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Synthesis and radical scavenging activity of cinnamic acid esters
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Cinnamic and hydoxycinnamic acid esters (o, S-unsaturated esters), functional derivatives of cinnamic acids
(cinnamic, ferulic, sinapic, caffeic) are secondary plant methabolites derived from phenylpropanoid pathway.
Cinnamates, of both natural and synthetic origin, continue to elicit great interest due to diversity of biological activities
they possess, such as: antioxidant, antimicrobial, anticancer, anti-inflammatory, anti-tyrosinase and etc.

Herein, the reduction of N.. and side chain protected amino acids to N-protected amino alcohols and the coupling of
the latest with hydroxycinnamic (sinapic and ferulic) acids is described. 1,1-Diphenyl-2-picrylhydrazyl (DPPH®)
scavenging activities of hydroxycinnamates were compared with their corresponding N-hydroxycinnamoyl amino acid
amides. Free hydroxycinnamic acids were used as positive controls. The results indicated that N-hydroxycinnamoyl amino
acid amides exhibited lower scavenging ability than the corresponding free hydroxycinnamic acids, but higher one than
hydroxycinnamates.
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INTRODUCTION

Cinnamic (3-phenyl propenoic) acid and its
patterns  with  different  hydroxylated and
methoxylated phenyl moiety: p-coumaric (4-
hydroxycinnamic acid), ferulic (4-hydroxy-3-
metoxycinnamic acid), caffeic (3,4-
dihydroxycinnamic acid), sinapic (3,5-dimetoxy-4-
hydroxy-cinnamic acid)) acids, belong to a diverse
group of phenolic compounds. These secondary
plant metabolites are biosynthesized via shikimate
pathway that is involved in plant adaptation to
environmental stress (e. g. microbial pathogens,
mechanical wounding, UV irradiation, salinity) [1].
They are found in higher plants predominantly as
free cinnamic acids and may occur either in their
conjugated forms: amides (conjugated with mono-
or polyamines, amino acids, or peptides); simple
esters or cinnamates (derived from corresponding
cinnamic acids and alcohol component of quinic
acid, shikimic acid, and tartaric acid, and their sugar
derivatives) [2]. In particular, chlorogenic acids are
the most commonly occurred natural esters of
caffeic, ferulic, p-coumaric acids with quinic acid
[3,4]. Being important biosynthetic polyphenolic
intermediates in green coffee, chlorogenic acids are
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known with numerous bioactive properties, mostly
related to their antioxidant activity [5-7].

Besides antioxidant activity, cinnamates have
been regarded as photoprotectors, antimicrobials,
and effective as anticancer, anti-inflammatory,
analgesic, antimicrobial and antithrombotic agents
[8-11].

Whereas hydroxycinnamates with alcohols,
phenols, saccharides and flavonoids are common
phytochemical constituents, those with the
participation of the OH group of the side chain of
amino acids are very scanty. There are only few
reports of such metabolites - caffeic acid esters,
derived from insects: O-caffeoyltyrosine from
Aonidiella aurantii (California red scale), O-
caffeoylserine from Phenacoccus herreni (Cassava
mealybug) [12, 13] and from plant origin: L-O-
caffeoylnomoserine  [14]. In  addition, O-
caffeoylserine has been also synthetically obtained
[15].

The revealed pharmacological activities of
hydroxycinnamic acid esters and their small
guantities in plants, evoked the interest of organic
researchers to design their synthetically analogues.

Ester functionalization of cinnamic acids
comprises classical procedures-accomplished via
cinnamoylchloride [16], N,N'-dicyclohexyl-
carbodiimide (DCC) [17] or BOP [18] as coupling
agents. Moreover, those compounds can also be
obtained using Wittig reaction under different
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conditions [19-22] and as well as green esterification
procedures [23-27].

Considering the importance of phenolic
compounds, e.g. hydroxycinnamic acid esters for
removal of oxidative stress, and thus to prevent
lifestyle-related diseases such as cancer, diabetes or
heart diseases, herein we prepared hydroxycinnamic
acid esters and tested them as scavengers against
DPPH radical.

