; (e) DPPA, Et;N, ~~-BuOH/dioxane, reflux;
(f) LiBH,, MeOH/Et;0, reflux (g) 1. DEAD, phthalimide, THF, rt; 2. NH,NH,, EtOH, reflux; 3. (Boc),0, MeOH/H;O, rt.
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Synthesis of trifluoroethyl pyrrolidines 2h and 2i is shown in Scheme 6. Trifluoroacetylation of N-
benzylpyrrolidinone 27 produced 28 in 64% yield. Conversion of 28 to oxime 29, followed by reduction with
LAH and subsequent Boc-protection gave a mixture of 30 and 31 in 32% yield. Separation of the two
diastereoisomers'? by column chromatography, followed by removal of the benzyl groups from 30 and 31
afforded 2h and 2i, respectively. This convenient method for the preparation of racemic pyrrolidines should be

applicable to other substituted aminomethylpyrrolidines.
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Scheme 6. (a) CF;CO,Et, NaH, THF; (b) NH,OH; (c) 1. LAH, THF; 2. (Boc)0, MeOH/H,0, column separation; (d) H,, 10% Pd-
C, MeOH.

Synthesis of trifluoromethyl pyrrolidines 2j and 2k is illustrated in Scheme 7, in which trans-
trifluorocrotonate underwent reactions analogous to these described in Scheme 3 and Scheme 5.
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Scheme 7. (a) (MeOCH,)(TMSCH,;)NCH;Ph, TFA, CH.Cl;, 0 °C to rt; (b) LiOH, THF/H;O, 60 °C; (¢) DPPA, EtN,
BuOH/dioxane, reflux; (d) Hz, 10% Pd-C, MeOH, rt; (¢) LAH, THF, 0 °C to tt; (f) 1. DEAD, phthalimide, THF, 0 °C; 2. NH:NH,,
EtOH, reflux; 3. (Boc).0, MeOH/H,O, rt.

Results and discussion. The minimum inhibitory concentrations (MIC)" of fluoro-substituted
pyrrolidinyl-pyridones 3a-1 against several representative Gram-positive and Gram-negative bacteria are
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summarized in Table 1, along with data for ABT-719 and ciprofloxacin. In general, incorporation of fluorine
atoms into pyrrolidines resulted in a decrease in the in vitro and in vivo activity, especially against Gram-
negative organisms. However, the activity against staphylococci including methicillin-resistant Staphylococcus
aureus (MRSA) remained almost unchanged. In general, activity against Gram-negative organisms, such as
Pseudomonas species, is sensitive to the size of the substituents on the pyrrolidine rings. Our results confer
this, since the trifluoro-substituted analogs were less active than the monofluoro-substituted compounds against
Gram-negative bacteria. We found the aminomethylpyrrolidine series (3e, 3g, and 3k) to be more active than the

Table 1. In vitro antibacterial'® and gyrase' activity of pyridones.

MIC, pg/mL* Gyrase
Gram-Positive organisms Gram-negative organisms CCy
Compd R,R,N Sa SalR) Ef Sb S.p E.c Ea Kp P.s. P.a pg/mL
NH,
3a —NJ(t) 0.02 078 0.1 0.2 0.2 0.02 0.05 0.02 1.56 0.78 0.7
°F
3a-R,R’ _::r”"’ 0.05 156 02 039 0.2 -- 0.2 0.02 156 1.56 -
e
3a-S,8" _:[””= 0.05 156 039 039 0.39 -- 0.2 002 078 0.78 -
F
3b C[N"z 0.02 156 0.1 0.2 0.1 0.02 005 005 0.78 0.39 -
—N (£)
£
3¢ Nz 0.01 156 0.1 -- 0.02 0.005 0.02 0.005 039 0.2 -
-
3d 3 U:"_:‘; 0.02 3.1 0.1 -- 0.1 0.01 0.05 0.005 0.78 0.39 -
Al
3d-R,S’ _N::r““z 0.02 156 0.1 0.1 0.1 0.02 0.05 0.0 078 0.39 -
.
7 JNH
3d-S,R _N\/:L 0.01 3.1 0.2 039 02 0.1 0.02 0.002 0.78 0.39 -
F
de —Na{/NHz 0.01 039 0.02 0.02 0.02 0.02 0.05 0.005 0.78 0.39 -
(£)
NH. .
3f ‘ND(%;F 0.02 078 0.1 0.2 0.1 0.02 0.1 0.01 039 0.39
F 0.02 156 0.1 0.1 0.05 0.05 -- 0.1 0.78 0.78 -
8 ‘”C'%)NHz
3h fer, 002 078 039 039 0.2 0.78 1.56 0.39 6.2 6.2 -
TS
: ficks  0.005 0.39 0.1 0.2 0.2 02 078 0.2 3.1 6.2 -
i
3j _:j"(“z’f) 0.02 156 02 039 0.2 0.05 0.2 0.05 3.1 0.78 3.8
"CF,
3k _NSE)NHZ 0.01 078 0.02 0.02 0.02 0.02 0.05 0.01 1.56 039 6.5
“CFa
31 _ (i) 002 156 0.05 0.1 0.1 0.1 0.39 0.1 0.78 1.56 0.6
ABT- _:]—NHZ 0.01 0.78 0.02 0.02 0.02 0.002 0.005 0.005 0.2 0.05 0.03
719
ciprofloxacin 0.39 >100 0.78 0.78 0.78 002 002 002 156 0.2 0.24

