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Investigating Carboxylic Acid
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Systemic fungal infections have increased significantly in
recent years, principally in immunocompromised patients. This
is particularly an issue for those with HIV/AIDS and patients un-
dergoing cancer or organ transplant therapy. There are only a
small number of drugs available to treat such infections includ-
ing Amphotericin B, which has considerable side effects.”
Therefore, new antifungal agents are needed.

The polyketide antifungal antibiotic ambruticin was first iso-
lated in the late 1970s by Warner-Lambert from the myxobac-
teria Polyangium cellulosum var. flavum.” The molecule comes
in two series characterised by the functional group found at
the 5-position (ambruticin numbering, see Figure 1); the S
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Figure 1. The S 1 and VS series 2-4 ambruticins.

series in which there is a hydroxyl group 1 and the more
active VS series with an amino group at this site, either as the
free amine (VS-5) 2, monomethylamine (VS-4) 3, or dimethyl-
amine (VS-3) 4 (Figure 1). The molecule is thought to exert its
antifungal activity through interference with osmoregulation in
a similar manner to pyrrolnitrin.”

Recently, there has been considerable synthetic interest in
this molecule. Following Kende's initial report® in 1990 there
have been a total of three syntheses reported®™ and several
partial syntheses. However, the only structure-activity relation-
ship (SAR) work reported was carried out with the S series in
the late 1970s at Warner-Lambert.®” A group of amide, ester,
and ketone analogues of the carboxylic acid, and secondary
and tertiary alcohols at this position suggested that the car-
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boxylic acid was not critical for activity provided that the steric
bulk was not significantly increased.”” There have been no re-
ports of ambruticin analogues since this time. In this communi-
cation we report our own investigations into analogues of the
carboxylic acid in the VS series. In particular, the carboxylic
acid has been replaced either by an amine, oxime, nitrile, tetra-
zole, or has been deleted. The antifungal activities of these
compounds suggest that some polarity at this position is nec-
essary for antifungal activity, and as was reported in the S
series, increasing the steric bulk at this position reduces poten-
cy.

We chose to concentrate on the amine containing VS series
because of its superior antifungal activity. VS-3 4 was our initial
starting material since the 5-amino group required no further
protection. Studies began by investigating the effect of amines
and oximes at the 1-position. Thus, conversion to the methyl
ester 5 followed by controlled reduction yielded the aldehyde
6, a versatile intermediate, which was immediately used in the
subsequent reactions because of its instability.

Treatment of 6 with a selection of amines under reductive
conditions resulted in the corresponding amino compounds
7-10 (Scheme 1) in low to moderate yields. The free amine
and azetidine derivatives probe the effect of placing a small
amino group at this position while the two proline derivatives
probe the effects of repositioning the carboxylic acid.

Scheme 1. Synthesis of ambruticin VS-3 amines; reagents and conditions:
a) SOCl,, MeOH, room temperature, 16 h, 89%; b) DIBAL-H, toluene, —78°C,
5 min, quantitative; ¢) R'/R?NH, Na(CN)BH,, AcOH, MeOH, room temperature,
16 h, 25-40%. DIBAL-H =diisobutylaluminium hydride, Ac=acetic.

The oxime derivatives 11-15 were obtained as mixtures of E
and Z isomers in a single step by reaction with the corre-
sponding hydroxylamines under standard acidic conditions
(Scheme 2). The isomers were not separated. The free oxime
11 and alkyl oximes were synthesised along with one aryl
oxime.
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Scheme 2. Synthesis of ambruticin VS-3 oximes; reagents and conditions:
a) RONH,, AcOH, iPrOH, room temperature, 16 h, 28-50%

With the free oxime in hand we generated the tetrazole 16,
a common carboxylic acid isostere. Dehydration of 11 cleanly
yielded the nitrile 17, which did not react with TMS azide
alone. However; in the presence of catalytic dibutyl tin oxide,
[342] dipolar cycloaddition occurs cleanly to yield the silyl pro-
tected tetrazole 18 The silyl group was removed under
acidic conditions to obtain 16 (Scheme 3). No reaction with
the four double bonds was observed.

NMe, 16

Scheme 3. Synthesis of ambruticin VS-3 nitrile 17 and tetrazole 16; reagents
and conditions: a) HOReO;, toluene, 110°C, 16 h, 78 %; b) TMSN;, Bu,SnO,
toluene, 110°C, 6 h; ¢) 5% AcOH in CH;CN-H,O, room temperature, 1 h, 80%
(over 2 steps). TMS =trimethylsilyl.

