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Abstract: Novel fluoroquinolones containing oxime functionalized aminopyrrolidines have been synthesized. 

They were found to possess potent antibacterial activities against both Gram-negative and Gram-positive 

organisms, including methicillin resistant Staphylococcus aureus (MRSA). Among these compounds, LB20277 

(compound 12) showed the most favorable in vivo efficacy and pharmacokinetic profile in animals. Based on 

these promising results, LB20277 was selected as a candidate for further evaluation. 
© 1998 Elsevier Science Ltd. All rights reserved. 

After the discovery of  prototypic norfloxacin, most of  the research concerning quinolone antibacterials 

has been focused on the basic group at the C-7 position. As a results, ciprofloxacin, ofloxacin, lomefloxacin, 

fleroxacin, and sparfloxacin have been successfully introduced into the market, all of  which contain a 

piperazine derivative at the C-7 position. 2 In 1986, Warner-Lambert reported that this piperazine group has 

been successfully replaced with 3-(aminomethyl)pyrrolidine. s The introduction of  this pyrrolidine derivative to 

the quinolone nucleus resulted in a dramatic improvement of in vitro Gram-positive activity compared to 

piperazinyi analogues. This change, however, also gave rise to undesirable side effects such as cytotoxicity. 4 In 

order to circumvent these problems, additional attempts have been made to modify the pyrrolidinyl moiety, s 

Nevertheless, so far no quinolone antimicrobial agent possessing a pyrrolidine derivative has been approved on 

a worldwide basis. 6 

Most of  the quinolones currently on the market or under development have only moderate activity 

against many Gram-positive cocci including staphylococci and streptococci. This insufficient activity has not 

only limited their use in infections caused by these organisms, such as respiratory tract infections, but has also 

been believed to be one of the reasons for the rapidly developing quinolone resistance. Therefore, recent efforts 

have been directed toward the synthesis of  new quinolones that can provide improved Gram-positive 

antibacterial activity, while retaining the good Gram-negative activity of  ciprofloxacin. 7 

In this paper, we wish to describe the design and synthesis of  new pyrrolidine derivatives and a series 

of fluoroquinolone compounds derivatized by these amines at the 7-position. These amines are structurally 

unprecedented, having an alkyloxime group on the 4-position and an amino substituent on the 3 position of  the 

pyrrolidine ring. We also report herein these new quinolones' excellent antibacterial activity profiles, Structure- 

Activity Relationship (SAR) and pharmacokinetic data in animals. 

The synthesis of  novel pyrrolidine derivatives is outlined in Scheme I. N-BOC-3-pyrroline 1 was 

reacted with 1.2 equivalents of m-chloroperoxybenzoic acid (MCPBA) in chloroform to furnish the epoxide 2 

in 82% yield. The epoxide ring of  2 was smoothly opened by sodium azide in the presence of  ammonium 

chloride in refluxing aqueous acetone. The reduction of  the azide group of the alcohol 3 was accomplished in 
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90% yield by treatment of triphenylphosphine and aqueous work up. The resulting amine 4 was subsequently 

protected by a BOC group using di-t-butyl dicarbonate in dioxane-H20, which produced the t-BOC protected 

alcohol 5 in 92% yield. Parikh-Doering oxidant s was found to be the best reagent for the oxidation of the 

alcohol 5, Thus, the alcohol 5 was cleanly converted to the ketone 6 by treatment with sulfur tfioxide-pyridine 

complex in DMSO in 95% yield. The oxime functional group was introduced onto the ring by coupling 6 with 

hydroxylamine in EtOH-THF-H20 to afford the oxime compound 7a. By reacting the ketone 6 with 

methoxylamine instead of hydroxylamine, we could also obtain the methyloxime 7b in 90% yield. Compounds 

7a and 7b, respectively, were found to be 3:1 mixures of  E, Z isomer depending on the oxime geometry. These 

mixtures were easily separable by silica gel column chromatography, but separation of each isomer at this stage 

turned out to be unnecessary (vide infra). 