EXPERIMENTAL
General information

All amino acid derivatives, ferulic (3-methoxy-4-
hydroxy-cinnamic, FA), sinapic (3,5-dimethoxy-4-
hydroxy-cinnamic, SA) acids, as well as isobutyl
chloroformate (IBCF), 4-methylmorpholine
(NMM),  4-(dimethylamino)pyridine  (DMAP),
dicyclohexylcarbodiimide (DCC), NaBHi, 1,1-
diphenyl-2-picrylhydrazyl radical (DPPH®) were
purchased from Sigma Aldrich (FOT, Bulgaria).
Tetrahydrofuran was obtained from Fisher Chemical
(Bulgaria) and further was distilled over LiAlH4 and
stored under argon. All other solvents were of
reagent grade and used without further purification.

Thin-layer ~ chromatography  (TLC)  was
conducted on precoated Kieselgel 60F254 plates
(Merck, Germany). Separation of the compounds by
preparative thin layer chromatography with silica gel
60 GF254 (Merck, Bulgaria).

The NMR experiments were recorded on Bruker
Avance IIl 600 or Bruker Avance Il 400
spectrometer, operating at 600.13 and 400.15 MHz
for protons respectively. The measurements in
CDCl; solutions were carried out at ambient
temperature (300 K) and tetramethylsilane (TMS)
was used as an internal standard. The UV spectra of
the compounds were measured with an ‘‘Agilent
8453’> UV-vis spectrophotometer. Electrospray
lonisation (ESI) and EI mass spectra were recorded
corresponding on an Esquire 3000 and MAT 8230.
Attenuated total reflectance infrared spectroscopy
(ATR-IR) measurements were performed using
Thermo Scientific Nicolet iS10 FT-IR device with
ID5 ATR accessory (diamond crystal).

N-protected amino acids (Boc-Cys(Bzl)-OH (1a)
and Boc-Val-OH (1b) were converted into
corresponding alcohols Boc-Cys(Bzl)-ol (2a) and
Boc-Val-ol (2b), following a modified procedure
developed by Kokotos [28] (Scheme 1).

General procedures

Synthesis of 2a, b (a modified method reported
by Kokotos [28]. A solution of 1.6 mmol N-protected
amino acid (1a, b) in 10 ml dry THF is cooled to
—15°C and added 0.18 ml (1.6 mmol) N-

methylmorpholine. Isobutyl chloroformate (0.24 ml,
1.7 mmol) is added dropwise to make sure that the
internal temperature does not rise above -10 °C.
About 5-8 minutes later, to the white suspension of
formed isobutylcarbonic acid mixed anhydrides[29]
is added 0.104 g (2.74 mmol) NaBH, in 10 ml THF,
and for a period of 10 min abs.CH3OH (5 ml) is
added dropwise. Stirring is continued and the
progress of the reaction is monitored by thin layer
chromatograms (hexane:ethylacetate=1:1).

At the completion of the reduction (2h) the
solvent is evaporated under reduced pressure. The
residue is dissolved in ethylacetate and is washed
twice consequently with 5% NaHSOs, 5% NaHCOs
and finally with saturated sodium chloride solution.
The organic phase is dried over Na;SQ,, filtered and
the solvent removed in vacuo. The obtained crude
product is purified by preparative thin layer
chromatography (hexane:ethylacetate= 3:1).

