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Abstract—The four 2,2,5-regioisomer counterparts of SCH 51048 were synthesized and evaluated. As with the parent series, only
the two cis isomers possessed any in vitro activity, and only the activity of the isomer with the R-configuration at the tetra-
hydrofuran 2-carbon was significant. The activity data suggests that oxygen at only one of the two possible ring positions benzylic
to the difluorobenzene participates usefully in active site binding. # 2002 Elsevier Science Ltd. All rights reserved.

We previously described the preparation and preliminary
antifungal activity of 1 (a 2,2,4-substituted tetra-
hydrofuran) and 2 (a 2,2,5-substituted tetrahydrofuran)
as mixtures of four cis diastereomers each.1 Subse-
quently, we described the synthesis and activity of the
four individual stereoisomers of 2 (5–8) to demonstrate
that the antifungal activity was associated with the two
(2R-cis)-isomers (5 and 7).2 These isomers displayed
improved activity over both itraconazole (3) and saper-
conazole (4) in Candida as well as Aspergillus models.

Based on these findings, the N-3-pentyl analogues R-9
and S-9, which removed the stereochemical center from
the triazolone substituent, were synthesized.3 Com-
pound R-9 proved to be even more effective in vitro
than either 5 or 7.

Continuing our studies of orally effective broad-spec-
trum antifungal agents through systematic structure–
activity evaluation, we examined regioisomers of 9. We
now describe the synthesis and preliminary biological
activity of the two (cis)-regioisomers of 9, 10, and 11,
and the corresponding trans-isomers.

The synthesis of 10 was accomplished by starting
with the chiral epoxide 122 (Scheme 1). The yields of
the copper-catalyzed Grignard alkylation of the (R)-
epoxide 12 with allyl magnesium chloride to produce
the olefin 134�6 were better than for the Grignard
reagent alone, but were consistently mediocre despite
many attempts at variations of the reaction conditions.
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Epoxidation of the olefin 13, followed by acid-catalyzed
cyclization of 14 to the hydroxymethyltetrahydrofuran
proceeded efficiently to give a cis/trans mixture of
alcohol 15.7 The chromatographic separation of the two
compounds was not practical, so the mixture was con-
verted to 4-bromophenyl sulfonates (vide infra). The
brosylate mixture 16 was easily separable chromato-
graphically to give both (R-cis)-17 and (R-trans)-18.
Compound 11 was similarly obtained after the same
sequence was executed with the (S)-epoxide 19,2 to
afford the corresponding (S-cis)-20 and (S-trans)-21
isomers (Scheme 2).

With the tetrahydrofuranyl part of the target com-
pounds in hand, the piperazinyl chain portion was
available via 22a.8 Unfortunately, alkylation of depro-
tected 22b with 17 went predominately on to the nitro-
gen. Thus, the synthesis of N-protected intermediates
represented by 24 became important to the expedient
synthesis of a range of analogues of 25 with varied sub-
stituents at both O- and N-termini of the compound by
stepwise alkylations. However, alkylation of 22b with
typical alkylating protecting groups at a 1:1 ratio
occurred competitively on oxygen. This pointed to

selective deprotection of an O,N-di-protected com-
pound, and we chose the –CH2OCH2CH2OMe (MEM)
protecting group. A mixture of O,N-di-MEM protected
23 and monoprotected 24 (Scheme 3) was prepared
using two equivalents of MEM/chloride. When the
mixture was hydrolyzed, the O-MEM was removed
selectively to give the desired 249 with reasonable over-
all efficiency.

Pure brosylate diastereomers 17, 18, 20, and 21, were
then used to alkylate the phenol 24 shown in Scheme 3,
using 17 as an example to produce 25.10 Decomposition
was minimized by use of cesium carbonate as the base
instead of NaH or NaOH. Deprotection of 25 was
accomplished by acid hydrolysis to give variable mix-
tures of the desired 27 along with 26. The mixture was
treated with base to convert 26 to 276 in situ.

