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ABSTRACT

A series of new derivatives 1-11 of cinnamic acid have been synthesized by
afacile procedure for esterification based on using of DCC as a coupling
agent, DMAP and solvent system methylene chloride. The structures of all
the newly synthesized derivatives 1-11 of cinnamic acid were assigned as 3-
methyl-2-butenyl (E)-3-(3,4,5-trihydroxyphenyl)-2-propenoate (1), (2E)-3,7-
dimethyl-2,6-octadienyl (E)-3-(3,4,5-trihydroxyphenyl)-2-propenoate (2),
(22)-3,7-dimethyl-2,6-octadienyl (E)-3-(3,4,5-trihydroxyphenyl)-2-propenoate
(3), (2E,6E)-3,7,11-trimethyl-2,6,10-dodecatrienyl (E)-3-(3,4,5-
trihydroxyphenyl)-2-propenoate (4), (2E)-3,7-dimethyl-2,6-octadienyl (E)-3-
(4-hydroxy-3-methoxyphenyl)-2-propenoate (5), (22)-3,7-dimethyl-2,6-
octadienyl (E)-3-(4-hydroxy-3-methoxyphenyl)-2-propenoate (6), (2E,6E)-
3,7,11-trimethyl-2,6,10-dodecatrienyl (E)-3-(4-hydroxy-3-methoxyphenyl)-2-
propenoate (7), 3-methyl-2-butenyl (E)-3-(4-hydroxy-3,5-dimethoxyphenyl)-
2-propenoate (8), (2E)-3,7-dimethyl-2,6-octadienyl (E)-3-(4-hydroxy-3,5-
dimethoxyphenyl)-2-propenoate (9), (22)-3,7-dimethyl-2,6-octadienyl (E)-3-
(4-hydroxy-3,5-dimethoxyphenyl)-2-propenoate (10) and (2E,6E)-3,7,11-
trimethyl-2,6,10-dodecatrienyl (E)-3-(4-hydroxy-3,5-dimethoxyphenyl)-2-
propenoate (11) by extensive NMR studies
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Thedassof cinnamicacid derivatives induding both
natural compoundsand their organic analogs, ischar-
acterized by abroad spectrum of biologica activity and
is a promising material for creation of new drugs
preparationl. Raman et a havereported that thein-
troduction of ha ogen onto thebenzenering of cinnamic
acid enhanced theantimicrobid activity against gram
negative bacterid®. Certain substituted cinnamate and
cnnamamidederivativesshow fungitoxicand phytotoxic
activities®. For derivativesof hydrocinnamicacid (char-

acterized by highantioxidant activity), anti-inflammatory,
ana ogesi ¢ and antipyretic activity hasbeen reported®.
Transcnnamicacid anditsderivativeswereinvestigated
for the a-glucosidaseinhibitory activity!”, while some
derivativesof cinnamic acid show humanacyl-CoA cho-
lesterol acyltransferase-1 and -2 inhibitory activities®.
A cdl growthinhibitory effect of Drupaninand baccharin
ingredient of propoieswasa so found in human cancer
cel lineg?.

Thusliteraturemanifeststhat investigetion determin-
ing the structureversesactivity characteristicsmakea
definite contribution to thedeve opment of goal-directed
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SCHEME 1: Routeto preparation of cinnamic acid der ivativesby reaction with prenal (a), nerol (b), geraniol (c) and

farnesol (d)

TABLE 1. 'H NMR datafor 1-5 (CDC|3)
3 'H (ppm) multiplicity (J, Hz)

H 1 2 3 4 5
1 - - - - -
2 642d 6.41d 6.42d 6.41d 6.41d
(15.2) (15.3) (15.2) (15.2) (15.9)
3 7.70d 7.69d 7.69d 7.70d 7.69d
(15.2) (15.3) (15.2) (15.2) (15.9)
l/ - - - - -
2 6.25d 6.25d 6.25d 6.25d 6.68d
(1.08) (1.08) (1.08) (1.08) (1.09)
3/ - - - - -
4/ - - - - -
5 - - - - 6.60d
(8.41)
6 6.25d 6.25d 6.25d 6.25d 6.72 dd
(1.08) (1.08) (1.08) (1.08) (1.09,8.41)
1" 4.87d 4.87d 4.87d 487d 4.84d
(7.0) (7.0) (7.0) (7.0 (7.2)
2" 546m 546m 546m 546m 546 m
3 _ . _ - -
4" 180s 218m 218m 217m 2.17m
57 160s 212dd 212dd 210m 2.12dd
(7.6, 15.2) (7.6, 15.2) (7.7, 15.0)
6" - 525m 525m 524m 526 m
8" - 1.80s 1.80s 20m 1.80s
9" - 1.60s 1.60s 205dd 1.60s
(7.3,
15.1)
10" 1.80s 1.80s 524m 1.80s
11" - - - -
12" 1.80s -
13" 161s -
14" 1.80s -
15" 1.80s -
OMe 3.84s

