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(-)-PF1163B, a new macrocyclic antifungal antibiotic isolated from Streptomyces sp., has been prepared in eight steps from (S)-citronellene.
The key step is a ring-closing metathesis reaction of an ester and amide derivative obtained from a substituted N-methyl-L-tyrosine.

The ergosterol biosynthesis cascade is a known target ofbroth of Penicilliumsp!?and subsequently shown to be the
antifungal agents such as allylamines, azoles, and morpho-irst known inhibitors of ERG25p, a C-4 methyl oxidase.
ERG25p is the enzyme that converts 4,4-dimethylzymosterol
_ to zymosterol by oxidation of theodmethyl group to a
carboxylic acid followed by decarboxylation. The antifungal
o~ activity of 1 is 4 times higher than that & the former being
/©/ OH a more potent inhibitor than fluconazole for ergosterol
synthesis inCandida albicans. Thus, these compounds are
O%N/ interesting leads for the development of new antifungal
o] agents.
R 13 1 R=OH PF1163A They are characterized by the presence of a 13-membered
2 R=H PF1163B macrocycle (incorporating both lactone and lactam moieties)
derived from O-2-hydroxyethyl-N-methyi-tyrosine. Al-
though several bioactive cyclic depsipeptides incorporating
Figure 1. N-methyl tyrosine such as geodiamolides have been re-
ported? the recently isolated cytotoxic spongidepsin is the
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only known 13-membered macrocycle bearing similar lactone benzyl protecting group was used. TreatmentNeBoc- -

and lactam functional group$?F1163A differs from PF1163B

tyrosine methyl este8 with 2-bromo-O-benzyl-ethanol and

by the presence of an extra hydroxyl group in the side chain. CsCOs; in DMF at 70°CS thereafter afforded (85%), but
Their structures have been determined by NMR, degradationchiral-phase HPLC analygimdicated that racemization (60:

studies’ and total synthesi&The latter has been carried out
in 13 steps from (R)-citronellol and-tyrosine. We now
report a shorter and more flexible synthesis-6j-PF1163B
from (S)-citronellene using ring-closing metathesis (RCM)
as a key step (Scheme 1).

Scheme 1. Retrosynthetic Analysis
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We first attempted to prepare the known synthén
according to the procedure of Tatsufimm N-Boc-_-tyrosine
3. However, N-methylation oft to 5 using NaH and Mel
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was difficult to drive to completion and led to partial cleavage
of the silyl protecting group. To avoid the latter difficulty, a
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40 ratio) was significant under these conditions. Indeed, when
the same reaction was done at room temperaftireas
isolated in 70% yield with minimal racemization (97:3 ratio).
N-Methylation of 7 cleanly afforded8 (95%). Hydrolysis
of the methyl ester to giv@ was then carried out with LiOH
according to the procedure used by Boger.

Alcohol 12 was prepared in three steps fro8)-Citronel-
lene (Scheme 3).

Scheme 3. Preparation ofl22
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a Alcohol 12 was prepared in three steps fro®){citronellene
(Scheme 3).

The known aldehydé&1 was obtained by cleavage of the
trisubstituted epoxide of citronellene with periodic acid in
diethyl ethe The dried ethereal solution &fl was directly
treated with dipentylzinc under the conditions of Kobayashi
and Knochél to give alcoholl2 (Scheme 4) in 50% yield
(ee 98%)! Esterification of9 with alcohol 12 was carried
out with DCC in DMF in the presence of DMAP to afford
13 (70%). Removal of théert-butyloxycarbonyl protecting
group (TFA, CHCI,) provided aminel4, which was then
reacted with 4-pentenoyl chloride (THF, ;M) to afford
amide 15 (94% over two steps). At this stage, chiral-phase
HPLC showed a 92:8 ratio of enantiomers, indicating that
some epimerization occurred during the deprotection, es-
terification, and/or amide formation steps.

