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Abstract: Cinnamic acid is an organic acid occurring naturally in plants that has low toxicity and a broad spectrum of 
biological activities. In the search for novel pharmacologically active compounds, cinnamic acid derivatives are important 
and promising compounds with high potential for development into drugs. Many cinnamic acid derivatives, especially 
those with the phenolic hydroxyl group, are well-known antioxidants and are supposed to have several health benefits due 
to their strong free radical scavenging properties. It is also well known that cinnamic acid has antimicrobial activity. 
Cinnamic acid derivatives, both isolated from plant material and synthesized, have been reported to have antibacterial, 
antiviral and antifungal properties. Acids, esters, amides, hydrazides and related derivatives of cinnamic acid with such 
activities are here reviewed. 
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1. INTRODUCTION 

 Two large, distinct classes of phenolic acids are known in 
plants ‒ derivatives of benzoic acid and of cinnamic acid (1) 
[1]. The latter comprise a series of trans-phenyl-3-propenoic 
acids that differ in their ring substitution (Fig. (1)). The 
presence of a benzene ring and a short unsaturated 
hydrocarbon chain determines their low polarity and low 
water solubility. They are widely distributed in plants, and 
are present in fruits, vegetables and beverages (e.g. tea, 
coffee) at a wide range of concentrations (e.g. 20-675 mg/ml 
in a cup of coffee) [2-4]. Appropriate polarity and water 
solubility are achieved by their occurrence as derivatives, 
most commonly of hydroxycinnamic acid: p-coumaric (2), 
caffeic (3), ferulic (4) and sinapic acids (5) (Fig. (1)). 
However, these acids are rarely found in free form and are 
generally esterified with quinic or tartaric acids or 
carbohydrate derivatives [1]. 

 In biological chemistry, cinnamic acid is a key inter-
mediate in the shikimate and phenylpropanoid pathways, 
being a precursor of the flavonoids and the plant structural 
component lignin [4, 5]. Due to their common occurence in 
plants and their low toxicity [1-3, 6], cinnamic acid 
derivatives have been evaluated as pharmacologically active 
compounds. They show a remarkable variety of biological 
activities [7-9] and are often used as promising starting 
compounds for the development of new, highly effective 
drugs.  

 The aim of this review is to present the chemical 
structures (acids, esters, amides, hydrazides and related 
derivatives) of cinnamic acids with antioxidant and 
antimicrobial activities. Antibacterial, antiviral and 
antifungal properties of cinnamic acid derivatives are 
discussed. 

 
 

*Address correspondence to this author at the Faculty of Pharmacy, 
University of Ljubljana, Aškerčeva 7, 1000 Ljubljana, Slovenia; Tel: +386-
1-4769577; Fax: +386-1-4258031; E-mail: matej.sova@ffa.uni-lj.si 

2. ANTIOXIDANT ACTIVITY 

2.1. Natural Resources 

 Phenolic compounds are well known antioxidants due to 
their high redox potential. They can act as reducing agents, 
singlet oxygen quenchers, hydrogen donors and metal 
chelating agents [10, 11]. Some of the common phenolic 
compounds in plants are hydroxycinnamic acids, which 
possess high antioxidant activity and several other biological 
activities [7-14, 17-20]. There are many reports of the strong 
antioxidant properties of p-coumaric (2), caffeic (3), ferulic 
(4) and sinapic (5) acids and their derivatives (Table 1) [11-
24]. The importance of structural features on their potency 
and their in vitro and in vivo antioxidant activities is 
presented in detail in a review by Shahidi and Chandraseka 
[13]. Caffeic (3), ferulic (4) and sinapic (5) acids are very 
strong reducing agents, more than butylated hydroxytoluene 
(BHT) and comparable to Trolox [14]. Hydroxycinnamic 
acids 2 - 5 are more effective antioxidants than their benzoic 
counterparts [15, 16]. They have strong antioxidant 
properties due to a phenolic hydroxyl group that reacts with 
oxidants and free radicals to form the resonance-stabilized 
phenoxyl radical, and to the presence of a propenoic side 
chain, whose conjugated double bond could, by resonance, 
have a stabilizing effect on the phenoxyl radical (the radical 
scavenging mechanism is presented in Fig. (2)) [16-18]. The 
antioxidant efficacy of monophenols is strongly enhanced by 
the introduction of a second hydroxy group and methoxy 
substituents in the ortho position [15, 16, 19]. The stronger 
antioxidant activity of dihydroxycinnamic acids (e.g. caffeic 
acid) can be explained by the intramolecular hydrogen 
bonding that can occur in ortho substituted phenols (Fig. (2)) 
[17, 20]. The beneficial effects of caffeic acid (3) against 
oxidative stress have been reported. It significantly increases 
superoxide dismutase, catalase and glutathione peroxidase 
activities and lowers the hydrogen peroxide and 
thiobarbituric acid reactive substance levels in the 
erythrocyte and liver of db/db mice [21].  
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Fig. (1). Cinnamic acid and its most common derivatives in plants. 

Table 1. Substituted Cinnamic Acids (CA) and their Biological Activities 

O

OH

R1

R2

R3

R4  

CA 

R1 R2 R3 R4 

Biological activities and references 

(*- in vivo activity) 

1 H H H H 
antioxidant [4, 16, 22, 25, 38, 41, 42*]; antibacterial [52-
56, 58, 59]; antiviral [9, 85]; antifungal [103, 105-107, 

111]  

2  H  H  OH  H 
antioxidant [9, 11, 12, 13*, 14-16, 19, 20, 22-25, 38, 40, 41, 

50]; antibacterial [7, 57]; antifungal [57, 107, 111] 

3  H  OH  OH  H 
antioxidant [9, 11, 12, 13*, 14-16, 20, 21*, 22-25, 32, 41, 

44, 45, 50]; antibacterial [7, 57-60, 67]; antiviral [91]; 
antifungal [7, 57, 107, 111] 

4  H  OCH3  OH  H 
antioxidant [9, 11, 12, 13*, 14-16, 19, 20, 22-25, 40, 41, 44, 
45, 50]; antibacterial [7, 57-59]; antifungal [57, 107, 111] 

5  H  OCH3  OH  OCH3 
antioxidant [4, 9, 11, 12, 13*, 14-16, 19, 20, 24, 25, 40, 

44]; antibacterial [57]; antifungal [57] 

19-23 
(Fig. (4)) 

H 
 H; OH; CH2CH=C(CH3)2; CO(CH2)2Ph or 

CH2CH=C(CH3)CH2OH  
antioxidant [24, 39, 40]; antibacterial and antifungal [71] 

26  OH  H  H  H 
antioxidant [14, 22, 23]; antibacterial [58, 59]; antifungal 

[105] 

27  H  OH  H  H 
antioxidant [22, 23]; antibacterial [58, 59]; antifungal [105, 

106, 111] 

28  OCH2COOH  H  H  H  antioxidant [41] 

29  H  3,4-[-OCH2O-]  H  antioxidant [41] 

30  H  COOH  OH  H  antioxidant [41] 

31 H  COOH  OCH2COOH  H  antioxidant [41] 

32 H  NH2  H  H  antioxidant [41] 

33 H  H  N(CH3)2  H  antioxidant [41] 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O

OH

R1

R2

R3

R4  

CA 

R1 R2 R3 R4 

Biological activities and references 

(*- in vivo activity) 

34 H  OCH3  OCH3  H  antioxidant [41]; antifungal [111] 

35 H  H  CHO  H  antioxidant [41] 

36 OH  Br  H  Br  antioxidant [41] 

37 H  C(CH3)3  OH  C(CH3)3  antioxidant [41] 

38 OCH3  H  H  H  antioxidant [41] 

39 H  OCH3  H  H  antioxidant [41] 

40 H  H  OCH3  H  antioxidant [41]; antibacterial and antifungal [52] 

41 H  OCH2COOH  OCH2COOH  H  antioxidant [41] 

42 H  OH  OCH3  H  antioxidant [41] 

145  H  NO2  H  H  antibacterial and antifungal [52] 

146  H  H  NO2  H  antibacterial [66] 

147  H  H  Cl  H  antibacterial [66] 

148  H  H  NH2  H  antibacterial [66] 

149  H  OH  OH  OH  antibacterial [66] 

327 H  OH  OH  NO2  antiviral [98] 

331  H  H  SO3H  H  antiviral [100] 

348 CH3  H  H  H  antifungal [103] 

349  H  CH3  H  H  antifungal [103] 

350  H  H  CH3  H  antifungal [103] 

359  H  γ,γ-dimethylallyl  OCH3  H  antifungal [111] 

360  H  γ,γ-dimethylallyl  OAc  H  antifungal [111] 

 

 Antioxidant properties of cinnamic acid derivatives have 
often been determined by their inhibition of lipid oxidation 
or their scavenging effects on free radicals such as 
superoxide anion [14, 16-18, 20-25]. Caffeic (3), ferulic (4) 
and chlorogenic acid (6) exhibit strong superoxide anion 
(SOA) scavenging effects, while o- (14), m- (15) and p-
coumaric (2) acids are only weak SOA scavengers [22, 23]. 
Furthermore, cinnamic acid (1) had no activity, showing that 
the presence of a phenolic hydroxyl group in the benzene 
ring is essential for high SOA-scavenging activity. The 
higher radical scavenging ability of caffeic acid (3), in 
comparison to p-coumaric acid (2), can be explained by the 
arrangement of substituents in the molecule to favour 
reaction with radicals [13]. Similarly, a decrease in radical 
scavenging reaction is observed when the 3-hydroxy group 
in caffeic acid (3) is replaced by a 3-methoxy group, as in 
ferulic acid (4). On the other hand, sinapic (5) and ferulic 

acids (4) are more effective than p-coumaric acid (2) due to 
the electron-donating methoxy group(s) which stabilize the 
phenoxyl radical after hydrogen donation of the hydroxyl 
group [13, 18, 19].  

 Several natural hydroxycinnamic acid esters (6-14, Table 
2) also exhibit promising antioxidant properties [12-15, 25-
31]. Chlorogenic acids (esters of cinnamic acids with quinic 
acid, for example compound 6 in Fig. (1)) are well-known 
antioxidants and are reported to have several health benefits 
(alleviation of cardiovascular disease, diabetes type 2, 
Alzheimer's disease) due to their antioxidant and anti-
inflammatory properties [25-27]. All three chlorogenic acids, 
6-8, exhibit both superoxide scavenging activities and 
inhibitory effects on xanthine oxidase [27]. Cinnamates 10-
14, identified and isolated from Riesling wine, contribute to 
the total antioxidative activity of white wine [15]. 
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Fig. (2). Radical scavenging mechanism of hydroxylated cinnamic acid derivates including resonance stabilization of a phenoxyl radical by 
intramolecular hydrogen bonding (R•=HO•, LOO•; R1=H, alkyl, aryl) [17, 18]. 
 
