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Abstract: Viscosin, a cyclic depsipeptide (containing a peptide lactone) has been prepared by solid-phase
chemistry using an Fmoc-protocol starting with an acid sensitive resin. Cyclization with the activating agent BOP-CI
gave a product which was indistinguishable from natural viscosin thereby supporting the proposed structure.

During the screening of microorganisms for antibiotic substances by Kochi at the Yokohama Medical College, it was
found that an isolate from a culture of Pseudomonas viscosa had both antiviral! and antimicrobial activity against
various mycobacteria.2 The purified active substance was given the name viscosin.! Structure 1 was proposed from
the initial examination of viscosin which showed it to be a monocarboxylic peptide containing the fatty acid (-)-D-3-
hydroxydecanoic acid 3

D-Hydroxydecanoyl- L-Leu-Gly-L-Ser-D-Val-L-Thr-L-Leu-OH
1

That this structure was incorrect was shown by comparison of natural material with synthetic 1 obtained by
solution synthesis.# The revised structure 2 was proposed based on further physical characterization which indicated
viscosin to be a cyclic depsipeptide {a peptide lactone) having alternating D and L- amino acids with an N-terminal D-3-
hydroxydecanoyl group.5 Ring closure is through an ester linkage between the carboxyl of L-lle and the hydroxyl of
D-allo-Thr, leaving the gamma-carboxyl of D-Glu free. To further strengthen the structural assignment, work was
undertaken to prepare 2 by a scheme which utilized solid-phase techniques.
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The central problem in the synthesis of cyclic depsipeptides is ring closure. It has been found that ring closure is
most advantageously effected through amide bond formation rather than through ester formation, and there are
numerous examples of such cyclizations.s One problem with the use of solid-phase synthesis in the preparation of
cyclic depsipeptides has been the difficulty of maintaining full side chain protection in the linear precursor during HF
resin cleavage. In an effort fo use recent techniques of solid-phase synthesis for the preparation of cyclic
depsipeptides, a scheme was developed to employ these techniques in the synthesis of viscosin. Examination of
viscosin shows that linear precursor 3 would be a suitable target for preparation by solid-phase synthesis as
cyclization to the desired benzyl-protected viscosin 4 would result from amide bond formation between the C-
terminal carboxyl of OBz!-D-Ser and the amino group of L-lle. To prepare 3 by solid-phase synthesis and preserve the
benzyl protecting groups during cleavage from the resin, a synthetic scheme was employed using
fluorenylmethoxycarbonyl (Fmoc) protected amino acids” and the acid sensitive alkoxybenzy! alcohol resin of Wang5
( which can be cleaved with 50% trifluoroacetic acid (TFA) in CH2Cl2). The choice of Boc-amino protection for lle relies
on its stability to the conditions of Fmoc deprotection during peptide synthesis. However, treatment of the resin with
TFA would simultanecusly remove the Boc group and cleave the peptide from the resin, yielding fragment 3 directly
with both amino and carboxyl ends deprotected for cyclization. The value of simultaneous deprotection of amino and
carboxyl terminal groups leading directly to material suitable for cyclization has been shown recently in solution
synthesis.®

D-3-Hydroxydecanoy|-L-Leu-(Ole)-D-GIu-D-allo-Tt|1r-D-VaI-L-Leu-(Ole)-D—Ser—L-Leu-(OBz|)-D-Ser-OH
H-lle-C
3

Coupling of amino acids through D-Val followed a standard Fmoc-based protocol. In summary, Fmoc-OBzl-D-Ser
(all Fmoc-amino acids were either purchased or synthesized as crystalline solids using Fmoc-N-hydroxysuccinimide
ester%) was coupled to alkoxybenzyl alcohol resin (1.0 mmol -OH g°! resin) using dicyclohexylcarbodiimide (DCC)
aclivation in the presence of 0.1 eq. of dimethylaminopyridine (DMAP)11, to yield 0.4 to 0.6 mmol/g resin. Atter
capping the resin with benzoyl chloride8, the synthasis was continued through Fmoc-D-Val using the following
repetitive protocol for sequential coupling of Fmoc-amino acids to the growing peptide chain: 1) 3 x DMF washes. 2) 3
x CHaClp washes. 3) amine deprotection using piperidine: DMF 1:1, 20 min. 5) coupling amino acid using 2.5 eq. of
Fmoc amino acid, hydroxybenzotriazole (HOBT)12 and DCC in DMF, 2-3 h. 6) monitoring of coupling using the Kaiser
ninhydrin test'3, repeating the coupling if not completed. Single couplings were adequate for Fmoc-OBzI-D-Ser and
Fmoc-D-Val, with multiple couplings being required for Fmoc-L-Leu approximately 50% of the time.

