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Abstract

N N'-disuccinimidyl carbonate (DSC) has been successfully used to generate carbonates and carbamates on
conventional hydroxymethyl and aminomethy! based resins. This methodology extends the applicability of
such linkers, which were initially designed for the anchoring of carboxylic acids. Thus, amino and hydroxy
groups have been attached onto classical resins to give straightforward access to the solid-phase synthesis of

alcohols, carbamates, and cyclic peptides with an evident pharmaceutical interest.
© 1998 Elsevier Science Ltd. All rights reserved.
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The increasing demand for new pharmaceutical products, together with the advent of
combinatorial chemistry techniques to speed up the process of drug development, has made
solid-phase synthesis a key methodology in the chemical and pharmaceutical fields.?

The solid-phase strategy as applied to peptide synthesis is a highly optimized process that
generally commences with the attachment of the first amino acid via its carboxyl group to the
solid support to form either an ester or an amide bond."”! However, the need to prepare a wide
variety of chemical compounds by solid-phase synthesis has fuelled the development of
synthetic strategies to anchor functional groups other than the carboxyl unit. In this regard,
the conversion of already existing bifunctional linkers, developed for carboxyl chemistry, into
derivatized forms suitable for other organic functionalities is of the utmost importance since it
would take advantage of the enormous effort invested in designing and chemically fine-tuning
these molecules.

Pioneering efforts in this direction were undertaken independently some decades ago by
the groups of Letsinger,”! Merrifield, and Matsueda.”’ In their investigations, benzylic
alcohol resins were derivatized first as chloroformates and then as carbamates of a-amino
acids to perform peptide syntheses in the N —= C direction rather than in the C —= N direction
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that is commonly used today. More recently, the growing interest in the solid-phase synthesis
of compounds such as pseudopeptides, new biopolymers (i.e. based on carbamate and urea
bonds), peptidomimetics, and combinatorial libraries of small organic compounds, has
increased the scope of some bifunctional linkers that were conventionally used for peptide and
oligonucleotide synthesis.®! In this regard, our group has mainly concentrated on solid-phase
synthesis of “head-to-tail” cyclic peptides, alcohol peptides, carbamate peptides, and
peptidomimetics. The importance of cyclic peptides and peptidomimetics in the medicinal and
pharmaceutical fields is well established and has been thoroughly reviewed elsewhere.”) Thus,
in this paper we will focus on the mild derivatisation of several linkers as succinimidy! active
carbonates and the various strategies developed for the preparation of the above compounds
(Scheme 1).
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Scheme 1. Applications of DSC for SPPS

Results and discussion
“Head-to-tail” cyclic peptides.

A convenient approach for the solid-phase synthesis (SPS) of “head-to-tail” cyclic
peptides!'” involves the following general features: (i) side-chain anchoring of an initial
partially protected amino acid residue to a polymeric support; (ii) stepwise solid-phase
assembly of the linear sequence; (iii) orthogonal deprotection to selectively liberate a free o-
carboxyl group for the subsequent cyclization step; (iv) efficient activation of the a-carboxyl
group and its condensation with a free o-amino group to close the desired ring, using the
pseudo-dilution phenomenon which favours intramolecular resin-bound reactions; and
(v) final deprotection and cleavage to release the required free cyclic peptide into solution.
This strategy was applied successfully to peptides containing Asp, Glu, Asn, and Gln by side-
chain anchoring of the @-carboxyl group of Asp or Glu to hydroxyl- or amine-resins.!"! Both
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the Boc/Bzl!"'»¢1 and Fmoc/fBul'** strategies have been used. In both cases, o-carboxyl
groups can be orthogonally protected in form of allyl esters.[''>) These esters are completely
stable under the conditions used for either Boc or Fmoc removal, TFA-CH,Cl, and
piperidine—DMF, respectively.l'¥ Furthermore, conditions used to remove allyl groups, i.e.
Pd’ in the presence of a nucleophile, are compatible with the side-chain protecting groups, Bzl
and fBu, respectively.l

For the extension of this approach to Lys/Orn-containing peptides, the obvious linkage
between the w-amino and the solid support is through a carbamate function, in a similar way
to most common protecting groups for amines.!"® The carbamate function can be prepared by
reaction of an active carbonate resin with the appropriate amino group.!'Y Furthermore, the
reaction of active carbonate resins with alcohols will provide carbonate resins that, at the end
of the synthetic process, will render free alcohol-containing peptides. Thus, one of the key
points in our approach has been the development of an efficient and reliable methodology to
prepare active carbonate forms of hydroxymethyl linkers anchored onto solid supports. In
early work, hydroxymethylated polystyrene resins were reacted with phosgene to yield the
corresponding chloroformate derivatives.>”7 However, this method is not devoid of problems.
Phosgene is a highly toxic gas. In addition, loss of functionalisation in the resin has been
reported and is probably a consequence of internal carbonate formation. Finally, phosgene is
harsh and highly reactive and may be incompatible with certain acid labile linkers.

Several other active carbonate reagents have been described in the literature, such as
p-nitrophenyl chloroformate,'™™! carbonyldiimidazole (CDI),'® and N,N'-disuccinimidyl
carbonate (DSC).!'"" The latter, introduced by Takeda and Ogura, has been used for the
carbonyl insertion in the synthesis of ureas and heterocyclic compounds.'® Furthermore,
Ghosh et al. used DSC for the alkoxycarbonylation of amines in solution with excellent
results."”)  This prompted us to use DSC for the preparation of carbamate- and carbonate-
resins. Firstly, an optimization of the active carbonate formation on resin was carried out.
For this purpose the linker 3-(4-hydroxymethyl)phenoxypropionic acid (HMPP)®! was
anchored to a conventional p-methylbenzhydrylamino-poly(styrene-co-1% divinylbenzene)
(MBHA) resin, containing Phe as the internal reference amino acid (IRAA),?*?1 and this was
used as a substrate for the study of the alkoxycarbonylation reaction. Once the succinimidyl
carbonate was formed it was left to react with an amino acid derivative,
p-Tos-OH-H-Leu-OBzl, to provide the corresponding carbamate resin. Amino acid analysis
(AAA) of the acid hydrolisate (Leu vs Phe) gave the yield of both steps.

0o o O
E‘fN_ o)]\ o— N§;| HO— cm—@— O(CH,),— COOH HO— CHr@— COOH HO- CHz
0O Dpsc O

HMPP NO; Nbb HO-CH,-PS

First of all the conditions of the formation of the active carbonate resin were fixed (entry 1,
Table 1),? and the conditions of choice of the second step were investigated. The best results
were obtained when the incorporation of the amino component was carried out for 5 h. Use
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of either the salt in the presence of N,N-diisopropylethylamine (DIEA) (entry 1.2, Table 1),
the free amine in N,N-dimethylformamide (DMF) (entry 1.4, Table 1), or pyridine (pyr)
(entry 1.6, Table 1) gave similar results. Furthermore, longer reaction times (entries 1.3 and
1.7, Table 1) did not improve yields. Subsequently, the effect of changes in the first step was
studied (entries 2 and 3, Table 1). When DSC-DMAP (10:1) in DMF was used, a practically
quantitative yield was obtained for a time of 30-120 min (entries 2.1-2.3, Table 1).
Furthermore, when DSC—DIEA (10:20) in DMF was used, optimal results, although slighlty
inferior to the previous one, were obtained for a time of 90~150 min (entries 3.2-3.4, Table
1). Longer reaction times led to lower yields of carbonate formation (entries 2.4-2.6 and 3.4—
3.6, Table 1).1*! As a comparison, a similar survey was performed with CDI (entries 4 and 5,
Table 1). This reagent was not as effective as DSC since the yields of carbamate obtained
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hardly reached values above 20% (entry 5, Table 1).[24%

1
DSC* + HO—HMPP-Ala~MBHA—Q) — Su-0-C- 0— HMPP~Ala-MBHA —{@)

Table 1.

H~ Leu- OBzl

Optimization of the formation of carbamate HMPP based resins

1]
BzIO - Leu~ C—O — HMPP- Ala—-MBHA—@)**

Entry Step 1 t Step 2 t; Yield
1.1 || DSC-DMAP (10:1), DMF 6h Tos'H-Leu-OBzI-DIEA (10:20), DMF 2h 58 %
1.2 ¥ DSC-DMAP (10:1), DMF 6h Tos'H-Leu-OBzI-DIEA (10:20), DMF Sh 76 %
1.3 || DSC-DMAP (10:1), DMF 6h Tos'H-Leu-OBzI-DIEA (10:20), DMF 8h 76 %
1.4 | DSC-DMAP (10:1), DMF 6h H-Leu-OBzl (10), DMF 5h 80 %
1.5 ||DSC-DMAP (10:1), DMF 6h H-Leu-OBzl (10), pyr 2h 57 %
1.6 | DSC-DMAP (10:1), DMF 6h H-Leu-OBzl (10), pyr 5h 75 %
1.7 || DSC-DMAP (10:1), DMF 6h H-Leu-OBz! (10), pyr 8h 76 %
2.1 || DSC-DMAP (10:1), DMF 30 min Tos-H-Leu-OBzI-DIEA (10:20), DMF Sh 98 %
2.2 || DSC-DMAP (10:1), DMF 1h Tos'H-Leu-OBzI-DIEA (10:20), DMF 5h 100 %
2.3 || DSC-DMAP (10:1), DMF 2h Tos H-Leu-OBzI-DIEA (10:20), DMF Sh 95 %
2.4 || DSC-DMAP (10:1), DMF 4h Tos‘H-Leu-OBzI-DIEA (10:20), DMF 5h 87 %
2.5 | DSC-DMAP (10:1), DMF | 6 h 30 min | Tos'H-Leu-OBzI~-DIEA (10:20), DMF 5h 81 %
2.6 [| DSC-DMAP (10:1), DMF 9h Tos'H-Leu-OBzI~-DIEA (10:20), DMF 5h 75 %
3.1 || DSC-DIEA (10:20), DMF 1h Tos-H-Leu-OBzI-DIEA (10:20), DMF 5h 74 %
3.2 || DSC-DIEA (10:20), DMF | 1 h 30 min | Tos‘H-Leu-OBzI~DIEA (10:20), DMF Sh 88 %
3.3 || DSC-DIEA (10:20), DMF 2h Tos H-Leu-OBzI-DIEA (10:20), DMF 5h 94 %
3.4 || DSC-DIEA (10:20), DMF | 2 h 30 min | Tos H-Leu-OBzl--DIEA (10:20), DMF 5h 87 %
3.5 || DSC-DIEA (10:20), DMF 3h Tos'H-Leu-OBz|-DIEA (10:20), DMF 5h 77 %
3.6 || DSC-DIEA (10:20), DMF Sh Tos'H-Leu-OBzI-DIEA (10:20), DMF Sh 56 %
4.1 CDI-DMAP (10:1), DMF 6h Tos'H-Leu-OBzI-DIEA (10:20), DMF Sh 14 %
4.2 || CDI-DMAP (10:1), DMF 6h H-Leu-OBzl (10), DMF Sh 11%
4.3 }J| CDI-DMAP (10:1), DMF 6h H-Leu-OBz! (10), pyr Sh 13%
5.1 CDI-DMAP (10:1), DMF 15 min Tos'H-Leu-OBzI-DIEA (10:20), DMF 5h 27%
5.2 || CDI-DMAP (10:1), DMF 30 min Tos'H-Leu-OBzI-DIEA (10:20), DMF 5h 25 %
5.3 |} CDI-DMAP (10:1), DMF 1h Tos'H-Leu-OBzI-DIEA (10:20), DMF 5h 25 %
5.4 || CDI-DMAP (10:1), DMF 2h Tos'H-Leu-OBzI-DIEA (10:20), DMF 5h 27%

