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Esterification of Amino Acids and Dipeptides under
Mild Conditions; Part I: via Phase Transfer Cataly-
sis

Vittorio Boccti, Giuseppe CAsNATI, Arnaldo DosseNa, Rosan-
gela MARCHELLT*

Istituto di Chimica Organica dell’Universita, via M. D’Azeglio 85,
1-43 100 Parma, ltaly

Many procedures for the esterification of carboxylic acids
are available in the literature’. However, few are suitable
for the fairly large scale esterification of N-protected amino
acids and peptides while employing sufficiently mild con-
ditions to be widely applicable to acid and/or base sensi-
tive compounds.
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We wish to report a simple and convenient synthesis of es-
ters of a wide variety of suitably protected amino acids and
peptides via phase transfer catalysis®>. The method is re-
lated to studies® on the transfer of amino acids and pep-
tides from an aqueous into an apolar organic phase (di-
chloromethane) by means of a quaternary ammonium salt
(Adogen, trioctylmethylammonium chloride). Under the
reaction conditions (room temperature, vigorous stirring)
the carboxylate anion is extracted into the organic phase
where the alkylation takes place®.

®
(CgHyplaNCH; €19/
aqNaHCO3 /CH,Cl,
ZN-A-OH + R-X ————=7  ZN—-A-OR

1 2 3

Z = N-protecting group
A=amino acid or dipeptide moiety
R X=see Table 1

The esters are readily isolated by extraction with dichloro-
methane and subsequent percolation on a silica gel column
by eluting with hexane/ethyl acetate 8:2; by eluting with
methanol, the ammonium salt may be recovered and recy-
cled. No racemization takes place (< 1% error), as verified
for every L-amino acid and peptide reported, by simulta-
neously deprotecting the carboxy and the amino group by
hydrogenolysis over 5% palladium on carbon and by com-
paring the [a];, value of the newly recovered amino acid
with that of the starting material. For this reason benzyloxy-
carbonyl (Z) was chosen as the N-protecting group togeth-
er with the benzyl (Bzl) as the carboxy protecting group.
The esterification is also effective with other protecting
groups such as t-butyloxycarbonyl (Boc). Results are re-
ported in Table 1; the spectroscopic properties of the esters
are reported in Table 2.

The method is particularly convenient for acid sensitive
amino acids such as tryptophan, but it also gives very good
results with most amino acids. The process can be satisfac-
torily utilized in solid phase peptide synthesis (total esterifi-
cation of Merrifield resins®). With diiodides, the reaction
leads to the formation of monofunctionalized esters 3q-w),
suitable for further bonding to polymers (carboxylic resins)
through extended hydrocarbon chains, which place the
amino acid moieties at varying distances from the matrix
backbone (as for affinity chromatography®).

ZN- and Boc,N-protected r-amino acids were obtained from Flu-
ka (Switzerland). Peptides were synthesized and characterized as
previously described'. Commercial Adogen-464 (trioctylmethyi-
ammonium chloride) obtained from Serva Chemie (Heidelberg) as
a technical grade was purified as previously described?.

«, w-Diiodoalkanes 2g-w:

a,w-Ditodoalkanes are prepared from the corresponding dichloro-
alkanes (Fluka) by heating under reflux with aqueous potassium
iodide in the presence of hexadecyltributylphosphonium bromide '
for 4 h. The aqueous phase is separated from the organic phase,
washed with ethyl ether (3 times), and the washings are added to
the organic phase. By cooling at 5°, the phosphonium salt precipi-
tates from the organic phase and may be recovered. The organic
solvent is evaporated and the products are obtained in good yield
by distillation and duly characterized.

Z,N- and Boc¢,N-Protected 1.-Amino Acid and Dipeptide Esters 3a-
w; General Procedure:

To a solution of Z,N- or Boc,N-protected 1.-amino acid or dipep-
tide (1 mmol) in saturated aqueous sodium hydrogen carbonate so-

Table 1. Esterification of N-Protected L-Amino Acids and Dipeptides®

M.

Molecular
formula!

25
5]

{a]

m.p.

Yield®

(%]

Product

Molar ratios

Substrate

m/e (M)

(c, solvent)©

Adogen :1

2:1

or Lit. m.p.

