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Antifungal Activities of trans-Cinnamaldehyde Derivatives
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Abstract — Antifungal activities of frans-cinnamaldehyde (CA) derivatives including commercial CA
derivatives as well as synthesized CA derivatives against various human pathogenic fungi were inves-
tigated. Among the derivatives tested, o-chlorocinnamaldehyde, o-bromocinnamaldehyde and 7-phenyl-
2,4,6-heptatrienal were more potent than CA in antifungal activity. a-Bromocinnamaldehyde was the most
effective in inhibiting the growth of representative fungi of dermatomycosis with minimum inhibitory
cocentration (MIC) of 0.61~9.76 ug/ml. In the structure-activity relationship, introduction of the chlorine
and bromine group into the C-2 of CA resulted in the decrease of MIC. Derivative with more double bonds
- exhibited the increase of antifungal activity against various pathogenic fungi.
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o-Methylcinnamaldehyde Tokyo Chemical Industry
(Japan)?llA, a-chlorocinnamaldehyde, 4-methoxycin-
namaldehyde % 3,5-dimethoxy-4-hydroxycinnamal-
dehyder= Wako Pure Chemical(Japan)°l4l, o-bromo-
cinnamaldehyde, 2-methoxycinnamaldehyde, 4-hy-
droxy-3-methoxycinnamaldehyde %! #ans-cinnamal-
dehydex= AldrichellX ZHt 7J8ith. olE f-=4)
o] 38 7= Fig. 139 2t} gl AR AJeko
2X] m-anisaldehyde, acetaldehyde % piperidine<
Aldrichelld] Q1stod ARE-3H]CY.

AR BIHHA) UERERE AR ERlEAE
o] SRS Y] B 3 WobA ARESIith
Itraconazole> Korea Pfizer(Korea), ketoconazole-&
Korea Janssen(Korea), clotrimazole= Hwail Medi-
cines(Korea)oll Al ZF 3t} Silica gel Merck
(Kieselgel 60. 230~400 mesh)®] Z-& AM&3}gich.
TLC platex= Kieselgel 60 Fys,(Precoated, Merck)
E A5 o0 walioro 2= anjsaldehydeS AR

o H
“c” R R R R R
i I: H H H H H
ﬁ* Ry 2: CH3 H H H H
CH 3. Cl H H H H
4: Br H H H H
R; 5 H OCH3 H H H
6 H H H oCIB H
7 H H . OCH3 OH H
R R; 8 M H OCH3 OH OCH3
5
Ry

1: cinnamaldehyde, 2: a-methylcinnamaldehyde,

3: o-chlorocinnamaldehyde, 4: a-bromocinnamaldehyde,

5: 2-methoxycinnamaldehyde, 6: 4-methoxycinnamaldehyde,

7: 4-hydroxy-3-methoxycinnamaldehyde,

8: 3,5-dimethoxy-4-hydroxycinnamaldehyde

Fig. 1 — The chemical structure of commercially available
cinnamaldehyde and its derivatives.

319ich. $74%7371% Digital melting point apparatus
(Electrothermal 1A8100)8 AM-3lPHoH §HrAL
kA 4skth UV/Vis spectrume Hewlett packard
8452A spectrophotometer 2 &3R5, R spec-
trum JASCO FT/IR-230& AME3l0] 7153131 0m
"H-NMR(500 MHz) %} *C-NMR(125 MHz) spectrum
< Varian unity plus 5002 ARSI ZALSISICE £
A2 Hewlett-packard 5988 mass spectroscopy
systems ARE3lo] 31900} UV lamp(254, 365
nm)= Spectra ENF-245 ARgsto] #&33iH)
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5-Phenyl-2,4-pentadienal (9)°] B — $HAspge
Kuhn?} Winsterstein®?] aldol %34H8-2 0|83 &
Aol #3t] Scheme 13} Zo] CAE 2U4EAR
8lo] 5-phenyl-2,4-pentadienals 2Tt CA 150 g&
ofeRE 300 miE =) o o EYEl0|= 75
g B 75 g TAE AY JshEA wuksidc).
-10°CE JZ18t th& 5% NaOH 150 g& 30%-] 2
A AA8] 71513itt. 3ml Piperidine2 713t the A
2o 3AZE ol WHSIHA WAIEAT. AEH22
FEG § E2A] 2-33] AFsk oHESS 2ol F
82 (Na,SO, anhydrousyg o] +ES AANA
. e T oHE FFSIAL silica gel column
chromatography(s-hexane : ethylacetate=10 : D2 A
Aste] AW oil 49 5-phenyl-2,4-pentadienal
243 g & 162%)yS AUt

