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arations were washed, and after 1 h, the second cumulative 
contractions of aortic strips by 5HT were observed in the presence 
of test drugs. The anti-5-HT2 activity of the drug was calculated 
from the dose-response curve and expressed as a pA2 value if ita 
blockade was competitive. 

To test the anti-al activity, phenylephrine (0.01-10 pM) was 
given to  the preparations instead of 5-HT. 

5-HT2 or al Antagonistic Activity in Rate in Vivo. A male 
SD rat was anesthetized with urethane (1 g/kg, ip) and alpha- 
chloralose (80 mg/kg, ip). A catheter, connected to  a pressure 
transducer, was inserted into the carotid artery to measure blood 
preasure, and a venous catheter was cannulated for drug injection. 
After 1 h of oral administration of a test drug or vehicle, 5-HT 
(300 pg/kg, iv) was injected, and the change of the hypertensive 
phase, immediately after a transient hypotensive phase, was 
measured. The anti-5HT2 activity was expressed as an inhibition 
percentage. 

To test anti-a, activity, phenylephrine (30 pg/kg, iv) was in- 
jected into rats instead of 5-HT and the change in the blood 
pressure was measured. 

Inhibition of Head-Twitch Response in Mice. A test drug 
was orally given to mice 1 h before administration of 5- 
hydroxytryptophan (5-HTP: 100 mg/kg, ip). Numbers of 
head-twitch responses were counted for 5 min (or 8 min) a t  30 
min after injection of 5°F'. Inhibitory activities were expressed 
as percentages versus control values. 
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Synthesis, Stability, and Biological Evaluation of 
Water-Soluble Prodrugs of a New Echinocandin 
Lipopeptide. Discovery of a Potential Clinical 
Agent for the Treatment of Systemic Candidiasis 
and Pneumocystis carinii Pneumonia (PCP) 

The development of more efficacious agents against 
opportunistic infections is critical due to the growing 
population of immunocompromised individuals.' Mycoses 
are common among AIDS, organ transplant, and cancer 
chemotherapy patienk2 It has been shown that 1,3-p- 
glucan synthesis inhibitors are effective antifungal agents 
against Candida species, especially Candida a l b i ~ a n s . ~  

(1) (a) Hector, R. F. Recent Developments in Antifungal Agents. 
Current Opin. Ther. Patents 1991, 1,457-473. (b) Walzer, P. 
D. Pneumocystis carinii - New Clinical Spectrum? N. Engl. 
J. Med. 1991,324,263-5. (c) Vanvoorhis, W. C. Therapy and 
Prophylaxis of Systemic Protozoan Infections. Drugs 1990,40, 
176-202. (d) Walsh, T. J.; Jarosinski, P. F.; Fromtling, R. A. 
Increasing Usage of Systemic Antifungal Agents. Diagn. Mi- 
crobiol. Infect. Dis. 1990,13,37-40. (e) Saksena, A. K.; Giri- 
javallabhan, V. M.; Cooper, A. B.; Loebenberg, D. Recent Ad- 
vances in Antifungal Agents. Annu. Rep. Med. Chem. 1989, 

(2) (a) Sard, R. Candida and Aspergillus Infections in Immuno- 
compromised Patients - An Overview. Reu. Infect. Dis. 1991, 
13,487-492. (b) Deepe, G. S.; Bullock, W. E. Immunological 
Aspects of Fungal Pathogenesis. Eur. J. Clin. Microbiol. Zn- 
fect. Dis. 1990,9,377-80. (c) Mills, J.; Masur, H. AIDS-related 
Infections. Scientific American 1990, August, 50-57. (d) 
Hughes, W. T.; Kuhn, S.; Chaudhary, S.; Feldman, S.; Verzosa, 
M.; Aur, R. J. A.; Pratt, C.; George, S. L. Successful Chemo- 
prophylaxis for Pneumocystis carinii Pneumonitis. N. Engl. 
J. Med. 1977, 297, 1419. 

24, 111-120. 

These inhibitors were believed to be of very narrow 
spectrum; however, it appears that a broader range of 
organisms is Of particular importance was 
the discovery that the cell wall of the cyst form of Pneu- 
mocystis carinii contained 1,3-@-glu~ans.~~ P. carinii, 
whose phylogeny has been the subject of recent contro- 
versy: is an opportunistic organism responsible for an 
often fatal pneumonitis among HIV patients and other 

(3) (a) Tkacz, J. S. In Emerging Targets In Antibacterial And 
Antifungal Chemotherapy; Sutcliffe, J., Georgopapadakou, N. 
H., Eds.; Chapman and Hall: New York, 1991, in press. (b) 
Bartizal, K.; Abruzzo, G.; Trainor, C.; Krupa, D.; Nollstadt, K.; 
Schmatz, D.; Schwartz, R.; Hammond, M.; Balkovec, J.; Van- 
Middlesworth, F. &1,3 Glucan Synthesis Inhibitors L671,329, 
L-646,991, Tetrahydroechinocandin B and Papulacandin in a 
New Target Organ Kidney Assay (TOKA) of Systemic Can- 
didiasis. Roc. 30th ZCAAC, Atlanta, GA, Oct. 20-23, 1990, 
Abstr. No. 584. 

