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A facile synthesis and IR-LD spectral elucidation of N-acetyl amino acid derivatives
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Abstract: The synthesis of N-acetyl derivatives of a-amino acids (L-Gly, L-Val, L-Phe, L-Ile, L-Pro and L-Cys)
using a simple and efficient method for preparation was carried out. The N-acetyl derivatives were obtained using acetic
anhydride in basic conditions at room temperature. The methyl amides of N—acetyl amino acid were synthesized by
mixed anhydride procedure using a Piv—Cl as a reagent. The conventional and IR-LD spectral analysis were applied for
elucidation and characterization of typical IR-bands of the starting and intermediate compounds. Spectral investigation
includes IR-characteristic bands assignment and elucidation of amino acids as zwitterions structures — L-Valine (L—
Val), L-Proline (L-Pro) L-Cystein (L—Cys) and their intermediates by linear-dichroic infrared (IR-LD) spectroscopy
of oriented solid sample as a nematic liquid crystal suspension. The experimental IR-characteristic bands obtained, were

accompanied with spectral elucidation and structural prediction of the investigated compounds.
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INTRODUCTION

The profound significance of biological
compounds in our daily lives has prompted a lot of
research into their analysis and identification. The
determination of peptide and protein structures
constitutes one of the pillars of current investigation
in molecular biology and biochemistry.

A great interest to N-acetyl derivatives of a-
amino acids is because of their wide spectrum of
actions [1]. There are many examples for N—
acetylated amino acids in living organisms. N-—
acetyl derivatives of L—proline, L-glutamine and 4—
hydroxyl-L—proline are particular importance,
because of their uses as medicines and biologically
active  supplements. N-Acetyl-4-hydroxy-L—
proline has found practical use in producing of the
medicines which has anti-inflammatory and
analgesic actions [2, 3]. N-Acetylaspartic acid is a
derivative of aspartic acid, which is the second
most concentrated molecule in the brain after the
amino acid glutamate. It is synthesized in neurons
from the amino acid aspartate and acetyl coenzyme
A. N—Acetyl-L-glutamine is used in sport medicine
as a component for increasing training intensity,
muscle growth and strength. N—Acetyl cysteine is
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derived from cysteine found in food and
synthesized in the body. It helps the body to
synthesize glutathione, which is used as a
mucolytic agent to reduce the viscosity of mucous
secretions [4].

The development of an effective synthetic
method of N-acethyl derivatives of amino acids has
a practical importance, as well as the development
of fast and simple analytical methods for structure
determination. Powder X-ray diffraction is one of
the powerful and routine method for determination
of solids in pharmaceutical industry. However, the
method is relatively expensive, difficult for
operation and requiring a preliminary samples
treatment.

Infrared (IR-) and Raman spectroscopy are other
also wide used in the practice and pharmaceutical
industry. However, in many cases the choice of
suitable method for analysis often is difficult on
account of the typical for crystals effects of Fermi-
resonance [5—7]. Linear-polarized IR-spectroscopy
of oriented colloids in nematic host could resolve a
lot of these problems. The method is unique for
experimental assignment of the characteristic bands
and local structural elucidation independently of the
crystalline or amorphous character of the samples
[8-11]. Different N-acetyl amino acid derivatives
were synthesized, characterized and reported earlier
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as well as and the corresponding spectral study
[12-19].

EXPERIMENTAL
Materials and methods

Amino acids and solvents were purchased from
Fluka and wused without further purification.
Melting points were measured on Biichi
(Switzerland) model 535. Optical rotation was
determined on Polarimeter 141, Perkin Elmer
(USA). For TLC silicagel plates (Merck, 60Fys4)
were used and following systems: A) CHCI; :
MeOH : H,0 (80:30:5); B) CH;CN : H,O (4:1).

SYNTHESIS

N-Acetyl amino acids Amino acid (0.1 g) was
dissolved in SN NaOH (3 ml) and acetic anhydride
(2 x 0.2 ml) was added over 15 min. period of time.
Reaction mixture was stirred at room temperature
for 1 hour and the water was evaporated under
reduced pressure. The residue obtained was dried
and used without further purification in the next
reaction stage.

N-Acetyl amino acid methyl amides. To the
solution of N-acetyl amino acid (3 mM) in the
solvents (2 ml DMF and 2 ml THF) mixture, NMM
(0.33 ml, 3 mM) was added and the reaction
mixture was chilled to —10°C. The reagent Piv-Cl
(0.37 ml, 3 mM) was added dropwise and after 10
minutes solution of methyl amine hydrochloride
(1g, 15 mM) and Et;N (0.415 ml, 15 mM) in water
(2 ml) was added. The reaction process completed
after 1.5 hour at —10°C and the solvents were
evaporated under reduced pressure. The residue
was dissolved in CHCI; (10 ml) and washed with
water (2 x 10 ml). Organic layer was dried over
anhydrous Na,SO, and CHCIl; was evaporated. The
pure product was obtained after column purification
(silicagel) and eluent: CH;CN : H,O (4 : 1, v/v).