UV (A EtOH) : 282 nm (log € 4.98). IR (KBr) cm™
: 1620 (aromatic C=C), 1670 (C0O). 'H-NMR (500
MHz, CDCl) : 6 9.62 (1H, d, /=81 Hz, H-1), 7.50~
752 (2H, m, H-7, 11) 733~7.41 (3H, m, H-8, 9, 10),
7.25~7.30 (1H, m, H-3) 7.01~7.02 (2H, m, H-4, 5),
6.28 (1H, dd, /=8.1 and 15.2 Hz, H-2). 3C-NMR (125
MHz, CDCly) : & 193.63 (C-1"), 152.10 (C-3"), 142.44
(C-5), 13554 (C-6), 131.58 (C-2), 129.67 (C-9),
12891 (C-7, 119, 127,51 (C-8, 10", 126.15 (C-4"). MS
(m/z) : 158 M™, 57.5%), 129 (M-CHO, 100%).

7-Phenyl-2,4,6-heptatrienal (10)2] &4 - 4%
A 95 9% wholl 319 5-phenyl-2,4-pentdienal
10gS Z9E2A 2319 7-phenyl-2,4,6-heptatrienal &
Wastsith(Scheme 1). BESHE oflE|22 &3

2% 2.38 ANST H2EE To} B Pk U
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: /(CH“—‘CH)HZI—ZCHO

CH3;CHO
NaOH

: . (CH:CH)E:;CHO

9:n-2
10 : n=3

Scheme 1 — Synthesis of 5-phenyl-2,4-pentadienal (9) and 7-phenyl-2,4,6-heptatrienal (10).

of & AAN A% F AdE FHIL
silica gel column chromatography(z-hexane : ethyla-
cetate=10: )& AA|te] FA5}Ic}. n-Hexaned}
ethylacetate® A3ty L AA M FAAA 7-
phenyl-2,4,6-heptatrienal 3.2 g(+& 32%)& At}

mp : 114~115°C. UV (A, EtOH) : 350 nm (log €
5.06). IR (KBr) cm™ : 1602 (aromatic C=C), 1670
(CO). 'H-NMR (500 MHz, CDCl,) : & 9.59 (1H, d,
J=79Hz, H-1), 7.44~7.47 2H, m, H-9, 13), 7.34~7.39
(3H, m, H-10, 11, 12), 7.28~7.31 (1H, m, H-3), 7.19
(1H, dd, /=11.3 and 15.2 Hz, H-6), 6.80~6.94 (2H, m,
H-5, 7), 6.57 (1H, dd, /=11.3 and 14.2 Hz, H-4), 6.20
(1H, dd, /=7.9 and 15.2 Hz, H-2). *C-NMR (125 MHz,
CDCl,) : & 193.54 (C-1%, 151.80 (C-37), 142.74 (C-5",
138.33 (C-7), 136.21 (C-8), 131.15 (C-2", 130.11 (C-
4), 128.81 (C-10', 11', 12", 127.66 (C-6"), 126.98 (C-9',
13). MS (m/z) : 184 M™, 100%), 155 M-CHO, 75%),
91 (65%).

