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The majority of the biomolecules which are
crucial for living systems are chiral e.g., amino acids,
proteins, nucleic acids, sugars, isoprenoids etc. The
interesting feature is that in the Nature in most cases
there is existing only one of the two possible enan-
tiomeric forms. Therefore, in the enantiospecific
environment of biomolecules, for many of therapeu-
tics, their enantiomers can provide diversified selec-
tivity for their biological targets, different therapeu-
tic indices, and/or pharmacokinetics. There are no
doubts that the stereoselective pharmacokinetics and
pharmacodynamics of chiral drugs has wide ranging
implications in practical therapeutics, health care and
pharmacy. According to the guidelines on the devel-
opment of chiral drugs, presented by European
Union (EU) in 1994 in a document entitled
Investigation of Chiral Active Substances (1), it is
recommended to recognize the occurrence of chiral-
ity in new drugs, attempts to separate the stereoiso-
mers, assessed the contribution of the various
stereoisomers to the activity of interest and finally
made a rational selection of the stereoisomeric form
that is proposed for marketing (2). 

Even more complex relations are observed
between living system and diastereomeric pharma-
ceutically active compounds (3). For the peptides,

peptoids or other complex molecules prepared by
condensation of a number of the chiral building
blocks, the accurate composition of stereochemistry
of all components is crucial factor determining
activity, resistance to enzymatic degradation and all
other pharmacological features and attributes.
Therefore, ready access to a whole range of chiral
building blocks is essential to acquire full profits
from the systematic exploration of a structural diver-
sity of such molecules. 

In the search based on application methods of
combinatorial chemistry and high throughput
screening, the classical approach based on asym-
metric synthesis or resolution of a racemic precursor
seems to be non-optimal because most substrates are
used in small amounts, in single experiments only
and usually they are discarded after a preliminary
selection procedure as not promising. More advan-
tageous and less time-consuming would be evaluat-
ed an alternative approach based on the enantiodif-
ferentiating transformation of racemic substrates,
which are usually more easily available than enan-
tiomerically pure equivalents. Such an approach
would be considered particularly attractive for
incorporation of non coded chiral amino acids into
the peptide chain. 
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Although several chiral coupling reagents and
chiral acylation catalysts have been proposed for the
enantioselective acylation and synthesis of enan-
tiomerically enriched peptides directly from racemic
substrates, including optically active 4-dimethyl-
aminopyridine (DMAP) analogues (4), benzote-
tramisol (5), N-methylimidazole (6), N-hydroxysuc-
cinimide (7), diacylamines (8), tertiary amines (9),
phosphines (10) and others (11), until recently, none
of the proposed enantioselective coupling methods has
been accepted for peptide synthesis because of the
unpredictable results of coupling experiments includ-
ing configuration, enantiomeric purity, optimal cou-
pling conditions and the yield of the final product. The
unpredictability of the enantioselective synthesis of
peptide bonds results from the complex mechanism of
this process, consisting of two subsequent stages, e.g.,
activation of carboxylic group, followed by aminoly-
sis proceeding via two independent tetrahedral inter-
mediates and four independent transition states with
additional stereogenic centers temporary formed on
the carbon atom of the activated carboxylic group. 

EXPERIMENTAL

Thin layer chromatography experiments (TLC)
were carried out on silica gel (Merck; 60 � F254),
and spots were located with: UV light (254 and 366
nm), 1% ethanolic 4-(4-nitrobenzyl)pyridine (NBP)
or, in the case of secondary amines, with a mixture
of 2% solution of acetaldehyde in DMF and 2%
solution of chloranil in DMF. Derivatives of N-
methylproline were visualized by spraying plates
with 1% KMnO4 in 2% aqueous K2CO3 solution. 

Analytical RP-HPLC was performed on a
Waters 600S HPLC system (Waters 2489 UV/VIS
detector, Waters 616 pump, Waters 717 plus
autosampler, HPLC manager software from
Chromax) using a Vydac C18 column (25 cm ◊ 4.6
mm, 5 µm; Sigma). HPLC was performed with a
gradient of 0.1% TFA in H2O (A) and 0.08% triflu-
oroacetic acid in acetonitrile (B), at a flow rate of 1
mL/min with UV detection at 220 nm, tR in min.
Preparative column chromatography were per-
formed on silica gel 60, 240ñ600 mesh (Merck).