(4) (a) Denning, D. W.; Stevens, D. A. Cilofungin Treatment of 
Disseminated Aspergillosis in a Murine Model. Proc. 30th 
ZCAAC, Atlanta, GA, Oct. 20-23, 1990, Abstr. No. 286. (b) 
Galgiani, J. N.; Sun, S. H.; Clemons, K. V.; Stevens, D. A. 
Activity of Cilofungin Against Coccidioides Zmmitis: Differ- 
ential In Vitro Effects on Mycelia and Spherules Correlated 
with In Vivo Studies. J. Infect. Dis. 1990, 162, 944-948. 

(5) (a) Matsumoto, Y.; Matsuda, S.; Tegoshi, T. Yeast Glucan in 
the Cyst Wall of Pneumocystis carinii. J. Protozool. 1989,36, 
21s. (b) Edman, J. C.; Kovacs, J. A.; Masur, H.; Santi, D. V.; 
Elwood, H. J.; Sogin, M. L. Ribosomal RNA Sequence Shows 
Pneumocystis carinii to be a Member of the Fungi. Nature 
(London) 1988, 334, 519-522. (c) Stringer, S.; Stringer, J.; 
Blase, M.; Walzer, P.; Cushion, M. Pneumocystis carinii: Se- 
quence from Ribosomal RNA Implies a Close Relationship 
with Fungi. Enp. Parasitol. 1989,68,450-461. (d) Edman, U.; 
Edman, J. C.; Lundgren, B.; Santi, D. V. Isolation and Ex- 
pression of the Pneumocystis carinii Thymidylate Synthase 
Gene. Proc. Natl. Acad. Sci. U.S.A. 1989,86, 6503-6507. 
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immunocompromised hosts.6 Although it remains a rare 
condition among the general population, there have been 
recent reports of PCP among otherwise normal patients 
with unexplained T-cell deficiencies.' Subsequently, it 
was demonstrated that glucan synthesis inhibitors reduced 
the pulmonary alveolar cyst load in a rat model of PCP.8 
Although several structural classes of glucan synthesis 
inhibitors are known: the class to which the most attention 
has been given is a group of cyclic hexapeptides related 
to echinocandin B.l0 These lipopeptides exhibit poor oral 
absorption and thus require parenteral administration. 
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Table I. Structure and Yields of Acylated Derivatives of 
Lipopeptide 4a 

