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Abstract:  Synthesis of novel cyclohexyl analogs of restricticin using intramolecular radical cyclization 
and their in vitro and in vivo antifungal activities are described. © 1998 Elsevier Science Ltd. All rights reserved. 
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The previous paper of this issue deals with the homology modeling of candida lanosterol C-14 
demethylase (P450DM), synthesis and the evaluation of the antifungal activity of novel antifungal agents 
derived from restricticin, l In this communication we wish to report the synthesis of the new derivatives 
at C-4 position which showed suppperior in vivo antifungal activity as compared with Ro09-2182, 2183 
and 2435. 
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Ro09-2182: R=H ;X=CH 2 ;Y=Et 
Ro09-2183: R=Me ;X=CH 2 ;Y=Et 
Ro09.2435: R=Me ; X=O; Y=OCF 3 

As reported in the previous paper, one of the possible reason for inactivity of Ro09-2182, 2183 
and 2435 was their strong serum protein binding property. Thus, we decided to introduce an additional 
hydrophilic group at the C-4 position to imporove the pharmacokinetic parameters. 2 The homology 
modeling of P450DM shows that there are several hydrophilic amino acid residues around the C-4 
position of Ro09-2056 and that the C-4 substituent is located just below the entrance of the active site 
pocket of the enzyme. 3 This allows us to introduce hydrophilic functional groups without interfering 
the hydrophilic interaction between the enzyme and an inhibitor, because they could extend toward the 
outside of the pocket of the active site. 
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Scheme 1: (a) LiA1H 4, ether, -78°C (92%) ; (b) p-nitrobenzoic acid, DMAP, PPh 3, rt ; (c) NaOMe, MeOH, rt 
(60%, 2 steps) ; (d) ethylvinylether, NBS, THF (83%) ; (e) Bu3SnC1 (cat.), NaBH 4, AIBN, t-BuOH, 80°C (79%); 
(f) THF, H20, IN HCI, 0°C ; (g) LiAIH 4, ether, 0°C ( 81%, 2 steps); (h) tritylchloride, DMAP, DMF, rt (i) PCC, 
ether, rt (81%, 2 steps); (j) LDA, THF then NCC(O)OMe (71%); (k) NaBH4, MeOH, 0°C; (I) NaOMe, MeOH, 
reflux (61%, 2 steps); (m) Nail, Mel, DMF, rt; (n) LiAIH4, ether, 0°C (73%, 2 steps); (o) MsCI, Et3N, CH2CI2, 
0°C; (p) 1,2,4-triazole sodium salt, DMF, rt (72%, 2 steps); (q) 03, MeOH, CHCI 3, -78°C then Me2 S, K2CO3 
(85%); (r) NaOBr, NaOH, dioxane, H20; (s) LiAIH4, ether, 0°C (85%, 2 steps). 
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Scheme 2 : (a) MsCI, Et3N, CH2CI 2, 0°C; (b) o-trifluomethoxyphenol, 
Nail, DMF, rt; (c) HCO2H, EtOAc, rt; (d) MsCI, pyridine, CH.~C12, 0°C: 
(e) nucleophile Z ; (f) NaI, AICI 3, MeCN, rt; (g) NCS, MeeS then Et3N; 
(h) NH2OHoHCI, pyridine, EtOH; (i) Nail, MeI, DMF 

Table 1: Antifungal activity of C-3 and 4 derivatives 
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Compound In vitro antifungal activity :lCst}(lag/ml) a) 
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C. albicans C. neoformans A. fumlgatus 
CY 3003 CY 1057 CF 1003 

0.7 0.38 >200 

0.08 0.24 84 

0.5 0.9 36 

0.03 0.02 158 
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0.05 1.0 0.6 

0.22 13 4.6 

0.85 1.1 2.6 

0.18 21 0.45 
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>100 e:l~OH 

FCZ 1.4 3.6 >200 5.4 -+ 2.6 

a) Broth dilution methodi medium:YNBPB(=+l%glucose+O.25%K2HPO4), pH 7.0, inoculum size; IxlO 4 cfu/ml, 
incubation: 1~2 days at 27"C. b) Systemic Candidosis/mice, EDso(mg/kg ) on day 7, p.o. single. 
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Synthesis of the optically active C-4 derivatives starting from (-)-R-carvone is outlined in Scheme 
1 and 2. Reduction of (-)-R-carvone with LiAIH 4 followed by inversion of the sec. hydroxyl group by 
Mitsunobu reaction and subsequent hydrolysis gave alcohol 2. Treatment of the alcohol 2 with ethyl 
vinyl ether in the presence of NBS produced 3. Intermolecular radical cyclization of 3 with NaBH 4 / 
catalytic amount of Bu3SnCI gave desired C-4 derivative 4 in 79% yield. 4 Acid hydrolysis of the acetal 
group of 4 and subsequent reduction of the resulting aldehyde gave the desired diol 55 in good yield. 
According to the similar procedure we reproted previously, 6 the diol 5 was then converted to the 
common intermediate 12 having functional groups at C-3 and C-4 position suitable for introducing 
hydrophilic functional groups. 6 The in vitro and in vivo antifungal activity of the C-4 derivatives are 
summarized in Table 1. Among a number of C-4 derivatives having methoxy grouop at C-3 position, 
we found that Ro09-2427, 2473, 2474 and 2550 showed oral efficacy in the murine systemic 
candidosis model, although their in vivo efficacy was still one tenth that of Fluconazole. These 
derivatives were, however, inactive against Aspergillus fumigatus. With the expectation of improving 
the anti-Aspergillus activity as well as in vivo efficacy, we attempted to synthesize the C-4 derivatives 
possessing an oxime group at the C-3 position] The antifungal activities of the C-4 derivatives 
possessing a methoxyimino group at C-3 position are shown in Table 1. As we expected, they showed 
anti-Aspergillus activity in vitro. In addition, these compounds had a well-balanced antifungal spectrum. 
However, they were inactive in the murine systemic candidosis models by either the p.o. or i.v. 
administration. The pharmacokinetic study 8 of Ro09-2593 suggested that the metabolism and serum 
protein binding were not major reason for its inactivity in vivo but most probably the insufficient drug 
delivery to the target organ, in this case, the kidney. Further modification studies are required to 
overcome this problem. 

In summary, we demonstrated the design and synthesis of orally active novel antifungal agents 
(eg.Ro09-2474 and 2550 ) based on the structure of restricticin and the result of homology modeling 
of the target enzyme, Candida P450DM. 
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