3-Methoxycinnamaldehyde (11)2] 84 —m-Ani-
saldehyde 1gS SLEAE 319 aldol ksl
2J3} 3-methoxycinnamaldehydeS 233}%0}(Scheme
2). HhgAg 2R 32 3 EFA 238 AlF31,
NHEZE Bol g TERE Yol 785 A
ot oA#g F ofAE FF3IL silica gel column
chromatography(n-hexane : ethylacetate=10 : D2 A
sto] ¢l A oildel 3-methoxycinnamaldehyde
0.103 g8 10.3%ys LAt

UV (A, EtOH) : 218 nm (log € 6.91), 286 nm (log
£ 6.98). IR (KBr) cm™ : 1591, 1628 (aromatic C=C),
1669 (CO), 2848, 2915 (C-H). 'H-NMR (500 MHz,
CDCly) : 6 9.71 (1H, d, /=7.8 Hz, H-1), 7.45 (1H, d,
J=16.1 Hz, H-3), 7.34 (1H, t, J=8.1 Hz, H-7) 7.16 (1H,
d, /=7.6 Hz, H-6) 7.08 (1H, t, /=3.9 Hz, H-9), 7.00
(1H, dd, J=2.7 and 8.3 Hz, H-5), 6.71 (1H, dd, /=78
and 16.0 Hz, H-2), 3.85 (3H, s, OCH,). *C-NMR (125
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MHz, CDCl,) : & 193.7 (C-1%, 160.0 (C-8), 152.7 (C-
21, 135.3 (C-4", 130.1 (C-9Y, 128.8 (C-3), 121.2 (C-5),
117.1 (C-6), 113.2 (C-7", 55.3 (OCH,). MS (m/z) : 162
M*), 131 (M-OCH;).

xlgs (MIC) &4

MNERF - 84 A S5 28 35724
= Ormsby®} Montgomery'®l] ja] EH¥ )8
ool wehd EAPRTES tEdols R
293 29T Trichophyton mentagrophytes KCTC
6077, Micrococcus gypseurn KCTC 1252(from derma-
tophytosis of the foot), Epidermophyton floccosum
KCTC 1246(from dermatophytosis of the hand) 3%,
AAIAZZFS AAdFA Cryptococcus neoformans
KCTC 7224(from clinical specimen, Minnesota),
Aspergillus niger KCTC 1700 2%, AttiEe] i
TR Candida albicans KCTC 1940(from a man
with bronchomycosis) X Penicillivm avellanenm
KCTC 1253& A&ttt

Mg - FAAAEEZAN A C. albicans 2
C. neoformans= 28°CoN4 397+ wlF3t Sabouraud
dextrose agar W|x| 2} AlHEAFe] F=hol| Sabouraud
dextrose broths 7}3te] Wgol2 FAY 80 F
o] IXE £ TAHENE 540 nmolA T(%)
=957} HEF 2] FNE FABGIeH, 1 5
o] R 28°ColA 7U3F wiFsle] A AL
AbAko) ek Aol C albicans®t Lo WHow
A&sto] 540 nmellA T(%)=900] HEE 243}
FAE ZABIHY