(a) Goesch, T. R.; Gotz, G.; Stellbrinck, K. H.; Albrecht, H.; 
Weh, H. J.; Hoasfeld, D. K. Possible Transfer of Pneumocystis 
carinii Between Immunodeficient Patients. The Lancet 1991, 
336,627. (b) Ettinger, N. A.; Trulock, E. P. Pulmonary Con- 
siderations of Organ Transplantation. Am. Rev. Resp. Dis. 
1991,143,1386-1405. (c) Henson, J. W.; Jalaj, J. K.; Walker, 
R. W.; Stover, D. E.; Fels, A. 0. S. Pneumocystis carinii 
Pneumonia in Patients with Primary Brain Tumors. Arch. 
Neurol. 1991,48,406-409. (d) Wollner, A.; Mohleboetani, J.; 
Lambert, R. E.; Perruquet, J. L.; Raffin, T. A.; McGuire, J. L. 
Pneumocystis carinii Pneumonia Complicating Low Dose 
Methotrexate Treatment for Rheumatoid Arthritis. Thorax 
1991,46, 205-207. (e) Fan-Havard, P. Pneumocystis carinii 
Pneumonia in AIDS Patients. Pharmacy Times 1990, 
108-118. 
(a) Gautier, V.; Chanez, P.; Vendrell, J. P.; Pujol, J. L.; Lamate, 
J. Y.; De Faucal, H.; Godard, P.; Michel, F. B. Unexplained 
CD-4 Positive T-cell Deficiency in Non-HIV Patients Pres- 
enting as a Pneumocystis carinii Pneumonia. Clin. Exper. 
Allergy 1991,21,63-66. (b) Jacobs, J. L.; Libby, D. M.; Win- 
ters, R. A.; Gelmont, D. M.; Fried, E. D.; Hartman, B. J.; 
Laurence, J. A Cluster of Pneumocystis carinii Pneumonia in 
Adults Without Predisposing Illnesses. N. Engl. J. Med. 1991, 
324, 246-250. 
(a) Schmatz, D. M.; Romancheck, M. A.; Pittarelli, L. A.; 
Schwartz, R. E.; Fromtling, R. A.; Nollstadt, K. H.; Vanmid- 
dlesworth, F. L.; Wilson, K. E.; Turner, M. J. Treatment of 
Pneumocystis carinii Pneumonia with 1,3-@-Glum Synthesis 
Inhibitors. Proc. Natl. Acad. Sci. U.S.A. 1990,87,5950-4. (b) 
Current, W. L.; Boylan, C. J. Anti-Pneumocystis Activity of 
Antifungal Compounds Cilofungin and Echinocandin B. Proc. 
30th ZCAAC, Atlanta, GA, Oct. 20-23, 1990, Abstr. No. 858. 
(c) Yamada, M.; Matsumoto, Y.; Amagai, T. Activity of Acu- 
leacin A, an Inhibitor of @-1,3-Glucan Synthesis, Against 
Pneumocystis carinii Pneumonia. Proc. Znt. Conf. Parasitol- 
ogy, Paris, August, 1990, Abstr. No. S9.A 98. 
(a) Beauvais, A.; Latge, J. P. Antifungal Product Which In- 
hibits Beta-Glum Synthase-Prepared from Protoplast-Form- 
ing Entomophtoaales for Control of Mycoses and Plant-Para- 
sitic Fungi. French Patent FR2639230-A, 1990. (b) VanMid- 
dlesworth, F.; Omstead, M. N.; Schmatz, D.; Bartizal, K.; 
Fromtling, R.; Bills, G.; Nollstadt, K.; Honeycutt, S.; Zweerink, 
M.; Garrity, G.; Wilson, K. L-687,781, a New Member of the 
Papulamdin Family of @-1,3-Glucan Synthesis Inhibitors. 2. 
Fermentation, Isolation, and Biological Activity. J. Antibiot. 
1991,44, 45-51. (c) Traxler, P.; Werner, T.; Zak, 0. Papula- 
candins-Synthesis and Biological Activity of Papulacandin B 
Derivatives. J. Antibiot. 1987,40,1146-1164. (d) Traxler, P.; 
Fritz, H.; Fuhrer, H.; Richter, W. J. Structures of Papulacan- 
dins A, B, C and D. J. Antibiot. 1980,33,967-978. (e) T r d e r ,  
P.; Gruner, J.; Auden, J. A. L. Papulacandins, a New Family 
of Antibiotics with Antifungal Activity. I. Fermentation, 
Isolation, Chemical and Biological Characterization of Papu- 
lacandins A, B, C, D and E. J. Antibiot. 1977,30, 289-296. 
(a) Traber, v. R.; Keller-Juslen, C.; Loosli, H.-R.; Kuhn, M.; v. 
Wartburg, A. Helu. Chim. Acta 1979, 62, 1252-1267. (b) 
Keller-Juslen, C.; Kuhn, M.; Loosli, H.-R.; Pechter, T. J.; 
Weber, H. P.; v. Wartburg, A. Tetrahedron Lett. 1976, 
4147-4150. (c) Benz, v. F.; Knusel, F.; Nuesch, J.; Treichler, 
H.; Voser, W.; Nyfeler, R.; Keller-Schierlein, W. Helu. Chim. 
Acta 1974,57, 2459-2477. 

~~ 

compd 4, OR' = 7 (70 yield) 8 (70 yield) 

R = Bz (40) R = H (70) a 0 

oKN-COzR 
H 

R = Bz (25) R = H (86) b 0 

O ' b C O 2 R  H 

O K  N ~ c o , R  

C 0 - R = H (18) 

I 
CH3 

d 0 - TFA salt (47) 

0 0 - TFA salt (22) 

OKN-NMez 
H 

OKO-NMez 

R = Bz (18) R = H (70) 

R = CBZ (59) R = H HCl salt (77) 

f 0 L C 0 2 R  

0 L N H R  

R = CBZ (45) R = H HCl salt (82) 
h 0 .i,,N,, 

i ? i  R = Bz (58) R = H, Na (60) 
OP(OR)2 

Isolated yields are given in parentheses and are unoptimized. 
See ref 23 for preparation. 

Previous SAR studies were successful in maintaining 
potency and eliminating potential toxic effects due to red 
blood cell hemolysis." Cilofungin 2 was identified as a 
promising new antifungal agent.12 Although this semi- 
synthetic agent proved effective against candidiasis in 
humans,13 there was toxicity associated with the vehicle 
in which cilofungin was admini~tered.'~ Lipopeptide 3 

(11) (a) Debono, M.; Abbott, B. J.; Fukuda, D.; Barnhart, M.; 
Willard, K. E.; Molloy, R. M.; Michel, K. H.; Turner, J. R.; 
Butler, T. F.; Hunt, A. S. Synthesis of New Analogs of Echi- 
nocandin B by Enzymatic Deacylation and Chemical Re- 
acylation of the Echinocandin B Peptide: synthesis of the 
Antifungal Agent Cilofungin (LY121019). J. Antibiot. 1989, 
42, 389-397. (b) Debono, M.; Abbott, B. J.; Turner, J. R.; 
Howard, L. C.; Gordee, R. S.; Hunt, A. S.; Barnhart, M.; 
Molloy, R. M.; Willard, K. E.; Fukuda, D.; Butler, T. F.; 
Zeckner, D. J. Synthesis and Evaluation of LY121019, a Mem- 
ber of a Series of Semisynthetic Analogues of the Antifungal 
Lipopeptide Echinocandin B. Ann. N.Y. Acad. Sci. 1988,544, 
152-167. 