Table 2. Cinnamates with Antioxidant, Antibacterial, Antiviral and Antifungal Activities 

O

O
R2R1

 

Cmpd 

R1  R2 

Biological activity and reference 
(*-in vivo activity) 

6  3,4-diOH  quinic acid (3-O) 
antioxidant [11, 13*, 22, 23, 25-27, 

50]; antifungal [108] 

7  3,4-diOH  4-methylquinic acid (5-O)  antioxidant [27] 

8 3,4-diOH  1-methylquinic acid (3-O)  antioxidant [27] 

9 3,4-diOH  3-methyl-2-butenol  antioxidant [25] 

10 4-OH  tartaric acid  antioxidant [15] 

11 3,4-diOH  tartaric acid  antioxidant [15] 

12 3-OCH3‐4-OH  tartaric acid  antioxidant [15] 

13 3,4-diOH  ethyl  antioxidant [15]; antiviral [95] 

14 3-OCH3‐4-OH  4-O-β-D-glucosyl  antioxidant [15] 

15 3,4-diOH  3-(3,4-dihydroxyphenyl)-2-carboxypropyl  antioxidant [13, 31] 

43  4-OH  CH3 
antioxidant [12, 14]; antifungal [111, 

114] 

44  3,4-diOH  CH3 
antioxidant [12 ]; antiviral [95]; 

antifungal [111] 

45  3-OCH3‐4-OH  CH3  antioxidant [12, 14]; antifungal [111] 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O

O
R2R1

 

Cmpd 

R1  R2 

Biological activity and reference 
(*-in vivo activity) 

46  4-OH  allyl  antioxidant [42*] 

47  4-OH  1-naphthylmethyl  antioxidant [42*] 

48  3,4-diOH  CH2CH2Ph  antioxidant [13, 29]; antiviral [91, 93, 
95] 

49  3-OCH3‐4-OH  CH2CH2Ph  antioxidant [29]; antiviral [93]; 
antifungal [114] 

50  3,4-diOH  3,4-dihydroxyphenethyl  antioxidant [18] 

51  3,4-diOH  2-phenoxyethyl  antioxidant [30] 

52  3,5-diOCH3-4-OH  2-hydroxyethyl  antioxidant [43] 

53-57  3,4,5-triOCH3 
3-methoxyphenyl; 3-hydrohyl; m-tolyl; 2-

hydroxyethyl; 2-acetylethyl  antioxidant [43] 

58  4-OH tetradecyl antioxidant [44] 

59-61  3,4-diOH  tetradecyl; hexadecyl; octadecyl antioxidant [44] 

62-64 3-OCH3‐4-OH  tetradecyl; hexadecyl; octadecyl antioxidant [44] 

65-66 3,5-diOCH3-4-OH tetradecyl; octadecyl antioxidant [44] 

67 3,4-diOH  hexyl  antioxidant [45] 

68 3-OCH3‐4-OH  hexyl  antioxidant [45] 

117 H Et antibacterial [52, 66]; antifungal [114] 

118 H CH3 antibacterial [52]; antifungal [104, 
111, 114] 

119-127 H n-Pr; i-Pr; n-Bu; i-Bu; octyl; CH2CH2(CH3)2; Bn; 8-
hydroxy-quinolonyl; Ph antibacterial [52]; antifungal [114] 

256-260 H; 3-OH-4-OCH3; 3-OCH3-4-OH; 3,4-
diOCH3; 2,4-diOCH3 

3-phenylprop-2-en-1-yl antibacterial [80]; antifungal [80] 

261-265 H; 3-OH-4-OCH3; 3-OCH3-4-OH; 3,4-
diOCH3; 3,4-O-CH2-O 

4-allyl-2,6-dimethoxyphenyl antibacterial [80]; antifungal [80] 

299-300  3,4-diOH  CH2Ph; CH2CH2CH(CH3)2  antiviral [93, 95] 

301-302  3-OCH3‐4-OH  CH2Ph; CH2CH2CH(CH3)2  antiviral [93] 

305-312 
3-OH-4-OCH3; 3,4-diOCH3; 3,4-diF; 

2,5-diOH; 3,4-diOH; 2,3,4-triOH; 3,4,5-
triOH; 3,4,6-triOH 

phenethyl  antiviral [95] 

313-314 3,4-diOH  2-(1-naftyl)-ethyl; 2-(2-naftyl)-ethyl  antiviral [95] 

315-317 3,4-diOH; 3-OCH3-4-OH; 3,4-diOCH3 CH2COOH antiviral [96] 

318 3,4-diOH  CH(CH3)COOH  antiviral [96] 

325  3,4-diOH  bornyl  antiviral [98] 

326  2-NO2; 3,4-diOH  bornyl  antiviral [98] 

328  3,4-diOH, 5-NO2  phenethyl  antiviral [98] 

361-365 
4-OCH3; 3,4-diOCH3; 3-OH; 3-(γ,γ-

dimethylallyl)-4-OCH3; 3-(γ,γ-
dimethylallyl)-4-OH 

CH3  antifungal [111] 

366-369  4-Cl; 4-i-Pr; 2,4-diCl  CH3  antifungal [112, 113] 

373-374 4-OH  i-Pr;Bu  antifungal [114] 
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 Rosmarinic acid (15, Fig. (3)) is a naturally occuring 
caffeic acid ester and a well-known antioxidant with several 
beneficial and health promoting effects [13, 31]. It contains 
four hydroxyl groups which are responsible for its high 
antioxidative activity [13, 20, 29]. It was reported to inhibit 
superoxide anion [32] and could be used as an antioxidant 
supplement in food [33]. It was shown that the scavenging 
activity of rosmarinic acid is significantly greater than that of 
ascorbic acid. The structure−activity relationships of caffeic 
acid derivatives indicated that the presence of an ortho 
dihydroxyphenyl group is essential for the scavenging effect, 
which is enhanced by the conjugated double bond [34]. 
Moreover, rosmarinic acid significantly inhibits both 
intracellular superoxide and peroxide formation in 
differentiated HL-60 cells, suggesting that it could be an 
effective antioxidant in biological systems through the 
scavenging of superoxide [34]. 

 A potent natural antioxidant, gagaminine (16, Fig. (3)), a 
steroid alkaloid isolated from the roots of Cynanchum 
wilfordi, has a cinnamoyl group in its structure, which 
proved to be critical for the inhibition of hepatic aldehyde 
oxidase activity, an enzyme that generates highly reactive 
oxygen species [35]. 

 The Welsh onion has strong antioxidative and 
antihypertensive activities in vitro and in vivo. Seo and co-
workers isolated four compounds, including two cinnamic 
amides 17 and 18 (Table 3), that showed high DPPH radical 
scavenging activities and therefore may contribute to the 
antioxidative properties of the Welsh onion [36]. 

 Recently, profile of cinnamic acid derivatives was 
described in algae and cyanobacteria. They are new sources 
(together with some fungi) for finding of new cinnamic acid 
derivatives in future [37, 38]. Furthermore, it was shown that 
cinnamic acid derivatives present in PLE and PLE-SPE 

(pressure-liquid with solid-phase extraction) of algal extracts 
comprise an important proportion of the antioxidant 
compounds in these extracts [38]. 

2.2. Prenylated Cinnamic Acids 

 Ethanolic extracts of Brasilian propolis contain 
prenylated cinnamic acid derivatives 19-23 [8, 24, 39, 40]. In 
a study of inhibitory activity against peroxidation of linoleic 
acid in a micelle solution, 3,4-dihydroxy-5-prenylcinnamic 
acid (19) (Fig. (4)) showed the highest antioxidant activity of 
the cinnamic acid derivatives isolated from Brasilian 
propolis [39]. Comparison of the effects of seven methoxy 
and prenyl derivatives of cinnamic acid (19-25, Fig. (4)) on 
the kinetics of lipid bulk phase oxidation showed that sinapic 
acid (5) has the highest antioxidant activity, followed by 
prenyl cinnamic acid derivatives 20 and 21. Both are 
stronger antioxidants than p-coumaric (2) and ferulic (4) 
acids, due to the greater electron density of the OH-moiety 
induced by the inductive effect of the prenyl fragment. 
Compounds 24 and 25 have no antioxidant activity because 
of transformation of the phenol group due to cyclization 
[40]. A comparative analysis of radical scavenging (H-
donating) and chain-breaking (antioxidant) activity of 15 
selected hydroxycinnamic derivatives, including compounds 
20 and 21, was also performed. Three different models were 
applied to explain the structure-activity relationships of 
phenolic antioxidants [24].  

2.3. Semi-Synthetic and Synthetic Cinnamic Acid 
Derivatives 

 Avanesyan and coworkers [41] described the antiradical 
activity of several cinnamic acid derivatives (26-42, Table 1) 
with different substitutions in the aromatic ring. They found 
that the nature and position of substituents in the aromatic 
ring only increase or decrease the activity, the cinnamoyl 
fragment being the determining factor in antiradical activity. 

HO
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OH

O O

OH

O O

N

O

O

HO

OH

OH

OH

rosmarinic acid (15)

gagaminine (16)

O OH

 
Fig. (3). Structures of rosmarinic acid (15) and the potent natural antioxidant gagaminine (16). 

19: R1= OH; R2= H

20: R1, R2= H

21: R1= CH2CH=C(CH3)2; R2= H

22: R1= CH2CH=C(CH3)CH2OH; R2= H

23: R1= H; R2=CO(CH2)2Ph

R2O

R1

COOH

O
COOH

R1

24: R1= H

25: R1= CH2CH=C(CH3)2  

Fig. (4). Prenyl derivatives of cinnamic acid as antioxidants. 
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Table 3. Antioxidant and Antimicrobial Activities of Cinnamamides, Cinnamic Hydrazides and other Cinnamic Acid Derivatives 
(CAD) 

O

NHR2
R1

 

CAD 

R1  R2 

Biological activity and 
reference 

17 3-OCH3-4-OH 2-(3-methoxy-4-hydroxyphenyl)-ethyl antioxidant [36] 

18 4-OH 2-(4-hydroxyphenyl)-ethyl antioxidant [36] 

69 3,4-diOH hexyl antioxidant [45] 

70 3-OCH3-4-OH hexyl antioxidant [45] 

71-91 3,4-diOH  H; NH3; 3-methylbut-2-enyl; OH; OMe; OEt; i-Pr; i-
Bu; isopentyl; allyl; Ph; 2-OH-Ph; 3-OH-Ph; 4-OH-Ph; 
Bn; phenethyl; pyrollidinyl; piperidinyl; morpholinyl; 

(CH3)2; dopaminyl  

antioxidant [25] 

92 4-OH N-(2-(4-hydroxyphenyl)ethyl)-N-methyl antioxidant [46] 

93 3,4-diOH 2-(4-hydroxyphenyl)-ethyl antioxidant [46] 

94 4-OH 2-(3,4-dihydroxyphenyl)-ethyl antioxidant [46] 

95 3,4-diOH 2-(3,4-dihydroxyphenyl)-ethyl antioxidant [46] 

96-100 3-OCH3-4-OH 
RNH2: L-Val-OMe; L-Leu-OMe; L-Phe-t-Bu; L-Tyr-

OMe; L-Phe (4-F-Ph)-Me 
antioxidant [47] 

101-103 3,5-diOCH3-4-OH RNH2: L-Tyr-OMe; L-Phe (4-F-Ph)-Me; L-Phe-t-Bu antioxidant [47] 

128-144 H 

NH2; Ph; 2-NO2-Ph; 2,4-diNO2-Ph; 2-Cl-Ph; 3-Cl-Ph; 
4-Cl-Ph; 4-OMe-Ph; 2-CH3-Ph; N(CH3)2; N(Et)2; 

N(C2H4OH)2; morpholinyl; piperidinyl; i-PrNH; n-Bu; 
NHNH2 

antibacterial and antifungal 
[52] 

159-168 H; NO2; OCH3; OCH2O; Cl  NHCOPh or NHCOPy (see Fig. (8)) antimycobacterial [72] 

201-203 H; 4-OCH3; 4-O-isopentenyl or geranyl (Fig. (9)) 2-(N-acetylamino)-ethyl  antibacterial [75] 

213-216 
4-O-isopentenyl; 4-O-geranyl; 4-OCH3; 3,4-

diOCH3 
NH-(pyridine-2-yl) antibacterial [75] 

217-220 
4-O-isopentenyl; 4-O-geranyl; 4-OCH3; 3,4-

diOCH3 
NH(CH2)2-(indole-3-yl) antibacterial [75] 

241-247 
H; 4-OCH3; 3,4-(O-CH2-O); 3,4-diOCH3; 3,5-

diOCH3; 3,4,5-triOCH3; 2-NO2 
(CH3)2 antibacterial [77] 

319-324 3,4-diOH RNH2: Gly; Ala; Val; Phe; Tyr; 3’,4’-diOH-Phe antiviral [96] 

370 4-Cl  i-Pr  antifungal [112] 

371-372 4-i-Pr  RNH2: Gly; Val  antifungal [113] 

 

The compounds substituted with one or two hydroxyl groups 
showed the highest antiradical activity in the chemilumine-
scence test. 