One important aspect of the use of solid-phase chemistry in the synthsis of cyclic depsipeptides is the preparation
of the ester branch point while the peptide is still attached to the resin. In this regard,the strategy for building the Boc-
L-lle ester branch point called for the addition of Fmoc-D-allo-Thr with its side chain hydroxyl unprotected. Although
such coupling of an unprotected Thr is known in solution synthesis, it has been assumed that this was incompatible
with solid-phase synthesis due to self acylation resulting from the large excess of amino acid needed to achieve high
coupling effeciency. Since direct DCC mediated coupling could result in significant acylation of the unprotected
hydroxyl,14 coupling was achieved using the pentafluorophenyl ester (Pfp)!5, which reacts rapidly with amines, but
sluggishly with alcohols. Although D-allo-Thr is not readily commercially available,epimerization of D-Thr gave an
inexpensive source of D-allo-Thr.18 This was first protected as the Fmoc derivative, then esterified with



pentafluorophenol / DCC to yield Fmoc-D-alfo-Thr-Pip before coupling cleanly and quantitatively to the resin in a
single coupling reaction using 2.5 eq. of amino acid, 5 h in DMF. As anticipated,examination of a sample of TFA-
cleaved resin by HPLC gave no indication of significant acylation of the D-alio-Thr hydroxyl.

it was anticipated that esterification of the Fmoc-D-allo-Thr hydroxyl with Boc-L-lle directly could lead to side
product formation due to O ->N shift of Boc-lle under the conditions which would subsequently be necessary to
deblock the Fmoc-D-alio-Thr.17-18 Since the reverse, N ->O shift would not be expected to occur under the non-
acidic conditions of the synthesis, the resin was first deblocked with piperidine in the usual manner and then coupled
with Fmoc-OBz|-D-Glu-Pip. Again, the use of Pip activation allowed amino coupling to occur without acylation of the
unprotected hydroxyl. The free hydroxyl of D-allo-Thr was then esterified with Boc-L-lle (DCC activation with 0.1 eq.
of DMAP‘9) to give the desired Fmoc-OBzI-D-Glu-(0O-Boc-L-lle)-D-alio-Thr- branch point as a single major product on

HPLC.

Having successiully prepared the branch point, it was then found that piperidine deblock of the Fmoc-0OBzI-D-Glu
followed by coupling with Fmoc-L-Leu (DCC / HOBT) gave a major side product which was at times equal to 40% of
the desired product. This chain-terminated side product gave amino acid analysis and fast atom bombardment (FAB)
mass spectral data consistent with the cyclization20 of the OBzI-D-Glu to pyroglutamic acid. This was readily removed
chromatographically and in subsequent synthesis was essentially eliminated by decreasing the piperidine deblock
time to 5 min.

Linear peptide 3 was completed by acylating the peptide resin with the Pip-ester of D-3-hydroxydecanoic acid in
DMF. Again, the use of Plp ester activation allowed the acid to be coupled with its hyrdroxyl unprotected. The
synthesis of 3-hydroxydecanoic acid {mp 55-56° C; lit.2! 57° C) was from n -octy! aldehyde by reaction with lithium tert
-buty! acetate22 followed by TFA hydrolysis and resolution as the (-)-cinchonidine salt {mp 119-120° C; .19 119-
120° C) which upon neutralization gave (-)-D-3-hydroxydecanoic acid ( [alp= -21.4°(¢ 1.0,CHClz3); it.19 [alp="—
17.5°).The final peptide was cleaved from the resin with TFA { 50% in CH2Clz , 30 min.) and lyophilized from dioxane
to yield the crude peptide 3. This was readily purified by reverse phase HPLC using a Cyg column and an HxO -
acetonitrile gradient system containing 0.1 % TFA, with the resulting peptide being relyophilized from dilute
anhydrous dioxane - HCl to yield 3-HCI as a white solid in 25% overall yield based on resin substitution.

To complete the synthesis, cyclization reactions were carried out with a peptide concentration of 1 mM. Using DCC
/ HOBT in the presence of triethylamine, a single main product was obtained having a FAB mass spectrum consistent
with the N-acylurea resulting from the O<->N peptide rearrangement23 of the intermediate O-acylisourea24 formed
by reaction with DCC. Using bis{2-oxo-3-oxazolidinyl)phosphinic chloride (BOP-CI)25 and triethylamine in dioxane,
the desired cyclic 4 { amino acid analysis, FAB mass spectrum) was obtained in 24% yield from 3 after HPLC
purification. Debenzylation was carried out in MeQH using ammonium formate and 10% Pd«C28. Purification of the
crude reaction product by HPLC yielded a white solid in 78% yield which had the expected amino acid analysis and

FAB mass spectrum consistent with 2. Synthetic 2 was shown to be identical to natural viscosin both
chromatographicatly { HPLC using a reverse phase C4g column with an aqueous acetonitrile system containing 0.1%
TFA) and by NMR (300 MHz proton spectrum) thereby supporting 2 as the correct structural assignment for viscosin.

In summary, the successful synthesis of cyclic depsipsptides by solid phase techniques is possible through the
preparation of suitable branched fragments. important aspects of this approach are the use of orthogonal Fmoc/Boc
amino protection. Elaboration of the crucial ester branch point using unprotected hydroxyl-bearing amino acids is
possible through the use of Pip activation and a coupling order which minimizes O <-> N acyl migration.
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