(12) (a) Gordee, R. S.; Zeckner, D. J.; Ellis, L. F.; Thakkar, A. L.; 
Howard, L. C. Zn Vitro and Zn Viuo anti-Candida Activity and 
Toxicology of LY121019. J. Antibiot. 1984,37,1054-1065. (b) 
Gordee, R. S.; Zeckner, D. J.; Howard, L. C.; Alborn, W. E.; 
Debono, M. Anti-Candida Activity and Toxicology of 
LY121019, a Novel Semisynthetic Polypeptide Antifungal 
Antibiotic. Ann. N.Y. Acad. Sci. 1988,544, 294-301. 

(13) (a) Copley-Merriman, C. R.; Ransburg, N. J.; Crane, L. R.; 
Kerkering, T. M.; Pappas, P. G.; Pottage, J. C.; Hyslop, D. L. 
Cilofungin Treatment of Candida Esophagitis: Preliminary 
Phase I1 Results. Proc. 30th ZCAAC, Atlanta, GA, Oct. 20-23, 
1990, Abstr. No. 581. (b) Copley-Merriman, C. R.; Gallis, H.; 
Graybill, J. R.; Doebbeling, B. N.; Hyslop, D. L. Cilofungin 
Treatment of Disseminated Candidiasis: Preliminary Phase 
I1 Results Proc. 30th ZCAAC, Atlanta, GA, Oct. 20-23, 1990, 
Abstr. No. 582. 

(14) Doebbeling, B. N.; Fine, B. D., Jr.; Pfaller, M. A.; Sheetz, C. 
T.; Stokes, J. B.; Wenzel, R. P. Acute Tubular Necrosis and 
Anionic Gap Acidosis During Therapy with Cilofungin (LY- 
121019) in Polyethylene Glycol. Proc. 30th ZCAAC, Atlanta, 
GA, Oct. 20-23, 1990, Abstr. No. 583. 
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(L-671,329)15 and the related analogue 4 (L-688,786)16 are 
fermentation products obtained from Zalerion arboricola 
that show no appreciable red blood cell hemolysis (MLC 
>400 pg/mL). These compounds differ from echinocandin 
B by one or two amino acid residues and the fatty amide 
side chain. However, like 2 and the other echinocandins, 
lipopeptide 4 lacks appreciable water solubility (<0.1 
mg/mL).17 As a solution to this problem, we investigated 
potential prodrugs18 of 4, linked through the phenolic 
hydroxyl of the homotyrosine, that would possess a formal 
charge at physiological pH and render the lipopeptide 
water soluble. 

The echinocandins that bear a hemiaminal hydroxyl 
group at  C5 of the ornithine are unstable a t  pH >7 and 
undergo a facile base-catalyzed ring opening and rear- 
rangement to the &membered ring hemiaminal isomer 5.'& 
Initial efforts to functionalize the phenolic hydroxyl group 
directly using a weak base such as pyridine led to a mixture 
of acylation products, or, when a stronger base such as 
DMAP was employed, led to acylation products derived 
from the ring-opened compound 5. Although the base- 
sensitive hemiaminal could be protected as a benzyl eth- 
er,lY it was desirable to avoid the extra steps that this 
would entail. It was envisioned that the stoichiometric 
generation of the phenoxide, in an aprotic medium, would 
minimize the base-catalyzed decomposition pathway. 
W i l e  a number of methods failed or gave inferior results,2O 
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(15) (a) Schwartz, R. E.; Giacobbe, R. A.; Bland, J. A.; Monaghan, 
R. L. L-671,329, A New Antifungal Agent. I. Fermentation 
and Isolation. J. Antibiot. 1989,42, 163-167. (b) Wichmann, 
C. F.; Liesch, J. M.; Schwartz, R. E. L-671,329, A New Anti- 
fungal Agent. 11. Structure Determination. J. Antibiot. 1989, 
42,168-173. (c) Fromtling, R. A.; Abruzzo, G. K. L-671,329, 
A New Antifungal Agent. 111. In Vitro Activity, Toxicity and 
Efficacy in Comparison to Aculeacin. J. Antibiot. 1989, 42, 
174-178. (d) Adefarati, A. A.; Giacobbe, R. A.; Hensens, 0. D.; 
Tkacz, J. S. Biosynthesis of L-671,329, an Echinocandin-Type 
Antibiotic Produced by Zalerion-Arboricola: Origins of Some 
of the Unusual Amino Acids and the Dimethylmyristic Acid 
Side Chain. J. Am. Chem. SOC. 1991, 113, 3542-3545. 

