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Condensation of carboxylic acids 1 and 5 with unprotected
¡-amino acids 2 via activation by ethyl chloroformate and
triethylamine proceeded effectively to afford the corresponding
amides in 5099% yields. Tripeptide 7c was obtained in 42%
yield from the dipeptide 6c in a similar manner.

A variety of peptide synthetic methods have been developed
for important chemical and biomedical research.1 For example,
activation of carboxylic acids to reactive intermediates such as
acyl halides, acyl azides, acyl imidazoles, esters, anhydrides, and
mixed carbonic carboxylic anhydrides is necessary for nucleo-
philic attack by amines. Among them, mixed carbonic carbox-
ylic anhydrides are particularly attractive intermediates because
they are easily prepared from the corresponding carboxylic acid,
are very stable, and react readily with nucleophiles.2 The
conventional procedure involves activation of the carbonyl
group with alkyl chloroformate in the presence of a tertiary
amine to form the corresponding mixed carbonic carboxylic
anhydride and the reaction of this intermediate with the amine
component.
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Herein, we describe condensation of carboxylic acids with

unprotected ¡-amino acids in the presence of ethyl chlorofor-
mate and triethylamine.
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In a preliminary investigation, the reaction of 3-phenyl-
propanoic acid (1) with 1.5 equivalents of L-phenylalanine (2a)
in the presence of 1.4 equivalents of ethyl chloroformate and 3.0
equivalents of triethylamine in tetrahydrofuran (THF)H2O
afforded the corresponding amide 3a in 99% yield as indicated
in Entry 2 of Table 1. The solvent effect of the reaction was
examined and the results are displayed in Table 1. In the case of
using dimethyl sulfoxide (DMSO) as a solvent, poor yield was
observed (10% in Entry 4). N,N-Dimethylformamide (DMF)
works as a solvent in the reaction to afford a moderate yield
(63% in Entry 5). Amidation of 1 with 2a proceeded in ether,
THF, 1,4-dioxane, acetone, and acetonitrile to give 3a in
excellent yields (9399%) within a short reaction time except for
ether. A small amount of by-products 4a and 1¤ was detected
with 1HNMR analysis of the concentrates of the mother
solutions in Entries 13, 6, and 7 of Table 1.

Next, the effect of the quantity of ethyl chloroformate on the
amidation was examined and the results are summarized in
Table 2. The carboxylic acid 1 was efficiently coupled with 2a
to afford 3a in 9099% yields, and a small amount of by-
products 4a and 1¤ was detected with 1HNMR analysis of the

Table 1. Solvent effect on the amidation of 3-phenylpropanoic
acid (1) with L-phenylalanine (2a) in the presence of ethyl chloro-
formatea
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Entry Solvent
Yield of 3a/% Ratio of 3a:4a:1¤b

Correctedc Crystal Mother solution

1d ether 93 84 27:57:16
2 THF 99 93 24:53:22
3 1,4-dioxane 95 92 14:63:23
4e DMSO 10 10 0:0:100
5e DMF 63 61 9:5:86
6 acetone 95 93 18:54:29
7 acetonitrile 93 90 28:41:31
aAll reactions were carried out with 1.0mmol of 1, 1.4mmol of
ethyl chloroformate, and 3.0mmol of triethylamine in 20mL of
the solvent. After stirring for 30min at 0 °C, 1.5mmol of L-
phenylalanine (2a) in 20mL of H2O was added at 0 °C to the
reaction mixtures. bDetermined by 1HNMR analysis of the
concentrates of the mother solutions. cCrystal + 3a of the mother
solution (3a + 4a + 1¤). dThe reaction time was 3 h. eThe reaction
was carried out at room temperature.

Table 2. Effect of the quantity of ethyl chloroformate on the
amidation of 3-phenylpropanoic acid (1) with L-phenylalanine (2a)a

1) ClCO2Et, Et3N, THF, 0 °C, 30 min

2) L-Phe–OH (2a), H2O, 0 °C, 30 minPh OH
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Entry
ClCO2Et
/equiv