 Several hydroxycinnamic acid esters (43-66, Table 2) 
also exhibit promising antioxidant properties [12-15, 25, 42-
44]. Methylated derivatives, compounds 43 and 44, of 
coumaric acid (2) and caffeic acid (3)) are weaker reducing 
agents and antioxidants than the free forms, with the 

exception of methyl ferulate (45) that possesses only slightly 
lower antioxidant activity than ferulic acid. Surprisingly, in 
some measuring systems the ester 36 was an even more 
effective antioxidant than the free acid [14]. Allyl (46) and 1-
naphthylmethyl 3-(4-hydroxyl)propanoic acid (47) esters 
exerted lipid-lowering action and antioxidant properties 
without hepatotoxicity in high-cholesterol fed rats [42]. The 
antioxidant activities of these cinnamic acid synthetic 
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derivatives, 46 and 47, were similar to that of cinnamic acid 
(1). Phenethyl esters 48-50 also showed promising 
antioxidant properties [13, 28, 29]. The activity of 3,4-
dihydroxy-cinnamic acid-(2-phenoxyethyl ester) (51) was 
comparable to that of caffeic phenethyl ester (CAPE, 48) 
[30]. Several synthetic cinnamates 52-57 exhibited potent 
antioxidant activity in two free radical scavenging models 
[43]. Due to their antioxidant properties, lipophilicity and 
capacity to absorb UVB radiation, long chain alkyl 
hydroxycinnamates 58-65 could be used in cosmetics, 
sunscreens and in topical formulations to treat erythema and 
other skin diseases [44]. Cinnamic acid esters are more 
hydrophobic than free acids and generally it was observed 
that the hydrophilic antioxidants (acids) showed greater 
antioxidative potency than hydrophobic ones (esters) in bulk 
oil, while hydrophobic antioxidants showed greater activites 
than hydrophilic in emulsion [29]. However, caffeic and 
ferulic acid had stronger antioxidant activitiy in oil-in-water 
emulsion than their corresponding phenetyl esters [29]. 

 Hexyl esters and amides of caffeic and ferulic acid (67-
70, Tables 2, 3) exhibit antioxidant properties that can be 
related to their lipophilicity and redox behaviour. Due to 
their appropriate lipophilicity for crossing the blood-brain 
barrier, some compounds are potential candidates for 
preventing or reducing the oxidative stress associated with 
neurodegenerative diseases [45].  

 In view of the hydrolysis of the ester bond in the 
gastrointestinal tract, Cos and coworkers synthesized caffeic 
acid amides (71-91, Table 3) and evaluated their free radical 
scavenging properties, lipid peroxidation inhibiting activity 
and cytotoxicity [25]. They showed that caffeic acid anilides 
and caffeic acid dopamine amides still possess high 
antioxidant activity and low cytotoxicity, which makes them 
interesting compounds for further investigation of in vivo 
antioxidant properties [25]. Due to their radical scavenging 
activities, cinnamic acid amides 92-95 could be activity 
active in free radical mediated diseases [46]. 

 The kinetic analysis of the inhibited lipid autoxidation in 
the presence of hydroxycinnamoyl amides (96-103, Table 3) 
were analysed by Spasova et al. [47]. N-(feruoyl)- and N-
(sinapoyl)-L-phenylalanine t-butyl ester (100 and 103) were 
the most effective in terminating the oxidation chain and 
decreasing the oxidation rate during the induction period.  

 Cinnamoyl ketoamides 104-111 (Fig. (5)) were 
synthesized as hybrid structures of antioxidants and calpain 

inhibitors. Compound 110, the most potent inhibitor of 
calpain and with strong antioxidant activities, can be used in 
neurological disorders (stroke, Alzheimer's disease) to 
decrease cellular damage [48].  

 Since the alkaloid glaucine possesses promising 
photopretective and antioxidant activity, cinnamoyl amides 
of glaucine (112-116, (Fig. (6)) were synthesized [49]. They 
showed higher radical scavenging activity than glaucine and 
3-aminomethylglaucine which indicates that attachment of 
the cinnamoyl group increases the antioxidant activity of 
glaucine. However, the antioxidative effect is still lower than 
that of free hydroxycinnamic acid [49]. 

2.4. In Vitro Versus In Vivo Antoxidant Activity of 
Cinnamic Acid Derivatives 

 Several in vitro studies have been reported for evaluating 
the antioxidant activity of cinnamic acid derivatives [11, 13, 
50]. In vivo information is, however, insufficient. There are a 
few reports about in vivo antioxidant activity for 
hydroxycinnamic acids, especially for ferulic and caffeic 
acid derivatives [13]. However, more in vivo studies are 
needed in order to understand the biological role of cinnamic 
acid derivatives. The in vitro antioxidant activity of food 
phenolics (such as hydroxycinnamates) usually differs from 
its in vivo antioxidant effect. The effect of these antioxidants 
on the redox balance in vivo cannot be simply extrapolated 
from their activities in vitro. The main problems of in vitro 
studies are usually the use of non-physiological conditions 
(e.g. concentrations of substances) and, furthermore, they do 
not take into account facts, such as metabolic 
transformations and interactions, that clearly influence the 
bioavailability of polyphenols and their activity [50]. 
Hollman et al. [51] showed that direct antioxidant effect of 
polyphenols in vivo is questionable, due to their low 
concentrations in blood compared with other antioxidants 
and, additionally, to the fact that their antioxidant activity is 
lowered by extensive metabolism following ingestion. Thus, 
the biological relevance of direct antioxidant effects of 
polyphenols for cardiovascular health has not been 
established [51]. 

3. ANTIBACTERIAL ACTIVITY 

3.1. Natural Resources 

 It is well known that cinnamic acid exhibits antimicrobial 
activity against pathogenic and spoilage bacteria [6, 52-54], 
but its low water solubility limits its use. Cinnamic (1), 
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Fig. (5). Cinnamoyl ketoamides 104-111 as hybrid structures of antioxidants and calpain inhibitors.  
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coumaric (2), ferulic (4) and sinapic (5) acids inhibit Gram-
positive [55-57] and Gram-negative bacteria Bacillus 
subtilis, Escherichia coli and Pseudomonas syringae [57]. In 
contrast to antioxidant activity, ferulic acid (4) exhibits the 
highest antibacterial activity, which shows that the presence 
of another hydroxyl group is not so important for 
antibacterial activity as for antioxidant activity [57]. These 
hydroxycinnamic acids (2, 4, 5) also showed some weak 
antifungal activity [57]. Several Capsicum annuum L. 
extracts, which usually contain cinnamic acid derivatives 
(trans-cinnamic acid (1), o- and m-coumaric acid (14, 15), 
ferulic acid (4) and caffeic acid (3)), are capable of inhibiting 
and inactivating certain pathogenic and spoilage bacteria [58, 
59]. It was also reported that caffeic acid (3) is active against 
C. botulinum spores [60] and has the strongest bactericidal 
action against L. monocytogenes [59]. Comparison of 
antibacterial activities of cinnamic acid and its derived 
compounds showed that activity is enhanced by the presence 
of an αβ double bond and that effectiveness decreases in the 
order aldehyde>alcohol>acid [6]. 

 Rosmarinic acid (15) is also known for its antibacterial 
activity [31] and shows marked antibacterial activity against 
Escherichia coli, Bacillus subtilis and Micrococcus luteus 
[61]. Antibacterial activity was reported for rosemary and 
other plant extracts and oils containing rosmarinic acid [62-
64]. A methanolic extract, containing 30 % carnosic acid, 16 
% carnosol and 5 % rosmarinic acid exhibited promising 
antibacterial activity against Gram negative (MIC between 2 
and 60 mug/ml) and Gram positive bacteria (MIC between 2 
and 15 µg/ml) [62]. A water extract and pure rosmarinic acid 
showed activity against Staphylococcus aureus. It was 
suggested that carnosic and rosmarinic acids are the main 
bioactive antimicrobials in rosemary extracts [62]. 

3.2. Semi-Synthetic and Synthetic Cinnamic Acid 
Derivatives 

 Narasimhan and coauthors [52] synthesized a series of 
esters, amides and substituted derivatives of cinnamic acid 
(40, 117-147, Tables 1-3) and evaluated their antimicrobial 
activity in vitro. Further, they investigated the relationship 
between their physicochemical properties and microbiolo-

gical effects. Iso-butylcinnamate (122) proved to be the most 
effective against S. aureus, B. subtilis and E. coli, presenting 
an important starting point for future work in antimicrobial 
research and development [52]. The urea inclusion complex 
of cinnamic acid also showed moderate activity against those 
bacteria [65].  

 The structures of several cinnamic acid related compo-
unds in relation to their antibacterial activity against B. 
subtilis and E. coli were investigated by Tonari and 
coworkers [66]. Of the cinnamic acid derivatives 1, 117 and 
146-148 (Tables 1, 2), the compound with a substituted 
phenyl group in ester form (ethyl cinnamate, 117) exhibited 
the strongest antibacterial activity against B. subtilis and E. 
coli. The structure-antibacterial activity relationships 
indicated that substituted phenyl groups are stronger in terms 
of MIC than phenyl and NH2 or Cl groups are more effective 
than electron-withdrawing substituent such as NO2. 
Furthermore, esters had lower MIC compared to free 
cinnamic acids [66].  

 Cinnamic acids 3, 4 and 149 (Table 1), analogues of 
Oenostacin, a naturally occurring, potent antibacterial 
phenolic acid derivative, were synthesized and evaluated 
[67]. Free phenolic groups were shown to be essential for 
antibacterial activity, their protection leading to inactive 
compounds. 3,4,5-trihydroxycinnamic acid (149), the most 
active cinnamic acid analogue with EC50 values of 0.63 µM 
(S. epidermidis) and 1,26 µM (S. aureus), is an non-natural 
analogue of Oenostacin important for further lead 
optimization [67].  