LC/MS spectra were recorded on a Dionex
UltiMate 3000. IR spectra were recorded in KBr pel-
lets or film on a Bruker ALPHA spectrometer or a
PerkinElmer Spectrum 100 apparatus. 1H-NMR and
13C-NMR, spectra were recorded on a Bruker Avance
DPX 250 (250 MHz) and Varian (300 MHz) spec-
trometers. Chemical shifts (ppm) are relative to TMS
used as an internal standard. Multiplicities are marked
as s = singlet, d = doublet, t = triplet, q = quartet, qu

= quintet, m = multiplet. Melting points were deter-
mined using a B¸chi apparatus, model 510.

Synthesis of L-N-methylproline (1). Typical pro-

cedure

The vigorously stirred suspension of zinc dust
(6.50 g; 100 mmol), L-proline (5.57 g; 50 mmol) and
NaH2PO4 (11.90 g; 100 mmol) in water (22 mL) was
treated with 35% aq. formaldehyde (2.10 mL).
Stirring was continued for 48 h at 30OC. The suspen-
sion was discarded, the filtrate was neutralized with
2 M aq. ammonia to pH 8, concentrated under vacu-
um, the solid residue was dissolved in small amount
of water and lyophilized. Dry residue was extracted
with hot mixture of benzene-ethanol (1 : 1, v/v).
Collected extracts were evaporated to dryness and
then recrystallized from the mixture methanol/ether
affording L-N-methylproline (1) (5.68 g; yield 88%)
as white crystals m.p. 115ñ120OC, lit. (12) m.p.
115ñ116OC. IR (film, cm-1): 3008ñ2978 (CH), 1738
(C=O), 1467 (CH), 1353 (CH), 1243 (C-N). 
1H-NMR (250 MHz, D2O, δ, ppm): 1.9ñ2.1 (m, 4H,
CH2-CH2-CH-), 2.5ñ2.7 (m, 1H, CH2-N-), 2.8 (s, 3H,
CH3-N-), 3.0ñ3.2 (m, 1H, CH2-N-), 3.6ñ3.7 (m, 1H,
-CH-CO-).

L-N-Methylproline n-propyl ester hydrochloride

(3b). General procedure 

Stirred suspension of L-N-methylproline (6.45
g; 50 mmol) in n-propanol (100 mL) was cooled to
ñ50OC and thionyl chloride (6 mL; 78 mmol) was
added dropwise in such a rate to maintain the tem-
perature below ñ45OC. Then, the solution was
allowed to warm up and stirring was continued for
20 h at room temperature followed by boiling under
reflux for additional 5 h. Clear solution was concen-
trated under vacuum and the solid residue was twice
dissolved in dichloromethane (50 mL), and concen-
trated to oily residue. The residue was dissolved in
dioxane and lyophilized yielding L-N-methylproline
n-propyl ester hydrochloride (3b) as white plates
(8.3 g; yield 86%). IR (film, cm-1): 2957 (CH), 2849
(CH), 1737 (C=O), 1311 (C-O), 1231 (C-N). 1H-
NMR (250 MHz, CD3OH, δ, ppm): 0.9ñ1.0 (m, 3H,
CH3-CH2-), 1.6ñ1.8 (m, 2H, -CH2-CH3), 1.9ñ2.3 (m,
4H, -CH2-CH2-CH-), 2.5ñ2.7 (m, 1H, CH2-N-), 2.9
(s, 3H, CH3-N-), 3.2ñ3.3 (m, 1H, CH2-N-), 3.6ñ3.8
(m, 1H, -CH-CO-), 4.2ñ4.4 (m, 2H, -O-CH2-).

L-N-Methylproline methyl ester hydrochloride

(3a) 

L-N-Methylproline methyl ester hydrochloride
was prepared according to the general procedure
described above from L-N-methylproline (6.45 g;
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50 mmol), methanol (100 mL) and thionyl chloride
(6 mL; 78 mmol). The isolated product was dis-
solved in dioxane and lyophilized yielding L-N-
methylproline methyl ester hydrochloride (3a) as
white plates (8.12 g; yield 90%). IR (film, cm-1):
2957 (CH), 2849 (CH), 1737 (C=O), 1311 (C-O),
1231 (C-N). 1H-NMR (250 MHz, D2O, δ, ppm):
1.90ñ2.20 (m, 4H, -CH2-CH2-CH-), 2.45ñ2.55 (m,
1H, CH2-N-), 2.9 (s, 3H, CH3-N-), 3.10ñ3.20 (m,
1H, CH2-N-), 3.70 (s, 3H, O-CH3), 4.20ñ4.30 (m,
1H, -CH-CO-).