*DSC was substituted by CDI in entries 4 and 5; **Leu signifies that it is anchored to the resin through the amino function
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Once a satisfactory methodology for the activation of alcohols on the resin as succinimidyl
carbonates had been achieved, we focused our efforts on anchoring trifunctional amino acids
containing amino groups (Lys, Orn). The attachment of Fmoc-Lys-OAllyl or Fmoc-Ormn-
OAllyl through their @-amino groups in the form of the TFA salt to the SuO-CO-O-HMPP-
IRAA-MBHA-resin, employing the best conditions found previously, gave yields of carbamate
formation comparable to those obtained with H-Leu-OBzl (83-100%, Table 3, entries 1-4).
Subsequent elongation of the peptide chain using an Fmoc/fBu strategy took place smoothly.
At the end, removal of the allyl group was carried out by Pd(PPh;), in DMSO-THF-0.5 N
aqueous HCl-morpholine (2:2:1:0.1, v/v/v/v) before removal of the last Fmoc group with
piperidine. Removal firstly of the Fmoc group and then the allyl group may lead to the
formation of some allylamine derivatives as by-products. Activation of the o-carboxyl group
is preferably carried out with phosphonium salts, BOP or PyAOP,” because the use of
uronium salts, HBTU or HATU, may produce guanidinium by-products and therefore a
capping of the peptide chain.?”! Finally, cleavage with TFA in the presence of the
corresponding scavengers released the free cyclic peptides. Four peptides were synthesized
using this approach on active carbonate resins built up on polystyrene (entries 1-4, Tables 2
and 3): peptide 1, an analogue of the somatostatin analogue peptide described by Veber and
co-workers;?® peptides 2 and 3, gramicidin S and its Lys analogue;* and the antigenic
peptide 4.5% All crude products corresponding to linear peptides gave a correct AAA and
showed good purity by analytical HPLC. Cyclic peptides were also obtained with excellent
purity for peptides 1-3. On the other hand, peptide 4a was not detected by either HPLC or
MS.B1 The synthesis of this peptide was repeated on a PEG-PS-resin®! (4b) and, in this case,
the proper combination of the solid support and its lower degree of substitution afforded the
correct peptide.

Table 2. Sequences of the peptides synthesized

Peptides

cyclo (Val-Phe-N(Me)Gly-Tyr-DTrp-Lys) (1)

cyclo (Leu-DPhe-Pro-Val-Om); (2)

cyclo (Leu-DPhe-Pro-Val-Lys), (3)

cyclo (Leu-Arg-Met-Lys-Leu-Pro-Lys) (4)

cyclo (Leu-Phe-Gly-Gly-Ser) (5)

cyclo (Leu-Phe-Gly-Gly-Tyr) (6)

cyclo (Glu-Ala-Ala-Arg-DPhe-Pro-Glu-Asp-Asn-Ser) (7)

cyclo (Glu-Ala-Ala-Arg-DPhe-Pro-Glu-Asp-Asn-Tyr) (8)

eyelo (Cys’,Cys XH-DPhe-Cys-Phe-DTrp-Lys-Thr-Cys-Thr)-oh (9)

H-Ala-Asn-Lys-Gly-Phe-Leu-Glu-Glu-Val-Phe-oCONH, (10)

H-Tyr-Gly-Gly-Phe-oCO-Leu-NH; (11)
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Table 3. Peptide synthesis

: P Cyclic
Peptide || Anchoring aa (yield, %) Handle (f) 2;3;“.% p::::; %/, ) C‘};:Ie’:: :;n cleavj:lge (%)
purity (%)
Fmoc-Lys-OAllyl (100) HMPP (0.47) TFA (96) >85 BOP/HOBt | 61 (>70)
2 Fmoc-Orn-OAllyl (93) HMPP (0.48) TFA (96) >90 PyAOP/HOAt| 27 (>70)
Fmoc-Lys-OAllyl (90) HMPP (0.48) TFA (94) >70 PyAOP/HOAt| 35 (>85)
4a Fmoc-Lys-OAllyl (83) HMPP (0.48) TFA (70) >80 PyAOP/HOAt 45 (0)
4b Fmoc-Lys-OAllyl HMPP-PEG-PS (0.19) | TFA (56) >80 PyAOP/HOAt| 31 (>55)
5 Boc-Ser-OAllyl (44) Nbb (0.46) hv (75) >70 PyAOP/HOAt| 31 (>28)
6 Boc-Tyr-OAllyl (67) Nbb (0.46) hv (72) >75 PyAOP/HOAt}| 32 (>35)
7 Boc-Ser-OAllyl (38) HO-CHj5-PS (1.35) HF (85) >80 PyAOP/HOAt| 70 (>40)
8 Boc-Tyr-OAllyl (66) HO-CH,-PS (1.35) | HF (93) >75 PyAOP/HOAt| 71 (>30)
9 Boc-Thr(Bzl)-oh HO-CH;-PS (1.35) HF (96) >82 I (>90)
10 Fmoc-Phe-0-CO-0-Su H-AM-PEG-PS TFA (62) >85 - -
11 Fmoc-Phe-0-CO-0-Su H-Leu-PAL-PEG-PS | TFA (80) >95 - -

The incorporation of Ser and Tyr, as Fmoc-Ser-OAllyl and Fmoc-Tyr-OAllyl, was not as
straightforward. Firstly, the yields were lower than for the Lys/Orn system, probably due to
the reduced nucleophilicity of hydroxy functionalities in spite of the use of DMAP as a
catalyst and the extended reaction times employed. Secondly, the corresponding carbonate
bond generated proved not to be stable to piperidine, the reagent required for the removal of
the Fmoc group. For instance, treatment with piperidine (20% in DMF, 3 x 1 min, 1 x
10 min) produced losses of 2-9% of amino acid in the case of Ser and ca 30% when the
bound amino acid was Tyr.”®! For this reason a Boc/Bzl protection scheme was considered as
a plausible alternative. In this approach a different set of hydroxymethy! linkers was used and
the formation of the succinimidyl carbonate on the resin needed to be re-optimized. The most
commonly used handle, the 4-(hydroxymethyl)phenylacetic acid (PAM) linker,® covalently
bound to MBHA polystyrene resins gave very poor yields in the reaction with DSC and
subsequent amino acid anchoring. Even with the best conditions employed, and using the
model compound H-Leu-OBzl, yields of carbamate formed barely reached 10%. These results
corroborate similar findings in our laboratory regarding the B-carboxyl esterification of Boc-
Asp(OH)-OFm onto PAM-resins.!!'fl

Photolabile linkers, such as 4-(hydroxymethyl)-3-nitrobenzoic acid (Nbb linker),"**! are also
compatible with the Boc/Bzl protection scheme. Bearing this fact in mind, Nbb bound to
MBHA was tested for succinimidyl carbonate and subsequent carbamate formation with H-
Leu-OBzl with satisfactory results (yield 98%).?% Incorporation of Boc-Tyr-OAllyl and Boc-
Ser-OAllyl onto SuO-CO-Nbb-Ala-MBHA-resin were studied (Table 4). The best results
were obtained in the presence of DMAP (0.2 equiv) in DMF for 17 h at 25 °C under an Ar
atmosphere (entries 2.2 and 5.3, Table 4).5® The use of either a different amount of DMAP
or a shorter reaction time led to lower yields. After amino acid incorporation the resins were
washed with DMF and CH;0H, and treated with CH;OH in the presence of 0.2 equiv of
DMAP (30 min) to block any unreacted succinimidyl carbonate.
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Table 4. Optimization of the formation of carbonate Nbb based resins
Entry Step 1 1 Step 2 7] Yield
1.1 | DSC-DMAP (10:1), DMF| 2h Boc-Tyr-OAllyl-DMAP (10:1), DMF 21h | 52%
1.2 || DSC-DMAP (10:1), DMF| 2h | Boc-Tyr-OAllyl-DMAP (10:0.5), DMF | 16h | 48 %
1.3 || DSC-DMAP (10:1), DMF| 2h Boc-Tyr-OAllyl-DMAP (10:0.2), DMF | 15h | 59%
2.1 [|DSC-DMAP (10:1), DMF| 2h | Boc-Tyr-OAllyl-DMAP (10:0.2), DMF 6h | 49%
2.2 || DSC-DMAP (10:1), DMF| 2h | Boc-Tyr-OAllyl-DMAP (10:0.2), DMF | 17h | 67 %
2.3 [|DSC-DMAP (10:1), DMF| 2h | Boc-Tyr-OAllyl-DMAP (10:0.2), DMF | 24h | 55%
3.1 {|DSC-DMAP (10:1), DMF| 2h | Boc-Tyr-OAllyl-DMAP (10:0.1), DMF | 16h | 59%
4.1 [iDSC-DMAP (10:1), DMF| 2h Boc-Ser-OAllyl-DMAP (10:0.1), DMF | 16h | 42%
4.2 | DSC-DMAP (10:1), DMF| 2h Boc-Ser-OAllyl-DMAP (10:0.1), DMF | 41h | 27%
5.1 | DSC-DMAP (10:1), DMF| 2h Boc-Ser-OAllyl-DMAP (10:0.2), DMF 6h | 26%
5.2 || DSC-DMAP (10:1), DMF| 2h Boc-Ser-OAllyl-DMAP (10:0.2), DMF | 15h | 44 %
5.3 | DSC-DMAP (10:1), DMF| 2h Boc-Ser-OAllyl-DMAP (10:0.2), DMF | 17h | 46 %

Two peptides were synthesized using the Nbb linker (entries 5 and 6, Tables 2 and 3).
Although acceptable yields and purities were obtained for the linear peptide sequences, the
values for the cyclic analogues were substantially lower. In general terms, the Nbb linker was
stable to the overall process of Boc/Bzl assembly, including the repetitive neutralization step
with a tertiary base (DIEA-CH,CI, 1:19, v/v). However, some losses were detected during
the allyl group elimination due to the use of morpholine in the palladium treatment (overall
losses after allyl removal and cyclization were 13% for the serine derivative and 21% for the
tyrosine one). In addition, the photolytic treatment does not deprotect groups such as Bzl or
Tos, and an additional acidolysis, in solution, with HF is required to produce the desired
cyclic peptide.

