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of a Hydroxyl Function. Synthesis of Cyclic and Alcohol Peptides!
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Abstract: N,N'-Disuccinimidyl carbonate (DSC) has been successfully used for the efficient conversion of
4-hydroxymethylpolystyrene and 4-hydroxymethyl-3-nitrobenzamido (Nbb) resins into active carbonate
resins, which are suitable for the incorporation of molecules via a hydroxyl function. This methodology has
been applied to the preparation of the growth hormone inhibitor, Sandostatin.
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The solid-phase synthesis (SPS) of both biomolecules, such as peptides? and oligonucleotides,? and
small organic molecules? is based upon the anchoring of the first building block to the solid support through a
handle.5 Traditionally, the first step to SPS of linear peptides and oligonucleotides is the anchoring of a
carboxylic or phosphoric acid to a hydroxyl or amino resin to give an ester or amide, which will render the
biomolecule in the form of an acid or primary amide, following detachment from the resin at the end of the
synthesis. The requirement for an extension to the solid-phase approach for the preparation of other classes of
biomolecules, such as cyclic peptides or those which contain other functional groups at the C-terminus
(aldehydes, secondary and tertiary amides, alcohols, etc.), and small organic molecules has provoked the
development of new handles based upon a different method to anchor the first building block. Thus, the
R(PAL) handle$ allows the SPS of secondary amide peptides, while the BAL handle? provides a more general
approach that involves preparation of peptides through a peptide backbone anchoring, allowing the synthesis of
cyclic peptides and those with a modification at the C-terminal end. Furthermore, hydroxymethyl resins have
been activated with DSC8 and other carbonic acid derivatives® to give active carbonate resins (1), which allow
the anchoring of amino groups (2) such as those from the a-amino acids, e-amino function of Lys or Orn side-
chains, monoprotected alkyldiamines, etc. These resins have been used for the SPS of peptides in the N =C
terminal direction,%3-¢ of cyclic peptides through side-chain anchoring of Lys/Om,® and of libraries of small
molecules.94-2 In this comunication, an extension of the active carbonate resin (1) for the anchoring of hydroxyl
functions of alcohols or phenols is reported (resins 3 and 4).
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To the best of our knowledge, hydroxyl functions have been only anchored to the solid supports
through: (i) chlorotrityl (CI'Trt)-linkers (5),10 which are labile to dilute acid conditions (< 1% TFA) and therefore
are compatible with bases and nucleophiles, but not with acids; (ii) tetrahydropyranyl (THP)-based linkers (6),!!
which are labile to acid conditions [PPTS at 60 °C or TFA-H70O (95:5)] and therefore exhibit a similar range of
compatibilities to CITrt-resins; and (iii) hemi-succinates-linkers (7),12 which are cleavable by base hydrolysis
and, in principle, are compatible with Fmoc and Boc chemistries, but require a two step cleavage-deprotection
protocol. Furthermore, phenol groups have also been attached to hydroxymethyl-p-alkoxybenzyl-resins through
a Mitsunobu reaction.!3 The reaction of DSC!4 with 4-hydroxymethyl-PS-resin!5 and 4-hydroxymethyl-Nbb-
PS-resin!6 afford the corresponding active carbonates, which can react smoothly with compounds containing
hydroxyl functions (Boc-O-benzyl-threoninol [Boc-Thr(Bzi)-oh], Boc-Ser-OAllyl, and Boc-Tyr-OAllyl)!7 to
afford the corresponding carbonates (3 and 4). Interestingly, the same sequence of reactions carried out with
4-hydroxymethylphenylacetamido-resin (PAM-resin)!® did not form the corresponding active carbonate (1-
10%). This result corroborates that side-chain anchoring of Boc-Asp(OH)-OFm to the 4-hydroxy-PAM-resin
occurs with very low yields (<5%) using DIPCDI-DMAP, CDI, and DEAD-PPh3 based methods.!9
Furthermore, the carbonate resin similar to 3 or 4, but obtained from 4-hydroxymethylphenoxypropanamide-
resin (PAC-resin)20 is not completely stable to piperidine-DMF (1:4) (5% cleavage of alcohol and 35% of
phenol, for 3x1 min + 1x10 min of treatment) and therefore is not suitable for use in Fmoc-based SPS.
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Active carbonate resins were prepared as described previously8 by reaction of the corresponding
hydroxymethyl resins with 10 equiv of DSC in DMF in the presence of 1 equiv of DMAP for 2 h at 25 °C under
Ar atmosphere. Incorporation of the hydroxyl compound was carried out with 10 equiv of Boc-Thr(Bzl)-oh,
Boc-Ser-OAllyl, and Boc-Tyr-OAllyl in the presence of 0.2 equiv of DMAP in DMF for 17 h at 25 °C under Ar
atmosphere. Resins were washed with DMF and CH3OH, and treated with CH30H in the presence of 0.2 equiv
of DMAP (30 min) to methylate any unreacted succinimidyl carbonate. Yields were 65-70% for Boc-Tyr-OAllyl
and 45-60% for Boc-Thr(Bzl)-oh and Boc-Ser-OAllyl as calculated by amino acid analysis.2! The use of either

_ a smaller amount of DMAP (0.1 equiv) or a shorter reaction time rendered lower yields.

