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Abstract—A number of novel 3’-O-acyl and alkyl sordarins were synthesised for structure—activity relationship studies. Many of
these derivatives exhibit high activity against Candida albicans, Candida pseudotropicalis, Candida tropicalis and Cryptococcus neo-

formans. © 2002 Elsevier Science Ltd. All rights reserved.

Systemic fungal diseases arouse great concern due to the
increasing number of immunosuppressed patients (can-
cer, transplants, premature infants, broad spectrum
antibiotic or glucocorticoid therapy, peritoneal dialysis
or hemodialysis, ITU’s, AIDS, etc.). Treatments for
these fungal infections are still far from satisfactory
because of therapeutic limitations (azoles, polyenes,
echinocandins). Limited spectrum of action, emergence
of resistant strains, toxicity, and limited ways of
administration decrease in variable degrees the broad
use of current antifungal drugs.'®® Therefore, the
development of satisfactory drugs with novel modes of
action continues to be a major challenge.

Sordarins'®Y are new potent and selective inhibitors of
fungal protein synthesis, the mode of action of which
involves binding to elongation factor-2 (EF-2) and PO (a
ribosomal stalk protein). Sordarin derivative 1a> (GR
135402; Fig. 1), structurally related to the previously
known antibiotics sordarin (1b)>* and zofimarin (1¢),’
was discovered in a cell-free screening programme
aimed to identify inhibitors of fungal protein synthesis.®
Compound 1a, obtained by bioproduction from Gra-
phium putredinis,? is a potent and selective inhibitor of
Candida albicans protein synthesis (ICs5o=0.03 ug/mL),
which also inhibits the growth of C. albicans whole cells
(MIC=0.03 pg/mL). However, 3'-O-acylated sordarin
derivative 1a is fungistatic and shows a limited spectrum
of action. These values compare favourably with those
of sordarin (IC50=0.036 pg/mL; MIC=31 pg/mL),

*Corresponding author. Fax: + 34-91-807-0550; e-mail: jccz9579 @ gsk.
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which suggest that the 3’-substitution may have a role in
binding to EF-2 and PO and/or uptake in whole cells, as
previously suggested.?

Due to the promising antifungal activity of these com-
pounds and the novelty of their mode of action, a che-
mical programme was initiated in order to improve the
activity of GR 135402 (1a). In this work, we report on
the synthesis and biological properties of 3'-O-sub-
stituted sordarin derivatives.

Chemistry

The synthetic route used for the preparation of the 3'-O-
acylated derivatives (esters 4-13, carbonates 14 and 15,
and carbamate 16; see Table 1) is shown in Scheme 1.
Sordarin (1b) from large scale fermentation of Sordaria
araneosa was used.> The aglycon of these molecules
present a rather unusual tetracyclic diterpene structure
bearing a formyl and a carboxylic acid group in a vic-
inal arrangement with a high enough dihedral angle to
avoid internal hemi-acetalisation. However, this car-
boxylic acid may react with acylating reagents to give
mixed anhydrides. To avoid these unwanted reactions,

(0]
OR 1a R= —
HO_ A _.OMe —
)G
o" O

1b R=H

H O
OHC CoH 1c R= 2—<:/=/

Figure 1. Natural GR 135402 (1a), sordarin (1b) and zofimarin (1c).

0960-894X/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.

PII: S0960-894X(01)00729-6



118 E. M. Arribas et al. | Bioorg. Med. Chem. Lett. 12 (2002) 117120

Table 1. Antifungal activity (cell growth inhibitory activity) of 3’-O-acyl sordarins 4-16 [MIC (ug/mL)]

Compd R’ Prep. Candida Candida Candida Candida Candida Cryptococcus
method albicans albicans albicans pseudotropicalis tropicalis neoformans
1208 2005 2402 2371 2808 2867