Consequently, hydroxymethyl-co(polystyrene-divinylbenzene) (HO—CH,~PS)®" resins were
considered as an alternative to overcome the drawbacks posed by Nbb linkers. In this case,
anchoring yields for serine and tyrosine were similar to those obtained with Nbb resins. Use
of this resin in combination with N-methylmorpholinium acetate instead of morpholine as the
nucleophile led to a reduction in the premature losses of peptide chain (6% for Ser and 12%
for Tyr). Finally, an acidolysis with anhydrous HF afforded the crude cyclic peptide (entries
7-8, Tables 2 and 3).

Head-to tail macrolactam formation in the present strategy is carried out on the resin.
Hence, the cyclization step should take advantage of the pseudo dilution kinetic effect
attributed to the solid-phase.P® This phenomenon should favour intramolecular reactions over
intermolecular ones, provided that the degree of functionalization of the resin is adequate.
There is controversy in the literature regarding the role of the degree of substitution of resins
on the ratio cyclomonomer/cyclooligomer. Thus, while Nishino et al. supports the idea that
the extent of oligomerization depends mainly on the choice of C-terminal residue,* Plaué!*’
and Osapay et al.™*" described the effects of resin substitution on cyclization yields. They
showed that the proportion of unwanted cyclodimers and cyclooligomers was usually higher in

resins with high loading capacities. Although we have not performed a comparative study, we
have found similar trends in the present macrolactamizations. Thus, when HO-CH,—PS was
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used (f = 1.35 mmol/g), the yields of desired cyclomonomer were usually lower than those
achieved with the HMPP-MBHA resin (f = 0.47 mmol/g). However, relatively low yields of
monomer were also obtained with Nbb resins (f = 0.46 mmol/g). An interesting case is that of
peptide 4. When HMPP-MBHA resin (f = 0.47 mmol/g) was used, only cyclooligomers were
detected. It was necessary to use a PEG-PS resin with a substantially lower degree of
substitution (f = 0.19 mmol/g) to achieve good yields of monomeric lactam peptides. It
appears that, in addition to the functionalisation of the resin, other factors could also be highly
influential on the yields of cyclic monomeric peptides. These factors include the type of resin
and linker, peptide sequence, size of the ring, protecting groups, activating reagents, and
solvents employed. Thus, it is reasonable to consider that the low purities of cyclic peptides 4,
S, 6 could be due to the fact that they are non-natural peptides, with the absence of residues
that favour cyclization. Nevertheless, the results described here seem to indicate the
convenience of using resins with a low degree of substitution to ensure optimal yields of the
desired cyclomonomeric macrolactam peptides.

Alcohol peptides.

In addition to cyclic peptides, our group is also interested in the development of new,
efficient methods for the synthesis of peptides with C-terminal and backbone modifications,
such as alcohol and carbamate peptides. Such modifications confer increased metabolic
stability to these compounds and have evident pharmaceutical implications. To the best of our
knowledge, hydroxyl functions have only been anchored to the solid supports through: (i)
phenylacetic acid chloride resins, which are labile to concentrated ammonia in dioxane
(1:1);#2 (ii) chlorotrityl (ClTrt)-resins,”) which are labile to dilute acid conditions
(<1% TFA) and are therefore compatible with bases and nucleophiles, but not with acids; (iii)
tetrahydropyranyl (THP)-based linkers,**! which are labile to acid conditions [PPTS at 60 °C
or TFA~H,0 (19:1)] and therefore exhibit a similar range of compatibilities to ClTrt-resins;
(iv) hemi-succinate-linkers,*”! which are cleaved by base hydrolysis and, in principle, are
compatible with Fmoc and Boc chemistries, but require a two step cleavage-deprotection
protocol; (v) silane-based linkers,! which are cleaved by TBAF in CH,Cl,, followed by an
aqueous treatment. Furthermore, reduction of conventional ester bonds between the peptide
and the resin also affords the corresponding alcohol peptides.” Finally, phenol groups have
also been attached to HMPP-resins through a Mitsunobu reaction.*®!

We have extended the strategy of carbonate bonding on resin to the preparation of alcohol
peptides. In order to validate this approach we have synthesized Octreotide (Sandostatin®),
an inhibitor of the growth hormone (entry 9, Tables 2 and 3). In addition to the C-terminal
hydroxy functionality, Octreotide contains a disulfide bridge between cysteines 2 and 7.
Hence, it also provides the opportunity to verify the compatibility of carbonate resins to the
oxidative conditions of disulfide cyclization. The procedure firstly involved the succinimidyl
carbonate activation of the HO—CH,—PS, to which N-Boc-O-Bzl-threoninol [Boc-Thr(Bzl)-oh]
was anchored. The peptide sequence was then built up by conventional Boc/Bzl chemistry
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using Acm protection for Cys, Bzl for Thr, 2-CIZ for Lys, and For for DTrp. Incorporation
of Boc-Thr(Bzl)-oh occurred with a yield of 42%. This carbonate bond was completely stable
to DIEA-CH,CI, (1:19) for 1 h at 25 °C (corresponding to 20 cycles of neutralization after
TFA treatment for Boc removal) as shown by AAA of the peptide resin before and after the
treatment. Disulfide bond formation was accomplished on solid-phase!!®™ by I, (10
equiv/Acm) oxidation in HOAc-H,O (4:1). The cyclic peptide was cleaved with anhydrous
HF and, finally, the formyl group was eliminated from the indole moiety in solution with
piperidine. Formyl deprotection was postponed until the peptide was cleaved from the resin
due to the intrinsic lability of carbonate bonds to nucleophilic bases. The crude peptide
showed an HPLC profile consisting of a major peak (>75% relative area) with the expected
MS.G1

Carbamate peptides.

Preparation of oligocarbamate peptides, which are more hydrophobic and more resistant to
proteolytic degradation than their corresponding parent peptides, has been described starting
from preformed N-protected amino p-nitrophenyl carbonates.’” We describe here a more
convenient method for the preparation of this type of polymer using N-Fmoc amino
succinimidyl carbonate prepared in situ from the protected amino alcohol and DSC

(Scheme 2).
Fmoc—NH— CHR— CH,— OH + E: b

(20 eq) (18 ¢q)
DMAP (2 eq)
.
5,
Fmoc—NH— CHR— CH,—0 O_Ni\[j + NHr(aa)o.r—@
0

DMAP (0.2 eq)

X
Fmoc—NH— CHR—CH,—0” ~NH— (a,a)o_

Scheme 2. Synthesis of carbamate peptides

As an example, the synthesis of the nonapeptide protombin with a C-terminal carbamate
unit was addressed (entry 10, Tables 2 and 3). In this case, the mixed succinimidyl carbonate
of N-Fmoc-phenylalaninol (Fmoc-Phe-0-CO-OSu) from Fmoc-Phe-oh with DSC (0.9 equiv)
in the presence of DMAP, without being isolated, was reacted with an aminomethyl resin
(H-AM-Nle-PEG-PS). Standard Fmoc/fBu assembly of the remaining sequence followed.
Cleavage of the resin with TFA-H,O (19:1) afforded the carbamate peptide in 62% yield and
more than 85% purity. Similarly, carbamate bonds can be easily introduced in the central part
of the polyamide backbone. The synthesis of the Leu-enkephalin analogue H-Tyr-Gly-Gly-
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Phe-0-CO-Leu-NH, (entry 11, Tables 2 and 3) was carried out with a H-PAL-Nle-PEG-PS
resin. The first amino acid, Fmoc-Leu-OH, was anchored onto the resin by standard
Fmoc/tBu protocols. The mixed active carbonate Fmoc-Phe-0-CO-OSu was then introduced
to give the carbamate on resin. Completion of the sequence following Fmoc/fBu procedures
yielded the pseudopeptide in good yields (80% cleavage yield) and purity (>95% by analytical
HPLC) (entry 11, Table 3).15*

In summary, DSC has proven to be a useful reactant for the solid phase synthesis of alcchol
peptides, carbamate peptides and cyclic peptides. The results and strategies described in this
article illustrate the versatility of succinimidyl carbonate resins. Moreover, the carbonate and
carbamate conversion of conventional hydroxy and aminomethy! linkers greatly extends their
applications. The vast collection of existing bifunctional linkers covers a wide variety of
reactivities designed for the carboxyl unit. DSC permits the adaptation of the pool of this type
of compound to the chemistry of nucleophiles such as hydroxy and amino groups. We believe
that succinimidyl carbonate linkers will also find widespread application in the field of
synthetic libraries of small organic molecules due to the the mild preparation conditions and
suitable reactivity.

Experimental procedures

General procedures:

Materials, solvents, instrumentation, and general methods were essentially as described in
our previous publications.!'!1¢2332350-450541 - yrganic and peptide synthesis transformations and
washes were performed at 25 °C unless indicated otherwise.

Boc- and Fmoc-protected amino acids, BOP, PyBOP, and MBHA resin (0.57 mmol/g) were
purchased from Bachem Feinchemikalien AG (Bubendorf, Switzerland), Calbiochem-
Novabiochem (Laufelfingen, Switzerland) or Advanced ChemTech (Louisville, USA). To
accurately determine anchoring, coupling, and cleavage yields, resins were extended further
with an IRAA,?**! introduced as its Boc derivative by standard coupling methods, at a point
before the introduction of the handle. PyAOP, HOAt, and coupling reagents were obtained
from the Biosearch division of PerSeptive Biosystems (Framingham, MA, USA), and used as
received. Boc-Thr(Bzl)-oh and HO-CH,-PS (1.35 mmol/g) were obtained from Advanced
ChemTech. Nbb-Ala-MBHA was prepared from 4-hydroxymethyl-3-nitrobenzoic acid®**% and
MBHA-resin. All other chemicals were of the highest purity commercially available. Organic
solvent extracts were dried over anhydrous MgSQ,, followed by solvent removal at reduced
pressures and <40 °C. Solvents for peptide synthesis (DMF and CH,Cl,) and HPLC supplies
(MeCN and Vydac or Nucleosil C,4 reversed-phase columns, 4.6 x 250 mm, 5 and 10 um)
were obtained from Scharlau (Barcelona, Spain). DMF was bubbled with nitrogen to remove
volatile contaminants and stored over activated 4 A molecular sieves.

