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Abstract—New ammonium and alkylammonium salts derived from a polymeric N-hydroxysuccinimide (P-HOSu) have been
prepared and used for the amidation of carboxylic acids and amino acids mediated by 1-ethyl-3-(3'-dimethylamino-pro-
pyDcarbodiimide hydrochloride (EDC). These polymer-supported ammonium salts afforded the corresponding amides in good
yield, without detectable a-racemization and with easy recovery of the P-HOSu after the amidation reaction, being especially

suitable for the amidation of Fmoc-protected amino acids. © 2002 Published by Elsevier Science Ltd.

The synthesis of amides from the corresponding car-
boxylic acids is a basic transformation in organic syn-
thesis,! being particularly interesting for the synthesis of
amino acid amides, useful for the preparation of pep-
tide amides. Thus, the C-terminals of many biologically
active peptides bear a primary amide, some examples
being the muramyl peptides, which are sleep factors
which stimulate slow-wave sleep,?* a considerably num-
ber of hormones including secretin,?® calcitonin,*
thyroliberin®® and luliberin, antimicrobials such as
protegrins®* or fungicides.® There are also frequent
examples of N-alkylated active amide peptides,’ such as
HIV and FIV protease inhibitors** or analogs of
enkephalins with opioid activity.*® In addition, chang-
ing the C-terminal carboxy function of a biologically
active peptide into a peptidyl N-alkylamide often leads
to analogs with more favorable or prolonged activity.*
Therefore, the development of new procedures for the
easy, clean and racemization-free amidation of car-
boxylic acids with application to amino acids seems
desirable.

The preparation of amides by addition of ammonia or
amines to carboxylic acid derivatives such as acyl
halides, anhydrides or esters can be troublesome when
other sensitive functionalities are present, due to the
basic and nucleophilic character of these nitrogenated
compounds. This is something especially serious when
base-sensitive protected amino acids (i.e. Fmoc-amino
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acids) are the starting materials for the synthesis of
amidated peptides.

The use of carbodiimides such as dicyclohexylcarbodi-
imide (DCC) for the activation of a carboxylic acid
together with the addition of an amine is a frequently
used procedure for the amidation reaction in spite of
known problems related to formation and removal of
urea by-products. For example, high dielectric solvents,
necessary for dissolving many starting materials, favors
the formation of N-acylureas.® Furthermore, for pro-
tected amino acids, the activation is accompanied gen-
erally by high levels of racemization.’> All these
undesirable processes can be avoided or diminished by
the addition of certain additives such as N-hydroxysuc-
cinimide (HOSu), 1-hydroxybenzotriazole (HOBt) or
3-hydroxy-1,2,3-benzotriazin-4(3 H)-one (HOOBY).?
Recently, other coupling reagents such as PyBOP,*’
HBTU,%*” HOTT®® and TOTT®® have been used for the
activation of the carboxylic acid function and trapping
of in situ-generated ammonia.

An interesting combination of amine-releasing and
racemization-lowering reagents are the ammonium and
alkylammonium salts of HOSu 1,” which show higher
solubility in organic solvents than ammonium chloride
or amine chlorhydrates. These salts 1 are easily pre-
pared by mixing HOSu and the corresponding amine
and reacts, in the presence of DCC, with protected
amino acids and peptide acids affording the corre-
sponding epimerization-free primary and secondary
amides. Reagent 1 (R=H) has also recently been
employed in the DCC-mediated amidation in high yield
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of a polymerization-sensitive amino acid bearing an
acrylamide moiety.'® Amidations mediated by DCC or
diisopropylcarbodiimide (DIC) using the more expen-
sive corresponding salts from HOBt 2,'! HOOBt 3%
and pentafluorophenol 4'% have been reported.
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At the same time, the development of polymer-sup-
ported reagents applicable to organic synthesis is receiv-
ing enormous attention in the expanding field of ‘green
chemistry’ because of easy recycling and the simplifica-
tion of conventional work-up procedures.'* For exam-
ple, polymer-supported HOBt'* and polymeric HOSu'?
have been employed for the creation of the amide bond.
In this context, and in connection with our project on
the development of new solid-supported reagents appli-
cable to peptide chemistry such as P-TBTU,'® we have
recently developed a co-polymer containing the N-
hydroxysuccinimide moiety (P-HOSu, 5).!7 This poly-
mer can be easily obtained by reaction of aqueous
hydroxylamine with inexpensive commercially available
poly(styrene-alt-maleic anhydride) and has been
employed as a recoverable racemization-reducing addi-
tive for the DCC-mediated coupling of amino acids.!’
In addition, P-HOSu (5) has also been used for the
preparation of polymer-bound amino-protecting
reagents such as Fmoc-P-OSu'® or 2,7-di-fert-butyl-
Fmoc-P-OSu."