METHODS

The IR-spectra were measured using a Bomem-
Michelson 100 FT-IR-spectrometer (4000 — 400
em ', 2 cm ! resolution, 150 scans) equipped with a
Perkin Elmer wire-grid polarizer. Non-polarized
solid-state IR spectra were recorded, using the KBr
disk technique. The oriented samples were obtained
as a colloidal suspension in a nematic 4’—cyano—4’-
alkylbicyclohexyl mixture (ZLI-1695, Merck),
whose poor IR—spectrum allows the recording of
the guest-compound bands in the whole 4000 — 400
cm ' range. The presence of the isolated nitrile
stretching IR-band at about 2230 cm™ additionally

serves as an orientation indicator. The effective
orientation of the solid samples was achieved by
the next procedure: the investigated compound (5
mg) was mixed with the liquid crystal substance
until obtaining of a slightly viscous suspension. The
phase prepared thereby was pressed between two
KBr-plates, which in advance were rubbed out in
one direction by fine sand-paper. The grinding of
the prepared mull in the rubbed direction promotes
in addition the sample orientation [20, 21]. For
polarized IR-spectra interpretation, the IR-LD
spectroscopy use stepwise reduction procedure [22—
25]. The IR-LD data interpretations are consisted in
subtraction of the perpendicular spectrum (IRs — a
result of the 90° angle between the polarized light
beam electric vector and the orientation of the
sample) from the parallel spectrum (IRp) obtained
with a co-linear mutual orientation. The recorded
difference  (IRp-IRs) spectrum divides the
integrated absorbance into positive and negative
bands. Positive bands originate from transition
moments which form average angles with the
orientation direction (n) between 0° and 54.7°
(magic angle) and negative bands corresponding to
transition moments, which are directed between
54.7° and 90°. In the reducing-deference procedure,
the perpendicular spectrum, multiplied by the
variable parameter c, is subtracted from the parallel
spectrum and parameter c is varied until at least one
band or set of bands is eliminated in the obtained
(IRp — cIRs) reduced IR-LD spectrum. The
simultaneous disappearance of these bands in the
reduced spectrum provides information about the
mutual disposition of the molecular fragments. This
elimination method is carried out graphically using
the attached subtracting procedure for processing of
IR spectra.

RESULTS AND DISCUSSION

This work is a part of systematic synthetic,
spectroscopic and structural investigations on
amino acids, their derivatives and small peptides
about the possibilities for application as potential
medicines [26-28]. The aim was to develop simple
and efficient methods for preparation N-acetyl-a-
amino acids derivatives using a mixed anhydride
procedure — the action of acetic anhydride using
water as the reaction medium. The synthesis of the
desired N-acetyl amino acid methyl amides was
done according to the Scheme 1.

The first step in our scheme is the synthesis of
N-acetyl amino acid derivatives using acetic
anhydride at basic conditions (5N NaOH) in
aqueous solution and room temperature for 1 hour.
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Schemel. Synthesis of N-acetyl amino acid methyl
amides

N—Acetyl amino acids were used on the next
step after evaporation of the solvent, drying of the
crude product without further purification. N-—
Acetyl amino acid methyl amides were obtained in
mixed anhydride procedure — Piv—Cl was used as a
reagent. The reaction was carried out at -10°C in
mixture of THF and DMF as solvents. The reaction
process continued for 1.5 hour and the desired N-
acetyl amino acid methyl amide was obtained after
column purification (silicagel, CH;CN : H,0, 4:1,
v/v). Some physical constants and chemical
characteristics of the synthesized compounds are
presented in Table 1.

Table 1. Some physical data and characteristics of
amino acid derivatives

. ) Melting . ) .
Amino acid point Optical rotation  Yield
- 20
derivatives [alp (%)
(mp), °C
Ac—Pro 115-117 -86 (C=1, C,Hs) 77
Ac—Val 124-125 +7,4 (water) 82
Ac-Gly 207-209 - 80
Ac—Cys 109-112 —35 (water) 81
Ac—Phe 168-169 +47 (water) 78
Ac-Ile oil +42 (water) 81
Ac—Pro-NH-CH; 32 -210°(C=1, water) 25
Ac—Gly-NHCH; oil 27