4 Me(CH,), A 1 0.25 2 0.5 2 >125

5 Me(CH,)y4 B 0.25 0.015 0.25 0.01 0.03 16

6 Me(CH,)g A 0.06 <0.001 0.03 0.004 0.06 0.25
7 Me(CH,)g B 1 0.25 1 0.25 8 1

8 CI(CH,)4 A 2 0.12 2 0.25 1 16

9 MeOCH, A >125 62 125 16 >125 125

10 Me(CH,);CHMe B 0.12 0.008 0.06 0.06 0.25 8

11 Me(CH,),CH=CMe B 1 0.015 0.5 0.12 0.5 62

12 Ph A 1 0.12 1 0.25 0.5 >125

13 2-Furanyl B 16 2 16 4 8 >125

14 Me(CH,),0 A 1 0.25 0.5 0.12 8 8

15 PhCH,0 A 8 2 8 2 8 >62

16 Me(CH,),NH C 4 0.06 2 1 2 31

1a Me(E)CH=CH(Z)CH =CHMe 0.25 0.015 0.03 0.03 0.06 0.25
1b Sordarin 31 8 31 16 16 >125

and for all the synthetic transformations, the sordarin
carboxylic group was conveniently protected as diph-
enylmethyl (DPM) ester’ to give compound 2. Selective
protection of the 2’'-hydroxyl group was investigated in
order to exclusively obtain 3’-O-acyl derivatives. The
carbonate was found to be the most suitable protecting
group. In this way, 3/-O-acyl and 3’-O-alkyloxycarbonyl
derivatives 4-15 were prepared following a three-step
sequence. Firstly, selective protection of the 2’-hydroxyl
group as either benzyl or trichloroethyl carbonate® gave
3a or 3b. Then, esterification of the 3’-hydroxyl group of
3 was carried out either through reaction with an acid
chloride (method A) or by coupling with a carboxylic
acid in the presence of 2-chloro-l-methylpyridinium
iodide (Mukaiyama’s salt)® (method B).
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Scheme 1. Reagents and conditions: (a) Ph,CN,, CH,Cl, (90%); (b)
ROCOCI, DMAP, MeCN (75%); (c) method A: R’COCI, DMAP,
CH,Cl, (75-90%); method B: R'CO,H, Mukaiyama’s salt, DMAP,
CH,Cl, (80-95%); (d) Hy, Pd/C, EtOAc (81-94%) [for 11 and 15: (i)
5/2 TFA/H,0 (60-74%); (ii)) Zn, aq 1 N KH,PO4, THF (75%)]; (e)
method C: n-Bu,Sn(OAc),, octyl isocyanate, toluene, reflux (50%).

Finally, and for deprotection purposes, two different
procedures were followed depending on the protecting
group used at 2’. When benzyl carbonate was used for
hydroxyl protection at 2/, final release of both car-
boxylic acid and hydroxyl groups was carried out in one
step via catalytic hydrogenation. When trichloroethyl
carbonate was used, final deprotection was carried out
in two steps: acidic hydrolysis to yield the free carboxyl
group and then, reductive cleavage of trichloroethyl
carbonate group to release the 2’-hydroxyl group. Tri-
chloroethyl carbonate was used as protecting group in
the preparation of 11 and 15. In the other cases the
benzyl carbonate 3a was used. For the preparation of
carbamate 16 tin catalysed (dibutyltin diacetate) regio-
selective addition of 2 to the corresponding isocyanate
was followed (method C).

The synthetic route for the preparation of the 3’-O-ether
derivative 19 is shown in Scheme 2. Direct alkylation of
sordarin diphenylmethyl ester 2 with hexyl bromide by
using sodium hydride, followed by acidic deprotection
of the diphenylmethyl ester group, yielded 3'-O-alkyl-
ated derivative 19 along with varying amounts of the
corresponding 2,3'-dialkylated derivatives.
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Scheme 2. Reagents and conditions: (a) NaH, R-Br, THF, reflux
(55%); (b) 5/1 TFA/H,0 (60%).