(16) (a) Schwartz, R. E.; Sesin, D. F.; Kempf, A. J.; Joshua, H.; 
Wilson, K. E.; Hensens, 0. D.; Liesch, J. M.; Smith, J. L.; 
White, R. F.; Zitano, L.; Salmon, P. M.; Gailliot, F. P.; Gleason, 
C.; Schmatz, D. M.; Powles, M. A.; Fountoulakis, J. M.; Bar- 
tizal, K.; Abruzzo, G.; Trainor, C. The Discovery, Isolation and 
Biological Activity of L-688,786 and a Series of Related Lipo- 
peptides with Potent Anti-Pneumocystis carinii and Anti- 
Candida albicans Activities. Proc. 4th Chem. Congr. N .  Am., 
New York, NY, 1991, Abstr. No. 181. (b) Adefarati, A. A.; 
Hensens, 0. D.; Jones, E. T. T.; Tkacz, J. S. Biosynthesis of 
Echinocandin-Type Antibiotics: Distinct Origins of the Pro- 
line Residues in L-671,329 and L-688,786. Proc. 4th Chem. 
Congr. N .  Am., New York, NY, 1991, Abstr. No. 58. 
Estimated by preparing a saturated aqueous solution at  20 OC, 
filtering through a 0.2-pm filter, and measuring a UV absor- 
bance at 273 nm of 0.127. A standard solution of 4 in methanol 
(0.40 mg/mL) had an absorbance of 0.750. 
(a) Bundgaard, H. In Design of Prodrugs; Bundgaard, H., Ed.; 
Elsevier: Amsterdam, 1985; pp 1-92. (b) Taniguchi, M.; Na- 
kano, M. Synthesis and Evaluation in Vitro of 4-Acetamido- 
phenyl Phosphate. Chem. Pharm. Bull. 1981, 29, 577-580. 
This compound was prepared by suspending L-688,786 (20.0 
g, 18.8 mmol) in 800 mL of THF and adding benzyl alcohol 
(200 mL, 1930 mmol). To the resultant solution was added 
camphorsulfonic acid (4.00 g, 17.2 mmol). After 17 h, the acid 
was neutralized with aqueous NaHC03. The filtrate was con- 
centrated, and the product was precipitated by pouring into 
2 L of acetonitrile. Purification by flash chromatography 
(ethyl acetate 75%/methanol25%) gave 12.4 g (57%) of the 
desired compound as a white powder. 

NO' 

1 Echinocandin B R=Linoleo$ 

2 Cilofungin R=p-Octylor*enzoyl 

Y 
R'O 

3 R=CH, R'=H (L-671,329) 5 
4 R=H R'=H (L-688,786) 

solid LiOH.H20 in DMF in the presence of the acylating 
agent gave the desired products with little or no side 
products. The success of the reaction depended upon the 
selective generation of phenoxide while avoiding hydrolysis 
of the acylating agent or base-catalyzed decomposition of 
the lipopeptide.21 The use of solid NaOH in DMF gave 
a greater amount of hydrolysis of the acylating agent. The 
yields given in Table I reflect either incomplete reaction 
and/or mass loss upon purification by reverse-phase 
HPLC. Evidence that acylation occurred at the phenol 
and not a t  one of the other eight hydroxyl groups in the 
molecule was as follows. The 400-MHz 'H NMR spectrum 
(CD,OD) of 4 exhibited an AB system for the aromatic 
protons at  6 7.13 (d, J = 8.5 Hz) and 6.75 (d, J = 8.5 Hz) 
and had a W absorption XMaH at 276 nm (eln = 15). The 
acylated compounds showed a downfield shift for the 
aromatic resonances of approximately 0.25 and 0.35 ppm, 
respectively, while the UV absorption at  276 nm dimin- 
ished. Mass spectral measurements confirmed the mo- 
lecular formulas. 

The choice of acylating agent was crucial to the success 
of the reaction. The use of reactive acid chlorides led 
mainly to recovered starting material, presumably due to 
preferential reaction with water present in the starting 
lipopeptide.22 Use of the less reactive pentafluorophenyl 
and p-nitrophenyl ester derivatives displayed higher se- 
lectivity for acylation of the phenoxide. 

This method enabled the preparation of the acyl prodrug 

(20) Other conditions for acylation/alkylation gave inferior results 
Cs2C03/DMF; NaHMDS/DMF; LiHMDS/DMF; DMAP/ 
pyridine; DOWEX, OH- form; NaOH/DMF. 

(21) Solid LiOH-H20 dissolved very slowly in the DMF reaction 
medium. Therefore, the phenoxide at  the homotyrosine is 
present in only small amounts in the presence of a large pool 
of acylating or phosphorylating agent. The low levels of base 
presumably account for the observed chemoselectivity of the 
derivatization. 