Analytical HPLC was carried out on a Shimadzu instrument comprising two solvent
delivery pumps (model LC-6A), automatic injector (model SIL-6B), variable wavelength
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detector (model SPD-6A), system controller (model SCL-6B) and plotter (model C-R6A).
Linear gradients of MeCN (+0.036% TFA) into H,O (+0.045% TFA) were run at a flow rate
of 1.0 mL/min, with UV detection at 220 nm. (Conditions A) from 1:9 to 1:0 over 30 min;
(Conditions B) from 1:9 to 1:0 over 20 min; (Conditions C) from 1:9 to 4:6 over 30 min, and
then from 4:6 to 1:0 over 5 min; (Conditions D) from 5:95 to 45:55 over 30 min; (Conditions
E) from 5:95 to 65:35 over 30 min; (Conditions F) from 5:95 to 65:35 over 30 min, and then
from 65:35 to 1:0 over 5 min; (Conditions G) from 1:9 to 4:6 over 40 min.

Peptide-resin samples were hydrolyzed in 12 N aqueous HCl-propionic acid (1:1), at 155 °C
for 1-3 h (a drop of phenol was added when Tyr was present in the sequence). Subsequent

amino acid analyses were performed on a Beckman System 6300 autoanalyzer. Thin-layer
chromatography was performed on either Polygram SIL G/UV,,, plates (0.250 mm, 40 x 80

mm, Macherey-Nagel) or Kieselgel 60 F,5, (0.2 mm, 40 x 80 mm, EM Science). Spots were
visualized using UV light. Melting points (expressed in °C) were taken on Biichi melting point
apparatuses and are uncorrected.

Photolyses were carried out on a Rayonet RPR-100 photochemical reactor (Southern New
England Ultraviolet Company). The reaction vessel was silylated before photolysis in order to
prevent resin adhesion to the walls of the vessel. This was carried out by rinsing the reaction
vessel 3 or 4 times with a 20% solution of Me;SiCl in CH,Cl,, followed by washing with
absolute EtOH and drying. Cleavage reactions with anhydrous HF were carried out in a teflon
and Kel F reactor (Toho Kasei, Osaka, Japan).

'H-NMR spectra were recorded at ambient temperature on a Varian Gemini XL-200 or
on a Varian Unity XL-300 spectrometer. Chemical shifts (3) are expressed in parts per million
(ppm) downfield from tetramethylsilane (TMS). Coupling constants (J), in parentheses, are
expressed in hertz (Hz).

MALDI-TOF mass spectrometry of peptide samples was performed on a Kompact Maldi
I (Kratos Analytical, Manchester, UK) or on a Lasermat-2000 Mass Analyzer (Finnigan MAT)
instrument using an o-cyano-4-hydroxycinnamic acid matrix. Electrospray mass spectra were
obtained using a VG QUATTRO instrument (Fisons Instruments, Wythenshawe, UK) working
in the positive mode, using nitrogen as the nebulizing and drying gas (10 and 450 L/h,
respectively), with a source temperature of 80 °C, a capillary voltage of 3.5 kV and a focusing
voltage of 60 V. The same instrument, fitted with a Cs gun, was used to obtain FAB spectra.
CI mass spectra were acquired on a Hewlett Packard model HP-5988A. Molecular masses
were calculated with the Sciex MacSpec 3.22 program.

Preparation of Amino Acid Derivatives

N®-(9-Fluorenylmethoxycarbonyl) lysine allyl ester, Trifluoroacetate salt
[Fmoc-Lys-OAllyl TFA salt]. DIEA (1.45 mL, 8.5 mmol, 2 equiv with respect to the Fmoc-
derivative) was added to a solution of Fmoc-Lys-(Boc)-OH (2 g, 4.3 mmol) in allyl bromide
(10 mL, 118.2 mmol, 5 mL/g of Fmoc-derivative) and the mixture was heated to 70-75 °C
with magnetic stirring for 2 h. After this time complete esterification was indicated by TLC
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[CHC1;—MeOH-HOACc (95:5:3)]. The reaction mixture was diluted with EtOAc (200 mL) and
washed with 0.1 N aqueous HCI (3 x 100 mL), 10% aqueous NaHCO,; (3 x 100 mL), and
saturated aqueous NaCl (3 x 100 mL), dried (MgSO,) and concentrated in vacuo. The
resultant oil was dissolved in TFA—CH,Cl, (60 mL, 1:1, v/v) and the solution stirred at 25 °C
for 50 min, when TLC monitoring [CHCl;-MeOH-HOAc, 75:23:2, v/v/v)] indicated
complete Boc removal. The solution was concentrated to dryness in vacuo, followed by
repeated washings and evaporations with Et,O to provide the NMR-pure title product as a
white solid (2.1 g, 93% overall yield; R; 0.40, CHCl;~MeOH-HOAc, 75:23:2, v/v/v) which
was used without further purification; mp 95-96 °C; lH NMR (DMSO-d;) 8 7.28-7.93 (m,
9H), 5.87 (m, 1H), 5.29 (dd, J,= 17.2 Hz, J,= 1.7 Hz, 1H), 5.19 (dd, J,= 10.2 Hz, J,= 1.7
Hz, 1H), 4.57 (d, J= 5.2 Hz, 2H), 4.29 (t, /= 14.7 Hz, 1H), 4.28 (d, J = 14.7 Hz, 2H), 4.03
(m, 1H), 2.75 (m, 2H), 1.30-1.85 (m, 6H); CIMS (CH,): calcd. for C,,H,sN,0O,: 408. Found:
m/z 409 [M + H]".

N°-(9-Fluorenylmethoxycarbonyl) phenylalaninol [Fmoc-Phe-oh]. H-Phe-oh (2.0 g, 13.2
mmol) was suspended, with stirring, in 5% aqueous Na,CO; (200 mL) and the pH was
adjusted to 10. The suspension was cooled to 0 °C in an ice-bath, and Fmoc-OSu® (4.0 g,
11.9 mmol, 0.9 equiv) dissolved in dioxane (100 mL) was added dropwise to the suspension.

Stirring was continued for 1 h while cooling in an ice-bath, and for another 3 h at 25 °C. The
crude mixture was filtered to yield a solid which was dissolved in CH,Cl, (300 mL). The

organic phase was washed with 0.1 N aqueous HCI (3 x 75 mL), dried over MgSO,, and
concentrated to dryness in vacuo to provide the NMR-pure title product as a white solid (3.6
g, 81% yield); "H NMR (CDCl,) & 7.15~7.80 (m, 13H), 5.03 (d, J = 8.1 Hz, 1H), 4.30-4.50
(m, 2H), 4.18 (t, J = 6.6 Hz, 1H), 3.92 (broad s, 1H), 3.55-3.68 (m, 2H), 2.85 (d, J = 6.6
Hz, 2H); CIMS (CH,), calcd. for C,,H,;NO, 373. Found: m/z 374 [M + HJ".
N°-tert-Butyloxycarbonyl serine allyl ester [Boc-Ser-OAllyl]. DIEA (2.5 mL, 14.6 mmol) was
added to a solution of Boc-Ser-OH (3.0 g, 14.6 mmol) in CH;CN=-allyl bromide (2:1, 90 mL,
346.7 mmol allyl bromide, 10 mL/g Boc-derivative), and the reaction was allowed to proceed
at 25 °C for 21 h, when TLC [CHCL,-MeOH-HOAc (95:5:3)] indicated complete
esterification. The reaction mixture was diluted with EtOAc (450 mL), washed successively
with 10% aqueous Na,CO; (3 x 150 mL), and saturated aqueous NaCl (3 x 100 mL), dried
(MgS80,) and concentrated to dryness in vacuo to provide the NMR-pure title product as a
yellow oil (3.4 g, 95% yield; R; 0.75, CHCl,-MeOH-HOAc, 95:5:3, v/v/v); 'H NMR
(CDCl;) 8 5.90 (m, 1H), 5.48 (broad s, 1H), 5.35 (ddt, J, = 10.6 Hz, J,= J;= 1.4 Hz, 1H),
5.27 (ddt, J,= 9.8 Hz, J,= J;= 1.4 Hz, 1H), 4.70 (dd, J,= J,= 1.4 Hz, 1H), 4.67 (dd, J,= J,
= 1.4 Hz, 1H), 4.40 (m, 1H), 4.00 (dd, J, = 11.4 Hz, J,= 3.6 Hz, 1H), 3.91 (dd, J,= 11.4 Hz,
J,= 3.6 Hz, 1H), 1.46 (s, 9H); CIMS (CH,): calcd. for C,;H,(NOs: 245. Found: m/z 246
M+ H]".

NC@-tert-Butyloxycarbonyl tyrosine allyl ester [Boc-Tyr-OAllyl]. DIEA (1.2 mL, 7.1 mmol)
was added to a solution of Boc-Tyr-OH (2.0 g, 7.1 mmol) in CH,CN-allyl bromide (3:2,

50 mL, 236.4 mmol allyl bromide, 10 mL/g Boc-derivative), and the reaction was allowed to
proceed at 25 °C for 22 h, after which TLC monitoring [CHCl;-MeOH-HOAc (95:5:3)]
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indicated complete esterification. The reaction mixture was diluted with EtOAc (250 mL),
washed successively with 10% aqueous Na,CO; (3 x 100 mL), and saturated aqueous NaCl
(3x 100 mL), dried over MgSO, and concentrated to dryness in vacuo to provide the
NMR-pure title product as a yellow solid (2.1 g, 92% yield; R; 0.80, CHCI;-MeOH-HOACc,
95:5:3, v/v/v); '"H NMR (CDCl,) & 6.84 (AB, J = 8.0 Hz, 4H), 6.06 (broad s, 1H), 5.85 (m,
1H), 5.31 (d, /= 15.4 Hz, 1H), 5.25 (d, J = 9.4 Hz, 1H), 5.07 (d, /= 8.0 Hz, 1H), 4.60 (d, J
= 5.4 Hz, 2H), 4.28 (m, 1H), 3.00 (m, 2H), 1.42 (s, 9H); CIMS (CH,): calcd. for C,;H,;NOs:
321. Found: m/z 322 [M + H]'.