S-Benzyl-N-(tert-butoxycarbonyl)-L-cysteinol
(Boc-Cys(Bzl)-ol) (2a) white crystal, 61% vyield;
ESI-MS: 617.1 [2M+Na]*, 595.1 [2M+H]*, 336.3
[M+K]*, 320.1 [M+Na]*, 298.2 [M+H]*; IR
(ATR)umax: 3342.65, 1679.47, 1527.03, 1340.92,
1311.44, 1284.20, 1164.34, 1004.33, 698.47 cm'*;

N-(tert-butoxycarbonyl)-L-valinol (Boc-Val-ol)
(2b) yellow oil, 53% yield;

'H NMR (CDCls, 5 ppm): 0.9 (dd, 6H, -CH(CHs).),
1.2 (s, 9H, -C(CHg)3), 1.8-1.84 (m, 1H, -CH(CHs).),
3.4-3.6 (m, 3H, -CH;0H, -NH-CH<), 4.8 (br. s, 1H,
NH); EI-MS: 57.1, 73, 116.1, 130, 172.1, 203 [M™];
IR (ATR)umax:3318.1, 3189.5, 2978.6, 1679.7,
1366.5, 1289.4, 1150.7, 1011.8, 908.9, 772.0, 699.4

Esterification of cinnamic acids with N-
protected amino alcohol [30]. Cinnamic acids (1.5
mmol), DCC (1.5 mmol) and DMAP (0.0224 mmol)
are dissolved in 10 mL of dry THF. The reaction
mixture is stirred under argon at 0°C and then, after
10 min N-protected amino alcohol (0.6 mmol) is
added. The mixture is kept under vigorous stirring
and cooling (0°C) for 60 min and then is allowed to
stand at room temperature overnight. The residue of
dicyclohexylcarbamide is filtered and washed with
cold ethylacetate. The combined solutions are
evaporated under vacuum and the residue is purified
by column chromatography on silica.

Ferulate of Boc-Val-ol, 35% vyield. uv
(C2HsOH) A max = 203, 218, 236, 328 nm; IR
(ATR)umax: 3335.5, 2959.6, 2932.1, 1707.2, 1627.4,
1592.3, 1510.9, 1365.5, 1269.7, 1246.7, 1157.4,
1119.8, 1029.32, 978.9 cm; *H NMR (CDCls) /600
MHz/ 6 = 0.9 (dd, 6H, -CH(CHs),), 1.2 (s, 9H, -
C(CH3)3), 1.8 (m, 1H, -CH(CHg)z), 3.7 (S, 2H, -
OCH3-), 3.8 (s, 3H, -OCHgs), 4.1 (m, 1H, -NH-CH<),
5.0 (br.s, 1H,NH), 6.2 (d, 1H, J=15.5 Hz, -CH=CH-
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), 7.00-7.03 (m, 3H, Ar-H), 7.5 (d, 1H, J=15.5 Hz, -
CH=CH-); ESI-MS: 380.2 [M+H]*, 409.12
[M+Na]*

Sinapate of Boc-Val-ol, 49 % vyield. UV
(CoHsOH) A max = 203,229, 329 nm; IR
(ATR)Umax: 3376.3, 2936.4, 2844.2, 1704.6, 1632.7,
1594.5, 1456.2, 1419.11, 1338.1, 1275.2, 1204.2,
1111.6, 980.1, 822.8 cm™; *H-NMR (CDCls) /600
MHz/ & = 0.9 (dd, 6H, -CH(CHs),), 1.2 (s, 9H, -
C(CHas)3), 1.8 (m, 1H, -CH(CHz3)2), 3.7 (s, 2H, -
OCHgy-), 3.8 (s, 6H, 2 x-OCH3), 4.2 (m, 1H, NH-
CH), 5.6 (br. s, 1H, NH), 6.5 (d, 1H, J = 15.5 Hz, -
CH=CH-), 6.7 (s, 2H, Ar-H), 7.5 (d, 1H, J = 15.5 Hz,
-CH=CH-); EI-MS: 57.1, 207.1, 308, 238.1, 336.2,
353.2,409.2 [M*].