 A library of hydroxycinnamic acid amides and analogues 
with the general formula I (Fig. (7)) were synthesized [68]. 
However, only dihydrocaffeoyl analogues 150-153 were 
active against methicillin and vancomycin resistant strains of 
S. aureus (MRSA and VRSA) with MIC values between 25 
and 50 µg/mL. They were more potent than oxacillin. 
Oxazolidinones with a cinnamoyl fragment 154-156 also 
showed weak activity against a number of sensitive and 
resistant bacteria, however, substitution of the acetamido-
methyl group with cinnamoyl derivatives led to compounds 
less active than Ranbezolid [69]. 3ß-amino-(2-aminoethyl)-
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Fig. (6). Cinnamoyl amides of glaucine 112-116 with antioxidative and antiviral activities. 
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cholest-5-ene amides of 4-hydroxycinnamic acid (157) and 
N-cholest-5-en-3α-aminoethyl-bis(trans-3-phenyl-2-propen) 
amide (158) also showed moderate antibacterial activity 
against S. aureus [70]. It has been already shown (Fig. (4)) 
that prenyl derivatives of cinnamic acid (compounds 19-23) 
have antioxidant properties [24, 39, 40]. The derivatives 20, 
21 and 23, isolated from the Brasilian propolis, were also 
identified as antimicrobial agents [71]. Compound 21 shows 
low MIC values (from 7.8 to 62.5 µg/ml) for several 
pathogenic bacterial strains. It was shown that the 
antimicrobial activity of this class of compounds may can be 
increased by increasing the number of prenyl residues 
attached [71].  

 Molecular hybridization between isoniazid and trans-
cinnamic acid gave N-(3-phenyl-acryloyl)-hydrazide 
derivatives 159-168 (Fig. (8)) that showed promising 
antimycobacterial activity, with MIC values between 3.12 
and 50.0 µg/ml (Fig. (8)) [72]. The isonicotinic moiety 
contributes to the activity against M. tuberculosis. However, 
in the absence of the pyridine framework, a compensatory 
effect is promoted by a cinnamic subunit. Cinnamic acid 
hydrazides 159-162 and 166 exhibited activities between 
3.12 and 12.5 µg/mL and could be good starting points for 
finding new lead compounds against the multi-drug resistant 
tuberculosis. Another molecular hybridization approach was 
used in the design of antimycobacterials [73, 74]. 
Phenylacrylamide derivatives 169-188 (Fig. (8)), 
incorporating cinnamic acids and guanylhydrazones, showed 
promising antitubercular activity against M. tuberculosis 
H37Rv [73]. Compound 187, with a MIC of 6.49 µM and a 
good safety profile, provides a potential lead for further 
studies against tuberculosis. Empirical structure–activity 
relationships indicate that both steric and electronic 
parameters play a major role in the activity of this series of 
compounds [73]. Structural features of ethambutol, cerulenin 
and cinnamic acid gave cinnamides 189-200 with MIC 
values in the range of 5-150 µM and good safety profiles 
[74]. The most active derivative against M. tuberculosis, 
H37Rv (compound 189), exhibited synergy with rifampicin. 
Cinnamic acid derivatives have not been used for treating 
tuberculosis but they have the potential ability to assist the 
action of anti-tuberculosis drugs. However, their toxicity 
problems preclude their use clinically [9]. 

 4-hydroxy and 4-alkoxy substituted cinnamic acid 
thioesters and amides 201-220 (Fig. (9), Table 3) also 

showed very promising in vitro antibacterial activity against 
M. tuberculosis [75]. Although amides were usually less 
active than the corresponding thioesters, the amide derivative 
202 showed the most potent activity (MIC of 0.1 µg/ml) with 
ClogP less than 5, which means that it is likely to have 
greater oral bioavailability than the corresponding thioester 
205. These compounds may act on the biosynthesis of 
mycolic acid (FAS-II system), since their structures are 
similar to those of known inhibitors. 

 Some of the twenty synthesized 3-acetoxymethyl cepha-
losporin derivatives, with various cinnamoyl substituted 
groups at the 7β-position (221-240, Fig. (10)), showed 
selective activity against Gram-positive bacteria (Staphylo-
coccus and Enterococcus sp.) [76]. Substitution on the 
phenyl ring of the cinnamoyl moiety generally reduced 
antibacterial activity, however, a p-hydroxy group or 2,4-
dichloro substitution improved the activity against MRSA. A 
cyano group on the α position of the cinnamoyl double bond 
(compound 238) increased activity against both coagulase-
negative Staphylococcus and Enterococcus sp. and extended 
the antibacterial spectrum towards Gram-negative bacteria. 
Attachment of a cinnamoyl moiety to the 7β-amino-3-
acetoxymethyl-3-cephem-4-carboxylic acid provides 
cephalosporins with selective activity against Gram positive 
bacteria [76].  

 Pathan et al. synthesized N-alkyl cinnamamides (241-
247, Table 3) that were effective against Gram-positive as 
well as Gram-negative bacteria [77]. Of the para-
toluenesulfonyloxycinnamamides, compound 248 (Fig. (11)) 
exhibited activity against E. coli and Staphylococci [78]. 
Thiazolidine derivatives with a cinnamoyl moiety 249-255 
(Fig. (11)) also showed good in vitro activity against E. coli 
and S. aureus [79]. 

 Some cinnamic acid derivatives (esters 256-265 (Table 
2), ureas 266-275, pyrazoles 276-288, acyl hydrazones, such 
as compound 289, benzylidene hydrazides 290-291, Fig. 
(12)) show both antibacterial and antifungal activity [80-84]. 
Compounds 267, 276, 278-280, 282, 283 and 289 exhibited 
significant antibacterial activity against E. coli and S. aureus 
(high inhibition zones in the agar plate diffusion method) 
[80-83]. On the other hand, compound 290 was active only 
against E. coli with minimal bactericidal concentration 
(MBC) of 0.050 µM/ml and compound 291 against B. 
subtilis (MBC of 0.088 µM/ml) [84]. 
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Fig. (7). Cinnamic acid amides (150-156) with antibacterial activity against resistant strains of bacteria. 
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Fig. (8). Antimycobacterials 159-200 designed using the molecular hybridization approach. 
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Fig. (9). Cinnamic acid thioesters and amides 201-212 as antituberculosis agents. 
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Fig. (10). Antibacterial 3-acetoxymethyl cephalosporin derivatives 221-240 against Staphylococcus and Enterococcus sp. 
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Fig. (11). Cinnamamide 248 and thiazolidines 249-255 with antibacterial activity against E. coli and Staphylococci. 
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Fig. (12). Cinnamic acid derivatives 266-291 with antibacterial and antifungal activity. 

4. ANTIVIRAL ACTIVITY 

4.1. Natural Resources 

 Cinnamic acid inhibited viral replication of equid herpes 
virus 1. However, virucidal activity was not observed [85].  

 In addition to antioxidant and antibacterial properties, 
rosmarinic acid (15) also possesses antiviral activity that can 
be used in the therapy of Herpes simplex infections, using 
extracts of Melissa officinalis containing rosmarinic acid 
[31]. In another study, rosmarinic acid (15) showed potent in 
vivo antiviral activity in mice infected with Japanese 
encephalitis. It reduces viral replication within the brain and 
was, therefore, recommended as a strong candidate for 
further consideration as a therapeutic measure to reduce the 
neurological complications observed in Japanese 
encephalitis patients [86]. 

 Inhibitors of HIV-1 integrase, an obligatory enzyme for 
HIV replication, were also found among natural cinnamic 
acid derivatives [87-91]. L-chicoric acid (292), 3,5-

dicaffeoylquinic acid (293) and 1-methoxyoxalyl-3,5-
dicaffeoylquinic acid (294) (Fig. (13)) are potent HIV-1 
integrase inhibitors [87]. Furthermore, they inhibit HIV-1 
replication in tissue culture at 1-4 µg/mL. Since their toxic 
concentrations are 100-fold greater than their antiviral 
concentrations and both are specific for HIV-1 integrase and 
active against HIV-1 in tissue culture, they constitute 
promising leads to new anti-HIV therapeutics [87]. 
Rosmarinic acid (15) and its methyl ester (295) were also 
reported as potent inhibitors of HIV-1 integrase [88]. 
Furthermore, nitration of rosmarinic acid (6′-nitro- and 6′,6′′-
dinitrorosmarinic acids, 296-297) greatly improved the HIV-
1 integrase inhibition and the antiviral activity, without 
increasing the cellular toxicity [89]. In another study, 
rosmarinic acid (15) directly inhibited reverse transcriptase 
and targeted very early reverse transcription in intact virions 
[90]. 

 Rosmarinic (15) and chicoric acid (292) are important as 
future multitarget anti-HIV leads, however, they are not 
expected to replace the actual antiretroviral therapy but, 
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more likely, to complete and perhaps lighten it by adapted 
diet [91]. Due to insufficient data about their bioavailability, 
such as plasma levels, there is no evidence that dietary intake 
of caffeic acid derivatives will provide adequate blood levels 
to affect HIV viral loads in vivo [91].  

 1-cinnamoyl-3,11-dihydroxymeliacarpin (298, Fig. (14)), 
isolated from the leaf extracts of Melia azedarach, inhibited 
vesicular stomatitis virus and herpes simplex virus type 1 
multiplication in vitro when added after infection, with no 
cytotoxic effect [92]. 

4.2. Semi-Synthetic and Synthetic Cinnamic Acid 
Derivatives 

 Along with natural cinnamic acid derivatives, six 
synthetic esters of substituted cinnamic acid (299-302, Table 
2), identical to or analogous to some of the constituents of 
the diethyl ether fraction of Bulgarian propolis, showed 
promising anti-influenza activity [93]. Isopentyl ferulate 302 
suppressed the reproduction of influenza virus A/Hong Kong 
in vitro and in ovo. The study offered some new information 
concerning the anti-influenza activity of propolis and 
decoded the active ingredients therein. Antiviral activity was 
observed in compounds containing α-aminophosphonate and 
cinnamoyl moieties (303-304, Fig. (14)) [94]. Compound 
306 showed high antiviral activity in vivo against Tobacco 
mosaic virus, with an EC50 value of 65.2 µg/ml. 

 In addition to natural resources, several synthetic 
cinnamates (13, 44, 48, 49, 299, 300, 302, 305-314 (Table 
2)) showed potent inhibitory activity against HIV-1 integrase 
[93, 95-98]. Phenethyl esters 308-312 had IC50 values in the 
low micromolar range. The major requirement for potent 
inhibition is two vicinal hydroxyl groups on the aromatic 
ring. Several mechanisms of action were proposed, such as 
chelation of an enzyme-bound divalent metal ion and 
hydroxyls functioning as H-bond donors [95]. Lee et al. [96] 

synthesized caffeoylglycolic and caffeoylamino acid 
derivatives 315-324 as halfmers of L-chicoric acid (292). 
Two compounds, 315 and 324 (Fig. (15)), showed HIV-1 
integrase inhibitory activity that was equal to or slightly 
greater than that of 292, showing that the inhibitory activity 
can be retained or even increased upon simplification of L-
chicoric (292) acid to halfmeric structures. However, more 
SAR studies are needed, since compounds 315 and 324 did 
not show anti-HIV activity in cell culture assays. Several 
other analogues of 292, linked by aliphatic, alicyclic or 
aromatic spacers, were also prepared and their antiviral and 
HIV-1 integrase inhibitory activities determined [97]. In the 
series of trans-caffeate analogues, bornyl caffeate (325), 
bornyl 2-nitrocaffeate (326), 5-nitrocaffeic acid (327) and 5-
nitrocaffeic acid phenethyl ester (328) possess good HIV 
integrase inhibitory activity, with IC50 values of 19.9, 26.8, 
25.0 and 13.5 µM, respectively [98]. 

