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Study of the inf luence of the alkyl ester group in (S )�valinates on
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The dynamic kinetic resolution in the synthesis of alkyl N�acetylphenylalanyl (S)�valinates
was studied by the mixed anhydride method. The structure of the ester group of the amino
component appeared to exert no substantial effect on the diastereoselectivity of the reaction.
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The dynamic kinetic resolution (DKR) method has
attracted increasing attention of researchers in the recent
time. The in situ epimerization of a chiral substrate occurs
during this method, which makes it possible to perform
syntheses with high diastereoselectivity.1—6 5(4H )�Oxazo�
lones are very convenient substrates in DKR processes,
because they are rapidly racemized and react readily with
nucleophiles. They are widely used for syntheses of modi�
fied α�amino acids and their derivatives.7—10

The synthesis of peptides by the mixed anhydride
method is accompanied (under certain conditions) by
substantial racemization, which proceeds mainly through
the formation of 5(4H )�oxazolones.11 The reaction of the
latter with esters of amino acids affords a diastereomeric
mixture of peptides. Diastereoselectivity in this process
takes place when, along with the fast racemization of
intermediate 5(4H )�oxazolone, one of its stereoisomers
reacts with the amino component more rapidly than an�
other.7 Therefore, the formation of dipeptide is the DKR
process. The determination of factors favoring an increase
in differences in the rates of interaction of oxazolone
stereoisomers with the amino component provides a pos�
sibility of diastereoselective synthesis of dipeptides.

In the previous work12 we studied the influence of the
nature of the side chain of the amino component on the
diastereoselectivity of syntheses of dipeptides of N�acetyl�
(S)�phenylalanine (1). It is found that the introduction of
20% excess triethylamine provides the fast racemization
of intermediate 5(4H )�oxazolone. The (R)�isomer of
5(4H )�oxazolone 2″ reacts more rapidly with ethyl esters
of (S)�amino acids (Ala, Phe, Val, Glu), which results in
the predominant formation of (R,S)�diastereomers, whose
content in the mixture is 61—90%. The main product

of this DKR is dipeptide with the (R)�phenylalanine
residue.

The purpose of the present work is to study the influ�
ence of the R substituent in the ester group of the amino
component on the diastereoselectivity of condensation of
alkyl (S)�valinates with N�acetyl�(S)�phenylalanine (1)
(Scheme 1).

Scheme 1

R = Me (3, 7), Et (4, 8), But (5, 9), Bn (6, 10)
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Results and Discussion

Dipeptides 7´—10´ and 7″—10″ were synthesized ac�
cording to an earlier described procedure12 in THF in the
presence of 20% excess Et3N. A solution of (S)�valinates
3—6, which are formed by the neutralization of the corre�

sponding salts with Et3N, was added to oxazolone 2 ob�
tained from isobutyl chloroformate and compound 1 (see
Scheme 1).

The diastereomeric composition of the obtained mix�
tures of dipeptides 7—10 was analyzed by HPLC using
systems of solvents (Table 1) and 1H NMR spectroscopy.
In the latter case, the methyl substituents of valine served
as diagnostic groups (Table 2). The characteristic prop�
erty of (S,S)� and (R,S)�diastereomers of the dipeptides
under study is the difference of chemical shifts of non�
equivalent protons of the β�CH2 group of phenylala�

Table 1. Selected physicochemical properties of stereoisomers
7´—10´ and 7″—10″

Com� M.p. HPLC data
pound /°C

Eluent τR*/min α**

7´ 146—147 Hexane—PriOH—MeOH 4.62 1.42
7″ — (10 : 0.5 : 0.2) 6.54
8´ 119—121 Hexane—PriOH—MeOH 3.97 1.22
8″ — (10 : 0.5 : 0.2) 4.83
9´ 57—59 Hexane—PriOH—MeOH 6.16 1.09
9″ — (10 : 0.3 : 0.1) 6.73
10´ 136—138 Hexane—PriOH—MeOH 6.11 1.10
10″ — (15 : 0.6 : 0.1) 6.75

* Retention time.
** Resolution coefficient.

Table 2. Diastereomeric compositions and yields of dipeptides
7´—10´ and 7″—10″

Com� R Content of diastereomers (%) Yield
pound

HPLC 1H NMR
(%)

S,S R,S S,S R,S

7´, 7″ Me 22 78 25 75 76
8´, 8″ Et 25 75 22 78 73
9´, 9″ But 27 73 29 71 57
10´, 10″ Bn 30 70 31 69 66

Table 3. 1H NMR spectra of dipeptides 7´—10´ and 7″—10″ (δ, J/Hz)

Com� Phe Val
po�

α�CH β�CHA β�CHB NH Ac α�CH β�CH γ�Me NH R
und (d) (s) (dd) (sept.d) (both d) (d)

α�CHn β�CHn

7´ 4.76 (dt, 3.06 (d, 3.06 (d, 6.42 1.97 4.42 2.09 0.83, 6.52 3.69 —
J = 7.4, J = 7.2) J = 7.2) (J = 7.4) (J = 8.5, (J = 6.9, 0.87 (J = 8.5) (s)
J = 7.2) J = 5.2) J = 5.2) (J = 6.9)

7″ 4.82 (td, 3.10 (dd, 3.05 (dd, 6.43 1.97 4.40 2.00 0.73, 6.58 3.69 —
J = 8.0, J = 13.7, J = 13.7, (J = 8.0) (J = 8.5, (J = 6.9, 0.75 (J = 8.5) (s)
J = 6.3) J = 6.5) J = 8.0) J = 4.9) J = 4.9) (J = 6.9)