428

CaoH24N>0,4

(428.5)

—5.8°

103-104¢

97¢

Z-Trp-OBzl

-Br

C.H;CH,

Z-Trp-OH

a

(¢ 2, ethanol)

394

Lit. * 140-142°

143.-144°

93

Boc-Trp-OBzl

Br

C.aHsCHZ"

Boc-Trp-OH

b

(c 1, ethyl acetate)

+9.8°

473

CZOHZ)N.YO(\

(473.5)

Z-Trp-O-p-NO,Bzl 95+ 130°

1.2

4-O,N CH,CH,—Br

Z-Trp-OH

[

(c 1, ethyl acetate)

—6.7°¢

360

C5H2aN-Oy
(366.4)

84-85°

-OC,H;

Z-Trp

C,Hs—J

Z-Trp-OH

d

(¢ 2, ethanol)

—13.1°

389

Cy4H2aNO,

(389.4)

oil

98¢

Z-Phe-OBzl

--Br

CoHsCH;

Z-Phe-OH

[

(¢ 2, ethanol)

341

CoH23NOy

(341.4)

4.3°
(¢ 3, ethanol)

oil

96*

Z-Val-OBzl

Br

sCHa

CH

Z-Val-OH

f

329

C,«H,sNO«

(329.3)

81-82°

81¢

Z-Ser-OBzl

Br

CHsCH,

Z-Ser-OH

4

(¢ 3, ethanol)

—-37.9°

SYNTHESIS

479

CaeH2sNOGS

(479.5)

52-53¢

Z-Cys(Z)-OBzl 90t

1.2

-Br

CeHsCH,-

Z-Cys(Z)-OH

h

(¢ 3, ethanol)

—11.0°

539

Z312H29NO;

(539.6)

95°

Z-Tyr(Z)-OBzl 96"

1.2

-Br

C¢HsCH,

Z-Tyr(Z)-OH

(¢ 1, ethyl acetate)
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Table 2. Spectral Properties of N-Protected L-Amino Acid and Dipeptide Esters 3

SYNTHESIS

Prod-

'H-N.M.R. (60 MHz, CDCly)