 Of thirteen steryl esters of cinnamic acid derivatives, two 
compounds, cholesteryl 3,4-dimethoxycinnamate (329) and 
o-coumaroyl ester of beta-(2'-hydroxyethoxy)-cholesten-5-en 
(330), exhibited marked activity against poliovirus type 1 
[99]. The anti-adhesive compound p-sulfoxy-cinnamic acid 
(331), obtained from the temperate marine eelgrass, Zostera 
marina, showed antiviral properties against dengue virus in a 
focus forming unit reduction assay [100]. 

 Cinnamoyl- and hydroxycinnamoyl amides of glaucine 
(112-116, Fig. (6)), exhibited strong radical scavenging 
activity [49]. Their activity in vitro against viruses belonging 
to different taxonomic groups (enteroviruses, human 
rhinoviruses (HRV), influenza virus, respiratory syncytial 
virus (RSV)) was also tested by the cytopathic effect 
inhibition test in the viral multicycle growth setup [49]. p-
Coumaroyl amide (116) inhibited the replication of 
echovirus 13 (IC50= 32 µM), HRV-14 (IC50= 13 µM) and 
RSV (IC50= 18 µM) with good selectivity indices [49]. 
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Fig. (14). 1-cinnamoyl-3,11-dihydroxymeliacarpin (298) and α-aminophosphonate 303-304 as antiviral agents. 
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 Cinnamyl derivatives of thieno[2,3-d]oxazinones (332-
347, Fig. (16)) inhibited herpes simplex virus type 2, 
varicella zoster virus and cytomegalovirus proteases with 
nanomolar potency, with good rates of inactivation and 
prolonged rates of reactivation [101]. The 2-chloro-4-
hydroxy di-substituted aromatic (338) showed stronger 
antiviral activity than the 2-chloro derivative (333), 
providing the highest activity in this series of compounds. 
This indicates that introduction of 4-hydroxyl group is 
important for the potency against all enzymes [101]. 

5. ANTIFUNGAL ACTIVITY 

5.1. Natural Resources 

 Cinnamic acid and its derivatives also have promising 
potential as antifungal agents. The possible use of cosmetic 
compositions containing cinnamic acid or buffered acidic 
lotions and shampoos in the treatment of M. ovalis infections 
of the scalp has been described [102]. Moreover, a urea 
inclusion complex of cinnamic acid showed moderate 
activity against Candida albicans and Aspergillus niger [65], 
while cinnamic (1) and 2-, 3- or 4-methyl cinnamic acids 
(348-350, Table 1) are toxic to wood-rot fungi Lenzies 
betulina and Laetiporus sulphureus [103]. (E)-methyl 
cinnamate (118) was found to be the most active component 
of hexane and chloroform extracts of C. impressicostatum 
and C. pubescens against several bacteria and fungi, being 
most active against C. albicans and S. cerevisiae [104]. 
Cinnamic acid (1) was also shown to display significantly 
higher antifungal activity against S. cerevisiae and A. flavus 

than caffeic acid (dihydroxy acid) (3). In contrast, three 
coumaric acids, 2, 26 and 27, showed moderate levels of 
antifungal activity [105]. Based on these results it can be 
concluded that introduction of a hydroxyl group leads to 
reduced antifungal activity. Combined application of 
phenolics (such as m-coumaric acid (27) or cinnamic acid 
(1)) with inhibitors of mitochondrial respiration can 
effectively suppress the growth of fungi [106]. It was shown 
that cinnamic acid (1) also inhibits the growth of Neurospora 
crassa [107]. Chlorogenic acid (6), p-coumaric acid (2) and 
other cinnamic acid derivatives were active against several 
fungal pathogens commonly found during the storage of 
fruits and vegetables [108]. 

 Sesquiterpene dialdehyde cinnamates from Pseudo-
wintera axillaris (351-358, Fig. (17)) showed fungicidal 
activity against a range of important food crop pathogens 
such as Phytophthora infestans. A structure-activity study 
revealed that the cinnamate group is important for fungicidal 
activity [109]. 

 Rosmarinic acid (15) has been reported to have 
antifungal properties against Candida albicans (MIC of 250 
µg/ml) [110].  

5.2. Semi-Synthetic and Synthetic Cinnamic Acid 
Derivatives 

 A structure-antifungal activity relationship study of 18 
related cinnamic acid derivatives (1-4, 19, 27, 34, 43-45, 
359-365; Table 1, 2) was carried out by Bisogno et al. [111]. 
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Fig. (16). Antiviral activity of thieno[2,3-d]oxazinones (332-347) against herpes simplex virus type 2 (HSV-2), varicella zoster virus (VZV) 
and cytomegalovirus (CMV) [101].  
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Of these, (E)-3-(4-methoxy-3-(3-methylbut-2-enyl)phenyl) 
acrylic acid (359) exhibited remarkable antifungal activity 
against A. terreus, A. niger, and A. flavus (MICs 31.25, 1.95 
and 62.5 µg/ml, respectively) with low toxicity against fish 
and amphibians, which raises hope for development of 
nontoxic antifungal agents. A structure-antifungal activity 
relationship indicated that the double bond in the side chain 
is essential for activity, that esters are less active than acids 
and that a p-methoxy group on the aromtic ring usually 
increases activity [111]. 

 A large library of cinnamates and cinnamides (repre-
sentative compounds 43, 49, 118-123, 366-376; Tables 2, 3; 
Fig. (18)) has been prepared [112-115]. Fungitoxicities 
towards Corticium rolfsii and Phytium species are markedly 
sensitive to the ring substituents. Isopropyl or chloro groups 
at the 4-position enhance the toxicity while 2,4-dichloro 
derivatives have lower toxicities than 4-chloro derivatives. 
On the other hand, cinnamamides with lower alkyl groups on 
the amino moiety (such as compound 370) are more 
fungitoxic than anilide derivatives [112]. Of the N-
cinnamoyl-α-amino acid esters (for example, compounds 
371 and 372) the antifungal activities are generally as 
follows: 4-isopropyl > 2,4-dichloro > 4-chloro > H [113]. In 
another study, isopropyl 4-hydroxycinnamate (373) and 
butyl 4-hydroxycinnamate (374) were found to be the most 
active antifungal compounds against Pythium sp., with 
similar activity to the commercial fungicide iprobenfos 
[114]. Of 22 pyranyl-substituted cinnamates, isopropyl 
derivatives 375 and 376 (Fig. (18)) showed the highest 
antifungal activity against Rhizoctonia solani and Sclerotium 
dellfinii [115].  
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Fig. (18). Pyranyl-substituted cinnamates 375-376 with antifungal 
activity against Rhizoctonia solani and Sclerotium dellfinii.  

 A large number of triazoles with cinnamoyl moieties 
(general formula II in Fig. (19)) were shown to be active 
against eight human pathogenic fungi [116, 117]. The 
greatest antifungal activity was observed for compounds 377 
(R1= CF3, R2=H) [116] and 378 (R1= F, R2=3-NO2) [117], 
with MIC80 values ranging from 0.00097 to 4 µg/ml. The 
molecular model resulting from a computational docking 
simulation helped to explain the observations that the 
piperazinyl side chain and the trifluoromethyl group greatly 
enhance the antifungal activity against different Candida 
species. The cinnamoyl group was suggested to form 
hydrophobic and van der waals interactions with surrounding 
hydrophobic residues in the active site of CACYP51 [116, 
117]. 

 R1=H, F or CF3

 R2=2-, 3- or 4-F, Cl, Br, CN, 

       NO2, OCH3, CH3

N N N NH
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N

N F
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Fig. (19). Triazoles with a cinnamoyl moiety (general formula II) 
having broad spectrum antifungal activity. 

 Cinnamic acyl thiourea derivatives (379-388, Fig. (20)) 
showed inhibitory activity against Gibberella zeae (wheat 
scab fungus) and Rhizoctonia solani [118]. A hybrid 
molecule 3β-cinnamoyloleanolic acid (389, Fig. (20)) was 
synthesized and its in vitro inhibition of candidosis studied 
against 7 candida species and two moulds, using the well-in-
plate agar diffusion and microdilution methods [119]. The 
MIC and MFC (minimum fungicidal concentration) values 
indicate that concentrations of 1.25 mg/mL inhibited and 2.5 
mg/mL completely killed these organisms and, furthermore, 
that the concentration that inhibited the growth of Candida 
guielemondi was even lower than that of the antimycotic 
drug fluconazole.  
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Fig. (17). Sesquiterpene dialdehyde cinnamates from Pseudowintera axillaris (351-358) with fungicidal activity against a range of important 
food crop pathogens. 
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CONCLUSION 

 Cinnamic acid and its derivatives exhibit a broad 
spectrum of biological activities. Hydroxycinnamic acid 
derivatives, widely distributed in food and beverages, are 
well-known antioxidants with several health benefits. 
Cinnamic (1), coumaric (2), ferulic (4) and sinapic acid (5) 
show inhibitory activity against several Gram-positive and 
Gram-negative bacteria. Many cinnamic acid derivatives 
(thioesters, amides and hydrazides) show promising 
antimycobacterial activity. HIV-1 integrase inhibitory 
activity has been reported among cinnamates. Along with in 
vitro antiviral activity against viruses belonging to different 
taxonomic groups, antifungal properties of cinnamates and 
cinnamamides have also been observed. Thus, cinnamic acid 
derivatives, with their antioxidant and antimicrobial 
activities, are important and promising compounds with high 
potential for development into drugs. However, lack of 
information about toxicity, pharmacokinetic properties, their 
mode of action and understanding of molecular mechanisms 
are probably the main reasons that cinnamic acids 
derivatives have not been introduced to human or veterinary 
medicine. More in vivo studies of antioxidant and 
antimicrobial activites are needed, since the majority of in 
vitro results cannot be directly extrapolated to activities of 
cinnamic acid derivatives in the organism.  

 To conclude, obtaining more in vivo data for known 
derivatives, isolation of new substances from new natural 
sources and determination of their biological effects are 
essential for the development and successful application of 
cinnamic acid derivatives. 

CONFLICT OF INTEREST 

 None declared. 

ACKNOWLEDGEMENTS 

 The author thanks Prof. Dr. Roger Pain for critical 
reading of the manuscript. 

REFERENCES 
[1] Lafay, S.; Gil-Izquierdo, A. Bioavailability of phenolic acids. 

Phytochem. Rev., 2008, 7, 301-11.  
[2] Clifford, N.M. Chlorogenic acids and other cinnamates – nature, 

occurrence and dietary burden. J. Sci. Food Agric., 1999, 79(3), 
362-72.  

[3] Clifford, N.M. Chlorogenic acids and other cinnamates – nature, 
occurrence, dietary burden, absorption and metabolism. J. Sci. 
Food Agric., 2000, 80(7), 1033-43. 

[4] Edreva, A. The importance of non-photosynthetic pigments and 
cinnamic acid derivatives in photoprotection. Agric. Ecosyst. 
Environ., 2005, 106, 135-46.  

[5] Hrazdina, G. Biosynthesis of flavonoids. Basic Life Sci., 1992, 59 
(Plant Polyphenols), 61-72.  

[6] Hoskins, J.A. The occurrence, metabolism and toxicity of cinnamic 
acid and related compounds. J. Appl. Toxicol., 1984, 4, 283-92.  

[7] Simonyan, A.V. Activity of cinnamic acid derivatives and new 
methods of their synthesis (a review). Khim.-Farm. Zh.., 1993, 
27(2), 21-2.  

[8] De, P.; Baltas, M.; Bedos-Belval, F. Cinnamic acid derivatives as 
anticancer agents-A review. Curr. Med. Chem., 2011, 18(11), 
1672-1703. 