Ferulate of Boc-Cys(Bzl)-ol, 20 % yield. UV
(C2HsOH) A max = 203,217, 236, 327 nm; IR
(ATR)umax: 3343.4, 1679.7, 1526.6, 1364.7,
1340.9, 1311.3, 1284.1, 1163.2, 1076.9, 1003.9,
698.6 cm™; 'H NMR (DMSO-ds, ppm): & 1.42 (s,
9H, -C(CHs)3), 3.21 (dd, J=14.2, 5.2 Hz, 1H,
CHCHy,), 3.4 (dd, J=14.2, 4.6 Hz, 1H, CHCHa),
3.66 (d, J=5.6 Hz, 2H, -S-CH-Ph), 3.73 (s, 3H,
OCHs), 4.42 (d, 2H, -CH:-O -), 4.87 (ddd, J= 7.0,
5.2,4.6 Hz, 1H, CHCH2), 5.82 (br. s, 1H, OH), 6.28
(d, J=7.0 Hz, 1H, NH), 6.32 (d, J=15.6 Hz, 1H,-
CH=CH-), 6.93 (d, J=8.0 Hz, 1H, m-ArH), 7.01 (d,
J=1.6 Hz, 1H, 0-ArH),7.06 (dd, J=8.0, 1.6 Hz, 1H,
0-ArH), 7.24 (m, 5H, Ar-H), 7.57 (d, J=15.6 Hz, 1H,
-CH=CH-); EI-MS: 57.1, 91.0, 177.1, 473.3 [M*]

Sinapate of Boc-Cys(Bzl)-ol, yield 25 %

UV (C:HsOH) A max = 203,228, 330 nm: IR
(ATR)umax: 3392.8, 1705.1, 1597.5, 1507.1,
1456.8, 1418.8, 1108.3, 870.4, 659.0 cm:; 'H NMR
(DMSO-ds, ppm): & 1.42 (s, 9H, -C(CHs)s), 3.71

la: Boc-Cys(Bzl)-OH; R=CH,-S-CH,-C,H,
1b: Boc-Val-OH; R=CH(CH,),

%\oku/‘\( ° i)
OH >_/0«o " on

(dd, J=14.2, 5.2 Hz, 1H, CHCH.), 3.4 (dd, J=14.2,
4.6 Hz, 1H, CHCHz,), 3.68 (d, J=5.6 Hz, 2H, -S-
CHa-Ph), 3.73 (s, 6H, 2x OCHs), 4.51 (d, 2H, -CH,-
0-), 4.63 (ddd, J= 7.0, 5.2, 4.6 Hz, 1H, CHCH2),
5.72 (s, 1H, OH), 6.28 (d, J=7.0 Hz, 1H, NH), 6.32
(d, J=15.6 Hz, 1H, =CH), 6.7 (s, 2H, Ar-H), 7.28-
7.51 (m, 5H, Ar-H), 7.59 (d, J=15.6 Hz, 1H, =CH);
EI-MS: 57.1, 91.0, 207.1, 238.1, 266.1, 386.3,
447.1, 503.3 [M*].

RESULTS AND DISCUSSION

Herein, in order to elucidate the antiradical
activity of cinnamic acid esters, we firstly obtained
synthetically the amino alcohols (used as
intermediates).

By applying a modified method [28], the NaBH4
reduction of protected amino acids (Schemel; 1a,b)
into corresponding amino alcohols (2a, b) was
occurred by means of in situ formed
isobutylcarbonic acid mixed anhydrides in THF.
However, the establishment that the reducing power
of NaBH4in THF increases when methanol is added
drop-wise [28] enforces us to accomplish the
reaction in the same manner. The expected amino
alcohols were isolated on silica gel by preparative
thin layer chromatography (hexane:ethylacetate) in
moderate yields.

The hydroxycinnamic acid esters (Table 1, 3a-d)
were prepared by esterification of sinapic- (SA) and
ferulic (FA) acids with compounds 2a, b using
DCC/DMAP method [30]. The structures of desired
hydroxycinnamates were elucidated by UV, IR,
ESI(EI)-MS and *H-NMR spectroscopic analyses.

2a: Boc-Cys(Bzl)-ol
2b: Boc-Val-ol

Scheme 1. i) IBCF/NMM, THF, -15°C ii) NaBH4, CH3:0OH
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Table. 1. Structures of hydroxycinnamic derivatives studied and their DPPH®-scavenging activity.