8´ 4.75 (dt, 3.06 (d, 3.06 (d, 6.39 1.97 4.40 2.10 0.84, 6.46 4.16 (q, 1.26 (t,
J = 7.6, J = 7.1) J = 7.1) (J = 7.6) (J = 8.6, (J = 6.9, 0.88 (J = 8.6) J = 7.2) J = 7.2)
J = 7.1) J = 5.1) J = 5.1) (J = 6.9)

8″ 4.78 (ddd, 3.11 (dd, 3.05 (dd, 6.37 1.97 4.38 2.01 0.75, 6.47 4.17, 4.13 1.24 (t,
J = 8.1, J = 13.8, J = 13.8, (J = 7.9) (J = 8.5, (J = 6.9, 0.76 (J = 8.5) (both dq, J = 7.1)
J = 7.9, J = 6.4) J = 8.1) J = 4.7) J = 4.7) (J = 6.9)  J = 10.7,
J = 6.4) J = 7.1)

9´ 4.74 (dt, 3.09 (dd, 3.05 (dd, 6.38 1.97 4.32 2.10 0.85, 6.45 — 1.46 (s)
J = 7.8, J = 13.8, J = 13.8, (J = 7.8) (J = 8.5, (J = 6.9, 0.87 (J = 8.5)
J = 6.8) J = 6.8) J = 6.8) J = 4.7) J = 4.7) (J = 6.9)

9″ 4.76 (td, 3.12 (dd, 3.04 (dd, 6.35 1.98 4.30 1.99 0.73, 6.32 — 1.43 (s)
J = 8.1, J = 13.7, J = 13.7, (J = 8.1) (J = 8.7, (J = 6.8, 0.74 (J = 8.7)
J = 6.2) J = 6.2) J = 8.1)  J = 4.5) J = 4.5) (J = 6.8)

10´ 4.74 (dt, 3.04 (d, 3.04 (d, 6.36 1.95 4.47 2.11 0.80, 6.51 5.13 (s) 7.35 (m)
J = 7.7, J = 7.0) J = 7.0) (J = 7.7) (J = 8.5, (J = 6.9, 0.84 (J = 8.5)
J = 7.0)  J = 5.0) J = 5.0) (J = 6.9)

10″ 4.79 (ddd, 3.10 (dd, 3.04 (dd, 6.29 1.93 4.44 2.02 0.70, 6.52 5.11, 7.31 (m)
J = 8.1, J = 13.8, J = 13.8, (J = 7.8) (J = 8.5, (J = 6.9, 0.72 (J = 8.5) 5.18
J = 7.8, J = 6.5) J = 8.1) J = 4.7) J = 4.7) (J = 6.9) (both d,
J = 6.5) J = 12.2)
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nine (∆AB). The ratio ∆RS
AB >> ∆SS

AB is observed for all
dipeptides of N�acetylphenylalanine. It should be noted
that in the (R,S)�dipeptides the ∆RS

AB value increases
with an increase in the size of the R substituent in the
COOR group of the valine fragment, whereas in the
(S,S)�isomers the ∆SS

AB value is almost zero (Table 3),
i.e., the β�CH2 protons are equivalent (except for the case
of R = But).

Individual diastereoisomers 7´—10´ synthesized by the
method excluding racemization were used for assignment
of the signals.11

It follows from the data presented in Table 2 that all
mixtures obtained are enriched in (R,S)�diastereomers
7″—10″ (up to 69—78%) regardless of the structure of the
R substituent in the ester group of peptides 7—10. A ten�
dency to some decrease in the diastereoselectivity with an
increase in the size of the R substituent should also be
mentioned. Thus, the structure of the ester group exerts a
weak effect on the diastereoselectivity of the reaction,
unlike, e.g., the structure of the side chain of amino
acids.12 It is most likely that stereodifferentiation is deter�
mined by the interaction of the groups closest to the reac�
tion centers.

Experimental

1H NMR spectra were recorded on a Bruker DRX 400 spec�
trometer (400.13 MHz) using Me4Si as internal standard. The
synthesized compounds were analyzed by HPLC on a Milikhrom
4�UF chromatograph (Silasorb�60 as sorbent, column 64×2 mm,
detection at 230 nm, elution rate 200 µL min–1). Melting points
were determined on a Boetius heating stage and used without
correction.

Methyl and ethyl (S)�valinate hydrochlorides and benzyl
(S)�valinate p�toluenesulfonate were synthesized as described
previously.13 tert�Butyl (S)�valinate acetate was synthesized ac�
cording to a known procedure.14

Synthesis of alkyl N�acetyl�(S)�phenylalanyl and N�acetyl�
(R)�phenylalanyl (S)�valinates 7´—10´ and 7″″″″″—10″″″″″ (general pro�
cedure). Triethylamine (0.61 mL, 4.34 mmol) and isobutyl
chloroformate (0.48 mL, 3.62 mmol) were added dropwise with
stirring to a solution of N�acetyl�(S)�phenylalanine (0.75 g,
3.62 mmol) in THF (17 mL) at –10—–15 °C. The reaction
mixture was stirred for 30 min at –13 °С, and then a mixture
obtained by stirring of the corresponding salt of (S)�valine ester
(3.62 mmol) with Et3N (0.51 mL, 3.62 mmol) in THF (9 mL)
and cooled to –10 °C was added. The reaction mixture was
stirred for 1 h at –10—–15 °C, for 1 h at 0 °C, and for 3 h at
~20 °C and then kept without stirring for ~16 h at ~20 °C. The

precipitate was filtered off, and THF was removed in vacuo. The
residue was dissolved in chloroform, and the solution was washed
with a 5% solution of NaHCO3, water, 5% HCl, with water
again (to pH ~7), and dried with Na2SO4. The chloroformic
solution was concentrated in vacuo to dryness. The residue was
analyzed by 1H NMR spectroscopy and HPLC.
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