Synthesis of L-proline n-propyl ester hydrochlo-

ride (H-Pro-OC3H7 ◊ HCl) (2d). Typical proce-

dure 

A vigorously stirred suspension of L-proline
(5.76 g; 50 mmol) in n-propanol (20 mL) was cooled
to 0OC and thionyl chloride (6 mL; 78 mmol) was
added dropwise in such a rate to maintain tempera-
ture below 5OC. The stirring was continued at room
temp. for 21 h, then concentrated under reduced
pressure. The oily residue was dissolved again with
n-propanol (10 mL) and evaporated under reduced
pressure. The treatment with n-propanol and evapo-
ration was repeated twice to solidify the residue.
After drying to the constant weight in vacuum des-
iccator under P2O5, proline n-propyl ester
hydrochloride (2d) (9.29 g, 96% yield) was obtained
as a white solid. IR (film, cm-1): 3382 (NH),
2971ñ2881 (CH), 1732 (C=O), 1232 (C-O), 1102
(C-N). 1H-NMR (250 MHz, CDCl3, δ, ppm): 0.9ñ1.0
(m, 3H, CH3-), 1.6ñ1.65 (m, 2H, -CH2-CH2-CH3),
1.7ñ1.8 (m, 2H, -CH2-CH2-), 2.1ñ2.2 (m, 1H, -CH2-
CH2-), 2.4ñ2.5 (m, 1H, -CH2-CH2-), 3.5ñ3.7 (m, 2H,
-CH2-CH2-), 4.1ñ4.3 (m, 2H, -CH2-CH2-CH3),
4.4ñ4.5 (m, 1H, -CH2-CH-C-O ).

Synthesis of L-N-allylproline methyl ester (3c).

Typical procedure

To the stirred solution of proline methyl ester
hydrochloride (6.45 g; 50 mmol) in DMF (20 mL)
finely grounded anhydrous potassium carbonate
(27.64 g; 200 mmol) was added and then allyl bro-
mide was added dropwise (4.25 mL; 50 mmol).
Stirring was continued at room temperature for 4
days. The slurry was filtered. The filtrate was dilut-
ed with water (100 mL) and extracted with ethyl
acetate (4 ◊ 50 mL). The filtrate cake was hashed
with ethyl acetate (30 mL). Washing was combined
with ethyl acetate extract, dried with anhydrous
MgSO4, filtered and concentrated under reduced
pressure. The residue (7.5 g) was poured on silica
gel column and eluted with hexane ñ ethyl acetate
(8 : 1, v/v) to isolate first fraction (1.21 g; Rf = 0.46

in hexane : ethyl acetate), then eluted with hexane ñ
ethyl acetate (4 : 1, v/v) to isolate N-allylproline
methyl ester (3c) (3.14 g; 37% yield). Rf = 0.41
hexane : ethyl acetate (6 : 1, v/v). IR (film, cm-1):
3078, 2951, 2876, 2796, 1731, 1681, 1643, 1435,
1420, 1356, 1275, 1195, 1167, 1086, 1038, 995,
917, 760, 706, 670, 606, 557, 442, 422. 1H-NMR
(250 MHz, CDCl3, δ, ppm): 1.68 (m, 3H, -CH2-
CH2-CH2-), 2.10ñ2.15 (m, 1H, -CH2-CH2-CH-),
2.28ñ2.38 (m, 1H, -CH2-CH2-CH-), 3.02ñ3.14 (m,
3H, =CH-CH2-N- + -CH2-CH2-CH2-), 3.22ñ3.29
(m, 1H,-N-CH-CH-), 3.65 (s, 3H, -COCH3),
5.00ñ5.16 (m, 2H, CH2=CH-), 5.78ñ5.94 (m, 1H,
CH2=CH-). LC/MS: 170.0878 ([M + H]+,
C9H16NO2

+, 170.23).