HAEAR T L A58l mzk AAE
o &, 13719 A@#<] Sabouraud dextrose broth
E 22 1miy BFEke] g@ast 1 Algde] A
28 1miE 718 ¥ AldEdetn 139 AP
UEAEEO R 3lo] 7 0.05 m(EARR; 10°-105)
S HF3ta 28°CollA 257Ut wliekslAA #o i
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FA B - CAZ 2LEAR 819 aldol FHEW
2ol & $AE 5-phenyl-24-heptadienal (9 2]
ZAo) oilo].2® UVmax7} 282 nm©]$ith IR
spectrum®] 1620 cmollA aromatic C=C7|&, 1670
cm oA «, B-EEE C=07]F &3} H-
NMR spectrum®]A] germinal aldehyde®] proton®]
5 9.62 ppmel 23 ®4-9] proton® couplingdh
doublet®. % e} on, olu coupling constant:
8.1Hzol 3}l 628 ppmoll A 2 ®©249] proton?]
CHO} 33 €49 proton®}t ZH2Z}b couplingdl] +
doublet@o] ERIET o]=e] coupling constant=
Ztz}t 813 15.2 Hzo|th. 7.25~7.30 ppmoilA 39
€4 9] proton®], 7.01~7.02 ppmolAE 4, 5819
proton®] multiplet 22 v}ebtth Aromatic ring2]
proton peak 8,9, 100812 proton®] 7.33~7.41 ppmel|
A multiplet, 7, 11H¢} proton®] 7.50~7.52 ppm®]|
A multiplet® & JERdTh BC-NMR spectrumoilAl
193.63 ppmellA] aldehyde®] ©-4:7}, 131.58 ppmeilA]
C-2, 152.10 ppmeiiA C-3, 126.15 ppmollA] C-4 &
142.44 ppmellX] C-57F ERIES. Aromatic ring®)
EAE2 13554 ppmollA C-6, 128.91 ppmellA C-7,
C-11, 12751 ppmelld C-8, C-10 2 129.67 ppmelA
C-o7} 2z} &It o)de] ARE FHe=E 4
o] Rug =99 viws A3} CARRE Y =
Zo](2E, 4E)-5-phenyl-2,4-heptadienal (9)2 FHHR
t}h EI mass spectra 414 158M*)2] peakZ ©]
E0] #ARo] 1589 FRAE T Uitk

HEA 9914 <18 5-phenyl-2,4-heptadienal &
ZHEAZ 3te] /9% 7-phenyl-2,4,6-heptatrienal
(10} 281742 Aol er] UVmax’t 350 nmo)
gich. IR spectrum®] 1602 cm o4 aromatic C=C
712, 1670 cm ™o o,B-2X3} C=071% ISR
t}. 'HNMR spectrum©*] germinal aldehyde ]
proton®] & 959ppmoiA 23 B4 % protonT}
couplingdte] doublet¥l & & 4= AU olWl coupling
consranty 7.9 Hz ©]%ich, 6.20 ppmelA] 281 &:42)
proton®] CHO$} 3 €49 proton®} Z}Z}; coupling
3to] % doubletde] #JAESGT o]w el coupling

constanty= z}zb 7.9¢F 152 Hzo|th. 7.28~7.31
ppmelA 3 €2-2] proton®] multiplet, 6.57 ppm®]]
Al 4 kA 39 5819 proton coupling 51
F doubletdo] BRIE$ o)) coupling constant
= 11.32¢} 14.21 Hzol3lt}. 6.80~6.94 ppmellA= 5,
7] proton®] multiplet® 2 JePgt}, 7.19 ppmeild
6% protone 5, 7S] proton¥} couplingdte] F
doublet® Z }EFtIL coupling constant® 11.329}
152 Hzo]t}. Aromatic ring®] proton peak+
10, 11, 12:312] proton®] 7.34~7.39 ppmelA] multiplet,
9, 139 proton©] 7.44~7.47 ppmOA] multiplet S
2 Jepdr}, BC-NMR spectrumell4] 193.54 ppmel|
Al aldehyde®] €47}, 131.15ppmollA C-2, 151.80
ppmollA C-3, 130.11 ppmollA C-4, 142.74 ppmellA
C-5, 127.66 ppmellA] C-6 W 138.33 ppmeflA] C-70]
gel=lgle}, aromatic ring®] ©A52- 136.21 ppmel]
A C-8, 12698 ppm°llA C-9, C-13, 128.81 ppm?il
A C-10, C-11 2 C-127} Z}2t ERI= . o))
ARE FHog 3 nud Agl2¥e vad 2
I FEA 92HEH FHEY EZOIQE, 4E, 6E)-7-
phenyl-2,4,6-heptatrienal © 2 = ich. EI mass
spectra dellAl 184M™")9) peak 2 o] 49 £4}
7o) 1849 ERIg 4 Tt