Active Carbonate Resins

Conversion of Conventional Hydroxymethyl Resins into Active Carbonate Resins and
Subsequent Reaction with the Amino/Hydroxyl Component. MBHA resin (0.5 g, 0.57

mmol/g) was placed in a 20 mL polypropylene syringe fitted with a polyethylene filter disk.
The resin was then washed with CH,CI, (5 x 0.5 min), treated with TFA—CH,Cl, (2:3, v/v, 1

x I min, 1 x 20 min), and washed with CH,Cl, (5 x 0.5 min). The trifluoroacetate salt was
neutralized with DIEA-CH,Cl, (1:19, v/v, 3 x 1 min), and the resin washed again with
CH,Cl, (5 x 0.5 min) and DMF (5 x 0.5 min). Boc-Ala-OH (270 mg, 1.43 mmol, 5 equiv)
was coupled in the presence of equimolar amounts of DIPCDI and HOBt in DMF at 25 °C for
1 h (the resin was negative to the Kaiser ninhydrin test®®). The resin was washed with DMF
(5 x 0.5 min) and CH,Cl, (3 x 0.5 min). The resultant Boc-Ala-MBHA-resin (Ala serving as
IRAAP*2) was deprotected with TFA-CH,Cl, (2:3, v/v, 1 x 1 min, 1 x 20 min), washed with
CH,CI, (5 x 0.5 min), neutralized with DIEA-CH,CIl, (1:19, v/v, 3 x 1min), and washed with
CH,Cl, (5 x 05 min) and DMF (5x0.5 min). The bifunctional spacer
3-(4-hydroxymethylphenoxy)propionic acid (168 mg, 0.86 mmol, 3 equiv) was then coupled
in the presence of equimolar amounts of DIPCDI and HOBt in DMF at 25 °C for 3 h (negative
to the Kaiser ninhydrin test). The resin was washed with DMF (5 x 0.5 min) and CH,Cl, (3 x
0.5 min), and finally dried in vacuo. Aliquots of the resulting polymer (HMPP-Ala-MBHA)
were taken to test the formation of the carbonate functionality on resin as described below.
HMPP-Ala-MBHA-resin (50 mg, 0.47 mmol/g) was swollen with CH,Cl, (5 x 0.5 min) and
DMF (5 x 0.5 min). DSC (60 mg, 10 equiv) and DMAP (2.9 mg, 1 equiv) in DMF (0.4 mL)
were added to the resin under an Ar atmosphere and the reaction allowed to proceed at 25 °C
for a time (t,;), with continuous mechanical shaking and occasional bubbling of Ar through the
suspension. The resin was washed with DMF (8 x 0.5 min) and H-Leu-Obzl p-tosylate
(92 mg, 10 equiv) and DIEA (80 pL, 20 equiv) in DMF (0.4 mL) were added to the resin
under an Ar atmosphere at the reaction allowed to proceed at 25 °C for a time (t,) with
continuous mechanical shaking and occasional bubbling of Ar through the suspension.
Finally, the resin was washed with DMF (5 x 0.5 min) and CH,Cl, (5 x 0.5 min), and dried in
vacuo. A sample (2-5 mg) of each resin was acid hydrolyzed (3 h), and evaluated by AAA.
The ratio Leu/IRAA indicated the yield of formation of the active carbonate resin (see Table !
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for complete results), and thus the effectiveness of the particular conditions used. Similar
protocols were used for Nbb-IRAA-MBHA-resin and HO-CH,-resin.

Solid-Phase Peptide Synthesis®"

cyclo (Val-Phe-Sar-Tyr-DTrp-Lys) (1).  Side chain anchoring of Fmoc-Lys-OAllyl:
Fmoc-Lys-OAllyl was coupled to HMPP-Ala-MBHA (100 mg, 0.47 mmol/g) as described
above using DSC (120 mg, 10 equiv) and DMAP (5.7 mg, 1 equiv) in DMF (0.5 mL) under
an Ar atmosphere in the first step (t; = 2 h), followed by later addition of the trifluoroacetate

salt of Fmoc-Lys-OAllyl (245 mg, 10 equiv) with DIEA (0.16 mL, 20 equiv) in DMF
(0.5 mL) under an Ar atmosphere (t,= 5 h). AAA of the resin acid hydrolysis (3 h) showed a
quantitative yield of Lys incorporation.

Manual chain assembly was carried out in the C — N direction according to a standard
Fmoc/fBu protocol: Fmoc group removal with piperidine-DMF (1:4, v/v, 3 x 1 min, 2 x §
min), DMF washes (5 x 0.5 min), amino acid coupling with Fmoc-amino acids (10 equiv) in
the presence of HOAt?®® (10 equiv) and DIPCDI (10 equiv) in DMF for 30 min, and DMF
washes (5 x 0.5 min). In the case of Fmoc-Phe-OH, a double coupling was carried out.
Side-chain protection for Tyr was provided by fBu. Couplings were monitored for completion
by the Kaiser nynhidrin test. The amino acid composition of the acid-hydrolyzed (3 h)
peptide-resin was: Val, 1.00; Phe, 1.01; Tyr, 0.95; Lys, 1.04; Ala, 1.05; Sar and Trp, not
detected. An aliquot of the final protected peptide was cleaved from the resin by treatment
with TFA-thioanisole—ethanedithiol-anisole (90:5:3:2, v/v/v/v) at 25 °C for 2 h (96%
cleavage yield). The filtrate from the cleavage reaction was collected, and the peptide was
precipitated with Et,0. The crude product was homogeneous by analytical HPLC (tg 21.5
min, > 85% purity; see Figure 1A); FABMS (nitrobenzyl alcohol matrix), calcd. for
Ce1H7oN3O,0: 1075.3. Found: m/z 1075.9 [M + H]", 1097.8 [M + Na]".

Once the target sequence Fmoc-Val-Phe-Sar-Tyr(zBu)-DTrp-Lys(-CO-O-HMPP-Ala-
MBHA)-OAllyl was assembled, the C-terminal allyl ester was cleaved by treatment of the
peptide-resin (20 mg, 0.29 mmol/g, 0.0058 mmol) with Pd(PPh;), (34 mg, 0.029 mmol, 5
equiv) in DMSO-THF-0.5 N aqueous HCl-morpholine (2:2:1:0.1, 1.02 mL) under Ar for 2
h 30 min at 25 °C.* The peptidyl resin was then washed with THF (3 x 2 min), DMF (3 x 2
min), CH,Cl, (3 x 2 min), DIEA-CH,Cl, (1:19, 3 x 2 min), CH,Cl, (3 x 2 min),
diethyldithiocarbamic acid, sodium salt (0.03 M in DMF, 3 x 15 min),*¥ DMF (5 x 2 min),
CH,Cl, (3 x 2 min), and DMF (3 x 1 min). The Fmoc group was removed with piperidine—
DMF (1:4, v/v, 3 x 1 min, 2 x 5 min, 2 x 1min), followed by washings with DMF (5 x 0.5
min), and the resin-bound peptide cyclized by addition of a solution of BOP (13 mg, 5 equiv)
and HOBt (4.4 mg, 5 equiv) in DMF (0.3 mL). The cyclization was iniciated by addition of
DIEA (5.8 uL, 10 equiv). After 2 h, the peptide-resin was negative to the Kaiser ninhydrin
test. Final cleavage of the anchoring linkage and /Bu side-chain protecting group of Tyr was

performed with TFA—thioanisole—ethanedithiol-anisole (90:5:3:2, v/v/v/v) at 25 °C for 2 h
(61% cleavage yield). The crude peptide was precipitated with Et,O and the product obtained
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showed a major peak (cyclic peptide) by analytical HPLC (ty 13.7 min, >70% purity; see
Figure 1C); FABMS (nitrobenzyl alcohol matrix), calcd. for C;3H,NzO5: 794.9. Found: m/z
795.7 [M + HJ’, 817.6 [M + Na]".

A 21.5 min B LU

11.5 min 13.7 min

JL_A.JMLJ e JVJ'J\J

! T | ] ] ] 1
0 10 20 30 t (min) 0 10 20 30 t (min) 0 5 10 (5 20 25t(min}

Figure 1. Analytical HPLC following Conditions A, as listed in General Procedures, of crude

peptides related to (1). A: Fmoc-Val-Phe-Sar-Tyr-DTrp-Lys-OAllyl; B: H-Val-Phe-Sar-Tyr-DTrp-Lys-

OH; C: cyclo (Val-Phe-Sar-Tyr-DTrp-Lys).
cyclo (Leu-Arg-Met-Lys-Leu-Pro-Lys) (4a). Side chain anchoring of Fmoc-Lys-OAllyl:
Fmoc-Lys-OAllyl was coupled to HMPP-Ala-MBHA (600 mg, 0.47 mmol/g) as described
above using DSC (722 mg, 10 equiv) and DMAP (34 mg, 1 equiv) in DMF (2 mL) under Ar
atmosphere in the first step (t, = 2 h) and later addition of the trifluoroacetate salt of Fmoc-
Lys-OAllyl (1.47 g, 10 equiv) with DIEA (0.96 mL, 20 equiv) in DMF (2 mL) under Ar
atmosphere (t, = 5 h). AAA of the resin acid hydrolysis (3 h) showed a 83% yield of Lys
incorporation.

Manual chain assembly was carried out in the C — N direction according to a standard
Fmoc/fBu protocol. Couplings were performed by dissolving the Fmoc-protected amino acid
(5 equiv), PyAOP (5 equiv) and DIEA (10 equiv) in DMF. After 5 min, the solution was
added to the resin and left for 1 h at 25 °C with occasional swirling. In the case of the first
Fmoc-Leu-OH, a double coupling was carried out. Completion of couplings was assessed
with the Kaiser ninhydrin test. Side-chain protection was provided by Pmc (Arg) and Boc
(Lys). The amino acid composition of the acid-hydrolyzed (3 h) peptide-resin was: Pro, 1.04;
Met, 0.94; Leu, 2.21; Lys, 1.81; Arg, 1.00. An aliquot of the final protected peptide was
cleaved from the resin by treatment with TFA-—phenol-triisopropylsilane-H,O (88:5:2:5,
viviviv) at 25 °C for 2 h (70% cleavage yield). The filtrate from the cleavage reaction was
collected, and the peptide was precipitated with Et,O. Analytical HPLC revealed that the
crude peptide was homogeneous (t; 20.6 min, > 80% purity; Conditions A); MALDI-TOF
MS, caled. for CsgHgoN;,0,,S 1147.5. Found: m/z 1148.7 [M + HJ".