Synthesis of L-N-allylproline n-propyl ester (3d)

In the synthesis there were used proline n-
propyl ester hydrochloride (10.08 g; 52 mmol) DMF
(20 mL), anhydrous potassium carbonate (29.17 g;
211 mmol) and allyl bromide (4.50 mL; 52 mmol).
Product was isolated by column chromatography on
silica gel. The first fraction (0.623, Rf = 0.58) was
eluted with hexane : ethyl acetate (10 : 1, v/v). N-
Allylproline n-propyl ester (3d) (6.13 g, yield 78%).
Rf = 0.28 (hexane : ethyl acetate 6 : 1, v/v) was elut-
ed with hexane : ethyl acetate (10 : 1, v/v) as the sec-
ond fraction. 1H-NMR (250 MHz, CDCl3, δ, ppm):
0.93 (t, 3H, J1 = 7.48 Hz, CH3-CH2-), 1.59ñ1.73 (m,
2H, -CH2-CH2-CH3), 1.8ñ2.02 (m, 3H, -CH2-CH2-
CH-), 2.12ñ2.23 (m, 1H, -CH2-CH2-CH-), 2.44ñ2.53
(m, 1H, -CH2-CH2-CH-), 3.13ñ3.28 (m, 3H, 
-CH2-CH2-N- + -CH2-CH2-), 3.34ñ3.42 (m, 1H, 
-CH2-CH2-CH-), 4.10 (t, 2H, J1 = 6.79 Hz, 
-O-CH2-CH2-), 5.08ñ5.23 (m, 2H, CH2-CH=),
5.87ñ6.03 (m 1H, -CH2=CH). IR (film, cm-1): 3079,
2967, 2878, 2797, 1728, 1686, 1643, 1460, 1419,
1392, 1378, 1355, 1269, 1170, 1086, 1059, 1039,
992, 916, 766, 707, 659, 558, 424. LC-MS: 198.2
([M + H]+, C11H20NO2

+, 198.28).

Synthesis of L-N-allylproline allyl ester (3e)

To the stirred solution of L-proline (11.50 g;
100 mmol) in DMF (40 mL) finely grounded anhy-
drous potassium carbonate (41.46 g; 300 mmol) was
added and then allyl bromide was added dropwise
(24 mL; 300 mmol). Stirring was continued at room
temperature until all proline was consumed. The
slurry was filtered. The filtrate was diluted with
water (150 mL) and extracted with ethyl acetate (5 ◊
50 mL). The filtrate cake was hashed with ethyl
acetate (50 mL). Washing was combined with ethyl
acetate extract, dried with anhydrous MgSO4, fil-
tered and concentrated under reduced pressure. The
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oily residue (18.31 g) was poured on silica gel col-
umn and eluted with hexane : ethyl acetate (8 : 1,
v/v) to isolate first fraction (13.35 g) Rf = 0.27 in
hexane : ethyl acetate (8 : 1, v/v), then eluted with
hexane : ethyl acetate (4 : 1, v/v) to isolate N-allyl-
proline allyl ester (3e) (3.87g, yield 21%) Rf = 0.35
(hexane : ethyl acetate, 4 : 1, v/v) as colorless oil.
1H-NMR (250 MHz, CDCl3, δ, ppm): 1.74ñ2.03 (m,
3H, -CH2-CH2-CH2-), 2.10ñ2.19 (m, 1H, -CH2-CH2-CH-),
2.35ñ2.45 (m, 1H, =CH-CH2-N-), 3.08ñ3.23 (m, 3H,
CH2=CH-+ -CH2-CH-), 3.3ñ3.38 (m, 1H, -CH2-CH-),
4.6ñ4.63 (m, 2H, -O-CH2-CH), 5.06ñ5.35 (m, 4H,
CH2=CH-CH2-N), 5.84 (m, 2H, CH2=CH-CH2-N +
CH2=CH-CH2-O). IR (film, cm-1): 3080, 2950, 2876,
2797, 2026, 1730, 1680, 1646, 1443, 1419, 1384,
1356, 1269, 1166, 1087, 1035, 989, 918, 768, 717,
658, 554, 488. LC-MS: 196.1 ([M + H]+,
C11H18NO2

+, 196.26). 