synthesisof biologicaly active compounds. Therefore

it seemed to usthat ester derivativesof cinnamic acid
might aso show interesting biological properties. Keegp-
ing thesein mind, we synthesized new derivatives of
cinnamic acid whichinvolvefirst synthetic preparation
by reactingwith a cohol s such asprenol, nerol, gernoil
and farnesol in hope of their potential activity as
biomarkers.

RESULTSAND DISCUSSION

Given thewidespread utility and broad spectrum
of biologica activitiesof these compounds, the synthe-
sisof morepotent efficacious, new ester derivativesis
of interest. All these derivativeswere synthesized by
followingtheliterature procedurd ™. Cinnamic acid de-
rivativeswere coupled with various a coholsby using
steglish conditions (DCC/DMAP) and methylenechlo-
ride as solvent (SCHEME 1), providing the desired
products as confirmed by mass, *H NMR, *BCNMR,
homonud ear multiple-quantum coherence (HM QC) and
heteronuclear multiple-bond connectivity (HMBC) ex-
periments.

Compound (1) showed amolecular ion peak inthe
hi gh-resol ution mass spectrum at m/z 264.0995, cor-
responding to themolecular formulaC ,H, O, (calced
264.0998 for C ,H,.O,). The '"H NMR spectrum
(TABLE 1) showed signal for two protonsat 6 7.70
(d, J=15.2Hz),6.42 (d, J=15.2Hz) and 6.25 x 2
(d, J=1.08 Hz) which could be assigned tothe double
bond adjacent to carbonyl carbon and aromatic pro-
tons. The spectrum also showed signalsfor the side
chain protonsat 6 5.46 (m), 4.87 (d, J=7.0Hz) and
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TABLE 2: 'H NMR datafor (6-11) (CDCI,)
8 'H (ppm) multiplicity (J, Hz)

H 6 7 8 9 10 11
1 - - - - - -
2 6.41d 6.40d 6.41d 6.42d 6.42d 6.41d
(15.3) (15.3) (15.00 (152 (152 (151
3 7.69d 7.70d 7.69d 7.70d 7.70d 7.69d
(15.3) (15.3) (15.00 (152 (152 (15.1
1' - - - - - -
2 668d 6.68d 6.28d 6.28d 6.28d 6.28d
(2.08) (1.099 (1.07) (1.08 (1.08) (1.08)
3' - - - - - -
4’ - -
5 6.60d 6.61d
(8.4) (8.4)
6 G(Z%gd E}Z%gd 628d 628d 628d 6.28d
8.4) 8.4) (2.07) (1.08) (1.08) (1.08)
1" 484d 486d 487d 487d 487d 487d
(1) (709 (01 (700 (700 (7.0
2" 546m 545m 546m 546m 546m 546m
3/' - - - - - -
4" 217m 215m 180s 218m 218m 217m
5’ 212dd 2.12dd 2.12dd 2.12dd 2.10dd
(7.6, (7.6, 160s (75 (75 (7.6,
152) 15.2) 152) 152) 15.2)
6" 526m 526m 525m 525m 524 m
7” - - - - -
8" 180s 20m 180s 1.80s 20m
9" 2.05dd 2.05dd
160s (7.2, 160s 160s (7.3
15.0) 15.1)
10" 1.80s 524m 180s 1.80s 524m
117 - - - - -
12" - 1.80s 1.80s
13" - 161s 161ls
14" - 1.80s 1.80s
15" - 1.80s - - - 1.80s
OMe 3.84 3.84s 385s 385s 385s 3.85s
OMe - - 3.85s 3.85s 385s 3.85s

two singletsat 6 1.80 and 1.60 supporting the pres-
ence of adoublebond, amethylene protonsand apair
of methyl inthe side chain. The *C NMR spectrum
(BB and DEPT) showed 14 carbon signals (TABLE
3), two methyl, one methylene, five methineand six
guaternary carbons. The low-field region of the *C
NMR spectrum showed signalsat 6 166.2, 147.1x 2,
132.9, 131.0, 109.2 x 2, 143.3, 135.8, 125.0 and
120.1 which could be assigned to carbonyl carbon of
the ester, aromatic ring carbons and doubl e bond car-
bons of the side chain, respectively. One oxygenated
methylene carbonsresonated at 6 62.9 while methyl
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carbons appeared at 6 19.7 and 25.3. The positions of
subgtituent could be confirmed by the homonud ear mul-
tiple-quantum coherence (HM QC) and heteronuclear
multiple-bond connectivity (HMBC) experiments. Thus
compound (1) was confirmed as 3-methyl-2-butenyl (E)-
3-(3,4,5-trihydroxyphenyl)-2-propenoate.