Once the target sequence Fmoc-Leu-Arg(Pmc)-Met-Lys(Boc)-Leu-Pro-Lys(-CO-O-HMPP-
Ala-MBHA )-OAllyl was assembled, the C-terminal allyl ester was cleaved by treatment of the
peptide-resin (200 mg, 0.20 mmol/g, 0.04 mmol) with Pd(PPh;), (231 mg, 0.2 mmol, 5
equiv) in DMSO-THF-0.5 N aqueous HCl-morpholine (2:2:1:0.1, 5.1 mL) under Ar for 3 h
at 25 °C. The Fmoc group was removed as above and the resin-bound peptide cyclized by
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addition of a solution of PyAOP!® (104 mg, 5 equiv) and HOAt (27 mg, 5 equiv) in DMF (1
mL), and the cyclization was initiated by addition of DIEA (68 uL, 10 equiv). After 2 h the
peptide-resin was negative to the Kaiser ninhydrin test. Final cleavage of the anchoring
linkage and side-chain protecting groups was performed with TFA—phenol-triisopropylsilane—
H,0O (88:5:2:5, v/v/vlv) at 25 °C for 2 h (45% cleavage yield). The crude peptide was
precipitated with Et,O and the product obtained showed three main peaks by analytical HPLC
[ >85% purity; total of the three peaks, see Figure 2A); t; 30.8 min (19%) (cyclic dimer), t,
32.7 min (21%) (cyclic trimer), and t; 34.5 min (60%)]; MALDI-TOF MS, CgH,4sN»,0,4S,
(cyclic dimer): 1734.4. Found: m/z 17351 [M + H]". MALDI-TOF MS, calcd. for
C120H322N3405,S5 (cyclic trimer): 2601.6. Found: m/z 2602.9 [M + H]".

cyclo (Leu-Arg-Met-Lys-Leu-Pro-Lys) (4b).  Side-chain anchoring of Fmoc-Lys-OAllyl:
Fmoc-Lys-OAllyl was coupled to HMPP-Ala-PEG-PS (1 g, 0.19 mmol/g) as described above
using firstly DSC (486 mg, 10 equiv) and DMAP (23 mg, 1 equiv) in DMF (1.8 mL) under
an Ar atmosphere (t, = 2 h), and secondly using the trifluoroacetate salt of Fmoc-Lys-OAllyl
(992 mg, 10 equiv) and DIEA (0.65 mL, 20 equiv) in DMF (1.8 mL) under an Ar atmosphere
(t= 5 h).

Automated chain assembly was carried out in the C — N direction using a PerSeptive 9050
Plus PepSynthesizer according to a standard Fmoc/tBu protocol. In this case, each
Fmoc-protected amino acid (10 equiv) was activated with TBTU (10 equiv) and DIEA (20
equiv) in DMF for 1 h. Again, side-chain protection was provided by Pmc (Arg) and Boc
(Lys). The amino acid composition of the acid-hydrolyzed (3 h) peptide-resin was: Pro, 0.90;
Met, 1.00; Leu, 2.15; Lys, 2.01; Arg, 0.94. An aliquot of the final protected peptide was
cleaved from the resin by treatment with TFA-—phenol-triisopropylsilane-H,O (88:5:2:5,
v/viviv) at 25 °C for 3 h (56% cleavage yield). The filtrate from the cleavage reaction was
collected and the peptide was precipitated with Et,O. Analytical HPLC showed that the crude
peptide was homogeneous (tg 20.1 min, >80% purity; Conditions A); MALDI-TOF MS,
calcd. for CsHgoN,,0,0S 1147.5. Found: m/z 1148.8 [M + H]".

Finally, the C-terminal allyl ester was cleaved by treatment of the peptide-resin (50 mg,
0.11 mmol/g, 0.0055 mmol) with Pd(PPh;), (32 mg, 0.0275 mmol, 5 equiv) in
DMSO-THF—-0.5 N aqueous HCl-morpholine (2:2:1:0.1, 1.53 mL) under Ar for 3 h at 25 °C.
The Fmoc group was removed as above and the resin-bound peptide cyclized by addition of a
solution of PyAOP (29 mg, 10 equiv) and HOAt (7.5 mg, 10 equiv) in DMF (0.4 mL), and
the cyclization was initiated by addition of DIEA (19 uL, 20 equiv). After 2 h, the peptide-
resin was negative to the Kaiser ninhydrin test. Final cleavage of the anchoring linkage and
side-chain protecting groups was performed with TFA-phenol-triisopropylsilane-H,O
(88:5:2:5, v/viviv) at 25 °C for 3 h (31% cleavage yield). The crude peptide was precipitated
with Et,O and the product obtained showed two main peaks by analytical HPLC [>70% purity
total of the two peaks, see Figure 2B); t; 23.1 min (78%) (cyclic monomer), t; 30.7 min
(22%) (cyclic dimer)}; ESMS, calcd. for C,H;,N,,0,S (cyclic monomer): 867.2. Found: m/z
434.7 [M + 2H'/2]; MALDI-TOF MS, calcd. for CgoH 4sN»40,4S, (cyclic dimer): 1734.4.
Found: m/z 1736.1 [M + H]".
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Figure 2. Analytical HPLC following Conditions G, as listed in General Procedures, of crude

peptides (4). A: 4A; B: 4B; (1) cyclic monomer; (2) cyclic dimer; (3) cyclic trimer; (4) product not

identified.
cyclo (Leu-Phe-Gly-Gly-Ser) (5). Side-chain anchoring of Boc-Ser-OAllyl: Boc-Ser-OAllyl
was coupled to Nbb-Ala-MBHA (125 mg, 0.46 mmol/g) as described above. Firstly, DSC
(147 mg, 10 equiv) and DMAP (7 mg, 1 equiv) in DMF (0.8 mL) were added under an Ar
atmosphere (t, = 2 h) and secondly, Boc-Ser-OAllyl (141 mg, 10 equiv) and DMAP (1.4 mg,
0.2 equiv) in DMF (0.8 mL) were added onto the preformed succinimidyl carbonate resin
under an Ar atmosphere (t, = 17 h). AAA acid hydrolysis (1 h) showed an minimum of Ser
incorporation of 44%.'!

Manual chain assembly was carried out in the C —= N direction according to a standard
Boc/Bzl protocol: Boc group removal with TFA—CH,Cl, (2:3, v/v, 1 x 1 min, 1 x 30 min),
CH,CIl, washes (5 x 0.5 min), neutralization with DIEA-CH,CI, (1:19, v/v, 3 x 1 min),
CH,CI, washes (5 x 0.5 min), amino acid coupling with Boc-amino acids (5 equiv) in the
presence of HOBt (5 equiv) and DIPCDI (5 equiv) in DMF for 1 h, DMF washes (5 x 0.5
min) and CH,Cl, washes (5 x 0.5 min). Couplings were monitored for completion by the
Kaiser test. The amino acid composition of the acid-hydrolyzed (90 min) peptide-resin was:
Leu, 1.01; Phe, 0.95; Gly, 2.04; Ser, 0.76; Ala 2.17. This result signifies that the
incorporation of Ser was of 55%.

An aliquot of the final protected peptide was cleaved from the resin by photolysis at 350
nm. The general procedure for the photolytic cleavage was as follows: peptide-Nbb-resin was
suspended in TFE-CH,Cl, (1:4,v/v) in a cylindrical reaction vessel with a three-way
stopcock. The suspension was blanketed under Ar by three successive cycles of degassing with
a water pump and purging with the inert gas. The resin was photolysed for 8 h (75% cleavage
yield) with vigorous magnetic stirring. The crude reaction mixture was filtered, combined
with CH,Cl, washes (2 mL) of the cleaved peptide-resin, and evaporated to dryness to give a
material that showed a single major component by analytical HPLC (tz 19.0 min, >70%

purity; see Figure 3A); ESMS, calcd. for C3,HysNsO,: 619.7. Found: m/z 620.3 [M+HJ.
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Once the target sequence Boc-Leu-Phe-Gly-Gly-Ser(CO-O-Nbb-Ala-MBHA)-OAllyl was
assembled, the C-terminal allyl ester was cleaved by treatment of the peptide-resin (100 mg,
0.17 mmol/g, 0.017 mmol) with Pd(PPh,), (98 mg, 0.085 mmol, 5 equiv) in DMSO-THF-
0.5 N aqueous HCl-morpholine (2:2:1:0.1, 2.04 mL) under Ar at 25 °C for 2 h 30 min.®*
The Boc group was removed as above and the resin-bound peptide cyclized by addition of a
solution of PyAOP (44 mg, 5 equiv) and HOAt (12 mg, 5 equiv) in DMF (0.5 mL), and the
cyclization was initiated by addition of DIEA (29 pL, 10 equiv). After 2 h, the peptide-resin
was slightly positive to the Kaiser ninhydrin test. The coupling was repeated again under the
same conditions to yield a negative Kaiser ninhydrin test. The amino acid composition of the
acid-hydrolyzed (90 min) peptide-resin was: Leu, 0.98; Phe, 0.97; Gly, 2.05; Ser, 0.63; Ala
2.50. Final cleavage of the anchoring linkage was performed by photolysis at 350 nm in
TFE-CH,CI, (1:4, v/v) for 10 h (31% cleavage yield) and the crude product showed three
main peaks by analytical HPLC [>80% purity, total of the three peaks, see Figure 3B: tz: 14.4
min (28%) (cyclic peptide), tg: 17.0 min (26%) (cyclic dimer), and tz: 19.5 min (46%)];
ESMS, calcd. for C,,H;NsOq (cyclic peptide): 461.5. Found: m/z 462.0 [M + HJ', 484.0 (M
+ Na]"; ESMS, caled. for C,4H,N,,O,, (cyclic dimer): 923.0. Found: m/z 923.8 [2M + HJ',

945.8 [2M + Na]".
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Figure 3. Analytical HPLC following Conditions A, as listed in General Procedures, of crude

peptides related to (5). A: Boc-Len-Phe-Gly-Gly-Ser-OAllyl; B: cyclo (Leu-Phe-Gly-Gly-Ser);

(1) cyclic monomer; (2) cyclic dimer; (3) product not identified.
cyclo (Leu-Phe-Gly-Gly-Tyr) (6). Side-chain anchoring of Boc-Tyr-OAllyl. Boc-Tyr-OAllyl
was coupled to HO-Nbb-Ala-MBHA (125 mg, 0.46 mmol/g) as described above using firstly
DSC (147 mg, 10 equiv) and DMAP (7 mg, 1 equiv) in DMF (0.8 mL) under an Ar
atmosphere (t; = 2 h) and, secondly, using Boc-Tyr-OAllyl (185 mg, 10 equiv) and DMAP
(1.4 mg, 0.2 equiv) in DMF (0.8 mL) under an Ar atmosphere (t,= 17 h). AAA of the resin
(hydrolysis with 6 N HCI in propionic acid with a drop of phenol at 155 °C for 3 h) showed a
67% minimum incorporation of Tyr.!*!l
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Manual chain assembly was carried out in the C — N direction according to a standard
Boc/Bzl protocol with Boc-AA-OH/HOBU/DIPCDI (5:5:5, equiv/equiv/equiv) couplings in
DMF (1 h per residue). The amino acid composition of the acid-hydrolyzed (90 min) peptide-
resin was: Leu, 1.00; Phe, 0.96; Gly, 2.04; Tyr, 1.00; Ala 1.89. An aliquot of the final
protected peptide was cleaved from the resin by photolysis at 350 nm in TFE-CH,CI, (1:4,
v/v) for 8 h (72% cleavage yield). The crude cleaved peptide was homogeneous by analytical
HPLC (tg 21.0 min, >75% purity; see Figure 4A); ESMS, calcd. for C;¢H,oN;O,: 695.8.
Found: m/z 696.5 [M + H]".