(6) ]

The stability of these resins in the presence of base was examined by treatment of a peptidyl support with
DIEA-CH;Cl; (1:19) for 60 min (corresponding to 20 cycles of neutralization after TFA treatment for Boc
removal) at 25 °C. No release of the peptide was detected during the base wash. Cleavage and concomitant
removal of Bzl side-chain protecting groups from resin 3 was carried out by either HF-anisole (9:1) for 1 h at
0 °C or TFMSA-TFA-thioanisole-ethanedithiol-anisole (5:85:5:3:2) for 2 h at 25 °C with yields >95%.
Release of protected peptides from resin 4 was conducted by photolysis at 350 nm in TFE-CHCl; (2:8) for
16 h, as described previously for Nbb-resins.16

As models to illustrate this strategy, cyclo(Leu-Phe-Gly-Gly-Tyr), cyclo(Leu-Phe-Gly-Gly-Ser),
cyclo(Glu-Ala-Ala- Arg-D-Phe-Pro-Glu-Asp-Asn-Ser), cyclo(Glu-Ala-Ala-Arg-D-Phe-Pro-Glu-Asp-Asn-Tyr)
and the disulfide containing peptide Sandostatin [cyclo(H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-oh) were
synthesized. The first two sequences were assembled on an active carbonate-O-Nbb-PS-resin, and the others on
an active carbonate-O-PS-resin. For the preparation of cyclic peptides, the first protected amino derivatives
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(Boc-Ser-OAllyl or Boc-Tyr-OAllyl) were incorporated onto the resins via the hydroxyl side-chain according to

the method described above, followed by manual stepwise synthesis in the C —N direction according to a

standard Boc/Bzl protocol.22 After elongation of the peptide chain, a sample of the peptidyl resin was treated

with HF-anisole (for 3) or photolyzed (for 4), and the purity by HPLC was >95% in each case. Allyl removal

was carried out with Pd(PPh3)4 in DMSO-THF—0.5 N aqueous HCl-morpholine (2:2:1:0.1),2 for 150 min at

25 °C. Following N®-Boc removal, PyAOP/HOAUDIEA (5:5:10)-mediated cyclization24 was carried out in

DMF for 2h (the ninhydrin test was negative) at 25 °C. After final cleavage of the anchoring linkage and removal

of the side-chain protecting groups, if applicable, the crude product was purified by semi-preparative HPLC to
give the correct ES-MS.

Synthesis of Sandostatin was carried out as described above using

1c Acm, Bzl, CIZ, and For for side-chain protection of Cys, Thr, Lys, and D-

1b Trp, respectively. After elongation of the peptide chain, an aliquot of the

la peptide resin was treated with HF-anisole (9:1) and the purity of the crude

bis-Acm-For-peptide was analyzed by HPLC (Fig. 1a). Formation of the

disulfide bridge was carried out on the solid-phase25 in HOAc-H;0 (8:2)

by the addition of iodine (10 equiv/Acm) for 40 min at 25 °C. The peptide

resin was washed with DMF, saturated aqueous ascorbic acid solution,

L DMF, CH;Cl,, treated with TFA-CH,Cl; (4:6) (1x1 min + 1x20 min),

and washed with CH»Cl,. The release of the cyclic peptide was carried out
—rt!

with HF-anisole (9:1) (Fig. 1b). Finally, removal of the For group of Trp
was accomplished by 10 min treatment with piperidine-DMF (1:1). The

reaction was quenched with HOAc and the solution was evaporated to
dryness (Fig. 1c). All products were characterized by either ES- or FAB-MS and amino acid analysis.

In conclusion, carbonate resins are compatible with Boc/Bzl strategy and are cleaved either by HF or
photolysis. The supports are suitable for the anchoring of building blocks through a hydroxyl function,
allowing the synthesis of "head-to-tail" cyclic peptides and other alcohol peptides, such as the relevant
pharmacologically interesting compound Sandostatin. Finally, this new methodology can be useful for the

preparation of small molecular libraries.26
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