Compounds (2-4) showed molecular ion peaksin
the high-resol ution mass spectrum at m/z 332.1629,
400.2255, corresponding to the molecular formulas
C,H,,0; (calcd 332.1624 for C H,,0,) and
C,,H.,0, (cacd 400.2250for C,,H,,0,), respectively.
TheH NMR spectrum (TABLE 1) of compound 2-4
showed peakssimilar to compound 1 with someaddi-
tional peaks corresponding to the chainlength. Com-
pounds 2, 3 showed additional pesaks at 6 5.25 (m),
2.18(m),2.12(dd, J=7.6, 15.2Hz) and 1.80 (s) which
indicatethe presence of an additiona doublebond, two
methylenegroupsand amethyl group whilecompound
4 showed additiona pesksat 65.24 x 2(m), 2.17 (m),
2.10 (m), 2.0 (m), 2.05 (dd, J= 7.3, 15.1 Hz) and
1.80 x 2 (s) which indicate the presence of an addi-
tional two double bonds, four methylene groups and
two methyl groups. The *C NM R spectrum (BB and
DEPT) of compounds 2, 3 showed 19 carbon signals
(TABLE 3), threemethyl, three methylene, s x methine
and seven quaternary carbons. The *C NMR spec-
trum of compound 2 showed the additional peaksat 6
139.9,124.1, 40.0, 23.7 and 17.9 confirmed the struc-
ture of compound (2) as (2E)-3,7-dimethyl-2,6-
octadienyl (E)-3-(3,4,5-trihydroxyphenyl) -2-
propenoate. Similarly, compound (3) showed the ad-
ditional peaksat 6 139.9, 124.1, 23.7 but the differ-
encefrom 2 appeared in the chemical shift of the car-
bons adjacent to the double bond such as ¢ 34.5 and
22.9 indicated the presence of cis(Z) double bond at
carbon 2’ and confirmed the structure of compound 3
as (22)-3,7-dimethyl-2,6-octadienyl (E)-3-(3,4,5-
trihydroxyphenyl)-2-propenoate while compound 4
showed 24 carbon sgnas(TABLE 3), four methyl, five
methylene, seven methineand el ght quaternary carbons.
The additional peaks appeared at 5 139.9, 139.7,
124.1, 124.0, 40.5, 40.1, 23.9, 23.7, 18.4 and 17.8
confirmed the structure of compound 4 as (2E,6E)-
3,7,11-trimethyl-2,6,10-dodecatrienyl (E)-3-(3,4,5-
trihydroxyphenyl)-2-propencate.

Compound (5) showed amolecularionpesk inthe
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TABLE 3: *C NMR datafor (1-5) (CDCI,)

3 °C (ppm)

H 1 2 3 4 5
1 1662 1662 1662 1662  166.0
2 1201 1201 1201 1201 1205
3 1433 1433 1433 1433 1432
1 1310 1310 1310 1310 1294
2 1092 1092 1092 1092 1149
3 1471 1471 1471 1471 150.2
4 1329 1329 1329 1329 1443
5 1471 1471 1471 1471 1182
& 1092 1092 1092 1092  121.0
1" 629 62.9 629 629 62.8
2 1250 1241 1241 1241 1242
3" 1358 1399 1399 1399  139.8
4" 253 40.0 345 401 40.1
5 19.7 237 237 239 238
6" - 1250 1250 1240 1250
7" - 1358 1358 1397 1358
8" - 253 253 405 252
% - 196 196 237 195
10" 17.9 229 1250 17.8
11" - - 135.8 -
12" 25.3