Once the target sequence Boc-Leu-Phe-Gly-Gly-Tyr(-CO-O-Nbb-Ala-MBHA)-OAllyl was
assembled, the C-terminal allyl ester was cleaved by treatment of the peptide-resin (100 mg,
0.19 mmol/g, 0.019 mmol) with Pd(PPh;), (110 mg, 0.095 mmol, 5 equiv) in DMSO-THF~
0.5 N aqueous HCIl-morpholine (2:2:1:0.1, 2.04 mL) under Ar at 25 °C for 2 h 30 min.’%
The Boc group was removed, and the resin-bound peptide cyclized by addition of a solution of
PyAOP (50 mg, 5 equiv) and HOAt (13 mg, 5 equiv) in DMF (0.5 mL), and cyclization was
initiated by addition of DIEA (32 uL, 10 equiv). After 2 h at 25 °C, the peptide-resin was
slightly positive to the Kaiser ninhydrin test. The coupling was repeated again under the same
conditions (Kaiser ninhydrin test negative). The amino acid composition of the acid-
hydrolyzed (90 min) peptide-resin was: Leu, 0.98; Phe, 0.93; Gly, 2.11; Tyr, 0.98; Ala 2.38.
Final cleavage of the anchoring linkage was performed by photolysis at 350 nm in TFE-
CH,Cl, (1:4, v/v) for 10 h (31% cleavage yield) and the crude showed three main peaks by
analytical HPLC [>70% purity, total of the three peaks, see Figure 4B: tz: 16.6 min (35%)
(cyclic peptide), tz: 18.9 min (35%) (cyclic dimer) and tg: 19.5 min (30%)]. ESMS, calcd.
for C,gH;5NsOg (cyclic peptide): 537.6. Found: m/z 538.0 [M + H]", 560.3 [M + Na]’;
ESMS, calcd. for CsH,oN,,O,, (cyclic dimer): 1075.2. Found: m/z 1076.0 [2M + HJ,
1098.3 [2M + Na]'.
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Figure 4. Analytical HPLC following Conditions A as listed in General Procedures of crude
peptides related to (6). A: Boc-Leu-Phe-Gly-Gly-Tyr-OAllyl; B: ¢yclo (Leu-Phe-Gly-Gly-Tyr); (1)
cyclic monomer; (2) cyclic dimer; (3) product not identified.



10144 J. Alsina et al. / Tetrahedron 54 (1998) 10125-10152

cyclo (Glu-Ala-Ala-Arg-DPhe-Pro-Glu-Asp-Asn-Ser) (7). Side-chain anchoring of
Boc-Ser-OAllyl.  Boc-Ser-OAllyl was coupled to HO-CH,-PS (75 mg, nominative
substitution of 1.35 mmol/g) as described above. AAA of the resin after acid hydrolysis (1 h)
showed a minimum of 38% yield with respect to the theoretical substitution (final loading
0.37 mmol/g).

Manual chain assembly was carried out in the C — N direction according to a standard
Boc/Bzl protocol using Boc-protected amino acids (5 equiv) and DIPCDI/HOBt-mediated
couplings (5 equiv each) in DMF (1 h per residue). Boc-Asn-OH and Boc-Arg(Tos)-OH were
coupled as follows: N*-Boc-AA-OH was dissolved in DMF, and HOBt and DIPCDI were
added. After 5 min, the solution was added to the resin and the coupling was allowed to
proceed at 25 °C for 1 h.

Side-chain protection was provided by OChx (Glu and Asp) and Tos (Arg). The amino
acid composition of the acid-hydrolyzed (90 min) peptide-resin was: Ala, 1.89; Phe, 0.98;
Pro, 0.95; Glu, 2.13; Asp, 2.05; Ser, 0.82; Arg, not detected; final loading 0.26 mmol/g,
which represents an overall yield of 64%. An aliquot of the final protected peptide was

cleaved from the resin by treatment with HF—anisole (9:1, v/v) at 0 °C for 1 h. The peptide
was precipitated with Et,0, and dissolved in 10% aqueous HOAc. Analytical HPLC revealed

that the crude peptide was homogeneous (tz 17.0 min, >80% purity; see Figure 5A); MALDI-
TOF MS, caled. for C,;H,(N,,0,9: 1135.1 (unprotected linear peptide). Found: m/z 1136.0
[M+H]".

Once the target sequence Boc-Glu(OChx)-Ala-Ala-Arg(Tos)-DPhe-Pro-Glu(OChx)-
Asp(OChx)-Asn-Ser(CO-O-CH,-PS)-OAllyl was assembled, the C-terminal allyl ester was
cleaved by treatment of the peptide-resin (50 mg, 0.26 mmol/g, 0.013 mmol) with Pd(PPh,),
(75 mg, 0.065 mmol, 5 equiv) in CHCl;—HOAc-NMM (37:2:1, v/v/v, 2 mL) under an Ar
atmosphere at 25 °C for 2 h 30 min.®®! The Boc group was removed, and the resin-bound
peptide cyclized in DMF by treatment with PyAOP/HOAUtDIEA (5:5:10, equiv/equiv/equiv)
at 25 °C for 2 h (resin negative to the Kaiser ninhydrin test). The amino acid composition of
the acid-hydrolyzed (90 min) peptide-resin was: Ala, 1.97; Phe, 1.02; Pro, 0.95; Glu, 2.10;
Asp, 1.96; Ser, 0.64; Arg, n.d; final loading 0.26 mmol/g; 60% overall synthesis yield. Final
release of the peptide from the resin and concomitant removal of side-chain protecting groups
was performed by treatment with HF-anisole (9:1, v/v) at 0 °C for 1 h. The cleaved peptide
was precipitated with Et,0, and dissolved in 10% aqueous HOAc, and showed a main peak by
analytical HPLC (tz 11.5 min; >40% purity, see Figure 5B); MALDI-TOF MS, calcd. for
C47HeN 40,5 1117.1 (cyclic peptide). Found: m/z 1118.0 [M + H]'.
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Figure 5. Analytical HPLC of crude peptides related to (7). A: H-Glu-Ala-Ala-Arg-DPhe-Pro-
Glu-Asp-Asn-Ser-OH (Conditions D, as listed in General Procedures); B: cyclo (Glu-Ala-Ala-
Arg-DPhe-Pro-Glu-Asp-Asn-Ser) (Conditions A, as listed in General Procedures).
cyclo (Glu-Ala-Ala-Arg-DPhe-Pro-Glu-Asp-Asn-Tyr) (8). Side-chain anchoring of Boc-Tyr-
OAllyl. Boc-Tyr-OAllyl was coupled to HO-CH,-PS (75 mg, 1.35 mmol/g) as described
above. AAA of the resin after hydrolysis (6 N HCI in propionic acid with a drop of phenol, at
155 °C for 90 min) gave a 66% yield of Tyr incorporation (final loading 0.61 mmol/g).

Manual chain assembly was carried out in the C — N direction according to a standard
Boc/Bzl protocol using Boc-protected amino acids (10 equiv) and DIPCDI/HOBt-mediated
couplings (10 equiv each) in DMF (1 h per residue). The couplings of Boc-Asn-OH and Boc-
Arg(Tos)-OH were carried out as described in the previous synthesis. Side-chain protection
was provided by OChx (Glu and Asp) and Tos (Arg).

The amino acid composition of the acid-hydrolyzed (90 min) peptide-resin was: Ala, 1.95;
Phe, 1.03; Pro, 0.93; Glu, 2.04; Asp, 2.05; Tyr, 1.63; Arg, n.d; final loading 0.20 mmol/g
(51% synthesis yield). An aliquot of the final protected peptide was cleaved from the resin by
treatment with HF—anisole (9:1, v/v) at 0 °C for 1 h (93% cleavage yield). The crude cleaved
peptide was precipitated with Et,0 and dissolved in 10% aqueous HOAc. Evaluation of the
purity by analytical HPLC showed that the crude peptide was fairly homogeneous (tz 11.6
min, >75% purity; see Figure 6A); MALDI-TOF MS, calcd. for C53HyyNj,Oyq: 1211.2
(unprotected linear peptide). Found: m/z 1212.0 [M + HJ".

Once the target sequence Boc-Glu(OChx)-Ala-Ala-Arg(Tos)-DPhe-Pro-Glu(OChx)-
Asp(OChx)-Asn-Tyr(CO-O-CH,-PS)-OAllyl was assembled, the C-terminal allyl ester was

cleaved by treatment of the peptide-resin (75 mg, 0.20 mmol/g, 0.015 mmol) with Pd(PPh,),
(87 mg, 0.075 mmol, 5 equiv) in CHC,-HOAc-NMM (37:2:1, v/v/v, 2 mL) under an Ar
atmosphere at 25 °C for 2 h 30 min.’® The Boc group was removed, and the resin-bound
peptide cyclized in DMF by treatment with PyAOP/HOAYDIEA (5:5:10, equiv/equiv/equiv)
at 25 °C for 2 h (negative Kaiser ninhydrin test). The amino acid composition of the acid-
hydrolyzed (90 min) peptide-resin was: Ala, 1.89; Phe, 1.01; Pro, 0.94; Glu, 2.04; Asp, 2.12;
Tyr, 1.43; Arg, not detected; final loading 0.19 mmol/g (45% synthesis yield). Final cleavage
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of the anchoring linkage and concomitant removal of side-chain protecting groups was

performed by treatment with HF—-anisole (9:1, v/v) at 0 °C for 1 h (71% cleavage yield). The
cleaved peptide was precipitated with Et,0, and dissolved in 10% aqueous HOAc. Analytical
HPLC revealed a main peak (tx 19.5 min, >40% purity; see Figure 6B); MALDI-TOF MS,

caled. for C53H7oN,,0,4: 1193.2 (cyclic peptide). Found: m/z 1194.8 [M + HJ".
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Figure 6. Analytical HPLC of crude peptides related to (8). A: H-Glu-Ala-Ala-Arg-DPhe-Pro-Glu-

Asp-Asn-Tyr-OH (Conditions A, as listed in General Procedures); B: cyclo (Glu-Ala-Ala-Arg-DPhe-

Pro-Glu-Asp-Asn-Tyr) (Conditions E, as listed in General Procedures).
Octreotide (Cys2-Cys7) H-DPhe-Cys-Phe-DTrp-Lys-Thr-Cys-Thr-oh (9). Boc-Thr(Bzl)-oh was
coupled to HO-CH,-PS (100 mg, 1.35 mmol/g) as described above for Boc-Ser-OAllyl and
Boc-Tyr-OAllyl, firstly using DSC (346 mg, 10 equiv) and DMAP (16 mg, 1 equiv) in DMF
(1.0 mL) under an Ar atmosphere (t, = 2 h) and, secondly, by addition of Boc-Thr(Bzl)-oh
(399 mg, 10 equiv) and DMAP (3.3 mg, 0.2 equiv) in DMF (1.0 mL) also under an Ar
atmosphere (t,= 17 h).