RSA %
Compounds 3.6 MM
R R Y 20’
0]
R N NH-Boc
O/Y
Y
HO
OCH, 3a-d
FA ester of BocCys(Bzl)ol (3a) H - -CH2-S-Bzl  27.0+0.1
SA ester of BocCys(Bzl)ol (3b) OCHs - -CH2-S-Bzl  29.9+0.2
FA ester of BocVal-ol (3c) H - -CH(CH3),  17.6+0.2
SA ester of BocVal-ol (3d) OCHgs - -CH(CH3),  19.7+0.1
0]
0
R N H
N
\(lkoRl

HO q Y

da-

ocH,

FA-Cys(Bzl)-OEt* (4a) H CoHs  -CH.-S-Bzl  38.4+1.2
SA-Cys(Bzl)-OEt*(4b) OCHjs CHs  -CH,-S-Bzl  47.4+2.4
FA-Val-OCHjs (4c) H CHs -CH(CHs); 30.8+0.2
SA-Val-OCHjs (4d) OCHjs CHs -CH(CHz)2  35.1%0.1
Sinapic acid (SA) - - 68.0+0.3
Ferulic acid (FA) - - 45.2+0.1

% RSA—percent radical scavenging activity; % RSA = [ADbSsi6nm (t = 0) - ADSsi6nm(c = ) X L00/AbSs16nm(t = 0)]; Sinapic-and

ferulic acids were used as standards.

*The RSA of hydroxycinnamoylamides were previously reported [32] and were used for comparison.

The values of the proton-proton vicinal coupling
constants (3Juwn about 15.5 Hz) measured for the
olefinic protons of feruloyl- and sinapoyl moieties
define E configuration of the double bond of the
studied compounds (3a-d).

Highlighting the valuble role of
hydroxycinnamic acid derivatives as antioxidants,
the search for new, more effective and better radical
scavengers is a major challenge.

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH-)
scavenging activity

Being stable and commercially available organic
nitrogen radical, DPPH" is often used for primary
assessment of antioxidant activity. DPPH method
gives rapid and highly reproducible results, therefore
we applied this method to estimate and compared the
radical scavenging abilities of the synthesized
hydroxycinnamic acid derivatives (esters and
amides).

As shown in Table 1, % RSA values of
hydroxycinnamic acid (sinapic and ferulic) and their
derivatives are presented for 20-min reaction period
(3.6 mM), as proposed by Nenadis et al. [31].

The DPPH  scavenging  activity  of
hydroxycinnamates (3a-d) was compared with those
of corresponding previously synthesized amides
(4a-d). Results obtained indicated that amide
derivatives (4a-d) were found to be more potent than
corresponding hydroxycinnamic esters (3a-d). The
established increase of antiradical activity in
hydroxycinnamoyl amino acid amides may be due to
the presence of other hydrogen-donating amide
group. By comparison of DPPH activity of studied
esters and amides with their corresponding free
cinnamic acids the higher radical scavenging ability
of the parent acids was established. Actually, N-
sinapoyl amide of cysteine (SA-Cys(Bzl)-OEt (4b))
showed similar DPPH scavenging activity as ferulic
acid was [32]. Moreover, our results are in a good
correlation with those presented elsewhere, that
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introduction of additional methoxyl group in an
ortho-position to a hydroxyl group (such as in
sinapic acid series, Table_1) is an important for the
radical scavenging activities of phenolic acids.

CONCLUSION

In our study N-protected amino alcohols were
chemically obtained and further used as intermediate
analogues for synthesis of hydroxycinnamates.

The sinnapic and ferulic acid derivatives (esters
and amides) were tested and compared for their in
vitro antiradical activity towards DPPH radical. It
was found that N-hydroxycinnamoyl amino acid
amides showed better radical scavenging activity
than the corresponding hydroxycinnamates, whereas
the free hydroxycinnamic acids (used as standards)
remained the most active ones in this test.