Then, RCM was attempted using variable amounts of
(PCy;).CI,Ru=CHPh, but only limited cyclization was

(4) Chan, W. R., Tinto, W. F.; Manchand, P. S.; Todaro, LJ.JOrg.
Chem.1987,52, 3091. Coleman, J. E.; Van Soest, R.; Andersen, B. J.
Nat. Prod.1999,62, 1137.
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Scheme 4. Synthesis of PF1163B
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observed? As expected? the use of Grubbs Il catalydt6

led to better results. RCM df5, in refluxing GH4Cl,, gave

17 as a mixture of (E)- and (Z)- diastereoisomers (60%). A
minor isomer, which was assumed to result from the
aforementioned epimerization of the amino acid moiety, was
also isolated (10.5%). Reduction of the double bond and
hydrogenolysis of the benzyl group gave PF1163Bs a
colorless oil in 52% isolated yieldd]p —105 (c1.2, MeOH)
(lit.? [a]p —111)).

The 'H NMR spectrum of syntheti@ in DMSO-d; is
superimposable to the reported one. However, the H-3 signal
at 5.62 ppm accounts for only 0.5 ¥.Furthermore, as
reportec?, broad signals were observed, and this was assumed
by the authors to result frosrcis ands-trans configurations
of the amide bond. Indeed, careful examinatioAdNMR
spectra in CDGlrevealed that three isomers are present in
solution: H-3 appeared as broad singlet®) &.74 (0.5 H)
and 3.38 ppm (0.4 H) and as a triplét<€ 7 Hz) atd 4.51
ppm (0.1 H) (Table 1). In DMSQls, only the lower-field
signal (65.62 ppm) could be identified. It was thus obvious
that s-cis/s-trans isomerization of the amide bond was not

Assuming that conformers A and B may be sufficiently

stable to be observed on the NMR time scale (Scheme 5),
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sufficient to explain such data.

Table 1. Energy andH NMR Calculations

energy minima were searched for the four possible structures
of 18 (bearing two methyl groups instead of the pentyl and
benzyl side chains), at the density functional B3-LYP/6-31G/

conformer  Ere kcal/mol  dcaica PPM  dobs PPM  percentage
Atrans 0 5.47 5.74 50%
Btrans 3.6 2.72 3.38 40%
Acis 4.2 4.14 451 10%
Beis 6.2 3.17 0%
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(12) For related examples of RCM of peptide derivatives, see: Boruah,

A.; Rao, I. N.; Nandy, J. P.; Kumar, S. K.; Kunwar, A. C.; IgbalJJOrg.
Chem.2003,68, 5006 and references therein.

(13) (a) Grubbs, R. H.; Chang, Betrahedrorl 998 54, 4413. (b) Trnka,

T. M.; Grubbs, R. HAcc. Chem. Re001, 34.

(14) This was not pointed out (see refs 2 and 6).

4051



d3 level using the Gaussian 98 packagk.was found that interconversions are likely to be slow processes at room
the more stable conformer (49 is similar to the reported  temperature. Finally, variable-temperature experiments were
X-ray structure forl7, a degradation product of PF1163B. carried out. The NMR spectrum remained unchanged in
Similar values were obtained for the & and Ass conform- CDCl;z up to 50°C, while the 5.62 ppm signal disappeared
ers, the Bs isomer being slightly less stable. at 70—80°C in DMSO-d; in favor of a new signal at c&.6

H NMR chemical shift calculatiod&revealed significant ~ ppm (in agreement with an averaged signal for the three
variations for H-3 (Table 1). On the basis of these figures, conformers). This result is in agreement with signal coales-
it is now proposed that the conformational population of cence reported for lauryllactam at 8G.*"
PF1163B in CDQis 50% Ayans 40% Brans and 10% Ays. In conclusion, a short synthesis of PF1163B has been
To estimate the possibilities of interconversion between thesecompleted using RCM as the key step. Such a strategy should
conformers, transition structures were searched, and two ofpe extendable to the preparation of a large set of analogues,
them were found. The first one corresponds to agné including PF1163A, bearing different side chains and ring
Ais isomerization and the second to @B—Acis isomer- size. Furthermore, the interesting conformational bias pointed
ization. These two structures are, respectively, 20.7 and 23.3put for such macrocycles should be further studied to pinpoint
kcal/mol above the lowest Ans conformer. Thus, these the geometrical requirements for the biological activity of
such compounds.
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