*S.a: Staph. aureus NCTC10649M; S.a(R): Staph. aureus A1775; E.f. Ent. faecium ATCC8043; S.b: Strep. bovis
A5169; S.p: Strep. pyogenes EES61; E.c: E. coli JUHL; E.a: Enterobacter aerogenes ATCC13048; K.p: Klebsiella

pneumoniae ATCC8045; P.s: Providentia Stuartii CMX640; P.a: Pseudomonas aeruginosa A-5007.
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compound 31, which had surprisingly good and balanced activity. Because of their good overall profiles, the
racemic rans-fluoro- and trans-fluoromethylpyrrolidine analogs (3a and 3d) were resolved.® However, no
significant differences were found between the enantiomers (3a-S,S vs. 3a-R,R and 3d-S,S vs. 3d-R,R). The E.
coli gyrase activity'* decreased at least 20-fold for all the fluoropyrrolidiny! compounds tested.

The in vivo efficacy against Staph. aureus and E-coli of several of the compounds was determined in the
acute murine lethal infections model.>!* The results along with pharmacokinetic properties are shown in Table 2.
Most of our compounds were quite efficacious in vivo against Staph. In accordance with the in vitro results, the
efficacy against E. coli was significantly lower. Compound 31, which lacks an amino group, was totally devoid
of in vivo efficacy, despite its good in vitro potency. We observed that the regiochemistry of fluoro group
affected the efficacy, since the cis analog 3b was more efficacious than the trams-isomer 3a. The fluoro-
substituted analogs seemed to have improved pharmacokinetics in rat, as evidenced by the fact that they have
longer half lives and better bioavailability than that of ABT-719.

Table 2. In vivo efficacy and pharmacokinetics of selected pyridones.*!?

EDs, in mice , (mg/kg/day)* PK after a 5 mg/kg single oral dose in rat
S.aureus NCTC10649M E. coli JUHL Cmax®

Compd sc® PO° ' PO (pg/mL) (%)
3a-R,R 4.8 7.3 >5.0 >10.0 - -
3a-5,8° 4.8 25.0 >5.0 >10.0 - -
3b 1.5° 7.74 1.8 7.4 0.9 34.
3d-R,S° 1.2 - 0.8 -- - -
3d-S,R? 1.2 11.5 0.4 3.0 - -
3f 2.7 10.3 4.3 15.1 0.6 63
3g 1.50 3.8 1.5 >10.0 - -
3i 11.9 25.0 >4.0 >10.0 0.8 57
3j 4.3 25.4 - - - -
3k 0.7 2.6 - - - -
31 >12.0 >50.0 - - 0.35 13
ABT-719 0.6 3.4 0.1 0.6 0.27 32
Cipro 4.1 28.2 0.1 1.0 0.15 16

*Effective dosage that protect 50% of mice from lethal infection. Unless otherwise indicated, mice were infected at
100 x LDs,. °SC: subcutaneously administered. “PO: orally administered. *Mice were infected with 1000 x LDs,.
*Maximal plasma concentration. ‘Bioavailability.

In summary, the synthesis and antibacterial activity of a series of 2-pyridones possessing fluoro-
substituted pyrrolidine side chains has been described. It was found that the antibacterial activity of the fluoro-
substituted compounds was excellent overall, especially against Gram-positive organisms, including MRSA. In
particular, compounds 3b and 3d displayed the best overall and most balanced activity. However, the activity
was decreased in comparison with the non-fluoro-substituted analogs. Therefore, it seems that the importance of
fluoro-substitution to the 2-pyridone ring system is not conveyed to the 8-position side chain.
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