m-Anisaldehyde S EHEZZ 3t A 3-
methoxycinnamaldehyde (11)= &2 39| oilo]$]
o] UVmax’} 2189 286 nme|it}h. IR spectrum
©) 15913} 1628 cm™ol|l A aromatic C=C~l, 1669
cm AN o, p-E¥3 C=07] 9 28487} 2915cm
oA methyld] C-H71S 28ttt 'H-NMR
spectrum®ilA} aldehyde2] proton®] &9.71 ppmeiiA|
281 €49 proton® couplingdkd doublet®E UE}
o™, ol coupling constant:= 7.8 Hz®]3\T}. 6.71
ppmelA 281 €42 proton®] CHOS 3 ©42
proton®} 22} couplingd}e] F doubletdo] E<1=S]
3 o]de] coupling constantt 2z} 7.8% 16.0 Hz
o]}, 7.45 ppmellA 38 49 proton®] 2 €A
2] proton¥} couplingdt®] doubleto. 2 EIE N T
coupling constant® 16.1 Hz®] 31t} 3.85 ppmoi| A
OCH3719] proton©] singlet® E UEFG ™, 7.00
ppmollA 5 ©42] proton©] ortho, metha coupling
o] ZAle] doji} F doublet®F JEPET coupling
costantt 2.7% 8.3 Hzo|3lth. 7.16 ppmolA 64 &
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Table I-MICs (ug/mi) of trans-cinnamaldehyde derivatives against

KCTC? TCY cY TCY crc? 2 TC?

Compounds gg?? Kfzsz K§:2T46 K7sz(zi K1700 ngﬁg K1C253
1 78.0 39.0 39.0 39.0 78.0 78.0 39.0

2 >100 >100 >100 >100 >100 >100 >100

3 19.5 9.76 9.76 9.76 195 19.5 19.5

4 4.88 0.61 0.61 0.61 4.88 9.76 4.88

5 78.0 78.0 39.0 73.0 >100 78.0 >100

6 78.0 78.0 >100 >100 78.0 >100 78.0

7 >100 >100 >100 >100 >100 >100 >100

8 >100 >100 >100 >100 >100 >100 >100

9 78.0 39.0 39.0 39.0 78.0 78.0 39.0

10 39.0 19.5 195 19.5 19.5 39.0 19.5

11 >100 78.0 >100 78.0 78.0 >100 >100
Itraconazole 0.13 19.5 0.03 0.3 0.13 >100 0.03
Ketoconazole 39.0 39.0 1.22 195 48 39.0 4.88
Clotrimazole 1.22 2.44 0.61 1.22 0.61 4.83 0.61

DKCTC 6077: T mentagrophytes KCTC 6077
OKCTC 1246: E. floccosum KCTC 1246
OKCTC 1700: A. niger KCTC 1700

OKCTC 1253: P avellaneum KCTC 1253

48] proton®] ortho couplinge] Yot} doublet® 2
UEFZ I coupling constant:= 7.5 Hzo|3lth 7.08
ppmolA 18 9 €49 protond} 7.34 ppmelA]
geld 7 ©29 protond orthe, metha coupling
o] Yojupdr 5 doublet®Z UERS F O dAtE
otk peak FHAA o] triplet®® Uhebkich.
BC.NMR spectrum®lA] 193.7 ppmoll*] aldehyde )
g7t 152.7 ppmollA C-2, 128.8 ppmell A C-37}
eIt} Aromatic ring?] ©AES 135.3 ppmeiA
C-4, 121.2 ppmeliX C-5, 117.1 ppmelA C-6, 113.2
ppmelA C-7, 160.0 ppmelst C-8, 130.1 pmolA C-
9 W 55.3 ppmolXl OCHy719) &7} ZH2F Rl
t} ojie] A#E F4 R m-anisaldehydes HE] T
¥l £40] trans form®| 3-methoxycinnamaldehyde
2 BdE3c) El mass spectrum Aol 162
M™N)2) peak® o] ER2] BAFo) 16230 R
A0t