L.R. (KBr) U.V. {(C,H;0H)
uct vfem '] 3 [ppm] A [am] (loge)
3a 3400, 3350, 3.25(d, 2H, /=5 Hz); 4.70 (m, 1H); 5.03 (s, 4H); 5.30 (d, 1H, J=8 Hz); 6.64 (d, 269 (sh). 274 (3.77), 282
1740, 1690 1H, J=3 Hz); 6.80-7.50 (m, 14H); 8.05 (broad s, 1H) (3.80), 291 (3.74)
3b 3350, 1730, 1.40 (s, 9H); 3.25 (d, 2H, J=5 Hz); 4.65 (m, 1H); 5.06 (s, 3H); 6.72 (d, 1H, J=3 269 (sh). 274 (3.77), 28t
1690 Hz); 6.85-7.80 (m, 9H); 8.25 (broad s, 1H) (3.80), 290 (3.74)
3¢ 3420, 3370, 3.25 (d, 2H, /=6 Hz); 4.65 (m, IH); 5.03 (s, 4H): 6.68 (d, 1H, J=7 Hz); 6.80-8.20 271 (3.68), 290 (3.50)
1725, 1705 (m, 14H); 10.2 (broad s, 1H)*
3d 3330, 1740, 116 (t, 3H, J=T7 Hz); 3.28 (d. 2H, J=5 Hz); 4.10 (q, 2H, J=7 Hz); 4.6§ (m, 1H); 274 (3.77), 281 (3.80) 290
1700 5.03 (s, 2H); 5.32 (d, 1H, J=8 Hz): 6.85 (d, 1H, J=2.5 Hz); 6.92-7.60 (m, 9H); (3.72)
8.15 (broad s, 1H)
3e 3330, 1725 3.05 (d, 2H, J=35 Hz); 4.73 (m, 1H); 5.05 (s, 2H); 5.10 (s, 2H); 5.2 (d, 1H, J=8 243 (2.34), 248 (2.48), 253
Hz); 6.7-7.4 (m, {5H) (2.62), 259 (2.73), 262
(2.61), 265 (2.65), 288
(2.44)
ar 3350, 1725 0.82 (d, 3H, J=5 Hz); 0.95 (d, 3H, J= 6 Hz); 2.12 (m, 1H); 4.28 (m, 1H); 5.05 (s, 248 (2.39), 252 (2.52), 258
2H); 5.10 (s, 2H); 5.20 (d, tH, J=8 Hz); 7.30 (s, 10H) (2.63), 262 (2.52), 264
(2.55), 268 (2.36)
3g 3460, 3300, 2.50 (t, 1H, J=5 Hz); 3.86 (m, 2H); 4.40 (m, 1H); 5.06 (s, 2H); 5.16 (s, 2H); 5.80 248 (2.37), 253 (2.51), 258
1750 (d, 1H, J=8 Hz); 7.30 (s, 10H) (2.63), 263 (2.51), 264
(2.55), 268 (2.35)
3h 3360, 1720 3.20-3.50 (m, 2H); 4.40-4.85 (m. 1H); 5.03 (s, 4H); 5.10 (s, 2H); 5.8 (d, 1H, J=8 243 (2.60), 248 (2.64), 252
Hz); 7.25 (s, 15H) (2.74), 258 (2.84), 204
(2.76), 269 (2.56)
3i 3340, 1740, 3.05 (d, 2H, J=6 Hz); 4.40-4.90 (m, 1H); 5.05 (s, 2H); 5.10 (s, 2H); 5.20 (d, 1H, 258 (2.88), 264 (3.01), 268
1690 J=8 Hz); 5.22 (s, 2H); 6.97 (s, 4H); 7.10-7.50 (m, 15H) (2.97), 270 (2.99), 273
(2.83)
3j 3360, 1710 2.98 (m, 2H); 4.50-4.90 (m, 1H); 5.1 (s, 4H); 5.80-6.05 (m, 1H); 7.30 (s, 1H); 8.10 298 (2.77). 304 (2.78). 307
(s, 1H) (2.73)
3k 3340, 1740,  2.60-3.40 (m, 2H); 4.50-4.90 (m, 1H); 5.00 (s, 2H); 5.07 (s, 4H); 5.82 (d, 1H, /=8 252 (2.68), 258 (2.80), 264
1690 Hz); 7.25 (s, 15H) (2.73), 268 (2.53)
3l 3360, 1730, 3.03 (d. 2H, J=5 Hz); 4.63 (m, 1H); 4.83 (s, 2H): 5.10 (s, 4H); 6.35 (s, 1H); 6.50 (d, 258 (2.73), 267 (2.64), 270
1695 1H, J=8 Hz); 6.70-7.30 (m, 16H) (2.66), 274 (2.52)
3m 3340, 3300, 1.40-2.00 (m, 4H); 3.90 (m, 2H); 4.40 (m, 1H): 5.04 (s, 2H), 5.06 (s, 4H); 5.15 (s,
1735, 1720, 2H); 5.50 (d, tH, J=8 Hz), 6.90-7.50 (m, 20H); 9.30 (broad s, 2H)
1685, 1640
3n 3310, 1750, 3.07 (d. 2H, J=6 Hz); 3.93 (d, 2H, J=3 Hz), 4.50 (q, 1H, J=7 Hz); 5.03 (s, 2H); 253 (2.58), 259 (2.68), 262
1700, 1660 5.14 (s, 2H); 5.56 (d, 1H, J= 8 Hz). 6.65 (1. 1H, J=5 Hz); 7.20 (s, 5H); 7.29 (s, SH); (2.56). 265 (2.58), 208
7.34 (s, SH) (2.42)
30 3300, 1730, 2.85-3.20 (m, 4H); 4.20-5.20 (m. 2H); 5.02 (s, 2H); 5.05 (s, 2H), 5.45 (d, 1H, /=8 248 (2.14), 252 (2.26), 258
1695, 1646 Hz); 6.30-7.90 (m, 21H) (2.35), 265 (2.25), 2068
(2.06)
3p 3400, 1710,  3.18(d, 2H, J=6 Hz); 3.83 (d, 2H, J =6 Hz); 4.25-4.75 (m, 1H); 5.02 (s, 4H); 5.68 277 (3.74), 283 (3.76), 292
1665 (d, 1H, J=7 Hz): 6.30-7.90 (m, 16H); 8.37 (broad s, 1H) 3.71)
3q 3350, 1730, 1.88 (q, 2H, J=6 Hz); 2.86 (1, 2H, J=6 Hz); 3.23 (d, 2H, J=6 Hz); 4.00 (t, 2H, 274 (3.79). 282 (3.81), 291
1710° J=6 Hz); 4.40-4.90 (m, tH); 5.07 (s, 2H); 5.40 (d, 1H, J=8 Hz); 6.60--7.80 (m, (3.75)
10H); 8.29 (broad s, 1H)
3r 3350, 1730, 1.00-2.00 (m, 6H); 3.07 (t, 2H, J=6 Hz); 3.27 (d, 2H, J=6 Hz);3.97 (1, 2H, J=6 275 (3.74), 282 (3.78), 29t
1700° Hz); 4.40-4.90 (m, 1H); 5.07 (s, 2H); 5.35 (d, 1H, J=8 Hz); 6.70-7.60 (m, 10H); (3.72)
8.26 (s, 1H)
3s 3350, 1725,  0.60-2.20 (m, 8H); 3.07 (t, 2H, J=6 Hz); 3.22(d, 2H, J=6 Hz); 3.94 (1, 2H, J=6 274 (3.79), 282 (3.82), 290
1700° Hz); 4.32-4.82 (m, 1H); 5.03 (s. 2H); 5.33 (d, 1H, J=8 Hz); 6.70-7.60 (m, 10H); (3.75)
8.33 (broad s, 1H)
3t 3350, 1735, 0.90-2.20 (m, 12H); 3.17 (t, 2H, J=7 Hz); 3.27 (d, 2H, J=6 Hz); 4.00 (t, 2H, /=6 275 (3.79), 282 (3.81), 291
1700 Hz); 4.45-4.90 (m, 1H); 5.07 (s, 2H); 5.32 (d, {H, J=8 Hz); 6.80-7.60 (m, 10H); (3.75)
8.20 (s, 1H)
3u 3350, 1730, 0.90-2.00 (m, 20H); 3.12 (t, 2H, J=6 Hz); 3.22 (d, 2H, J=5 Hz); 3.98 (t, 2H, J=6 274 (3.77), 282 (3.79), 291
1720 Hz); 4.40-4.90 (m, 1H); 5.03 (s, 2H); 5.40 (d, 1H, J=8 Hz); 6.60-7.70 (m, 10H); (3.73)
8.40 (broad s, 1H)
v 3330, 1735, 2.90-3.80 (m, 8H); 4.07-4.32 (m, 2H); 4.40-4.95 (m, 1H); 5.06 (s, 2H); 5.26 (d, tH, 275 (3.76), 282 (3.78), 291
1690 J=8 Hz); 6.80-7.70 (m, 10H); 8.22 (broad s, 1H) (3.72)
3w 3400, 1730, 3.25 (d, 2H, J=6 Hz); 4.38 (s, 2H); 4.50-4.90 (m, 1H); 4.97 (s, 2H); 5.05 (s, 2H); -