Condensations of 4-methoxybenzoic acid (6) with 4-

toluidine (8) mediated by CDMT (4) and n-propyl

ester of L-N-allylproline 3d. Typical procedure

CDMT (0.044 g; 0.25 mmol) was added to the
stirred and cooled to 0OC solution of L-N-allylpro-
line n-propyl ester (0.049 g; 0.25 mmol) in acetoni-
trile (2 mL). Progress of activation was monitored
by TLC (mobile phase: dichloromethane; visualiza-
tion by spraying plate with 0.5% solution of 4,4í-
nitrobenzylpyridine in ethanol). After formation of
red spot Rf = 0, p-methoxybenzoic acid (0.038 g;
0.25 mmol) and DIPEA (45 µL; 0.25 mmol) were
added. Stirring was continued until TLC confirmed
disappearing of red spot Rf = 0.6 characteristic for
CDMT. Then p-toluidine (0.026 g; 0.25 mmol) was
added and stirring was continued for additional 24 h
at room temperature and solvent was removed under
reduced pressure. Dry solid residue was dissolved in
dichloromethane (15 mL) and washed successively
with water (15 mL), 1 M aq. HCl (15 mL), water (15
mL), 1 M aq. sodium bicarbonate (15 mL) and again
with water (15 mL). Organic layer was dried with
magnesium sulfate, filtered and the filtrate was con-
centrated to dryness. White solid residue was dried
to constant mass in vacuum desiccator yielding 9

(0.055 g; yield 91.2%). M.p. = 140OC, lit. (13) m.p.
= 150OC. 1H-NMR (250 MHz, CDCl3, δ, ppm): 2.34
(s, 3H, CH3-), 3.87 (s, 3H, -OCH3), 7.1 (dd, 4H,
-C6H4, J1 = 8.23 Hz, J2 = 48.96 Hz), 7.65 (dd, 4H, 
-C6H4, J1 = 8.93 Hz, J2 = 48.96 Hz). IR (film, cm-1):
3339, 3080, 3006, 2962, 2917, 2840, 1901, 1746,
1707, 1650, 1595, 1578, 1514, 1499, 1464, 1444,
1402, 1378, 1321, 1307, 1295, 1237, 1178, 1122,
1101, 1030, 967, 936, 898, 837, 811, 792, 760, 653,
639, 626, 610, 541, 504, 430, 399.

Synthesis of L-5b (DMT/L-N-MePro-OMe/BF4
-)

from L-N-methylproline methyl ester tetrafluo-

roborate and CDMT

To the solution of L-N-methylproline methyl
ester (5.50 g; 39 mmol) in dichloromethane (50 mL)
equimolar amount of HBF4 in ether (4.02 mL; 39
mmol) was added. Solvent was removed under
reduced pressure yielding quantitatively L-N-
methylproline methyl ester tetrafluoroborate as
white solid. Solid residue was dissolved in acetoni-
trile (100 mL), anhydrous NaHCO3 (6.10 g; 72
mmol) and CDMT (6.30 g; 39 mmol) were added
and suspension was vigorously stirred at room tem-
perature until all CDMT was consumed as moni-
tored by TLC. The suspension was filtered. The fil-
ter cake was washed several times with acetonitrile
and combined filtrates were evaporated under
reduced pressure affording 5b (DMT/L-N-MePro-
OMe/BF4

-) (12.0 g, yield 83%) as pale oil. 1H-NMR
(250 MHz, CD3CN, δ, ppm): = 1.77ñ1.81 (m, 4H, 
-CH2-CH2-), 3.01ñ3.33 (m, 2H, -N-CH2-), 3.46ñ3.66
(m, 1H, -O-CH-), 3.70 (s, 3H, CH3-N), 3.81 (s, 3H,
CH3O-), 3.96 (s, 6H, 2 ◊ CH3-O).

Synthesis of D-5b (DMT/D-N-MePro-OMe/BF4
-)

from D-N-methylproline methyl ester tetrafluo-

roborate and CDMT

The synthesis was performed according to gen-
eral procedure (see above) from D-N-methylproline
methyl ester (5.50 g; 39 mmol), dichloromethane
(50 mL), HBF4 in ether (4.02 mL; 39 mmol), ace-
tonitrile (100 mL), anhydrous NaHCO3 (6.10 g; 72
mmol) and CDMT (6.30 g; 39 mmol). Product D-5b

(DMT/D-N-MePro-OMe/BF4
-) (3.92 g, yield 88%)

was obtained as yellow oil. Spectroscopic data iden-
tical as presented above for L-5b. 