13" 19.7

14" 18.4

15" 17.8

OMe 58.0

hi gh-resol ution mass spectrum at m/z 330.1835, cor-
responding to themolecular formulaC,H, O, (calcd
330.1831 for C,H,,0,). The '"H NMR spectrum
(TABLE 1) showed signals at 6 6.72 (dd, J=1.09,
8.41Hz),6.68 (d, J=1.09 Hz) and 6.60 (d, J=8.41
Hz) which could be assigned to the aromatic protons.
The spectrum aso showed signalsat 6 7.69 (d, J =
15.4 Hz), 6.41 (d, J= 15.4 Hz), 5.46 (M), 5.26 (M),
4.84(d,J=7.1Hz),2.17(m), 2.12(dd,J=7.7,15.0
Hz) andthreesingletsat 6 1.80 x 2 and 1.60 support-
ing the presence of three doubl e bonds, three methyl-
ene protons and three methyl groups. The*H NMR
spectrum al so showed three protonssignal at 6 3.85
(9), indicating the presence of amethoxy group. The
BC NMR spectrum (BB and DEPT) showed 20 car-
bon signas(TABLE 3), four methyl, three methylene,
seven methine and six quaternary carbons. Thelow-
field region of the 3C NMR spectrum showed signals
at 5 166.0, 150.2, 144.3, 129.4, 121.0, 118.2, 114.9,
143.2, 120.5, 139.8, 124.2, 135.8 and 125.0 which
could be assigned to carbonyl carbon of the ester, aro-
matic ring and doubl e bonds carbons, respectively. One

—= Pyl Peper

oxygenated methyleneand one methoxy carbonsreso-
nated at 6 62.8 and 58.0 while methyl carbonsappeared
at 67.8,19.5and 25.2. Similarly, *C NMR spectrum
also showed signalsfor apair of methyleneprotonsat
40.1 and 23.8. The positions of substituent could be
confirmed by the homonucl ear multiple-quantum co-
herence (HMQC) and heteronuclear multiple-bond
connectivity (HMBC) experimentsand confirmed the
structure of compound (5) as (2E)-3,7-dimethyl-2,6-
octadienyl (E)-3-(4-hydroxy-3-methoxyphenyl)-2-
propenoate.

Compounds(6,7) showed molecular ion peaksin
the high-resol ution mass spectrum at m/z 330.1835,
398.2462, corresponding to the molecular formulas
C,,H,0, (calcd 330.1831 for C, H,0,) and
C,.H.,0, (cacd 398.2457 for C.H,,0,). The'H and
3C NMR spectrum (TABLES 2 and 4) of compound
6 showed similar peakslikecompound 5with theonly
differencein*C NMR spectrum which showed pesks
at 6 34.4 and 22.9 corresponding to thecis (Z) double
bond at 2" pogition and confirmed the structureof com-
pound (6) as(22)-3,7-dimethyl-2,6-octadienyl (E)-3-
(4-hydroxy-3-methoxyphenyl)-2-propenoate. Com-
pound 7 also showed similar *H and *C NMR spec-
trum (TABLE 2, 5) with someadditional peakscorre-
sponding to the chain length. *H NMR spectrum
(TABLES 2 and 5) showed additional peaksat 6 5.24
(m), 2.0 (m), 2.05 (dd, J=7.2, 15.0Hz) and 1.8 (9)
while*C NM R spectrum showed the additiona peeks
at 6 139.7,124.0, 40.5, 23.7 and 18.4 confirmed the
structure of compound 7 as (2E,6E)-3,7,11-trimethyl-
2,6,10-dodecatrienyl (E)-3-(4-hydroxy-3-methoxy
phenyl)-2-propenoate.

Compounds (8-11) showed molecular ion peaksin
the high-resol ution mass spectrum at m/z 292.1317,
360.1941, 428.2566, corresponding to the molecul ar
formulas C H, O, (calcd 292.1311 for C H, 0,),
C,,H,.0, (calcd 360.1937 for C, H,0O,) and
C,H.,O,(calcd 428.2563for C,.H,.O,), respectively.
The'H and C NMR spectrum (TABLE 2 and 4) of
compound (8-11) showed peakssimilar to compound
1-4, respectively, except the gopearance of two methoxy
protonsignalsat 6 3.85x 2(s) and57.9x 2in*H and
3C NMR spectrum indicates the presence of two
methoxy groups at aromatic ring carbon. Further the
positionsof substituent could be confirmed by thehomo-
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TABLE 4: *C NMR datafor (6-11) (CDCI,)