1690°

5.30 (d, 1H, J=8 Hz); 6.63 (s, 1H); 6.70-7.50 (m, 13H); 8.07 (s, tH)

* CDCl; + DMSO.

* Film.
* Nujol.

! Spectroscopic data were consistent with the analogous more stable Cl-derivative.
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lution (1 ml), a mixture of trioctylmethylammonium chloride (Ad-
ogen-464; 0.404 g, 1 mmol) and organic halide 2 (1.2 mmol) in
dichloromethane (1 ml) is added at room temperature. After the
reaction is complete (3-24 h, see Table 1) the mixture is extracted
twice with dichloromethane. The organic phase is washed with wa-
ter, dried with sodium sulphate and concentrated to a small volume
under vacuum at room temperature. The residue is purified by per-
colation on a silica gel column by eluting with hexane/ethyl ace-
tate (8:2). Adogen may be recovered by eluting with methanol.

Deprotection of Z,N-Protected 1.-Amino Acid and Dipeptide Benzyl
Esters by Hydrogenolysis; General Procedure:

A solution of the Z,N-L-amino acid-OBzl (2 mmol) (or -dipeptide-)
in 95% ethanol (100 ml) in the presence of an equal amount of 5%
palladium on carbon [in water (2.3 ml)] is stirred under a current of
hydrogen for 1 h. The catalyst is subsequently removed by vacuum
filtration on celite (2-3 cm thickness). The solution is evaporated to
dryness and the amino acid (or dipeptide) recrystallized.

We gratefully acknowledge financial support by National Research
Council (C.N.R.), Rome.
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