-24 (MeOH) 31
+2.9 (MeOH) 33
—1.5 (MeOH) 26

Ac—Cys-NHCH; 81
Ac—Phe-NHCH; 196
Ac—Ile-NHCH; 220

IR-SPECTRAL ANALYSIS

The spectral results of the investigated
compounds are assigned on the basis of known IR-
data about similar systems [29-32]. The
characteristic IR-bands of the pure amino acids L-
Val, L-Pro and L-Cys are listed in Table (2). Using
the statement, that pure amino acids stabilize
zwitterionic (H;N'-R-COO- (Lval and L-Cys)) and
H,N"-R-COO" (L-Pro) structure with characteristic
IR-spectral bands of -NH;" and -COO groups, the
comparison and assignment of the solid-state IR-
spectra (Figs. 2.1) of the systems studied was
carried out. The method of polarized IR-
spectroscopy is appeared to be unique for the
experimental proving of the vibrational bands to
corresponding modes. In all cases a preliminary
deconvolution and curve-fitting procedure for the
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peak positions obtained and corresponding integral
absorbance are in the 1750 — 1500 cm ' region
according to [18].

Table 2. IR-characteristic bands of some amino acids in
1700 — 1350 cm ' region

Assignment L-Val L—Cys L-Pro
v[em™']
vNH;* 32002700 3320-1800
V*NH;" 3170
vNH," - 3000 — 2400
8*NH;" 1629 1654
&*NH;" 1612 1610
&NH;" 1567 1530
SNH," 1626, 1612
v5COO0- 1585 1589, 1567, 1552
v*COO- 1508 1397, 1407, 1402
vSH 2551
5*NH;" +tNH;" 2068
vC-N 1349

*IR-data obtained after applied deconvolution and curve-fitting
procedures

The comparative spectral analysis shows the
presence of bands in the 3320 — 1800 cm ™' region
assigned to the v*\p3: and V'yyse stretching
vibrations of the protonated amino group -NH;" for
amino acid L-Val and L-Cys and vy, stretching
vibrations for L-Pro. The band with frequency at
3170 cm ' belongs namely to v*yyuss of L-Cys. In
the spectra of L-Val and L-Cys are observed two
caple of bands at 1629, 1612 cm ' and at 1654,
1610 cm ' characterizing asymmetric banding
vibrations (6\u3+). The corresponding bands for
protonated —NH, group in L-Pro are at 1626 and
1612 cm ™. (see Table 2). The bands at 1567 cm™ (
L-Val) and at 1530 cm™ (L-Cys) are assigned to the
symmetric banding vibrations (8°xu3t). The typical
-COO™ maxima are in the 1600 — 1400 cm™" spectral
range. The character of the band at 1585 cm ™' and
1508 cm' are assigned and belonging to the
asymmetric and symmetric stretching modes of
COO-fragment (Voo and V'cop ) in the molecule
of L-Val. The bands at 1589 and 1397 cm’
correspond to V¥coo. and Vicoo.  stretching
vibrations of COO-fragment of L-Cys. For L-Pro
are definited two pair of bands corresponding at
1567, 1552 cm'(vV®coo) and 1407, 1402 cm™
(V’COO-) probably as a result of different molecul
interactions (see Fig.1). The observed other bands
for L-Cys at 2068 cm’! corresponds to &%\« +
Tnmz+ combination mode, while the intensive band
at 2551 cm corresponds to vy stretching vibration
of the SH-group.The band at 1349 cm™' belongs to
Ve stretching mode.

Using stepwise reduction procedure of IR-LD
method, the obtained reduced spectrum for L-Pro
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Fig. 1. Non-polarized IR-(1) and reduced IR-LD (2)
spectra of L-Pro after elimination of 1626 cm™' peak

illustrated the strong reduction of 1567 cm™ peak
with the 1626 cm™ one (see Fig.1.2 and Table 2).
Due to the last procedure second pairs of observed
maxima at 1612 cm' and 1552 cm' probably
correspond to dymo+ and vCOO- modes of other
second molecule which is very likely to be oriented
differently in the frame unit cell of L-Pro. This
assumption is confirmed by single crystal X-ray
data of L—Pro [33], where the unit cell contains four
molecules which are similarly mutual oriented by
pairs. Similar behaviour is observed in L—Val,
where the simultaneously elimination of pairs of
peaks at 1629 cm ™' and 1612 cm ™' confirmed their
character as 8% \us3: and 8“3 (Tab. 2) due to
their possession of the same symmetry class.

It is necessary to underline, that the non-
polarized IR- and IR-LD spectra of N-acetyl-L-
cysteine (Fig.2) are characterized with significant
degree of particles orientation in nematic liquid
crystal [10, 11], allowing the precise assignment of
corresponding IR-bands. The observed broad
absorption band in the 3100 — 1800 cm™' range
belongs to vey stretching vibration of the
intermolecular interaction OH-group of the COOH,
typical for carboxylic acid. The obtained maximum
with low intensity at 1918 cm™' is typical too for
systems with stronger intermolecular hydrogen
bonding. The intensive band at 3374 cm™' belongs
to vnu stretching vibration of the amide fragment,
while the maximum at 1716 cm™' to vc—o stretching
vibration of COOH group (see Fig.2).