Scheme I: Synt~s is  of 3-alkyloximeJ,-aminopyrrolidine derivatives 

O HO N3 HO Nl-i2 

N ~  a ~N~ b ~N-N-N~ c ~'N'~ d 82% 96% 90% 92% 
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7a: R7=H (78%) 8a: R7=H (91%) 
7b: R7=Me (90%) 8b: R7=Me (96%) 

reagents: (a) MCPBA, CHCI 3; Co) NAN3, NH4CI , aq.acetone, reflux; 
(c) PPh 3, THF; (d) (t-BOC)2 O, NaI"ICO3, Dioxane-H 20; 
(e) Pyridine-SO 3. Et3N, DMSO, 5 oc; (f) RTONH2.HCI, NaHCO 3, 
EtOH-'IHF, 40 oc; (g) Tdfluomacetic acid 

Allyl- and 2-fluoroethyl-oxime compounds (compounds 12 and 13) were synthesized simply by 

alkylating 7a with allyl bromide or 2-fluoroethyl bromide (RBr/NaOH/tetra-n-butylammonium 

bromide/CHzCl2-H20 ) in 70-80% yield. Finally, the bis-BOC protective groups of the oxime 7a, 7b were 

removed by trifluoroacetic acid (TFA) to give the new pyrrolidines compounds 8a, 8b as white solids. Although 

bis-BOC protected 7a and 7b were 3:1 mixtures of  geometric isomers of oxime moiety, the diamine salts $a 
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and Sb were found to be single isomers. This implies rapid E-Z isomerization of the oxime functional group 

occured during the acidic deprotection. We were able to confirm such facile acid-catalized isomerization by 

isolating each isomer of  Z-Tb and E-7b and treating them separately with TFA. Only Z-8b was obtained from 

Z-7b or E-Th after TFA treatment. 

The thermodynamic stability of  the Z isomer over the E isomer could be expected to arise from the 

unfavorable steric crowding within the E isomer (E-7b), whereas Z-Tb has additional stability originating from 

the intramolecular hydrogen bonding between the oxime nitrogen and the adjacent amino group. To support this 

explanation there are several literature precedents of  structurally similar cyclic a-amino oximes which exist 

excusively in a Z form. 9 

The coupling reactions of  the new pyrrolidine derivatives with various quinolone and naphthyridone 

nuclei followed well-established literature procedures (Scheme I]), ~° using DBU (3 eq) as a base in refluxing 

ac.~onitrile. The yields are usually in the range of 45-56 % for quinolones (X= CF, CC1, and CH). 1] In the case 

of  naphthyridines (X = N), the coupling proceeded smoothly at room temperature and the yields are higher (73- 

85%). 
Scheme II : Synthesis of new quinolones 

R5 0 0 

÷ ~ 
2HCI CH3C N 

8a:R7 = H, R'= H 
8b: R7 = Me, R' = H X: CF,CCI, ell, N 
8¢: R7 = Me, R'= Me Y: CI, F 

R5: H, or N H2 

R~ 0 0 
F ~  OH 

R'H N ~  / ~ N ~  "X~ ~N~ 9"17 

O-- R 7 

X: CF,CCI, CH, N 
R5: H, or N H2 

The novel quinolones containing new pyrrolidines thus produced were found to have strong 

antibacterial activities against not only Gram-negative strains, but also Gram-positive organisms, including 

methicillin resistant Staphylococcus aureus (MRSA) (Table I), Most importantly, they showed strong activity 

against Gram-positive bacteria such as Staphylococcus aureus, Staphylococcus epidermidis, and Bacillus 

subtilis, with MIC values being mostly close to or lower than 0.016 ~tg/ml. In particular, they were highly 

potent against methicillin resistant Staphylococcus aureus (MRSA, 4 to 256 fold enhancement compared to 

ciprofloxacin) and methicillin resistant Streptococcus epidermidis (MRSE, 8 to 256 fold enhancement 

compared to ciprofloxacin), against which ciprofloxacin was virtually ineffective (MIC 64 and 128 lag/ml, 

respectively). 

These remarkable Gram-positive activity profiles are of  great significance since in recent years the 

emergence of resistant bacteria such as MRSA has become a very serious clinical problem. Since Staphylococci 

and Streptococci are known to be major pathogenic strains of  respiratory tract infections, it is believed the 

improved potency of these novel quinolones, particularly against Staphylococci and StreptococcL will 

supplement the limited therapeutic application of current quinolones to these infections. 