(22) Compound 4 typically contained 7-10 wt 70 of water by KF 
assay. 
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Table 11. Evaluation of Cilofunain 2, Lipopeptide 4, and Prodrug Derivatives 
in vivo assay 

results' glucan minimum minimum fungicidal concentration (pg/mL)f - 
TOKAj PCPk 

solubility stability inhibition:d concn: C. trop. C. parap. C. pseudo! MEDm MEDw 
compd (mg/mL) TI,,, h ICx (pM) (pg/mL) MY 1055 MY 1028 MY 1012 MY 1010 MY 1100 MPK MPK 

2 ND NA' 1.0 >400 0.5 (11) 0.5 110) 0.25 (11) 16 (11) NDh 3 >2.5 
4 (17) 2 (10) 3 0.15 

solution synthesis lytic 

~ 

4 <0.1 
8a > 50 
8b >50 
8C >40b 
8d >28 
8e >40 

8f >60b 
8g > 50 
8h >20 
8i >42 

NA 0.07 
>>100m > 10 
>>loo" >10 
>>loo" >1 
82 f 6 1.0 
0.31 f 0.1 

19 f 6" 1.0 
23 f 6 0.2 
1.4 & 0.1 0.05 
>>loo0 > 10 

0.09 

>400 
>400 
>400 
25 
25 
50 

>400 
100 
100 
>400 

0.25 (17) 
128 
4 
2 
1 
0.25 

0.5 
1 
0.5 
2 

0.125 (18) 
128 
4 
2 
1 
0.125 

0.5 
1 
1 
4 

0.06 iiej 
128 
8 
1 
1 
0.125 

0.5 
0.5 
10.06 
4 

>128 
ND 
ND 
ND 
2 

ND 
16 
ND 

ND >6 
32 >6 
8 >6 
64 6 
1 6 

2 6 
ND 6 
2 3 

>0.60 
>0.30 
>0.60 
0.60 
0.60 

0.60 
0.15 
0.60 

32 ND 3 0.15 
OSolubility in distilled water. bSolubility in pH 7 phosphate buffer. 'Measured a t  20 OC in 50% acetonitrile/pH 7.0 phosphate buffer. 

Mean f SD. dSee ref 9b. 'In whole human blood. fDuplicate det's except 2 and 4 show the median (no. of duplicate det's). #Candida 
albicans, tropicalis, parapsilosis, and pseudotropicalis. hND = not done. '5 animals/group. 'Target organ kidney assay. See ref 3b. 
MEDm is the minimum effective dose to lower number of viable colony forming units by 99%. ip administration. kPneumocystis carinii 
pneumonia assay. See ref 8a. MED, is the minimum dose required to reduce the alveolor cyst load by 90%. Subcutaneous administration. 
'NA = not applicable. m<1.5% hydrolysis after 100 h. "Mean f standard error. O<O.l% hydrolysis after 100 h. 

derivatives 8a-i listed in Table I.= The carboxylate esters 
7f-h were prepared from the reaction of the corresponding 
activated pentafluorophenyl esters with compound 4. 
Although the corresponding p-nitrophenyl esters gave 
transesterification, reaction times were longer than with 
the pentafluorophenyl analogues and the products were 
difficult to separate from the remaining starting materials. 
The carbamates and carbonate were prepared via the 
p-nitrophenyl carbonate 6. The lithium phenoxide of 4 
was treated with bis(p-nitrophenyl) carbonate. The in- 
termediate could be isolated in 35% yield, but it was more 
convenient to add the secondary nucleophile directly. The 

(23) A general procedure for the preparation of 7a, 7b, and 8c-e is 
as follows: Enough L-688,786 4 was dissolved in DMF to 
produce a 0.1 M solution. Bis@-nitrophenyl) carbonate (1.4 
equiv) was added followed by solid LiOH.H20 (1.1 equiv). 
After several hours a t  room temperature, the reaction was 
judged complete by reverse-phase HPLC analysis (C8 Zorbm, 
50% water/50% acetonitrile, 2 mL/min, 30 "C). Although 
this intermediate 6 could be isolated in 35% yield, it was more 
convenient to perform the subsequent displacement in situ. 
The nucleophile (amine or alcohol) was added and stirring was 
continued until 6 was consumed as determined by HPLC. The 
mixture was quenched with a small amount of acetic acid and 
the solvent was removed in vacuo. Purification of the residue 
by reverse-phase HPLC with UV detection (A = 210,277 nm) 
gave the desired product. For 7a and 7b, the benzyl protecting 
groups were removed by hydrogenolysis a t  atmospheric pres- 
sure with 50 wt % of 10% Pd-C as catalyst in ethanol-water. 
Removal of the catalyst by filtration and purification as nec- 
essary by HPLC gave the final products 8a and 8b. Prepara- 
tion of 7f-i: Compound 4 was dissolved in DMF (-0.1 M), 
and the acylating agent (pentafluorophenyl ester or tetrabenzyl 
pyrophosphate) was added (1.4 equiv) followed by LiOH-H20 
(1.1 equiv). Stirring was continued for 18-24 h, and the mix- 
ture was quenched with a small amount of acetic acid. After 
purification by reverse-phase HPLC the desired products were 
isolated as lyophilizates. The benzyl protecting groups were 
removed by hydrogenolysis at atmospheric pressure with 
50-100 wt % of 10% Pd-C as catalyst in ethanol-water. Re- 
moval of the catalyst by filtration and purification as necessary 
by HPLC gave the final products 8f-i. The phosphate 8i was 
transformed to the monosodium salt before lyophilization by 
the careful addition of 1.0 equiv of NaOAc to the combined 
HPLC fractions. All compounds were isolated as lyophilizates. 
All products had satisfactory 4W-MHz 'H NMR (CD,OD), 
UV, and high- and/or low-resolution mass spectra. The purity 
of all isolated compounds was 293% by HPLC analysis (4.6 
X 250 mm C8 Zorbm, 45% H20/55% CH&N 0.1% TFA, 1.5 
mL/min, 40' C, X = 210 nm). 