The compounds generated probe the effects of converting
the carboxylic acid to other functionalities. Strikingly all the
compounds contain a functional group at the 1-position. We
considered the possibility of removing this group altogether
through decarboxylation by the Barton ester."® While we were
aware that attempting a radical reaction in the presence of
many double bonds might be problematic, it was thought that
the pyran ring might isolate the carboxylate from the remain-
der of the molecule. The conversion was attempted using VS-4
3 which was protected as a nosylate 19 under standard condi-
tions." Barton ester formation was difficult to achieve under
standard DCC conditions, however, using the more reactive
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HOTT reagent 20 developed by Garner,"? the Barton ester 21

was formed and directly treated with tributyltin hydride and
catalytic AIBN to yield decarboxylated 22, which was depro-
tected with thiophenol to yield the 1-nor compound 23
(Scheme 4). Although the conversion is poor this appears to
be more a result of the poor formation of the Barton ester
rather than the radical decarboxylation.

NHMe

Scheme 4. Synthesis of 1-norambruticin VS-4 23; reagents and conditions:
a) NsCl, Et;N, DMAP, CH,Cl,, room temperature, 16 h, 85%; b) THF, room tem-
perature, 3 h; c) Bu;SnH, AIBN, C,Hy, 80°C, 30 min, 24 % (over 2 steps);

d) PhSH, Cs,CO;, CH;CN, room temperature, 1 h, 55%. Ns = 2-nitrophenylsul-
fonyl, DMAP =4-dimethylaminopyridine, THF =tetrahydrofuran, AIBN=2,2"-
azabisisobutyronitrile.

The molecules were screened for their antifungal activity
against two Aspergillus strains to determine minimum inhibito-
ry concentrations (MICs) (Table 1)."® It can be seen that replac-
ing the carboxylic acid with an amino group as either the free
amine 7 or azetidine 8 does not result in active compounds.
By reintroducing a carboxylic acid in the case of the two pro-
line derivatives 9 and 10 there is an improvement in the po-
tency of the molecule, however, these remain an order of mag-
nitude weaker than the parent ambruticin VS-3 4. By contrast
conversion of the carboxylic acid to the free oxime 11 main-
tains good potency. As the size of the substituent on the
oxime is increased, the activity decreases suggesting that there
is a steric constraint at this position similar to that previously
observed. Comparing the free oxime 11 with the oxime acetic
acid 14 suggests that the carboxylic acid itself is not required
for activity. While the nitrile 17 shows only a weak antifungal
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Table 1. MIC values in pgmL™".

MIC [pgmL]
A. fumigatus 204305 A. flavus 204304

Compd  Description

1 S 1.0 1.0
2 VS-5 1.15 1.69
3 VS-4 0.47 0.60
4 VS-3 0.80 0.50
5 VS-3 Me ester 3 2

7 VS-3 amine 16 12

8 VS-3 azetidine >32 >32

9 VS-3 L-proline 8 4
10 VS-3 p-proline 12 4
1 VS-3 oxime 1.5 1.5
12 VS-3 Me oxime 2 2
13 VS-3 tBu oxime 8 16
14 VS-3 oxime acetic acid 3 1.5
15 VS-3 aryl oxime 16 >32
17 VS-3 nitrile 4 3
16 VS-3 tetrazole 1.5 1.5
23 VS-4 1-nor 6 4

activity, the tetrazole 16 is a potent compound showing activi-
ty within a dilution of the natural product. The 1-nor com-
pound 23 is weaker than the nitrile 17, consistent with the re-
quirement for a polar group at this position for good potency.

It has been postulated that the ambruticins are serum
bound in vivo, which reduces their efficacy.” Indeed, the addi-
tion of 10% serum to our MIC assay resulted in a 6- to 32-fold
decrease in potency for the natural ambruticins. It was hoped
that the ambruticin analogues discussed above would have
different physical properties that would overcome the serum
effect. However, it was disappointing to find that in the pres-
ence of 10% serum the two most potent analogues, the oxime
11 and tetrazole 16 showed a similar 6- and 8-fold rise in MIC
respectively.

In conclusion, we have generated 13 analogues based on
the ambruticin VS scaffold to probe the effects of modification
of the carboxylic acid found at the 1-position, on antifungal ac-
tivity and potentially, in vivo efficacy. The results suggest that
replacement of the acid with a positively charged amine re-
sults in inactive compounds; however, replacement with other
polar groups is possible. Indeed the free oxime 11 and tetra-
zole 16 show similar activities to the parent compound itself.
As the polarity is further reduced, as in the cases of the nitrile
17 and 1-nor compound 23, there is a lowering in antifungal
activity compared to the natural products. Consistent with the
results of the Warner-Lambert group, there appears to be a
steric constraint in this region of the molecule, as increased

substituent size corresponds to a decrease in the potency of
the molecules. This is best exemplified by the oxime series.
Although the results show that the carboxylic acid is not re-
quired for activity and can be replaced with small polar func-
tionalities, these changes have not been able to address the
reduction in activity in the presence of serum. The best ana-
logues are still significantly weaker in the presence of serum.
Further work will be required to investigate this further.
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