Yield of 3a/% Ratio of 3a:4a:1¤b

Correctedc Crystal Mother solution

1 1.1 90 86 21:44:35
2 1.4 99 93 24:53:22
3 2.0 93 90 8:42:50
4d 1.4 96 92 21:59:21
5e 1.4 91 86 20:54:25
aAll reactions were carried out with 1.0mmol of 1, ethyl
chloroformate, and 3.0mmol of triethylamine in 20mL of THF.
After stirring for 30min at 0 °C, 1.5mmol of L-phenylalanine (2a)
in 20mL of H2O was added at 0 °C to the reaction mixtures.
bDetermined by 1HNMR analysis of the crude concentrates of
the mother solutions. cCrystal + 3a of the mother solution
(3a + 4a + 1¤). dThe reaction was carried out from 0 °C to room
temperature in both steps. eThe reaction was carried out from 0 °C
to room temperature in the second step.
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concentrates of the mother solutions in all entries of Table 2.
The optimized conditions for preparing 3a were treatment of 1
with 1.4 equivalents of ethyl chloroformate and 3.0 equivalents
of triethylamine in THF at 0 °C, followed by addition of 1.5
equivalents of 2a in H2O at 0 °C (Entry 2). Then, Table 3 shows
the results of the reactions of 3-phenylpropanoic acid (1) with
several kinds of ¡-amino acids 2a2f. The reactions with ¡-
amino acids 2a2d afforded the corresponding amides 3a3d in
9099% yields (Entries 14). Although the reaction of 1 with
L-GluOH (2e) afforded 3e in 50% yield along with the by-
product 1¤ of 48% yield based on 1 (Entry 5), the reaction with
L-GlnOH (2f), the amide form of 2e, gave a better yield (73%
in Entry 6).

Finally, condensations of N-protected L-phenylalanine
5a5c with several kinds of unprotected ¡-amino acids 2a and
2c2g via mixed carbonic carboxylic anhydrides are shown in
Table 4. We selected tert-butyl carbamate (Boc), 9-fluorenyl-
methyl carbamate (Fmoc), and benzyl carbamate (Cbz) as a
protecting group. L-ValOH protected by the Cbz group worked
efficiently to afford the corresponding dipeptide 6c in 95% yield
in comparison with those protected by the Boc and Fmoc groups
as shown in Entries 13. A bulky ¡-amino acid 2d and L-Gln
OH (2f) containing amide moiety gave 83% and 93% yields in
Entries 4 and 6, respectively, although L-GluOH (2e) was
converted to the dipeptide 6e in 51% yield as indicated in
Entry 5. L- and D-PheOH were transformed into the corre-
sponding single diastereomer in 88% yields in Entries 7 and 8,
respectively.3 These results indicate that racemization does not
proceed under the reaction conditions. Furthermore, the amida-
tion of CbzL-PheL-ValOH (6c) with L-AlaOH was carried
out to afford the corresponding tripeptide 7c in 42% yield.

In conclusion, we have developed a convenient peptide
synthesis without protection of C-terminals in ¡-amino acids 2a
and 2c2g to afford the corresponding dipeptide 6a6h in 51

95% yields. No racemization was observed in our method. We
still examine further investigations about this type of condensa-
tion for preparation of polypeptides.
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Table 3. Amidation of 3-phenylpropanoic acid (1) with ¡-amino
acids 2a2f without protection of C-terminalsa

1) ClCO2Et, Et3N, THF, 0 °C, 30 min
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Entry R 2
Yield of 3/% Ratio of 3:4:1¤b

Correctedc Crystal Mother solution

1 PhCH2 2a 99 93 24:53:22
2 Ph 2b 91 84 32:42:26
3 Me2CH 2c 91 89 8:69:23
4 Me3C 2d 90 86 14:73:13
5 HO2CCH2CH2 2e 50 45 13:24:64
6 H2NCOCH2CH2 2f 73 73 0:0:100
aAll reactions were carried out with 1.0mmol of 1, 1.4mmol of
ethyl chloroformate, and 3.0mmol of triethylamine in 20mL of
THF. After stirring for 30min at 0 °C, 1.5mmol of ¡-amino acid
2 in 20mL of H2O was added at 0 °C to the reaction mixtures.
bDetermined by 1HNMR analysis of the concentrates of the
mother solutions in all cases. cCrystal + 3 of the mother solution
(3 + 4 + 1¤).

Table 4. Synthesis of dipeptides 6 without protection of C-
terminals in ¡-amino acidsa
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Entry P 5 R 2 Dipeptide 6 Yieldb/%

1 Boc 5a Me2CH 2c 6a 77
2 Fmoc 5b Me2CH 2c 6b 83
3 Cbz 5c Me2CH 2c 6c 95
4 Cbz 5c Me3C 2d 6d 83
5 Cbz 5c HO2CCH2CH2 2e 6e 51
6 Cbz 5c H2NCOCH2CH2 2f 6f 93
7 Cbz 5c PhCH2 (L) 2a 6g 88
8 Cbz 5c PhCH2 (D) 2g 6h 88
aAll reactions were carried out with 1.0mmol of N-protected
L-phenylalanine 5, 1.4mmol of ethyl chloroformate, and 3.0mmol
of triethylamine in 20mL of THF. After stirring for 30min at 0 °C,
1.5mmol of ¡-amino acid 2 in 20mL of H2O was added at 0 °C to
the reaction mixtures. bIsolated yields.
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