The novel quinolones displayed strong activity against Gram-negative strains as well. Their potency was 

comparable to ciprofloxacin against E. coli and Enterobacter cloacae. Against other Gram negative strains 

except Pseudomonas aeruginosa, they were almost equipotent to ciprofloxacin. Therefore we believe our 
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Table  L I n  vitro ant imicrobia l  ac t iv i t ies  o f  novel  qu ino lones  

compound 

R5 0 0 

"¢~._R7 

9 10 11 12 13 14 15 16 17 Cipro- 

LB20277 floxacin 

X = C H  X = C C I  X =CF X = C F  X = C F  X = C F  X = C F  X = N  X = N  X =CH 

R5 = H 1~= H R5 = H R ~  H R5 = H R5 = H R5 = NH2 R5 = H R~= H R5 = H 

R7 = CH3 R7 = CH3 R7 = CHa R7 = CaI-I4F R ~  allyl R7 = H R7 = CH3 R7 = CH 3 R7 = CH 3 piperazine 

R ' = H  R ' = H  R ' = H  R ' = H  R ' = H  R ' = H  R ' = H  R ' = H  R'= CH~ 

Minimum inhibitory concentration (u~/ml) Strains 

S.a. giorgio 0.016 0.016 <=0.008 0.031 0.016 0.063 <=0.008 0.063 0.031 0.25 

S.a. 77 0.031 0.016 0.016 0.063 0.031 0.063 0.031 0.063 0.063 0.25 

~'. a. 241 32 0.5 2 2 2 32 2 8 16 128 

S.e. 887E 0.031 0.016 0.016 0.063 0.016 0.13 0.016 0.063 0.063 0.13 

S.e. 178 16 0.5 2 2 2 64 2 8 32 128 

B. s. ATCC 6633 <=0.008 <=0.008 <=0.008 0.016 <=0.008 0.063 <=0.008 <=0.008 <=0.008 0.031 

M.I. ATCC 9341 0.25 0.13 0.13 0.25 0.25 0.25 0.5 1 2 4 

E.c. 10536 0.016 0.016 <=0.008 0.031 0.031 0.016 <=0.008 <=0.008 <=0.008 <=0.008 

E.c. 3190Y <=0.008 <=0.008 <=0.008 0.016 <=0.008 <=0.008 <=0.008 <=0.008 <=0.008 <=0.008 

E.c. 851E 0.031 0.031 0.031 0.031 0.063 0.031 0.031 0.063 0.063 0.016 

E.c.TEM5 3739E 0.5 0.25 0.25 0.25 0.5 0.5 0.13 1 1 0.13 

P.a.  1012E 1 2 1 2 2 1 1 2 4 0.13 

A.c. 15473 0.031 0.031 0.016 0.13 0.031 0.5 0.031 0.063 0.13 0.25 

C.d. 2046E 0.031 0.063 0.063 0.13 0.13 0.13 0.063 0.063 0.13 0.016 

E. cl. p99 <=0.008 0.016 <=0.008 0.016 0.031 0.031 <=0.008 0.016 <=0.008 <=0.008 

K.a. 1076E i 0.25 0.25 0.13 0.25 0.25 0.5 0.25 0.25 0.5  0.13 

S.t. 14028 0.13 0.13 0.063 0.13 0.25 0.63 0.063 0.13 0.25 0.031 

*S.& : Staphylococcus aureus, S e.: Staphylococcus epidermis, B. s.: Bacillus subtilis, M. 1.: Micrococus luteus, E. c.: Escherichia coli, 

P. a.: Pseudomonas aeruginosa, A. c.: Acinetobacter calcoaceticus, C. d.: Citrobacter diversus, E. cl.: Enterobacter cloacae, IC eL: 

Klebsiella aerogenes, S. t.: Salmonella typhimurium 

qu ino lones  are  t ru ly  s t rong  and  b road  s p e c t r u m  ant ibacter ia l  agents .  ~2 

The  s ize  o f  the  alkyl  g roup  o f  the  o x i m e  m o i e t y  m i g h t  be  impor t an t  in de t e rmin ing  b io logica l  activity. 

Therefore ,  w e  have  br ief ly  inves t iga ted  the  s t ruc ture-ac t iv i ty  re la t ionship  o f  the  a l k y l o x i m e  g r o u p  (Tab l e  I,  

c o m p o u n d  11, 12, 13, and  14). T he  me thy l  g roup  s e e m s  to be  opt imal ;  c o m p o u n d  14 w h i c h  ha s  an  

u n s u b s t i t u t e d  o x i m e  g roup  s h o w e d  relat ively low po tency  aga ins t  G r a m  pos i t ive  pa thogens .  