With these antecedents, we envisaged that P-HOSu (5)
could be suitable for the preparation of polymer-sup-
ported ammonium or alkylammonium salts which
would be effective as mild amine-releasing and also
racemization-lowering agents in carbodiimide-mediated
amidation reactions. This solid-supported reagent
would allow the easy separation of the P-HOSu (5)
once the amidation reaction is finished, which could be
particularly valuable when working on a small scale.
Ammonium, methylammonium or ethylammonium
salts 6 were obtained by addition of aqueous solutions
of ammonia, methylamine or ethylamine, respectively,
to P-HOSu (5),!7 followed by filtration of the precipi-
tate, washing and drying in vacuo in an oven (Scheme
1). The loading of 6 was stimated in ca. 1 mmol/g
according to the loading of starting P-HOSu (5).2°

These salts were employed in the amidation reaction of
carboxylic acids and amino acids mediated by 1-ethyl-
3-(3’-dimethylaminopropyl)carbodiimide hydrochloride
(EDC). The selection of this carbodiimide was made
according to the convenient generation of easily remov-
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able water-soluble urea by-products.?! Thus, reaction of
ammonium salts 6 and EDC with carboxylic acids or
Cbz-, Fmoc- and Boc-protected amino acids in reflux-
ing methanol for 1 day, afforded the corresponding
crude pure primary and secondary amides in good
yields after filtration and aqueous work-up (Table 1).
The residue obtained after the filtration step consisted
of P-HOSu (5), which can be re-used for the prepara-
tion of new 6.

Amidation reactions took place with aliphatic and aro-
matic carboxylic acids (Table 1, entries 1-6) and no
by-products were observed even if functional groups
sensitive to ammonolysis were present. Thus, no
Michael addition product was detected in the reaction
with an o,B-unsaturated acid such as cinnamic acid
(Table 1, entry 5), only the pure amide being isolated.
In addition, no nucleophilic substitution reaction was
observed when the reaction was performed with a
haloacid such as e-bromocaproic acid (Table 1, entry
6). Differently protected o-amino acids were also ami-
dated (Table 1, entries 7-14) in good yields. Thus,
side-chain protecting groups such as benzyl esters
remained intact as in the case of the reaction of Cbz-
Tyr(Bn)-OH (Table 1, entry 7), the reaction being also
successful when Cbz- (Table 1, entry 7), Boc- (Table 1,
entries 11-14) or base-sensitive Fmoc-protected amino
acids (Table 1, entries 8-10) were used. In all cases, no
racemization of the final amide was observed, compar-
ing detected and reported optical rotation values (Table
1, entries 7 and 8 and 11-13) and using chiral HPLC
analysis.’> Even a very hindered amino acid such as
Boc-protected a-aminoisobutyric acid (Aib) afforded an
acceptable yield of the corresponding pure amide
(Table 1, entry 14). As comparison we prepared the
non-polymeric N-hydroxysuccinimide-derived ammo-
nium salt 1 (R=H)" and performed the amidation of
Fmoc-Leu-OH under the same reaction conditions.
This reaction afforded 87% of a crude containing the
corresponding amide and ca. 30% of 9-methylene-9H-
fluorene which is the residual product from partial
deprotection of the Fmoc-group, the polymeric coun-
terpart 6a affording 83% of the pure amide 6a (Table 1,
entry 8). Furthermore, when the amidation reaction of
Fmoc-Leu-OH was performed in the absence of 6a, but
using 20% aqueous ammonia and EDC in methanol as
solvent, ca. 60% of Fmoc-deprotection was detected. A
similar 50% of deprotection was observed under the
same reaction conditions, but using in situ generated
ammonia from ammonium chloride and
diisopropylethylamine.
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Table 1. Preparation of amides employing polymeric salts 6