Synthesis of L-5d (DMT/L-N-MePro-OMe/ClO4
-)

from L-N-methylproline methyl ester, CDMT and

silver perchlorate

To the vigorously stirred and cooled to 0OC
solution of CDMT (0.840 g; 4.8 mmol) in acetoni-
trile (8 mL), the solution of L-N-allylproline allyl
ester (0.936 g; 4.8 mmol) in acetonitrile (5 mL) and
solution of silver perchlorate (0.995 g; 4.8 mmol) in
acetonitrile (5 mL) were added dropwise. The reac-
tion progress was monitored by TLC. After all
CDMT was consumed (disappeared spot Rf = 0.6,
mobile phase dichloromethane) a deposit of silver
chloride was filtered off and the filtrate was concen-
trated to dryness under reduced pressure. Product L-

5d (DMT/L-N-MePro-OMe/ClO4
-) (0.437g, yield

21%) was obtained as solid, m.p. = 103OC. IR (film,
cm-1): 2965, 2877, 1573, 1551, 1516, 1474, 1455,
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1400, 1364, 1312, 1236, 1214, 1185, 1086, 1048,
804, 682, 621, 556, 530, 492, 396. LC-MS: 179 ([M
+ Na]/2, C16H23N4O4

+, 335.37).

Enantioselective synthesis of Z-AlaGly-OMe

from rac-Z-Ala-OH using L-5b (DMT/L-N-

MePro-OMe/BF4
-). General procedure

The vigorously stirred solution of L-5b

(DMT/L-N-MePro-OMe/BF4
-) (0.142 g; 0.5 mmol)

in acetonitrile (5 mL) was cooled to 0OC and then
rac-Z-Ala-OH (0.223 g; 1 mmol) and DIPEA(17.6
µL; 0.1 mmol) were added. Stirring was continued
for 1 h and HCl ◊ H-Gly-OMe (0.069 g; 0.5 mmol)
and NMM (55 µL; 0.5 mmol) were added and the
mixture was left at 0OC for 2 h. Then, it was allowed
to warm-up to room temperature overnight. Solvent
was removed under reduced pressure and residue
was dissolved in dichloromethane (10 mL) and
washed successively with water (3 mL), 1 M aq.
HCl (3 mL), water (3 mL), 1 M aq. NaHCO3 (3 mL)
and again water (3 mL). Organic phase was dried
with MgSO4, filetered and evaporated to dryness
yielding Z-D-Ala-Gly-OMe (99 µg, yield 67%),
m.p. = 87ñ89OC; lit. m.p. = 94 ñ 96OC (14), [α]D

25 =
(+) 18.5 (c = 1.0, MeOH); lit. [α]D

25  = (+) 26 (c = 1.0,
MeOH) (14). IR (film/NaCl, cm-1): 3321, 3017,
2966, 2937, 2903, 2274, 2143, 1984, 1815, 1759,
1695, 1666, 1586, 1536, 1480, 1448, 1410, 1374,
1362, 1320, 1247, 1191, 1168, 1127, 1072, 1054,
1017. 1H-NMR (250 MHz, CDCl3, δ, ppm): 1.41 (d,
3H, J = 6.5 Hz, CH3-CH-), 3.78 (s, 3H, CH3O-), 4.11
(q, 1H, J = 7 Hz, CH3-CH-), 4.39 (m, 2H, -CH2-CO-),

5.10 (s, 2H, -CH2O-), 6.61 (broad s, 1H, NH), 7.40
(s, 5H, arom.).

Enantioselective synthesis of Z-AlaGly-OMe

from rac-Z-Ala-OH using D-5b (DMT/D-N-

MePro-OMe/BF4
-).

Synthesis was carried out according to general
procedure described above using D-5b (DMT/D-N-
MePro-OMe/BF4

-) (0.142 g; 0.5 mmol), rac-Z-Ala-
OH (0.223 g; 1 mmol), DIPEA (17.6 µL; 0.1 mmol),
HCl ◊ H-Gly-OMe (0.069 g; 0.5 mmol) and NMM
(55 µL; 0.5 mmol). Z-L-Ala-Gly-OMe (96 µg) was
obtained (yield 65%), m.p. = 90ñ91OC; lit. m.p. =
94ñ96OC (15), [α]D

25 = (ñ) 17.2; lit. (15) [α]D
25  = (ñ)

23.2 (c = 1.0, MeOH). IR (film/NaCl, cm-1): 3321,
3017, 2966, 2937, 2903, 2274, 2143, 1984, 1815,
1759, 1695, 1666, 1586, 1536, 1480, 1448, 1410,
1374, 1362, 1320, 1247, 1191, 1168, 1127, 1072,
1054, 1017. 1H-NMR (250 MHz, CDCl3, δ, ppm):
1.41 (d, 3H, J = 6.5 Hz, CH3-CH-), 3.78 (s, 3H,
CH3O-), 4.11 (q, 1H, J = 7 Hz, CH3-CH-), 4.39 (m,
1H, -CH2-CO-), 5.10 (s, 2H, -CH2O-), 6.61 (broad s,
1H, NH), 7.40 (s, 5H, aromatic). 