[9] Sharma, P. Cinnamic acid derivatives: A new chapter of various 
pharmacological activities. J. Chem. Pharm. Res., 2011, 3(2), 403-
23. 

[10] Chirinos, R.; Campos, D.; Costa, N.; Arbizu, C.; Pedreschi, R.; 
Larondelle, Y. Phenolic profiles of andean mashua (Tropaeolum 
tuberosum Ruíz & Pavón) tubers: Identification by HPLC-DAD 
and evaluation of their antioxidant activity. Food Chem., 2008, 
106, 1285-98.  

[11] Tsao, R.; Deng, Z. Separation procedures for naturally occurring 
antioxidant phytochemicals. J. Chromatogr. B, 2004, 812, 85-9. 

[12] Fotti, M.; Piattelli, M.; Baratta, M.Z.; Ruberto, G. Flavonoids, 
coumarins, and cinnamic acids as antioxidants in a micellar system. 
Structure-activity relationship. J. Agric. Food Chem., 1996, 44(2), 
497-501.  

[13] Shahidi, F.; Chandrasekara, A. Hydroxycinnamates and their in 
vitro and in vivo antioxidant activies. Phytochem. Rev., 2010, 9, 
147-70. 

[14] Szwajgier, D.; Pielecki, J.; Targonski, Z. Antioxidant activities of 
cinnamic and benzoic acid derivatives. Acta Sci. Pol., Technol. 
Aliment., 2005, 4(2), 129-42. 

[15] Baderschneider, B.; Winterhalter, P. Isolation and characterization 
of novel benzoates; cinnamates; flavonoids; and lignans from 
Riesling wine and screening for antioxidant activity. J. Agric. Food 
Chem., 2001, 49(6), 2788-98.  

[16] Natella, F.; Nardini, M.; Di Felice, M.; Scaccini, C. Benzoic and 
cinnamic acid derivatives as antioxidants: structure-activity 
relation. J. Agric. Food Chem., 1999, 47(4), 1453-9.  

[17] Kiokias, S.; Varzakas, T.; Oreopoulou, V. In vitro activity of 
vitamins, flavonoids, and natural phenolic antioxidants against the 
oxidative deterioration of oil-based systems. Crit. Rev. Food Sci. 
Nutr., 2008, 48(1), 78-93. 

[18] Shahidi, F. Natural antioxidants: chemistry, health effects, and 
applications. AOCS Press: Champaign, Illinois, 1997. 

[19] Cuvelier, M.E.; Richard, H.; Berset, C. Comparison of the 
antioxidative activity of some acid-phenols: structure-activity 
relationship. Biosci. Biotechnol. Biochem., 1992, 56(2), 324-5. 

[20] Aruoma, O.I.; Cuppett, S.L. Antioxidant methodology: In vivo and 
in vitro concepts. AOCS Press: Champaign, Illinois, 1997. 

379: R=Br
380: R=2-NO2
381: R=3-NO2
382: R=4-NO2

N
H

O

389

S

N
H R

COOHH

O

O
H

H

383: R=4-CF3
384: R=2-CH3
385: R=4-CH3
386: R=2,6-diCl-4-CF3

N
H

O

S

HN

N
NO

388

NCl

387

 
Fig. (20). Cinnamic acyl thiourea derivatives (379-388) and 3β-cinnamoyloleanolic acid (389) as antifungal compounds. 



Antioxidant and Antimicrobial Activities of Cinnamic Acid Derivatives Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 8    765 

[21] Jung, U. J.; Lee, M.-K.; Park, Y.B.; Jeon, S.-M., Choi, M.-S. 
Antihyperglycemic and antioxidant properties of caffeic acid in 
db/db mice. J. Pharmacol. Exp. Ther., 2006, 318(2), 476-83. 

[22] Zhao, C.; Zhang, L.; Wang, H.; Huang, D. Study on antioxidation 
effects of cinnamic acids and its derivatives. Shipin Keuxe, 2005, 
26(1), 218-22. 

[23] Zhang, L.; Zhao, C.; Pin, Y. Scavenging effects of derivatives of 
cinnamic acid on hydroxyl radical. Chin. J. Hosp. Pharm. 
(Zhongguo Yiyuan Yaoxue Zazhi), 2004, 24(11), 662-3. 

[24] Kancheva, V.D. Phenolic antioxidants – radical-scavenging and 
chain-breaking activity: A comparative study. Eur. J. Lipid Sci. 
Techol., 2009, 111, 1072-89. 

[25] Cos, P.; Rajan, P.; Vedernikova, I.; Calomme, M.; Pieters, L.; 
Vlietinck, A.J.; Augustyns, K.; Haemers, A.; Berghe, D.V. In vitro 
antioxidant profile of phenolic acid derivatives. Free Radic. Res., 
2002, 36(6), 711–6.  

[26] Farah, A.; Monteiro, M.; Donangelo, C.M.; Lafay, S. Chlorogenic 
acids from green coffee extract are high bioavailable in humans. J. 
Nutr., 2008, 138, 2309-15; and references therein. 

[27] Kweon, M.-H., Hwang, H.-J.; Sung, H.-C. Identification and 
antioxidant activity of novel chlorogenic acid derivatives from 
bamboo (Phyllostachys edulis). J. Agric. Food Chem., 2001, 
49(10), 4646-55. 

[28] Zhang, Z.; Xiao, B.; Chen, Q.; Lian, X.-Y. Synthesis and biological 
evaluation of caffeic acid 3,4-dihydroxyphenethyl ester. J. Nat. 
Prod., 2010, 73, 252–4. 

[29] Chen, J.H.; Ho, C.-T. Antioxidant activity of caffeic acid and its 
related hydroxycinnamic acid compounds. J. Agric. Food Chem., 
1997, 45(7), 2374-8. 

[30] Hsu, L.-Y.; Lin, C.-F.; Hsu, W.-C.; Hsu, W.-L.; Chang, T.-C. 
Evaluation of polyphenolic acid esters as potential antioxidants. 
Biol. Pharm. Bull., 2005, 28(7), 1211-15.  

[31] Petersen, M.; Simmonds, M.S.J. Rosmarinic acid. Phytochemistry, 
2003, 62, 121–5. 

[32] Kovacheva, E.; Georgiev, M.; Pashova, S.; Angelova, M.; Ilieva, 
M. Radical quenching by rosmarinic acid from Lavandula vera 
MM cell culture. Z. Naturforsch C, 2006, 61(7-8), 517-20. 

[33] Kovatcheva-Apostolova, E.G.; Georgiev, M.I.; Ilieva, M.P.; 
Skibsted, L.H.; Rødtjer, A.; Larsen Andersen, M. Extracts of plant 
cell cultures of Lavandula vera and Rosa damascena as sources of 
phenolic antioxidants for use in foods. Eur. Food Res. Technol., 
2008, 227, 1243-9.  

[34] Nakamura, Y.; Ohto, Y.; Murakami, A.; Ohigashi, H. Superoxide 
scavenging activity of rosmarinic acid from Perilla frutescens 
Britton var. acuta f. viridis. J. Agric. Food Chem., 1998, 46, 4545-
50. 

[35] Lee, D.U.; Shin U.S.; Huh, K. Structure-activity relationship of 
gagamine and its derivatives on the inhibiton of hepatic aldehyde 
oxidase activity and lipid peroxidation. Arch. Pharm. Res., 1998, 
21(3), 273-7.  

[36] Seo, G.-W.; Cho, J.-Y.; Moon, J.-H.; Park, K.-H. Isolation and 
identification of cinnamic acid amides as antioxidants from Allium 
fistulosum L. and their free radical scavenging activity. Food Sci. 
Biotechnol., 2011, 20(2), 555-60.  

[37] Klejdus, B.; Kopecky, J.; Benesová, L.; Vacek, J. Solid-
phase/supercritical-fluid extraction for liquid chromatography of 
phenolic compounds in freshwater microalgae and selected 
cyanobacterial species. J. Chromatogr. A, 2009, 1216, 763 –71.  

[38] Onofrejova, L.; Vasickova, J.; Klejdus, B.; Stratil, P.; Misurcová, 
L.; Kracmar, S.; Kopecky, J.; Vacek, J. Bioactive phenols in algae: 
The application of pressurized-liquid and solid-phase extraction 
techniques. J. Pharm. Biomed. Anal., 2010, 51, 464–70.  

[39] Hayashi, K.; Komura, S., Isaji, N.; Ohishi, N.; Yagi, K. Isolation of 
antioxidative compounds from Brazilian propolis: 3,4-dihydroxy-5-
prenylcinnamic acid, a novel potent antioxidant. Chem. Pharm. 
Bull., 1999, 47, 1521-4. 

[40] Kortenska, V.D.; Velikova, M.P.; Yanishlieva, N.V.; Totzeva, I.R; 
Bankova, V.S; Marcucci, M.C. Kinetics of lipid oxidation in the 
presence of cinnamic acid derivatives. Eur. J. Lipid Sci. Techol., 
2002, 104, 19-28. 

[41] Avanesyan, A.A.; Pashkov, A.N.; Simonyan, N.A.; Simonyan, 
A.V.; Myachina, O.V. Antiradical activity of cinnamic acid 
derivatives. Pharm. Chem. J., 2009, 43(5), 249-50. 

[42] Lee, M.-K.; Park, Y.B.; Moon, S.-S.; Bok, S.H.; Kim, D.-J.; Ha, T.-
Y.; Jeong, T.-S.; Jeong, K.-S.; Choi, M.-S. Hypocholesterolemic 

and antioxidant properties of 3-(4-hydroxyl)propanoic acid 
derivatives in high-cholesterol fed rats. Chem.-Biol. Interact., 2007, 
170, 9-19.  

[43] Venkateswara Rao, B.; Ramanjaneyulu, K.; Bhaskara Rao, T. 
Synthesis and bioactivity evaluation of cinnamic acid esters from 
Oxalis pes-caprace. J. Pharm. Res., 2011, 3(2), 589-94. 

[44] Menezes, J.C.J.M.D.S.; Kamat, S.P.; Cavaleiro, J.A.S.; Gaspar, A.; 
Garrido, J.; Borges, F. Synthesis and antioxidant activity of long 
chain alkyl hydroxycinnamates. Eur. J. Med. Chem., 2011, 46(2), 
773-7.  

[45] Roleira, F.M.F.; Siquet, C.; Orru, E.; Garrido, E.M.; Garrido, J.; 
Milhazes, N.; Podda, G.; Paiva-Martins, F.; Reis, S.; Carvalho, 
R.A.; Tavares da Silva, E.J.; Borges, F. Lipophilic phenolic 
antioxidants: Correlation between antioxidant profile, partition 
coefficients and redox properties. Bioorg. Med. Chem., 2010, 
18(16), 5816-25.  

[46] Imai, K.; Inagaki, M.; Saitoh, Y.; Yura, A.; Sakagami, H.; Suzuki, 
M.; Oguchi, K. Radical scavenging activity and cytotoxicity of 
phenethyl ether and cinnamic amide derivatives. Anticancer Res., 
2002, 22(3), 1661-6. 

[47] Spasova, M.; Kortenska-Kancheva, V.; Totseva, I.; Ivanova, G.; 
Georgiev, L.; Milkova, T. Synthesis of cinnamoyl and 
hydroxycinnamoyl amino acid conjugates and evaluation of their 
antioxidant activity. J. Peptide Sci., 2006, 12, 369-75.  