Acknowledgements: The authors gratefully
acknowledge financial support from South-West
University “Neofit Rilski” — grant RP-A9/16.
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CHUHTE3 U U3CJIEABAHE HA PA/IUKAJI-YJIABAIIIA AKTUBHOCT HA
ECTEPU HA KAHEJIEHUTE KNUCEJIMHA

M. Youkona'*, B. Croiikosal, I. Iletpona’, H. I'vomkosal, I'. Banosa?,
M. uxad, 11, Munkosa®

1Kamedpa no xumus, FOeozanaden ynusepcumem ,, Heogpum Puncku“, ya. ,, Mean Muxaiinog Ne 66, 2700
bnacoesepad (Bvacapus)
2 [lenapmamenm no xumus u 6uoxumus, Yuuespcumem 6 Iopmo, yi. Kamno Anezpe c/n, 4169-007 Ilopmo
(Illopmyzanus)
3 lenapmamenm no opzanuuna xumus, Kapnoe ynueepcumem, Xnasoea 2030/8,
12843 Ilpaca 2 (Hexus)

Ioctenuna Ha 10 okromBpu, 2016 r.; Kopurupana ua 20 siuyapu, 2017 1.
(Pestome)

Kanenenara, XuapokcuKaHeneHuTe KuceianHu ((epynoBa, cHHaNoBa, KadeeHa) U TEXHUTE €CTEpH MPEICTaBISIBAT
BTOPUYHU PACTUTEIHM METa0OJIHMTH, OMOCHHTE3MpaHH OT (EHUIIPONAaHOUAHHUS MeTabonuTeH NbT. [IpuponHuTe
XUJPOKCUIIMHAMATH W TEXHUTE CHHTETUYHH aHAJIO3W NPHUBIMYAT BHUMAHUETO HAa M3CJIEJOBATENUTE MOPAIH MINPOKHS
CIEKTBP OT OHWOJIOTMYHM  aKTUBHOCTH  KaTO:  aHTHOKCHAAHTHA, aHTUMHUKpOOHWAlIHAa, MNPOTHBOTYMOPHA,
NPOTHBOBB3MAIUTEIHA, THPO3UHAZHO-HHXHOUTOPHA U IP.

B Hacrosimero m3ciienBaHe € pasriefaHa peayKUWs Ha KapOOKCHIIHATa Ipyna Ha 3allUTEHH aMHHOKapOOKCWIIHH
kucenHn Ha Ng -MACTO M B cTpaHu4yHaTa Bepura. Crex ecrepuduuupaHe Ha IONYYEHUTE aMHUHOAIKOXOJIH C
XUAPOKCHKaHENICHH (CHHAIIOBa U (pepyJIoBa) KHCEINHN, HOBOCHHTE3UPaHUTE IPOU3BOIHH Ca ITOUI0KEHH Ha U3CIIeABaHe
3a paadKadylaBsAlla aKTUBHOCT chupsmo 1,1-Jnudenmn-2-mukpunxunpasmioB panukan (DPPH). Pesynrature ot
AQHTHPAJAUKAIOBaTa aKTUBHOCT Ha XHAPOKCHUIIMHAMATHUTE Ca CPABHEHH C TE3H HA ChOTBETHUTE XUAPOKCHIIMHAMOMIAM U
C aMHHOKapOOKCWIIHM KucenuHH. KaTo cTaHaapTHH aHTHOKCHIAHTH Ca W3IOJI3BaHU CBOOOJHHUTE XUAPOKCHUKAHEICHH
KHCEIIMHU. YCTaHOBEHO €, Y€ XHJIPOKCHIMHAMOWIIAMUAMTE IO0Ka3BaT MO-HHCKA aHTUPAJAUKAIOBA AKTHBHOCT OT
CHOTBETHHUTE CBOOOJHU XHPOKCHKAHEJICHU KUCEIMHH, HO TI0-BHCOKA OT Ta3W Ha XUIPOKCHIIMHAMATHUTE.
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