8 ©°C (ppm)
H 6 7 8 9 10 11
1 1660 1662 1661 1661 1661 166.1
2 1205 1201 1202 1202 1202 120.2
3 1432 1433 1432 1432 1432 1432
1 1294 1294 1303 1303 1303 130.3
> 1149 1149 1073 1073 1073 107.3
3 1502 1502 151.2 1512 1512 1512
4 1443 1443 1289 1289 1289 1289
5 1182 1182 1512 1512 1512 1512
6 1210 1210 1073 1073 107.3 107.3
1" 628 629 627 627 627 627
o 1242 1241 1251 1240 1240 124.2
3’ 1398 1399 1355 1397 1397 139.7
4" 344 401 254 402 344 401
57 238 239 198 238 238 239
6" 1250 124.0 - 1251 1251 1240
7" 1358 1397 1356 1356 139.6
8" 252 405 254 254 404
9' 195 237 196 196 238
10" 229 1250 179 229 1251
11" - 1358 - - 1357
12" - 25.3 25.3
13" - 19.7 19.6
4 - 18.4 18.3
15" 17.8 - - - 177
OMe 580 580 579 579 579 579
OMe 579 579 579 579

nuclear multiple-quantum coherence (HMQC) and
heteronuclear multiple-bond connectivity (HMBC) ex-
periments and confirmed the structures 8-11 as 3-me-
thyl-2-butenyl (E)-3-(4-hydroxy-3,5-dimethoxyphenyl)
-2-propenoate, (2E)-3,7-dimethyl-2,6-octadienyl (E)-
3-(4-hydroxy-3,5-dimethoxyphenyl)-2-propenoate,
(22)-3,7-dimethyl-2,6-octadienyl (E)-3-(4-hydroxy-
3,5-dimethoxyphenyl)-2-propenoate and (2E,6E)-
3,7,11-trimethyl-2,6,10-dodecatrienyl (E)-3-(4-hy-
droxy-3,5-dimethoxyphenyl)-2-propenoate, respec-
tively.

EXPERIMENTAL

General

Column chromatography was carried out for puri-
fication of thecrudemateriasusing silicagel of 230
400 mesh (E.Merck) asdtetionary phase. Aluminasheets
precoated with silicagel 60 F254 (20x20 cm, 0.2-mm
thick; E-Merck) wereused for TLC to check the pu-
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rity and werevisualized under UV light (254 and 365
nm) using ceric sulfatereagent. The starting materials
such astrihydroxy cinnamic, Sngpinicand transferullic
acidswerepurchased fromtheAldrich Chemicd Com-
pany and all solvents were HPLC grade. IR spectra
wererecorded as KBr pellet on Jasco-320-A Infrared
spectrophotometer. Mass spectra(El and HREIM S)
weremeasured onon Finnigan (VarianMAT) 112 and
Finnigan (Varion MAT) 312 spectrometersandionsare
giveninm/z(%). The'H and *C NMR spectrawere
recorded on a Bruker AMX-400 spectrometer in
CDCI.. Chemical shifts(J) werereportedinppmand
coupling congtants (J) in hertz (Hz). Thechemical shift
sandard wasinternd tetramethylsilane (TMS) for both
H and *C. Thefollowing abbreviationswere used: s,
d, dd and mfor snglet, doublet, doublet of doublet and

multiplet, respectively.
General procedur efor thesynthesisof compounds
(1-11)

The compounds (1-11) were synthesized by es-
terification of cinnamic acids (trihydroxy cinnamic,
singpinic andtransferullic acids) with acoholssuch as
prenol, nerol, geraniol and farnesol by asynthetic pro-
cedureinwhich acohols (5 mL/mmol) wereadded to
thecinnamicacids (1.3 equiv) dissolved in anhydrous
CH,CI, (10 ml). Further DMAP (0.15 equiv) and DCC
(1.25 equiv) wereadded and stirred up to 12 h. N,N-
Dicyclohexylureawasfiltered and thefiltrate was con-
centrated”. The crud compounds 1-11 (1.32-140 g)
were subjected to flash column chromatography over
slicagd, successvely e uting with n-hexane-ethyl ac-
etate (4:6to3:7) afforded 1-11 (15-20 mg).

Spectral dataof compounds(1-11)

IR (KBr), v, . cm?™: 3500-3300 (OH), 2950-2860
(C-H), 1745-1735 (C=0), 1669 (trans C=C), 1658
(cisC=C), 1610-1600 (aromatic C=C) and 1200-1100
(C-O), HREIMS m/z M* 264.0995 (cal cd 264.0998
for C,H,.0,), 332.1629 (calcd 332.1624 for

C,H,.0), 332 1629 (caled 332.1624 for C H,,0,),
400.2255 (calcd 400.2250 for 02 ,H,,0,), 330.1835
(caled 330.1831 for C,H..O,), 330.1835 (calcd
330.1831 for C, H,,O,), 398.2462 (calcd 398.2457
for 025 20,), 292.1317 (calcd 292.1311 for

16 20

0,), 360.1941 (cal cd 360.1937 for C,,H,,0,),
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360.1941 (calcd 360.1937 for C, H,,O,) and REFERENCES
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