A m o n g  the  qu i no l ones  w i t h  s t rong  in vitro activit ies,  w e  se lec ted  c o m p o u n d  11 ( L B 2 0 2 7 7 )  for  fur ther  
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evaluation. Mouse protection tests were used to evaluate the m vivo efficacy of  LB20277, with the compound 

being administered orally (Table iD. The efficacy of this compound was tested against two representative 

strains. Staphylococcus aureus was selected for Gram-positive bacteria, and Pseudomonas aeruginosa was 

chosen for Gram-negative strains. 
o o 

'~O--.-CH~ 

In vivo efficacy is well reflected by in vitro inhibitory activity. The EDso of LB20277 against S. a, ureus 

was 0.87 mg/kg with a 95% confidence limit of 0.47-1.55 mg/kg per day, which was about 8 times stronger 

than ciprofioxacin (EDs0 of 7.46 mg/kg). Ag~nst the Gram negative strain P. aerug~nosa, the EDso value of 

LB20277 (9.69 mg/kg) was higher than that of  ciprofloxacin (3.11 mg/kg) as expected. 

Table 1I. In vivo Efficacy ofLB20277 a ;ainst Systemic Infection in Mouse. 
Infected Bacteria compound MIC (txg/ml) EDso (mg/kg) 

S. aureus giorgio 

P aeruginosa 1912E 

LB20277 
Ciprofloxacin 

LB20277 
Ciprofloxacin 

<=0.008 
0.13 

1 
0.13 

95% confidence limit 
(mg/kg) 

0.87 0.47- 1.55 
7.46 3.67- 17.3 
9.69 4.24- 19.5 
3.11 1.54 - 6.59 

LB20277 demonstrated an excellent pharmacokinetie profile in animals after oral administration 

(Table l i  D. In rats, this compound was extremely well absorbed (AUC = 179.3 ugh/ml), showed complete 

bioavailablity (F> 100 %) and had a much longer serum half life (tla = 5.18 h) than ciprofioxacin (AUC = 2.59 

ugh/ml, F = 44.5 %, tl/2 = 1.87 h). Also notable is the surprisingly high Cmax (22.75 ~tg/ml) compared with 

ciprofloxacin (Cmax= 0.90 p.g/ml). Furthermore, in dogs LB20277 also showed complete bioavailability (F> 

100 %) and longer serum half-life (tla = 2.34 h) than ciprofioxacin (F= 71%, tla= 1.70 h). 

Table ITI. Pharmacokinetics of  LB 20277 in rat* and dog**. 
Animal compound Route 

R~  ciprofioxacin po 
LB20277 po 

Dog ciprofloxacin po 
LB20277 po 

AUC Half life Cmax Tmax F 
(~g hr/ml) (hour) (~tg/ml) (hour) (%) 

2.59 1.87 0.90 0.11 44.5 
179.3 5.18 22.75 0.18 >100 
4.54 1.70 0.91 1.12 71 
12.88 2.34 3.44 0.23 >100 

SD rat, dose: 20mg/kg ** dose: 4mg/kg 

In conclusion, we have designed and synthesized novel quinolone agents derivatized by oxime- 

substituted aminopyrrolidines. They showed potent antibacterial activities against both Gram-negative and 

Gram-positive organisms, including methicillin resistant Staphylococcus aureus (MRSA). Our development 

candidate, LB20277, exhibited an excellent in vivo efficacy, complete bioavailability, and long half-life. Based 

on these promising results, LB20277 was advanced to preclinical studies.14 



226 C. Y. Hong et al. / Bioorg. Med. Chem. Lett. 8 (1998) 221-226 

References and Notes 

°Current address: School of Bioscienee and Food Teehnology, Hart Dong University, Pohang, Korea 
1. This work was presented in part at 35th Interscience Conference on Antimicrobial Agents and Chemotherapy 

(September 17-20, 1995, San Francisco, CA, Abstract No. F204). 

2. Hooper, D. C.; Wolfson, J. S. Qumolone AntimicrobialAgents, 2nd ed.; American Society for Microbiology, 

Washington, D. C. 1993; pp 3-52. 