RESULTS AND DISCUSSION

The problem of unpredictable results of enan-
tioselective peptide synthesis from racemic sub-
strates was resolved by designing the traceless enan-
tioselective coupling reagents (16). According to
this concept, traceless reagents are prepared by tem-
porary attachment of the chiral fragment to a classic

Scheme 1. Treatment of racemic carboxylic component with chiral traceless coupling reagent yields appropriate enantiomerically enriched
activated derivative, the same for all chiral components in the whole family of enantioselective reagents as well as the entity identical with
obtained using appropriate achiral counterpart 
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peptide-bond-forming agent. Thus, after selection of
the enantiomer at the activation stage and departure
of the chiral component, the activated intermediate
is converted to a well-known form of a convention-
al achiral acylating species. 

Moreover, it has been shown that configuration
and enantiomeric enrichment once established at the
activation stage remained intact and independent on
the structure of acylated counterpart. This advantage
is extremely important because all reaction parame-
ters including configuration, optical purity of the
product, optimal reaction conditions and the effi-
ciency of coupling are predictable on the basis of a
single experiment of the model reaction. 

The first traceless enantioslective coupling
reagents were designed based on chiral N-triazinyl-
ammonium salts derived from alkaloids (brucine,
strychnine, quinine) (17). The versatility of the
approach was fully confirmed by the high yield of
peptide synthesis within up to 99% enantiomeric
purity from racemic substrate, with expected config-
uration. However, until now, the main limitation in
the broad application of chiral N-triazinylammoni-
um salts are toxicity of the alkaloids and limited
access to both enantiomeric forms of the chiral com-

ponent of coupling reagent. To overcome this draw-
back, the search were undertaken for more versatile
chiral components useful in enantioselective synthe-
sis of peptide bond. In the introductory experiments
it has been noticed that N-methylpyrrolidine is very
versatile amino component in triazine mediated cou-
pling reactions (18). Therefore, in order to open
access to the representative collection of chiral non-
toxic coupling reagents, the systematic studies were
undertaken to develop procedures for synthesis of
chiral N-methylpyrrolidines from proline which is
readily available in both enantiomeric forms. In the
first attempts an efforts were made to evaluate N-
methyl and N-allylproline esters as chiral compo-
nent in enantioselective activation of N-protected
amino acids. 

N-Methylproline (1) was prepared by treatment
of proline with aqueous formaldehyde in the pres-
ence of zinc dust according to the modified proce-
dure (12) with 92% yield. Methyl ester of N-methyl-
proline (3a) and propyl esters of N-methylproline
(3b) were obtained under classic conditions in reac-
tion with appropriate alcohols and thionyl chloride
in 90 and 86% yield, respectively. N-Allylproline
methyl ester (3c) and n-propyl ester 3d were

Scheme 2. Condensation of 4-methoxybenzoic acid (6) with 4-toluidine (8) mediated by 2-chloro-4,6-dimethoxy-1,3,5-triazine (4) in the
presence of esters of N-alkylproline 3a-e
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obtained in 90% yield according to procedure of
Hassner (18) in reaction of appropriate proline ester
2c or 2d with allyl bromide in the presence of potas-
sium carbonate. The structure of 3c was confirmed
by MS analysis based on intensive (M + 1) signal
m/z = 170.08 expected for N-allylproline methyl
ester (M = 169.23). N-Allylproline allyl ester (3e)
was prepared by direct N- O- dialkylation of proline
with two equivalents of allyl bromide in the pres-
ence of potassium carbonate. Its structure was con-
firmed by the presence of double triplet at δ = 3.20
ppm and triplet at δ = 4.50 ppm in 1H-NMR spec-
trum corresponding respectively to the allyl methyl-
ene fragment attached to nitrogen and oxygen and
by the presence of [M + 1]+ ion m/z = 196.1. 

Model coupling reactions of 4-methoxyben-
zoic acid (6) with 4-toluidine (8) by 2-chloro-4,6-
dimethoxy-1,3,5-triazine (4) in the presence of
esters of N-alkylproline 3a-e gave expected amide
(9) with good yield (Scheme 2). 