[48] Yoo, Y.J.; Nam, D.H.; Jung, S.Y.; Jang, J.W.; Kim, H.J.; Jin, C.; 
Pae, A.N.; Lee, Y.S. Synthesis of cinnamoyl ketoamides as hybrid 
structures of antioxidants and calpain inhibitors. Bioorg. Med. 
Chem. Lett., 2011, 21(10), 2850-4.  

[49] Spasova, M.; Philipov, S.; Nikolaeva-Glomb, L.; Galabov, A.S.; 
Milkova, Ts. Cinnamoyl- and hydroxycinnamoyl amides of 
glaucine and their antioxidative and antiviral activities. Bioorg. 
Med. Chem., 2008, 16(15), 7457-61.  

[50] Fernandez-Panchon, M.S.; Villano, D.; Troncoso, A.M.; Garcia-
Parrilla, M.C. Antioxidant activity of phenolic compounds: from in 
vitro results to in vivo evidence. Crit. Rev. Food Sci. Nutr., 2008, 
48(7), 649-71. 

[51] Hollman, P.C.; Cassidy, A.; Comte, B.; Heinonen, M.; Richelle, 
M.; Richling, E.; Serafini, M.; Scalbert, A.; Sies, H.; Vidry, S. The 
biological relevance of direct antioxidant effects of polyphenols for 
cardiovascular health in humans is not established. J. Nutr., 2011, 
141(5), 989S-1009S. 

[52] Narasimhan, B.; Belsare, D.; Pharande, D.; Mourya, V.; Dhake, A. 
Esters, amides and substituted derivatives of cinnamic acid: 
synthesis, antimicrobial activity and QSAR investigations. Eur. J. 
Med. Chem., 2004, 39(10), 827-34.  

[53] Salmond, C.V.; Kroll, R.G.; Booth, I.R. The effect of food 
preservatives on pH homeostasis in Escherichia coli. J. Gen. 
Microbiol., 1984, 130, 2845-50. 

[54] Truong, V.T.; Boyer, R.R.; McKinney, J.M.; O’Keefe, S.F.; 
Williams, R.C. Effects of alpha-cyclodextrin-cinnamic acid 
inclusion complexes on population of Escherichia coli O157:H7 
and Salmonella enteric in fruit juices. J. Food. Prot., 2010, 73(1), 
92-6. 

[55] Herald, P.J.; Davidson, P.M. Antibacterial activity of selected 
hydroxycinnamic acids. J. Food Sci., 1983, 48(4), 1378-9. 

[56] Nowak, H.; Kujawa, K.; Zadernowski, R.; Roczniak, B.; 
Kozłowska, H. Antioxidative and bactericidal properties of 
phenolic compounds in rape seeds. Fett. Wissenschaft Technol., 
1992, 94, 149-52. 

[57] Barber, M.S.; McConnell, V.S.; DeCaux, B.S. Antimicrobial 
intermediates of the general phenylpropanoid and lignin specific 
pathways. Phytochemistry, 2000, 54, 53-6. 

[58] Dorantes, L.; Colmenero, R.; Hernandez, H.; Mota, L.; Jaramillo, 
M.E.; Fernandez, E.; Solano, C. Inhibition of growth of some 
foodborne pathogenic bacteria by Capsicum annum extracts. Int. J. 
Food Microbiol., 2000, 57, 125-8. 

[59] Acero-Ortega, C.; Dorantes-Alvarez, L.; Hernandez-Sanchez, H.; 
Gutierrez-Lopez, G.; Aparicio, G.; Jaramillo-Flores, M. E. 
Evaluation of phenylpropanoids in ten Capsicum annuum L. 
varieties and their inhibitory effects on Listeria monocytogenes 
Murray, Webb and Swann Scott A. Food Sci. Tech. Int., 2005, 
11(1), 5-10.  

[60] Bowles, B.L.; Miller, A.J. Caffeic acid activity against Clostridium 
botulinum spores. J. Food Sci., 1994, 59(4), 905-8. 



766    Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 8 M. Sova 

[61] Kuhnt, M.; Pröbstle, A.; Rimpler, H.; Bauer, R.; Heinrich, M. 
Biological and pharmacological activities and further constituents 
of Hyptis verticillata. Planta Med., 1995, 61, 227-32. 

[62] Moreno, S.; Scheyer, T.; Romano, C.S.; Vojnov, A.A. Antioxidant 
and antimicrobial activities of rosemary extracts linked to their 
polyphenol composition. Free Radic. Res., 2006, 40(2), 223-31. 

[63] Askun, T.; Tumen, G.; Satil, F.; Ates, M. Characterization of the 
phenolic composition and antimicrobial activities of Turkish 
medicinal plant. Pharm. Biol., 2009, 47(7), 563–71. 

[64] Frankel, E.N.; Huang, S.W.; Aeschbach, R.; Prior, E. Antioxidant 
activity of a rosemary extract and its constituents, carnosic acid, 
carnosol, and rosmarinic acid, in bulk oil and oil-in-water 
emulsion. J. Agric. Food Chem., 1996, 44, 131-5. 

[65] Ohlan, R.; Narasimhan, B.; Ohlan, S.; Narang R.; Judge, V. 
Synthesis and antimicrobial evaluation of urea inclusion 
complexes. Org. Commun., 2008, 1, 24-32. 

[66] Tonari, K.; Mitsui, K.; Yonemoto, K. Structure and antibacterial 
activity of cinnamic acid related compounds. J. Oleo Sci., 2002, 
51(4), 271-3. 

[67] Srivastava, V.; Darokar, M.P.; Fatima, A.; Kumar, J.K.; 
Chowdhury, C.; Saxena, H.O., Dwivedi, G.R.; Shrivastava, K.; 
Gupta, V.; Chattopadhyay, S.K.; Luqman, S.; Gupta, M.M.; Negi, 
A.S.; Khanuja, S.P.S. Synthesis of diverse analogues of Oenostacin 
and their antibacterial activities. Bioorg. Med. Chem., 2007, 15(1), 
518-25. 

[68] Yingyongnarongkul, B.; Apiratikul, N.; Aroonrerk, N.; 
Suksamrarn, A. Solid-phase synthesis and antibacterial activity of 
hydroxycinnamic acid amides and analogs against methicillin-
resistant Staphylococcus aureus and vancomycin-resistant S. 
aureus. Bioorg. Med. Chem. Lett., 2006, 16(22), 5870-3.  

[69] Das, B.; Rajarao, A.V.S.; Rudra, S.; Yadav, A.; Ray, A.; Pandya, 
M.; Rattan, A.; Mehta, A. Synthesis and biological activity of novel 
oxazolidinones. Bioorg. Med. Chem. Lett., 2009, 19(22), 6424-8. 

[70] Todorova, D.; Tupova, M.; Zapreva, V.; Milkova, T.; Kujumdjiev, 
A. Transformation of aminosteroids into pharmacologically active 
amides of phenolic acids. Z. Naturforsch., C: Biosciences, 1999, 
54(1/2), 65-9. 

[71] Aga, H.; Shibuya, T.; Sugimoto, T.; Kurimoto, M.; Nakajima, S. 
Isolation and identification of antimicrobial compounds in 
Brazilian propolis. Biosci. Biotechn. Biochem., 1994, 58(5), 945-6. 

[72] Carvalho, S.A.; da Silva, E.F.; de Souza, M.V.N.; Lourenco, 
M.C.S.; Vicente, F.R. Synthesis and antimycobacterial evaluation 
of new trans-cinnamic acid hydrazide derivatives. Bioorg. Med. 
Chem. Lett., 2008, 18(2), 538-41.  

[73] Bairwa, R.; Kakwani, M.; Tawari, N.R.; Lalchandani, J.; Ray, 
M.K.; Rajan, M.G.R.; Degani, M.S. Novel molecular hybrids of 
cinnamic acids and guanylhydrazones as potential antitubercular 
agents. Bioorg. Med. Chem. Lett., 2010, 20(5), 1623-5. 

[74] Kakwani, M.D.; Suryavanshi, P.; Ray, M.; Rajan, M.G.R.; Majee, 
S.; Samad, A.; Devarajan, P.; Degani, M.S. Design, synthesis and 
antimycobacterial activity of cinnamide derivatives: A molecular 
hybridization approach. Bioorg. Med. Chem. Lett., 2011, 21(7), 
1997-9. 

[75] Yoya, G.K.; Bedos-Belval, F.; Constant, P.; Duran, H.; Daffé, M.; 
Baltas, M. Synthesis and evaluation of a novel series of pseudo-
cinnamic derivatives as antituberculosis agents. Bioorg. Med. 
Chem. Lett., 2009, 19(2), 341-3. 

[76] Lopez, M.A.; Rodriguez, Z.; Gonzalez, M.; Tolon, B.; Avila, R.; 
Gonzalez, I.; Garmendia, L.; Mamposo, T.; Carrasco, R.; Pellon, 
R.; Velez, H.; Fini, A. Novel cephalosporin derivatives possessing 
a substituted cinnamoyl moiety at the 7β-position. Synthesis, 
structural characterization and antibacterial activity of 3-
acetoxymethyl cephalosporin derivatives. Eur. J. Med. Chem., 
2004, 39(8), 657-64.  

[77] Pathan, R.U.; Patil, S.L. Synthesis and antimicrobial activity of 
N,N-dialkyl cinnamamides. Orient. J. Chem., 2008, 24(2), 709-12.  

[78] Jain, A.K.; Mehta, S.C.; Shrivastava, N.M. Synthesis, structure 
elucidation and antimicrobial activity of N-substituted α -
benzamido-β-[3-methoxy-4-(p-toluene sulfonyloxy)]-
cinnamamides. Asian J. Chem., 2004, 16(1), 357-64.  

[79] Chatrabhuji, P.M.; Nimavat, K.S.; Vyas, K.B.; Undavia, N.K. 
Biological studies of some novel 2-aryl-3-[(4-
methylcinnamoyl)amino]-4-oxo-thiazolidines. Pharma Chem., 
2010, 2(3), 109-13. 

[80] Mahajan, R.P.; Patil, U.K.; Patil, S.L. A facile microwave assisted 
synthesis and antimicrobial activities of naturally occurring (E)-
cinnamyl (E)-cinnamates and (E)-aryl cinnamates. Indian J. Chem. 
B Org., 2007, 46(9), 1459-65. 

[81] Aanandhi, M.V.; Mishra, P.S.; George, S.; Chaudhary, R. 
Synthesis, antimicrobial and sedative hypnotic activity of 
cinnamoyl ureas. Int. J. PharmTech Res., 2011, 3(1), 99-103. 

[82] Sharma, R.N.; Sharma, K.P.; Dikshit, S.N. Synthesis, 
characterization, and biological activities of some new 1-[(N-
cinnamoyl)-2,3-dichloroanilinomalonyl]-3,5-dimethyl-4-
(unsubstituted/substituted phenylazo) pyrazole derivatives. Pharma 
Chem., 2010, 2(6), 38-45. 

[83] Sharma, R.N. Synthesis, characterization and biological activities 
of some new acid hydrazones derived from 2-[(N-cinnamoyl)-2,5-
dichloroanilido]acetohydrazide. Pharmacia Lettre, 2011, 3(2), 486-
95. 