The intermediate 27 and corresponding diastereomers
were then reacted with various alkylating agents, among
them 28 (Scheme 4). The brosylates proved to be more
effective than tosylates, and even more so than halides
or mesylates, with respect to less elimination side reac-
tions and less triazolone-O-alkylation of 27. Thus,
compound 10 was synthesized, and with these methods
and the corresponding reactants, 11 was synthesized
from 20.6

The compounds prepared were tested in standard serial
dilution minimum inhibitory concentration (MIC)
screens to assess their inherent antifungal potency using

Scheme 2.

Scheme 1. (a) Allyl-MgCl (2 equiv), CuCN (cat.), THF (30–46%); (b)
m-CPBA, CH2Cl2 (95%); (c) p-TSA, CH2Cl2 (96%); (d) 4-Br-
PhSO2Cl, Et3N, CH2Cl2, (77%); (e) chrom’y (45%+45%).

Scheme 4.

Scheme 3. (a) 48% HBr (5mL/g), reflux, 6–10 h (61%); (b) NaH,
DMSO, MEM-Cl (28%); (c) MEM-Cl (2.1 equiv), DMF, (i-Pr)2NEt,
10 days; (d) 3N HCl/MeOH–H2O (62% from 22b); (e) 17, Cs2CO3,
DMF, 80 �C, 18 h (62%); (f) HCl, H2O–dioxane; (g) 2N NaOH (59%
from 25).
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methods previously described.11 The results are shown
in Table 1; compounds derived from trans-intermediates
18 and 21 were completely inactive.

Like other members of the broad class of azole anti-
fungals, these compounds are inhibitors of the P-450
14-a-demethylase enzyme (unpublished experiments by
the authors), and presumably act by the same mechan-
ism: the azole portion of the inhibitor binding near the
catalytic site, and the aryl/heteroaryl remainder binding
in a specificity pocket of the active site. A structure–
activity assessment for GMMICs was made concerning
the relative importance of both oxygen and substituent
position, shown pictorially in Figure 1.

The R-9!10 (A representation) side-chain position
change by itself leads to only a modest loss of activity,
indicating some flexibility for this ring substituent to
adapt to the active site. Since the modestly active 10 can
physically position all atoms but the ring oxygen (B

representation) identically with the inactive S-9, it sug-
gests that oxygen at only one of the two possible
benzylic ring positions contributes to active site binding
of R-9. The substantial loss of activity for the R-9!11
oxygen position change alone confirms the activity con-
tribution of oxygen at only one of the two possible tet-
rahydrofuran ring positions.

The tetrahydrofuran compound 10 shows an in vitro
spectrum and potency comparable to itraconazole, but
is not as potent overall as its regioisomer R-9. For this
broad series of tetrahydofuranyl antifungal compounds,
this report further clarifies the one absolute spatial
orientation of only three binding elements of a fluoro-
benzene–triazole–oxygen triad as the important deter-
minant for active site binding near the catalytic site, and
optimum antifungal activity (Fig. 2).
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Table 1. Antifungal geometric mean minimum inhibitory concentra-

tions (GMMICs)a of selected isomers (mg/mL)

Compd SDBa SDBa EMEMa

Dermatophytesb Aspergillusc C.a., C.t.d

R-9 �0.06 0.04 �0.04
S-9 �128 �128 0.27
10 �0.35 0.25 0.02
11 �128 �128 �0.10
ITZ �0.89 0.30 0.04

aCompounds were tested in serial dilutions from 64 to 0.0313mg/mL.
Abbreviations: SDB: Sabouraud dextrose broth, pH 5.7, 72 h. EMEM:
Eagles minimum essential medium, pH 7.0, 48 h.
bDermatophytes: Trichophyton mentagrophytes D24 and D30; T.
rubrum D54 and D61; T. tonsurans D73; and Microsporum canis D18.
cAspergillus fumigatus ND82 and ND152; and A. flavus ND83 and
ND134.
dC.a.: Candida albicans C40, C41, C42, C43, C60, C79, C284 and
C288; C.t.: Candida tropicalis C44 and C90.
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