Manual chain assembly was carried out in the C -+ N direction according to a standard
Boc/Bzl protocol. Couplings were performed by dissolving the Boc-protected amino acid
(10 equiv), HOBt (10 equiv), and DIPCDI (10 equiv) in DMF. After 5 min, the solution was
added to the resin and left for 1 h at 25 °C with occasional swirling. Completion of couplings
was assessed with the Kaiser ninhydrin test. Side-chain protection was provided by Acm
(Cys), Bzl (Thr), 2-CIZ (Lys) and For (DTrp). The amino acid composition of the acid-
hydrolyzed (3 h) peptide-resin was: Phe, 2.11; Lys, 0.89; Cys, Thr and Trp n.d; the amino
alcohol was not detected by AAA; final loading 0.174 mmol/g (42% synthesis yield). An
aliquot of the final protected peptide was cleaved from the resin by treatment with HF—anisole
(9:1, v/v) at 0 °C for 1 h (96% cleavage yield). The cleaved peptide was precipitated with
Et,O and dissolved in 10% aqueous HOAc. Analytical HPLC revealed that the crude was

homogeneous (t; 21.9 min, >82% purity; see Figure 7A); ESMS, calcd. for CsH4gN,,0,5S,
1191.4 [H-DPhe-Cys(Acm)-Phe-DTrp(For)-Lys-Thr-Cys(Acm)-Thr-oh]. Found: m/z 1192.4
[M + HJ", 596.9 [M + 2H'/2].
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Once the target sequence Boc-DPhe-Cys(Acm)-Phe-DTrp(For)-Lys(2-CI1Z)-Thr(Bzl)-
Cys(Acm)-Thr(Bzl)-0-CO-O-CH,-PS was assembled, the formation of the disulfide bridge
was carried out in the solid-phase by washing the peptide-resin (20 mg, 0.174 mmol/g, 0.0035
mmol) with CH,Cl, (5 x 0.5 min), DMF (5 x 0.5 min), and HOAc (2 x | min), and by
treatment with I, (18 mg, 0.071 mmol, 20 equiv, 10 equiv/Acm) in 80% aqueous HOAc (2
mL) for 40 min at 25 °C with continuous mechanical shaking. The peptide-resin was washed
with DMF (5 x 0.5 min), CH,Cl, (5 x 0.5 min), saturated aqueous ascorbic acid solution (5 x
1 min), and CH,Cl, (5 x 0.5 min). The Boc group was removed by treatment with TFA—
CH,Cl, (2:3, v/v, 1 x 1 min, 1 x 30 min), and the resin washed with CH,Cl, (5 x 0.5 min).
The release of the cyclic peptide from the resin and concomitant removal of Bzl side-chain
protecting groups was carried out with HF-anisole (9:1, v/v) at 0 °C for 1 h. The cleaved
peptide was precipitated with Et,0, and dissolved in 10% aqueous HOAc. Analytical HPLC
showed that the crude peptide was homogeneous (t; 22.0 min, >85% purity; see Figure 7B);
ESMS, calcd. for CsgHggN,0O,,S, 1047.3 [(Cysz-Cys7) H-DPhe-Cys-Phe-DTrp(For)-Lys-Thr-
Cys-Thr-oh]. Found: m/z 1048.8 [M + HJ', 525.4 [M + 2H'/2).

Finally, removal of the For group of Trp was accomplished by treatment with piperidine—
DMF (1:1, v/v, 0.4 mL) for 10 min at 25 °C with continuous stirring. The reaction was
quenched with HOAc (0.8 mL), cooled in an ice-bath, and the solvent evaporated to dryness.
The crude peptide showed one main peak by analytical HPLC (tg 21.7 min, >75% purity; see
Figure 7C); FABMS, calcd. for C ;gHgN;o0,S, 1019.3 [(Cys*-Cys’] H-DPhe-Cys-Phe-DTrp-
Lys-Thr-Cys-Thr-oh); Found: m/z 1019.2 (M + H]', 1041.2 [M + Nal".
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Figure 7. Analytical HPLC, following Conditions F as listed in General Procedures, (%f crude peptides

related to (9). A: H-DPhe-Cys(Acm)-Phe- DTrp(For)—Lys -Thr-Cys(Acm)-Thr-oh; B: (Cys Cys ) H-DPhe-

Cys-Phe-DTrp(For)-Lys-Thr-Cys-Thr-oh; C: (Cys Cys ) H-DPhe-Cys-Phe-DTrp-Lys-Thr-Cys-Thr-oh.
H-Ala-Asn-Lys-Gly-Phe-Leu-Glu-Glu-Val-Phe-o-CO-NH, (10) (model of C-terminal

carbamate peptide). Preparation of Fmoc-Phe-0-CO-AM-Nle-PEG-PS. DSC (121 mg, 18
equiv) dissolved in CH;CN (1.5 mL) and DMAP (6.4 mg, 2 equiv) dissolved in CH,Cl, (0.3

mL) were added successively to a solution of Fmoc-Phe-oh (196 mg, 20 equiv) in CH,Cl, (2
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mL), and stirred at 25 °C for 4 h. The reaction mixture and DMAP (0.6 mg, 0.2 equiv) were
added to the resin H-AM-Nle-PEG-PS and the suspension was continuously shaken under an
Ar atmosphere at 25 °C for 12 h. Finally, the resin (Kaiser ninhydrin test was negative) was
washed with DMF (5 x 0.5 min) and CH,Cl, (5 x 0.5 min). H-AM-PEG-PS had previously
been obtained by treatment of Fmoc-AM-Nle-PEG-PS (125 mg, 0.21 mmol/g) with
piperidine-DMF (1:4, v/v, 3 x 1 min, 2 x 5 min), followed by washings with DMF (5 x 0.5
min) and CH,Cl, (5 x 0.5 min).

Automated chain assembly was carried out in the C — N direction using an Abimed 422
PepSynthesizer according to a standard Fmoc/tBu protocol. In this case, each Fmoc-protected
amino acid (4 equiv) was activated with PyBOP (4 equiv) and NMM (8 equiv) in DMF for
45 min (systematic double coupling). Side-chain protection was provided by Trt (Asn), Boc
(Lys) and OrBu (Glu). The amino acid composition of the acid-hydrolyzed (3 h) peptide-
resin was: Ala, 1.08; Asp, 1.06; Lys, 1.01; Gly, 1.01; Phe, 0.88; Leu, 1.01; Glu, 1.95; Val
0.79; H-Phe-oh, not detected. The fully protected peptide-resin was treated first with
piperidine-DMF (1:4, v/v, 3 x 1 min, 2 x 5 min), washed with DMF (5 x 0.5 min), CH,Cl, (5
x 0.5 min), and then cleaved with TFA-H,0 (19:1, v/v) at 25 °C for 1 h (62% cleavage yield).
The filtrate from the cleavage reaction was collected, combined with TFA washes (2 x 2 mL)
of the cleaved peptide-resin, and dried to give a material that showed a single major
component by analytical HPLC (t; 10.4 min, >85% purity; see Figure 8); FABMS
(nitrobenzyl alcohol matrix), calcd. for CssHg;N;;0,4: 1182.3. Found: m/z 1182.9 [M + HJ',

1204.9 [M + Na]".

10.4 min

[ /—J)
1T 1
0 10 20 t (min)

Figure 8. Analytical HPLC of crude peptide H-Ala-Asn-Lys-Gly-Phe-Leu-Giu-
Glu-Val-Phe-0-CO-NH? (10). (Conditions B, as listed in General Procedures).

H-Tyr-Gly-Gly-Phe-0-CO-Leu-NH, (11) (model of internal carbamate peptide). Preparation
of Fmoc-Phe-0-CO-Leu-PAL-Ile-Nle-PEG-PS. DSC (41 mg, 18 equiv) dissolved in CH;CN
(1.3 mL) and DMAP (9.9 mg, 9 equiv) dissolved in CH,Cl, (0.3 mL) were added successively
to a solution of Fmoc-Phe-oh (67 mg, 20 equiv) in CH,Cl, (1.5 mL), and stirred for 4 h at 25
°C. The reaction mixture was added to the resin H-Leu-PAL-Ile-Nle-PEG-PS and the
suspension was continuously shaken under an Ar atmosphere at 25 °C for 12 h. The resin,
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which gave a negative Kaiser ninhydrin test, was washed with DMF (5 x 0.5 min) and CH,Cl,
(5 x 0.5 min). H-Leu-PAL-Ile-Nle-PEG-PS had previously been obtained by treatment of
Fmoc-PAL-Ile-Nle-PEG-PS (50 mg, 0.009 mmol, 0.18 mmol/g) with piperidine-DMF (1:4,
v/v, 3 x 1 min, 2 x 5 min), followed by DMF washes (5 x 0.5 min), coupling of Fmoc-Leu-
OH (5 equiv) in the presence of HOBt (5 equiv) and DIPCDI (5 equiv) in DMF for 1 h at 25
°C, and washes with DMF (5 x 0.5 min).

Manual chain assembly was carried out in the C— N direction according to a standard
Fmoc/fBu protocol using Fmoc-AA-OH (5 equiv), HOBt (5 equiv), and DIPCDI (5 equiv) in
DMF for 1 h per residue. Side-chain protection for Tyr was provided by /Bu. The amino acid
composition of the acid-hydrolyzed (3 h) peptide-resin was: Gly, 1.95; Leu, 1.07; Tyr, 0.98;
H-Phe-oh, not detected. Fmoc removal and cleavage with TFA-H,0 (19:1, v/v) at 25 °C for
90 min (80% cleavage yield), followed by the same work-up as for the peptide described
above, gave the desired internal carbamate peptide, which was characterized by analytical
HPLC (tg 25.8 min, >95% purity; see Figure 9); MALDI-TOF MS, calcd. for C,H,(NO-:
584.7. Found: m/z 585.4 [M + H]".

25.8 min

.

0 5 10 1520 2530 35 t(min)

Figure 9. Analytical HPLC of crude peptide H-Tyr-Gly-Gly-Phe-o-
CO-Leu-NH7 (11). (Conditions C, as listed in General Procedures).
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