benzyl-protected esters 7a and 7b were formed by the 
addition of the corresponding amino esters; however, it was 
found that the protecting group was unnecessary as 8c was 
prepared by the direct addition of sarcosine. Likewise, 
compounds 8d and 8e were formed directly. The phos- 
phate 8i was prepared by dibenzylphosphorylation with 
tetraben~ylpyrophosphate.~~ Hydrogenolytic deblocking 
of the benzyl and CBZ protecting groups of 7a, 7b, and 
7f-i gave the desired prodrugs. The monosodium salt 8i 
was prepared from the acid (R = H, H) by careful neu- 
tralization to pH 5 with NaOAc. The amine-bearing 
prodrugs 8d, &, 8g, and 8h were substantially more stable 
as a salt of a strong acid such as TFA or HC1. All inter- 
mediates 7 and final compounds 8 required purification 
by reverse-phase HPLC except 8f, 8g, and 8h. 

Table I1 contains the physical properties and biological 
assay results for cilofungin 2, lipopeptide 4, and the pro- 
drug derivatives of 4. All prodrugs were soluble in water, 
or pH 7 phosphate buffer, which was a major criterion for 
the development of these derivatives. We also required 
that these compounds possess substantial solution stability 
a t  pH 7. Compounds were dissolved in 50% aceto- 
nitrile/50% pH 7.0 aqueous phosphate buffer a t  20 "C, 
and the disappearance of prodrug was monitored by 
HPLC. The determinations were carried out in triplicate. 
In this fashion, the solution half-lives were determined for 
the various prodrugs. The carbamates 8a-c were very 
stable, showing <1.5% decomposition after 100 h. The 
phosphate ester 8i was even more stable, showing <0.1% 
decomposition after 100 h. The other derivatives displayed 
varying degrees of stability. Of particular note was the 
relatively rapid rate of hydrolysis of the dimethylamino 
carbamate 8d and carbonate &. This was presumably due 
to participation of the dimethylamino group in the hy- 
drolysis since acidic solutions of these compounds were 
considerably more stable. 

Compounds were tested for their hemolytic potential 
against human red blood cells, a potential source of tox- 
icity. The minimum lytic concentrations were determined 
by successively diluting the compounds in water containing 
10% DMSO and adding the solution to whole human 

(24) Khorana, H. G.; Todd, A. R. Studies on Phosphorylation. Part 
XI. The Reaction between Carbodi-imides and Acid Eeters of 
Phosphoric Acid. A New Method for the Preparation of Py- 
rophosphates. J. Chem. SOC. 1963, 2257-2260. 
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blood. The wells were incubated at  37 "C for 2 h and 
examined visually for red blood cell lysis. The prodrugs 
that were expected to be anionic a t  pH 7 were not lytic 
up to concentrations of 400 pg/mL. However, the 
amine-bearing, cationic derivatives were substantially more 
lytic than the other prodrugs or 4. 

The minimum fungicidal concentrations (MFC's) were 
determined against a panel of Candida sp. pathogens.3b 
Wells containing 150 pL of yeast nitrogen base with 1 % 
dextrose were inoculated with approximately 5 X 103 CFU 
of yeast. These cultures were clinical isolates that are 
maintained in the Merck collection. Growth was allowed 
for 24 h at 35 OC in wells containing a range, by 2-fold serial 
dilution, from 128 to 0.06 pg/mL of drug to determine 
minimum inhibitory concentrations (MIC's). Subse- 
quently, 1.5-pL aliquots were used to inoculate Sabouraud 
dextrose agar (SDA) plates, and these were incubated at 
35 OC for 24 h. The MFC was defined as the minimum 
concentration of drug showing less than five colonies per 
spot. Control plates showed a substantial amount of 
growth. The hydrolytically stable derivatives were notably 
less active against Candida sp. than the parent 4. This 
result was also reflected in the glucan synthesis inhibition 
assay.9b These results suggested that the phenolic hydroxyl 
is important for antifungal activity. 

Compounds 2,4, and 8a-i were evaluated in vivo in the 
target organ kidney assay DBA/2 mice (5 per 
dosage level) were challenged, by tail vein injection, with 
5 X lo4 cells of C. albicans (MY 1055) suspended in sterile 
saline. Mice were dosed intraperitoneally with a vehicle 
sham or drug at 1.5,3.0, and 6.0 mg/kg (MPK) twice daily 
for 4 days. Seven days postinfection, the animals were 
sacrificed and their kidneys were removed, prepared, and 
cultured on SDA plates at. 35 OC for 24 h. The number 
of colony forming units per gram of kidney (CFU/g) was 
determined. The minimum effective dose (MEDg9) was 
the dose required to reduce the CFU/g by at  least 99% 
over the vehicle sham control. Control groups typically 
gave 106-107 CFU of C. albicans per gram of kidney. The 
hydrolytically stable carbamate prodrugs were ineffective 
while the more easily hydrolyzed compounds 8d-h pro- 
duced MEDgg's of 3 or 6 MPK. The phosphate 8i, al- 
though it was very resistant to hydrolysis, was as effective 
as 4, giving an MEDg9 of 3 MPK. When dosed intrave- 
nously via the tail vein, 8i produced an MEDS of 2.5 MPK. 