The reduction of last band in the difference IR—
LD spectrum (Fig.2) indicates, that the transition
moment of corresponding C=0 vibration is oriented
towards the orientation direction (m) of the liquid
crystal at angle of 54.7° (magic angle). The
intensive band about 1575 cm' belongs to &uy
bending vibration. This maximum is strong reduced

Fig. 2. Non-polarized IR-(1) and difference IR-LD (2)
spectra of N-acetyl-L-cysteine

with the elimination of the vc—o band from —-COOH
group (Fig.2) which is in accordance with the
assumption, that both transition moments are
approximately equal oriented. The same procedure
leads to elimination of the band at 541 cm,
indicating probably its belongings to bending
vibration (8c-o) of carbonyl group. On the other
hand, the elimination of the vc-o band leads to
reduction of the maximum at 2551 cm’
characterizing stretching vibration of vgy, which
shows, that both transition moments are also near to
co-linear oriented.

CONCLUSION

The N-acetyl- derivatives of a-amino acids (L—
Gly, L-Val, L-Phe, L-Ile, L-Pro and L-Cys) were
synthesized by efficient and simple method using
acetic anhydride in basic conditions and mixed
anhydride procedure following using Piv-Cl as a
reagent. The IR - spectral investigation includes
determination of the characteristic bands of some
strating compounds (as zwitterionic structure) and
N-acetyl- derivatives (N-acetyl-L-cysteine). The
method of linear polarized vibrational IR-
spectroscopy of oriented colloids in nematic host is
applied on L—Val and L-Cys, with a view to obtain
experimental bands assignment and local structural
elucidation in  solid-state. =~ The  obtained
experimental IR-LD  results confirm the
applicability of the used spectral method for
structural determination.
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CHUHTE3 1 NY-JII CIIEKTPAJIHO OITPEAEJISIHE HA N-ALETUJT
AMMWHOKUCEJIMHHU ITPOM3BOAHN

A.T. Yanxsraos'’, T. A. JI3um6oBa’, b. b. MBanosa’

lKamedpa “Xumus”, [IM®, FOz03anaden ynugepcumem ,, H. Puncku*, 2700 bnaeoeeepad
Hnemumym no monexynapna 6uonozus ,, Akao. P. Ilanes“, BAH, 1113 Cogus
S Xunuuen gpaxynmem, CV ,, Cs. Knumenm Oxpuocku“, 1164 Copus

[ocremuna va 10 rouu, 2012 1.; 0n06pena Ha 3 asrycr, 2012 1.

(Pesrome)

B Hactosimata paboTa e IpEeACTaBeH JeceH M epHKaceH METOJ 3a CHHTe3 Ha N-aleTHIHUM NPOM3BOJHM Ha O-

amunokucenunute (L-Gly, L-Val, L-Phe, L-Ile, L-Pro u L-Cys). N-AueTuiaHuTe Mpou3BOAHH ca MOIYyYSHH C TIOMOIITA
Ha OIeTeH aHXMJPH] B aJKajHa cpela IpH cTaliHa TemmepaTypa. MeTuiaamuaute Ha N-alleTHI aMHHOKUCEIUHUTE ca
CHHTE3UpPaHU C M3IOJI3BAHETO Ha MeToja Ha cMmeceHute anxuapuau u Piv-Cl kato pearent. 3a ompezpensHe Ha
xapakTepuctuyauTe MY-MBUIM Ha W3XOJHUTE W MEKIUHHH CHCIMHEHHS € NPHIOKEH KOHBeHUMoHaneH u MY-JIJ]
criekTpajieH aHanmu3. CHeKTpalHHTe W3CIeABaHMS BKIIOYBAT ONpeeNiiHE Ha XapakrepuctuuHute WY-mBuim Ha
aMUHOKHCEITMHATE KaTo NBHUTEp-HOHHU CcTpykrypu - L-Bamun (L-Val), L-mpommu (L-Pro) L-mucremn (L-Cys) u
TexHuTe nponsBogHu ¢ UY-JIJI criekTpockonus B HEMAaTHUYECH TEUSH KPHUCTal. ExcriepiMeHTaIHuTe XapaKTepHCTUIHH
WNY-yBHIM ca M3MOJI3BAaHM 3a CIEKTPAIHO OXapaKTepH3MpaHe M IpeACKasBaHE Ha CTPYKTypaTa Ha H3CJICABAHHUTE
CHCIUHCHUSL.
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