[84] Kumar, D.; Judge, V.; Narang, R.; Sangwan, S.; De Clercq, E.; 
Balzarini, J.; Narasimhan, B. Benzylidene/2-chlorobenzylidene 
hydrazides: Synthesis, antimicrobial activity, QSAR studies and 
antiviral evaluation. Eur. J. Med. Chem., 2010, 45(7), 2806-16.  

[85] Gravina, H.D.; Tafuri, N.F.; Silva Júnior, A.; Fietto, J.L.R.; 
Oliveira, T.T.; Diaz, M.A.N.; Almeida, M.R. In vitro assessment of 
the antiviral potential of trans-cinnamic acid, quercetin and morin 
against equid herpesvirus 1. Res. Vet. Sci., 2011, 91(3), 158-62. 

[86] Swarup, V.; Ghosh, J.; Ghosh, S.; Saxena, A.; Basu, A. Antiviral 
and anti-inflammatory effects of rosmarinic acid in an experimental 
murine model of Japanese encephalitis. Antimicrob. Agents 
Chemother., 2007, 51(9), 3367-70.  

[87] Robinson, W.E., Jr; Reinecke, M.G.; Abdel-Malek, S.; Jia, Q.; 
Chow, S.A. Inhibitors of HIV-1 replication that inhibit HIV 
integrase. Proc. Natl. Acad. Sci., 1996, 93(13), 6326-31. 

[88] Tewtrakul, S.; Miyashiro, H.; Nakamura, N.; Hattori, M.; 
Kawahata, T.; Otake, T.; Yoshinaga, T.; Fujiwara, T.; Supavita, T.; 
Yuenyongsawad, S.; Rattanasuwon, P.; Dej-Adisai, S. HIV-1 
integrase inhibitory substances from Coleus parvifolius. Phytother. 
Res., 2003, 17(3), 232-9. 

[89] Dubois, M.; Bailly, F.; Mbemba, G.; Mouscadet, J.F.; Debyser, Z.; 
Witvrouw, M.; Cotelle, P. Reaction of rosmarinic acid with nitrite 
ions in acidic conditions: discovery of nitro- and dinitrorosmarinic 
acids as new anti-HIV-1 agents. J. Med. Chem., 2008, 51, 2575–9. 

[90] Hooker, C.W.; Lott, W.B.; Harrich, D. Inhibitors of human 
immunodeficiency virus type 1 reverse transcriptase target distinct 
phases of early reverse transcription. J. Virol., 2001, 75, 3095–104. 

[91] Bailly, F.; Cotelle, P. Anti-HIV activities of natural antioxidant 
caffeic acid derivatives: toward an antiviral supplementation diet. 
Curr. Med. Chem., 2005, 12(15), 1811-18. 

[92] Alche, L.E.; Ferek, G.A.; Meo, M.; Coto, C.E.; Maier, M.S. An 
antiviral meliacarpin from leaves of Melia azedarach L. Z. 
Naturforsch. Sect. C, 2003, 58(3/4), 215-9.  

[93] Serkedjieva, J.; Manolova, N.; Bankova, V. Anti-influenza virus 
effect of some propolis constituents and their analogues (esters of 
substituted cinnamic acids). J. Nat. Prod., 1992, 55(3), 294-7. 

[94] Hu, D.-Y.; Wan, Q.-Q.; Yang, S.; Song, B.-A.; Bhadury, P.S.; Jin, 
L.-H.; Yan, K.; Liu, F.; Chen, Z.; Xue, W. Synthesis and antiviral 
activities of amide derivatives containing the α-aminophosphonate 
moiety. J. Agric. Food Chem., 2008, 56(3), 998-1001. 

[95] Burke, T.R., Jr; Fesen, M.R; Mazumder, A.; Wang, J.; Carothers, 
A.M.; Grunberger, D.; Driscoll, J.; Kohn, K.; Pommier, Y. 
Hydroxylated aromatic inhibitors of HIV-1 integrase. J. Med. 
Chem., 1995, 38, 4171-8. 

[96] Lee, S.U.; Shin, C.-G.; Lee, C.-K.; Lee, Y.S. Caffeoylglycolic and 
caffeoylamino acid derivatives, halfmers of L-chicoric acid, as new 
HIV-1 integrase inhibitors. Eur. J. Med. Chem., 2007, 42(10), 
1309-15. 

[97] Lin, Z.; Neamati, N.; Zhao, H.; Kiryu, Y.; Turpin, J.A.; Aberham, 
C.; Strebel, K.; Kohn, K.; Witvrouw, M.; Pannecouque, C.; 
Debyser, Z.; De Clercq, E.; Rice, W.G.; Pommier, Y.; Burke, T.R., 
Jr. Chicoric acid analogs as HIV-1 integrase inhibitors. J. Med. 
Chem., 1999, 42(8), 1401-14. 

[98] Xia, C.; Li, H.; Liu, F.; Hu, W. Synthesis of trans-caffeate 
analogues and their bioactivities against HIV-1 integrase and 
cancer cell lines. Bioorg. Med. Chem. Lett., 2008, 18(24), 6553-7.  

[99] Galabov, A.S.; Nikolaeva, L.; Todotova, D.; Milkova, T. Antiviral 
activity of cholesteryl esters of cinnamic acid derivatives. Z. 
Naturforschung Sect. C Biosci., 1998, 53, 883-7. 



Antioxidant and Antimicrobial Activities of Cinnamic Acid Derivatives Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 8    767 

[100] Rees, C.R.; Costin, J.M.; Fink, R.C.; McMichael, M.; Fontaine, 
K.A.; Iserna, S.; Michael, S.F. In vitro inhibition of dengue virus 
entry by p-sulfoxy-cinnamic acid and structurally related 
combinatorial chemistries. Antiviral Res., 2008, 80(2), 135-42. 

[101] Jarvest, R.L.; Pinto, I.L; Ashman, S.M.; Dabrowski, C.E.; 
Fernandez, A.V.; Jennings, L.J.; Lavery, P.; Tew, D.G. Inhibition 
of herpes proteases and antiviral activity of 2-substituted 
thieno[2,3-d]oxazinones. Bioorg. Med. Chem. Lett., 1999, 9(3), 
443-8. 

[102] Baroni, A.; De Rosa, R.; De Rosa, A.; Donnarumma, G.; 
Catalanotti, P. New Strategies in dandruff treatment: growth 
control of Malassezia ovalis. Dermatology, 2000, 201, 332-6. 

[103] Cheng, S.-S.; Liu, J.-Y.; Chang, E.-H.; Chang, S.-T. Antifungal 
activity of cinnamaldehyde and eugenol congeners against wood-
rot fungi. Biores. Technol., 2008, 99, 5145-9. 

[104] Ali, N.A.M.; Rahmani, M.; Shaari, K.; Ali, A.M.; Cheng Lian, G.E. 
Antimicrobial activity of Cinnamomum impressicostatum and C. 
pubescens and bioassay-guided isolation of bioactive (E)-methyl 
cinnamate. J. Biol. Sci., 2010, 10(2), 101-6. 

[105] Kim, J.H.; Campbell, B.C.; Mahoney, N.E.; Chan, K.L.; Molyneux, 
R.J. Identification of phenolics for control of Aspergillus flavus 
using Saccharomyces cerevisiae in a model target-gene bioassay. J. 
Agric. Food Chem., 2004, 52(26), 7814-21. 

[106] Kim, J.H.; Campbell, B.C.; Mahoney, N.E.; Chan, K.L.; May, G.S. 
Targeting antioxidative signal transduction and stress response 
system: control of pathogenic Aspergillus with phenolics that 
inhibit mitochondrial function. J. Appl. Microbiol., 2006, 101, 181-
9. 

[107] Said, S.; Neves, F.M.; Griffiths, A. J. F. Cinnamic acid inhibits the 
growth of the fungus Neurospora crassa, but is eliminated as 
acetophenone. Int. Biodeter. Biodegr., 2004, 54(1), 1-6.  

[108] Lattanzio, V.; Lattanzio, V.M.T.; Cardinali, A. In: Phytochemistry: 
Advances in Research; Fillippo Imperato, Ed.; Research Signpost: 
Kerala, India, 2006; Chapter 2, pp 23-67. 

[109] Brennan, N.J.; Larsen, L.; Lorimer, S.D.; Perry, N.B.; Chapin, 
E.L.; Werk, T.L.; Henry, M.J.; Hahn, D.R. Fungicidal 

sesquiterpene dialdehyde cinnamates from Pseudowintera axillaris. 
J. Agric. Food Chem., 2006, 54(2), 468-73. 

[110] Gohari, A.R.; Saeidnia, S.; Shahverdi, A.; Yassa, N.; Malmir, M.; 
Mollazade, K.; Naghinejad, A. Phytochemistry and antimicrobial 
compounds of Hymenocrater calycinus. EurAsia J. BioSci., 2009, 
3, 64–8. 

[111] Bisogno, F.; Mascoti, L.; Sanchez, C.; Garibotto, F.; Giannini, F.; 
Kurina-Sanz, M.; Enriz, R. Structure-antifungal activity 
relationship of cinnamic acid derivatives. J. Agric. Food Chem., 
2007, 55(26), 10635-40.  

[112] Zhu, J.; Zhu, H.; Kobamoto, N.; Yasuda, M.; Tawata, S. Fungitoxic 
and phytotoxic activities of cinnamic esters and amides. J. Pestic. 
Sci. Soc. Jpn. (Nippon Noyaku Gakkaishi), 2000, 25(3), 263-6.  

[113] Zhu, J.; Kobamoto, N.; Yasuda, M.; Tawata, S. Synthesis and 
fungitoxic activity of N-cinnamoyl-α-amino acid esters. J. Pestic. 
Sci. Soc. Jpn. (Nippon Noyaku Gakkaishi), 2000, 25(3), 259-62.  

[114] Tawata, S.; Taira, S.; Kobamoto, N.; Zhu, J.; Ishihara, M.; Toyama, 
S. Synthesis and antifungal activity of cinnamic acid esters. Biosci. 
Biotechnol. Biochem., 1996, 60(5), 909-10.  

[115] Zhu, J.; Majikina, M.; Tawata, S. Syntheses and biological 
activities of pyranyl-substituted cinnamates. Biosci. Biotechnol. 
Biochem., 2001, 65(1), 161-3.  

[116] Chai, X.; Zhang, J.; Cao, Y.; Zou, Y.; Wu, Q.; Zhang, D.; Jiang, 
Y.; Sun, Q. Design, synthesis and molecular docking studies of 
novel triazole as antifungal agent. Eur. J. Med. Chem., 2011, 46(7), 
3167-76.  

[117] Chai, X.; Zhang, J.; Cao, Y.; Zou, Y.; Wu, Q.; Zhang, D.; Jiang, 
Y.; Sun, Q. New azoles with antifungal activity: Design, synthesis, 
and molecular docking. Bioorg. Med. Chem. Lett., 2001, 21(2), 
686-9.  

[118] Lu, X.-H.; Zhang, X.-L.; Tang, W.-M. Synthesis and antifungal 
activity of cinnamic acyl thiourea derivatives. Chin. J. Appl. Chem. 
(Yingyong Huaxue), 2008, 25(11), 1286-90. 

[119] Habila, J.D.; Ndukwe, G.I.; Amupitan, J.O.; Nok, A.J.; Shode, F.O. 
Synthesis, characterization and candidosis inhibition of a hybrid 
molecule: 3β-cinnamyloleanolic acid. J. Appl. Sci. Res., 2010, 6(8), 
1077-85. 

 
 

Received: August 19, 2011 Revised: February 22, 2012  Accepted: February 28, 2012 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