s F5P-CAT 7 &Y 2¥EHo] Wx
AEE AT AfARA DAelwt AgHos 2ha
Sk ZHg71%0) ZHe ouyt X|q Ao g
mE I Qe BRI B HlE B 9G7HE AYx
ol Bt IRF & S AEAST 8.
sitial AzEe] CA 3 #EAE dY3Ied A
ol A CA A=A A 29 I 84
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DKCTC 1252: M. gypseum KCTC 1252
YKCTC 7224: C. neoformans KCTC 7224
YKCTC 1940: C. albicans KCTC 1940

2~

o] BAS AR Table 18] Aol A™ &
S A% o-chlorocinnamaldehyde (3), o-bromocinna-
maldehyde (4) ¥ 7-phenyl-2,4,6-heptatrienal (10)
o] BE IFolA] CARY: 7t 4l FXo] vl
or, thE FH FEA Folds CART MICHO]
A Ve A2 QS

CA9| 2 ghhol WA, 94 ¢ BES YT A
2 w}47)7} 2)3ke o-methylcinnamaldehyde (2)=
MICEk] 100 pg/mi Ve s dhtdido] CARTH
#Aa3R T, A7 A8 F =4 3 MICFe]
9.76~19.5 pgmiEA 8ol FrlsINen, HE
o) AFE HTH 45 739 W) ta) MICZo)
0.61~9.76 ug/miEX A FeAlT P A
848 Hof Fvh 29 ghhol] A4 BrE 2
2 427k A3 B FRFAo) IS o=
RE BT 5= 3t

CA2] phenylZlell WiSA7171 2319 R 3%
ortho $1X1°l HIEAI717F TU9E 2-methoxycinnamal-
dehyde (5)7} 7% AFZFolM A niger 2 P
avellanewm-S(MICELC] 100 pg/ml ©]Ah) A&k
MICgo] 39~78 ug/miZA] gd-do] 713 4% 3
02 ZAMES] wiEAIZIS A ortho, meta L para
AAFW ortho AR TQlo) 7 Bl &
el Ao et



436 s - 228 - oyt

CHO CH=—CH—CHO
CH3;CHO
NaOH
OCH; OCH,3
11

Scheme 2 — Synthesis of 3-methoxycinnamaldehyde (11).

CA9] aliphatic side chain®l| ©]543% +& Z7}
AN Ag olFZAde] 1] o't 5-phenyl-2,4-
pentadienal (95> CAS} TUF MIC#S HFou
o]FA% o] 27/ Eolt 7-phenyl-2,4,6-heptatrienal
10)2] 7% MICEel 19.5~39 ug/ml 4 752 2
& 25 disiA MIC #ke] RolxdA(39~78 ug/
ml — 19.5~39 pg/m)) o] S} dri= AE
g = 9l8lth

g4 £

PR Ego] Hold I TREAS /Ndslei
539 U307 pgns-cinnamaldehyde F=A=2] o
T4E3E AR, Agovet 729 A4S
4710 BRAARE HES dik= oS3 Pt

trans-Cinnamaldehyde?] 291 Biof Sz 491
A BFo] X&E sRHElN 25 SR @0
2= e}, Phenyloll methoxy”|7F = 3135
Me 58 g E4o] BREXR] WkoH, tans-
cinnamaldehyde®] aliphatic side chain®l] ©]5-Z32)
7} 278 593 7-phenyl-2,4,6-heptatrienal %A
9] Aol F/IEE FRIT T UGt Yo ojFH
o] ol AT BAIE o Ao R0
o, phenyl’|E EAA% B REAIE FA8IA
T2 @97k AT | AUs] Aol & Ao
2 g
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