Entry  Acid Reagent  Amide Yield® (%) Mp® (°C) [«]5®

1 PhCO,H 6a PhCONH, 78 130-131 (128-129)°

2 PhCO,H 6b PhCONHMe 74 78-79 (76-78)¢

3 PhCO,H 6¢ PhCONHEt 84 64-65 (60)°

4 2-CIC¢H,CO,H 6a 2-CIC¢H,CONH, 75 141-142 (142-143)°

5 (E)-PhCH=CHCO,H 6a (E)-PhCH=CHCONH, 86 148-149 (146-148)°

6 BrCH,(CH,),CO,H 6a BrCH,(CH,),CONH, 87 92-93 (94-95)°

7 CbzTyr(Bn)OH 6a CbzTyr(Bn)NH, 79 183-184 (184-186)° —7.8 [—7.1 (c 1, acetone)]®
8 FmocLeuOH 6a FmocLeuNH, 83 191-192 (181-183)°  —13.8 [—13.5 (¢ 1, EtOH)]°
9 FmocLeuOH 6b FmocLeuNHMe 73 181-182 —16.4 (¢ 1, EtOH)

10 FmocLeuOH 6¢ FmocLeuNHEt 67 185-186 —20.5 (¢ 1, EtOH)

11 BocLeuOH 6a BocLeuNH, 79 150-151 (150-152)F  —13.0 [—11.9 (¢ 1, MeOH)]"
12 BocLeuOH 6b BocLeuNHMe 73 120-121 (118-120)"  —15.1 [—15.3 (¢ 1, MeOH)]"
13 BocLeuOH 6¢ BocLeuNHEt 75 105-106 (102-105)"  —40.4 [—39.1 (¢ 1, MeOH)I"
14 BocAibOH 6a BocAibNH, 54 170-171 (167-169)°

4 Isolated pure crude compounds (*H, '*C NMR) after work up.

® For crude products. In parenthesis or square brackets, reported values.

¢ Ref. 8.

d Ref. 23.
¢ Ref. 24.
fRef. 9a.

We conclude that the new polymeric N-hydroxysuccin-
imide ammonium salts 6 are appropriate reagents for
the synthesis of primary and N-alkylated amides from
carboxylic acids and amino acids using EDC as activat-
ing agent. This mild amidation system affords particu-
larly good results with base-sensitive Fmoc-protected
amino acids, even better than using the non-polymeric
counterpart, allowing the preparation of racemization-
free pure crude amides in good yields and with easy
recycling of the residual P-HOSu (5).

Procedure for the synthesis of polymeric salts 6

6a: P-HOSu'”% (5 g, 5 mmol) was suspended in MeOH
(80 mL) and a 20% aqueous solution of ammonia (4.7
mL, 50 mmol). The mixture was stirred vigorously for
1 day, and the residue was filtered and washed with
cold mixtures of MeOH/toluene. The resulting solid
was dried in vacuo at 70°C.

6b: P-HOSu'”° (5 g, 5 mmol) was suspended in MeOH
(80 mL) and a 40% aqueous solution of methylamine
(4.4 mL, 50 mmol) and the mixture was stirred vigor-
ously for 1 day. Water (50 mL) was added and the
resulting solid was filtered, washed with water and
dried in vacuo at 70°C.

6¢c: P-HOSu!”-?° (5 g, 5 mmol) was suspended in MeOH
(80 mL) and a 70% aqueous solution of ethylamine (4.1
mL, 50 mmol) was added and the mixture was stirred
vigorously for 1 day. The solvent was evaporated in
vacuo to almost dryness and toluene (50 mL) was
added. The solid was filtered, washed with toluene and
dried in vacuo at 70°C.

A typical procedure for amidation using 6

A suspension of the carboxylic acid (1 mmol), the
corresponding polymeric salt 6 (1.2 g, 1.2 mmol) and
EDC (200 mg, 1.05 mmol) in MeOH (20 mL) was
refluxed for 1 day. The solvent was evaporated and the
residue was triturated with a mixture of water (20 mL)
and AcOEt/hexane (30 mL, 2/1 v/v). The solid was
filtered and washed with water, and a mixture of
AcOEt/hexane (2/1 v/v), and consisted of P-HOSu (5).
The filtrate was washed with 5% NaHCO; (3x20 mL)
and water (20 mL) and the organics were dried over
Na,SO,. The solvent was evaporated affording pure
crude amides.
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