Immunosuppressed Sprague-Dawley rats (5 per dosage 
level) with a confirmed P. carinii infection were dosed 
subcutaneously at 0.15 and 0.60 mg/kg (MPK) twice daily 
for 4 days. Compound 2 was dosed at several levels up to 
2.5 MPK. On the fifth day, the rats were sacrificed and 
the lungs were removed and prepared. The number of 
cysts per lung was determined by microscopic examination 
of a known amount of lung homogenizate. The minimum 
effective dose (MEDSO) was the dose required to reduce 
the number of cysta by at  least 90% over the vehicle sham 
controls. Control groups typically ranged from lo7 to los 
cysts per lung. The relative activity of compounds 8a-i 
correlated roughly with the ease of solution hydrolysis as 
was seen in the TOKA except for the phosphate ester. 
Cilofungin 2 was a t  least 15 times less potent than 4 or the 
phosphate ester 8i in this PCP model. 

The compounds were evaluated in a rat PCP 

(25) Bartizal, K.; Abruzzo, G.; Trainor, C.; Puckett, J.; Fromtling, 
R. A New Target Organ Kidney Assay (TOKA) of Systemic 
Candidiasis in Congenitally Immune Deficient Mice for Dis- 
covery and Evaluation of Fungistatic/cidal Agents. Roc. 91st 
General Meeting ASM, Dallas, TX, May 5-9,1991, Abstr. No. 
A-81. 

Although several compounds showed acceptable efficacy 
in vivo in both PCP and TOKA assays, only the phosphate 
prodrug 8i (L-693,989) showed high activity in both assays 
and additionally possessed superior solution stability. The 
observation that 8i was hydrolytically stable and yet had 
in vivo activity comparable to the parent 4 suggested that 
the phosphate ester underwent rapid enzymatic hydrolysis. 
Preliminary pharmacokinetic data in primates (rhesus and 
chimpanzee) showed that prodrug 8i was efficiently con- 
verted to parent drug 4 and produced a more sustained 
therapeutic level of 4 than direct iv administration of 4 
itself.26 Because of the favorable overall profile, the 
phosphate ester was chosen for further evaluation as a 
potential clinical agent for the treatment of PCP and 
candidiasis. 
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(26) Hajdu, R.; Sundelof, J. G.;Bartizal, K.; Abruzzo, G.; Trainor, 
C.; Thompson, R.; Kropp, H. Comparative Pharmacokinetics 
in Four Animal Species of L-688,786 and Its Water-Soluble 
Prodrug, L-693,989. h o c .  31st ZCAAC, Chicago, IL, Sept. 
29-Oct. 2, 1991, Abstr. No. 209. 

James M. Balkovec,* Regina M. Black 
Milton L. Hammond, James V. Heck, Robert A. Zambias 

George Abruzzo, Ken Bartizal, Helmut Kropp 
Charlotte Trainor, Robert E. Schwartz 
Diane C. McFadden, Karl H. Nollstadt 

Lisa A. Pittarelli, Mary Ann Powles 
Dennis M. Schmatz 

Departments of Synthetic Chemical Research, 
Microbiology, Natural Products Chemistry, 

and Biochemical Parasitology 
Merck Sharp & Dohme Research Laboratories 

Rahway, New Jersey 07065 
Received October 24, 1991 

Potent Non-6-Fluoro-Substituted Quinolone 
Antibacterials: Synthesis and Biological Activity 

The fluoroquinolone antibacterials' represented gener- 
ically by 1 (Table I) have generated much excitement after 
the discovery that a fluorine atom at  C-6 enhances anti- 
bacterial activity. Norfloxacin is generally considered to 
be the first derivative noted for a significant increase in 
activity. However, flumequine was the first to demonstrate 
the advantage of a C-6 fluorine atom. The next entries 
into this class of antibacterials were ofloxacin, ciproflox- 
acin, and more recently tosufloxacin, all of which contain 
a piperazinyl or aminopyrrolidinyl moiety for R, and 
diverse groups for R1. 

Structure-activity studies have demonstrated that the 
optimum substituent at the C-6 position was a fluorine 
atom2 in both the quinolone and naphthyridone series, and 

(1) For a recent review on the new generation of quinolones see: 
Wentland, M. P. Structure-activity relationships of fluoro- 
quinolones. In New generation of quinolones; Siporin, C.,  
Heifetz, C. L., Domagala, J. M., Eds.; Marcel Dekker, Inc.: 
New York, 1990; pp 1-43. 
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