3. Domagala, J. M.; Heifetz, C. L.; Mich, T. E; Nichols, J. B. J. Meal Chem. 1986, 29, 445-448. 

4. Domagala, J. M. J. Antimicrob. Chemother 1994, 33, 685-706 

5. For example, see: Hagen, S. E.; Domagala, J. M.; Gracheck, S. J.; Sesnie, J. A.; Stier, M. A.; Suto, M. J. J. 

Med Chem. 1994, 37, 733-738. 

6. Tosulfloxacin was launched only in Japan in 1993. 

7. Piddok, L. J. B. Antimicrob. Agents Chemother. 1994, 38, 163-169. 

8. Parikh, J. R. and Doering, W. v. E. J. Am. Chem. Soc. 1967, 89, 5505-5507. 

9. (a) Heathcock, C. H.; Smith, S. C, 3. Org. Chem. 1994, 59, 6828-6839, and see also the reference cited 

therein. (b) Guo, C.; Bhandaru, S.; Fuchs, P. L.; Boyd, M. g. 3. Am. Chem. Soc. 1996, 118, 10672-10673. 

10. (a) Sanchez, J. P,; Domagala, J. M.; Hagen, S. E.; Heifetz, C. L.; Hurt, M. P.; Nichols, J. B.; Trehan, A. K. 3. 

Meal Chem. 1988, 31, 983-991. (b) Dornagala, J. M.; Hagen, S. E.; Heifetz, C. L.; Hutt, M. P.; Mich, T. F.; 

Sanchez, J. P.; Trehan, A. K. J. Med Chem. 1988, 31, 503-506. 

11. Synthesis of  7-(4-amin•-3-meth•xyimin•pyrr••idine-•-y•)-•-•y•••-pr•py•-6•8-difiu•r•-4-•x•-••4- 

dihydroquinoline-3-carboxylic acid (11, LB20277): 1-cyclopropyl-6,7,8-trifluoro-4-oxo-l,4-dihydro- 

quinoline-3-carboxylic acid (0.85g, 3.0 mmole) and 4-amino-pyrrolidin-3-on-O-methyloxime 

bistrifluoroacetate (8b) (1.29 g, 3.6 mmol) were dissolved in 10 ml of dry acetonitrile. Then, 1,8- 

diazabicyclo[5.4.0] undec-7-ene (DBU, 1.37 g, 9.0 mmole) was added and the reaction mixture was 

refluxed for 1.5 hours. The reaction mixture was cooled to room temperature and diluted with water (10 ml), 

and extracted with dichloromethane three times (20 ml). The combined organic extracts were dried over 

anhydrous magnesium sulfate, filtered, and concentrated in vacuo to yield the residue. The residue was 

purified by preparative HPLC (column: delta pak C18, 30 x 30mm, flow rate: 40 ml/min, eluant: methanol/ 

water 50/50) to yield 0.57 g (Yield: 48%) of pure final product 11. ~H NMR (DMSO-d6, ppm) : ~ 8.70 (1H, 

s), 7.8 (1H, d, J=13.0 Hz), 4.42 (2H, dd, J= 4.7, 13.0 Hz), 4.10 (1H, m), 4.00 (2H, m), 3.83 (3H, s), 3.52 

(1H, m), 3.30 (2I-1, m), 1.20-1.10 (4H, m). MS (FAB, m/e) : 393 (IVI+H). Anal. Calcd for ClgI"/lgF2N404: C, 

55.10; H, 4.62; N, 14.28. Found: C, 55.12; H, 4.60; N, 14.24. 

12. There have been two reports where the oxime functionality was introduced into the C-7 amine group of 

quinolone antibacterials. Abbott and Kaken's scientists independently introduced the oxime function into 

pyrrolidine ring. 13 Although these quinolones showed enhanced in vitro antibacteriai activity against Gram- 

positive strains, they displayed rather weak potency against Gram-negative organisms. In addition, their in 

vivo efficacy was not as good as was anticipated from the in vitro results. 

13. (a) Cooper, C. S.; Klock, P. L.; Chu, D. T. W.; Hardy, D. J.; Swanson, R. N.; Platter, J. J. J. Meal Chem. 

1992, 35, 1392-1398. (b) Nakano, J.; Fukui, H.; Haigoh, H.; Senda, H.; Iwatani, W.; Arika, T. (Kaken 

Pharmaceutical Co., Ltd.) E.P. 0541086, Dec. 5, 1993. 

14. LB20277 is currently undergoing preclinical evaluations as a racemic mixture and the asymmetric synthesis 

of each enantiomer is in progress. 