This confirmed that simple derivatives of N-
alkylproline 3a-e can be potentially used as chiral
components in enantioselective condensations,
although in all cases studied, progress of condensa-
tion was relatively slow and 24 h coupling time was
necessary for reaction to be completed.

Careful examination of reacting mixture evi-
denced, that the rate limiting step is formation of N-
triazinylammonium chloride 5a in reaction of
CDMT (4) with N-alkylproline ester 3a-e. This cir-
cumstance is adverse for enantiodifferentiating pro-
cedures because prolonged contact of reactants fore-
cast dealkylation of 5a, racemization of chiral com-
ponent 3a-e and favors formation of mezo-anhy-
drides by acylation discriminated enantiomer of car-
boxylic acid with carboxylic acid enantiomer pre-
ferred in the activation step. 

The remedy preventing this shortcoming is to
separate the rate limiting quaternization of N-alkyl-
proline ester 3a-e in reaction with CDMT (4) and

Scheme 3. Stable salts of triazine based coupling reagents 5c-d

Table 1. Condensations of 4-methoxybenzoic acid (6) with 4-toluidine (8) mediated by CDMT (4) and esters
of N-alkylproline 3a-e. 

Entry
N-alkylproline ester 

Solvent 
Activation time Yield

3a-e [h] [%]

1 3a acetonitrile 24 78.7

2 3b acetonitrile 24 60  

3 3a THF 24 72.9  

4 3b THF 24 65.5  

5 3c acetonitrile 24 93  

6 3d acetonitrile 24 98  

7 3e acetonitrile 24 98
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substitute unstable N-triazinylammonium chlorides
5a with stable salts of triazine based coupling
reagents prepared in the form of appropriate salt
with non-nucleophilic tetrafluoroborate, tosylate or
perchlorate counterion 5b-d. The treatment of L N-
methylproline methyl ester (3a) with tetrafluoro-
boric acid solution and then reaction with CDMT
gave appropriate tetrafluoroboric salt L-5d

(DMT/L-N-MePro-OMe/BF4
-) in 83% yield and D-

5b (DMT/D-N-MePro-OMe/BF4
-) in 88% yield,

respectively. Appropriate perchlorate L-5d

(DMT/L-N-MePro-OMe/ClO4
-) was prepared by

treatment of L-N-methylproline methyl ester (3a)
with CDMT in the presence of silver perchlorate.
Unfortunately, the poor solubility of L-5d in sol-
vents used in peptide synthesis severely limited its
synthetic applications. Furthermore, both proce-

dures failed in the attempts to prepare 4-toluenesul-
fonate 5c (DMT/L-N-MePro-OMe/TsO3

-).
The versatility and selectivity of 5a-d were

studied both in model condensation of 6 with 4-tolu-
idine (8) and in enantioselective coupling of racemic
Z-Ala-OH with H-Gly-OMe. 

It has been found that L-5b obtained from L
enantiomer of methyl esters 3a prefers formation of
D dipeptide with L/D ratio 79/21, but enantiomeric
form of D-5b prepared from D enantiomer of methyl
esters 3a prefers formation of L dipeptide with
reverse L/D ratio 25/75. This demonstrated that rel-
atively simple, non-toxic, non-expensive and readi-
ly accessible in both enantiomeric forms compo-
nents for synthesis of traceless enantioselective cou-
pling reagents can be obtained from proline.

Scheme 4. Enantioselective coupling of racemic Z-Ala-OH with H-Gly-OMe to 11, mediated by enantiomeric coupling reagents L-5b

and D-5b

Table 2. Synthesis of Z-Ala-Gly-OMe from racemic Z-Ala-OH in the presence of chiral coupling reagents 
L-5b and D-5b. 

Coupling Yield [α]D
25 Lit. [α]D

25 Preferred D/L
reagent [%] (c = 1.0. MeOH) (c = 1.0, MeOH) configuration  [%]

L-5b 67 (+) 18.5 (+) 26 (14) D 85/15  

D-5b 65 (ñ) 17.2 (ñ) 23.2 (15) L 13/87
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CONCLUSION

The deteriorating effect of electron withdraw-
ing ester group of proline severely reducing nucle-
ophilicity of nitrogen in N-alkylproline esters in
reaction with CDMT, as compared to not substitut-
ed N-alkylpyrrolidines, has been overcome by trans-
formation of unstable quaternary chlorides into sta-
ble N-triazinyl-N-methylpyrrolidinium tetrafluoro-
borates L-5b and/or D-5b.
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