In order to observe the effect of the position of sugar
substitution, 2’-O-acylated compound 20 was prepared
by reaction of 2 with one equiv of hexanoyl chloride in
good yield. (Scheme 3).
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Table 2. Antifungal activity (cell growth inhibitory activity) of 3’-O-alkyl sordarin 19, 2’-O-acylated 20 and 2’,3'-di-O-substituted sordarins 21 and

22 [MIC (pg/mL)]

Compd R, R’ Candida Candida Candida Candida Candida Cryptococcus
albicans albicans albicans pseudotropicalis tropicalis neoformans
1208E 2005E 2402E 2371E 2808E 2867E
19 Me(CH,)s (R’ = H) 4 0.25 2 0.25 1 31
20 H (R’ = Me(CH,),CO) 31 8 31 31 62 31
21 Me(CH,)4,CO 8 4 8 >125 >125 >125
22 PhCH,OCO >62 62 >62 >62 >62 >62
OH ~ OR decrease of antifungal potency. It is known that carbonate
HO_ 2 _ OMe RO, s _.OMe . .
j\/j; l/j\ and carbamate functional groups (as in 14-16) are more
H 070 a b 1 070 metabolically stable linkages than ester.!? The replacement
- of the ester functionality by either carbonate (as in 14-15)
H onc or carbamate (as in 16) groups leads to compounds pre-
OHC Co,mPD COH senting similar activity levels. Thus, octyl carbonate 14 and
2 0R=H R'=Me(CH,),CO octyl carbamate 16 show MIC values very close to those of

21 R, R'= Me(CH,),CO
22 R, R'= PhCH,0CO

Scheme 3. Reagents and conditions: (a) for 20: hexanoyl chloride (1
equiv), DMAP, CH,Cl, (49%); for 21 and 22: RCI (excess), DMAP,
CH,Cl, (85%); (b) for 20 and 21: H,, Pd/C, MeOH (91-95%); for 22:
5:2 TFA/H,0 (60%).

Finally, the 2’,3’-di-O-acylated derivatives 21 and 22
were prepared through acylation reaction of protected
sordarin with excess of the corresponding acid chloride.

Biological Evaluation

Tables 1 and 2 show the in vitro antifungal activity
(referred to as MIC, the minimum concentration inhi-
biting fungal cell growth)' of compounds synthesised.
This assay was carried out in broth microdilution using
RPMI + glucose as culture medium.!' GR 135402 (1a)
and sordarin (1b) were used as reference compounds.

Results and Discussion

Derivatives with structural similarity to natural GR
135402 (1a) were chosen. Several effects were tested: chain
length, heteroatom substitution, a-substitution and unsa-
turations into the chain. Derivatives 4-11 are 3'-O-esters
with chain lengths ranging from four to ten carbon atom
members. The potency length of chain curve seems to have
a Gauss bell shape, with a maximum for octanoate 6. The
substitution of the terminal methyl group of the hexanoate
side chain by a chlorine atom (to see any lipophylicity
effect) (8) seems to lead to lower potencies (up to 10-fold).
Replacement of a lipophylic methylene by a more polar
oxygen atom in the chain (such as in 9) led to a general loss
of antifungal activity. a-Methyl substitution in compounds
10 and 11 might add higher stability to the ester linkage.
Methyl substitution in a-position (such as in 10) does not
alter antifungal potency much in comparison with the
unsubstituted derivative 5. However, o, f-unsaturation (see
11) leads to lower potencies with respect to 10. On the
other hand, sordarin 3’-O-ester derivatives of aromatic or
heteroaromatic carboxylic acids (12-13) show a noticeable

their ester analogue 7 containing the same number of
atoms. Carbonate 14 seems to be more potent than its
corresponding carbamate counterpart 16 in some of the
Candida strains.

A comparison of the 3'-O-hexylsordarin (19; Table 2) with
their corresponding ester analogue 5 shows that it is less
active. Esterification position is very important for activity
as can be observed by comparing both hexanoate deriva-
tives at 2/ (20, Table 2) and 3’ (5; Table 1). The 3'-derivative
5is over a 100-fold more potent indicating the relevance of
the attachment site. Finally, the doubly substituted sor-
darins at 2" and 3’ (diester 21 and dicarbonate 22) only
maintain residual activities indicating the adverse effect of
a large substituent at the 2'-hydroxyl group for activity.

From these results, we can draw some preliminary con-
clusions: the derivatisation of the 3’-hydroxyl group of
sordarin to produce aliphatic esters with a variable
degree of chain length or branching affords very potent
antifungal compounds. Besides, from all four linkage
types the ester seems to give the best results in terms of
potency and spectrum. Due to the novel structure and
mode of action of these molecules they will be the sub-
ject of further chemical modifications and substitutions
in the search for spanning the spectrum of action.
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