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Synthesis and Antioxidative Activities of N,N’-Diferuloyl-putrescine (DFP) and Its Derivatives
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N,N’-diferuloyl-putrescine (DFP) &St o 5 AEA o i35 U= SE=R J]l‘% Ll s =1 B S o e s
5ol e Aeg nuHy gk 2 Ao 4 ”741011*1 v A= DFPE 7164 3HdE A5 AMSE 54
OE v &334 DFP 2 1 % A|(DFP-D)E z.“é 3t} 343k DFP 2 DFP-Do]| \‘41 st &4ts) 242 DPPHY,
FrlE S S5t ﬂol stlom, FHH0R 100 Ui HER D ﬁlq'a 3 7}aFSiet. 1,1-Diphenyl-2- picrylhy-
drazyl (DPPH) #t]1Z A& (FSCso)> DFP7} 61.25 + 2.25 uM, DFP-DE 12.92 + 0.72 uM& YEow, Fu)is
WS 0] £-3F Fe' -EDTA/H0 71l 91014 2] F84k3}5-(0SCsp) ol 4] DFPS} DFP-DE H] w52 2 AF8-3F L-ascorbic
acid Bt} 27} 20(1.84 £ 0.12 uM) 2 138](0.174 £ 0.01 uM) B 2 FZA3HsS JeR il 93 Fa3to] glo] A
A Agg e B2 '0,0 2 FEE HE 4ol 3lo1A 50 uM2] DFP-DE] AlE BT 5( 75 = 80.2 min)>
(9)- @ -tocopherol (750 = 43.6 min)2.t} <F 28] A& o 53 xRS G35 YeERT oo d3sS Sl
/3% DFP ¥ f1x) DFP-D] gt F4tsl &2 7154 E A5 =2 AMEste] dF Aol 4 7ol
R AlAFEHTE

O{‘J

Abstract

N,N’-Diferuloyl-putrescine (DFP) present in plants such as Sophora japonica has been reported to have skin depigmentative
and antioxidative activities. In this study, DFP, usually presents in nature a very little amount and its derivative (DFP-D)
were synthesized in a large quantity for the use as functional cosmetical materials. The antioxidative activities of synthesized
DFP and DFP-D were evaluated by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay, chemiluminescence assay, and cell pro-
tective effect induced by 'O, stress. DFP and DFP-D showed DPPH radical scavenging activities (FSCso) at 61.25 + 2.25
uM and 12.92 £ 0.72 uM, respectively. ROS (reactive oxygen species) scavenging activities (OSCsp) in the Fe’'-EDTA/H,0,
system of DFP and DFP-D were 2 times (1.84 + 0.12 pM) and 13 times (0.174 + 0.01 pM), respectively higher than that
of L-ascorbic acid. 'O,, one of ROS playing a key role in the skin photo-aging, induces cellular membrane damages. DFP-D
(50 uM) showed good cell protective effects ( 7 so = 80.2 min) about 2 times more than that of (+)- @ -tocopherol ( 750 =
43.6 min). These results suggest that the great antioxidative activities of DFP and DFP-D could be applied to cosmetic in-
dustries as functional cosmetic materials.
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Figure 1. Structures of DFP and DFP-D.
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Scheme 1. Reagents and conditions :
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Ak’ ARE EEAAA F
Hsls 75371t 5-8].
AT FISPIAN Weherlol =] 5
At e BE ST 2o Leidl Uokl0) wei
ROS®| AF8}2] AEYARNE dH5 HEshil AFiedts oAlst
7] AA3lIA] FN- FAaksl ol F5S Ask A2 FAkshA] Aol
SPE FolellA A3 eE L Qi AAolthI1-13] 2 ATl
QA AAE2 A AEE gt BatrE FRE HEE
SlojA =& AJE-2l dehydroeffusol©] ROSOY thdh AW 53} ik
3} o] g F& FRlsta 1 Ak WiAYSS ¥ Bash vt
= SltH14-16).

AA 24 9 I FEAY FEE Fste] 7164
T7F Es) &= ok SEv 5 el
71673 s AR A o]F A4l Y
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2 ArelMs, S & el v EA8hs NN -diferuloyl-
putrescine (DFP)7} w|# &/ 4l dMilglso] Qle ZOR Hixi
o FARsE 35 Zhe= dimeric cinnamoylamide - =3=2] v
FAlo| oist HrF =3 ¥ uEQvh21]). DFP 9 1 +%A|(DFP-D,
(3-(4-hydroxy-3,5-dimethoxy-phenyl)-N-{4-[3-(4-hydroxy-3,5-dimethoxy-
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(a) acetic anhydride, pyridine; (b) 1,4-diaminobutane, MC; (c) KOH, MeOH-THF.

(Figure 1).
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2.1. 7171 A Al

UV-visible #337]:= Varian (Australia)A}2] Cary 50, Spectronic
20D Milton Roy Co. (USA) AIES AMEEIQITE slehitgr)=
Berthold (Germany)A}F2] 6-channel LB9505 LTS, A3 247
= Varian Inc. (USA)2] 400MHz NMR System= AF2-3}31c}

Ethylenediaminetetraacetic acid (EDTA), H,O,, Fols, §ukd,
rose-bengal, 2! 1,1-diphenyl-2-picrylhydrazyl radical (DPPH)+= Sigma
Chemical Co. (USA)®lIA], FeCls - 6H,O+ Junsei Chemical Co. (Japan)
AFEE AREsIGITE g &9 Alxol AREE NaHPO, - 12Hx0,
NaH,PO; + 2H,0, NaCl, H,S0s, °€hE(EtOH), "&-E(MeOH), cll€o}
AHIO| E(EtOAC), oHIEUOIE™ 4 CHCL 2] &gl E4dell Ak
43t Aokl ferulic acid, 1,4-diaminobutane % N,N-diisopropylethyl-
T AT 55 o] &3t

[

amine

2.2. N,N’-diferuloyl-putrescine (DFP)2} DFP-D2| St
DFP®} DFP-DOI|l thst §d 7HQE Scheme 1°] HERASIH.
DFP2] §/d-2 A1ZHEH QI ferulic acid 1 pyridine©l] 591 3 F<=
OFHEARS 3715101 3-(4-acetoxy-3-methoxyphenyl)acrylic acid 3-&
Hd3F3Ath. Methylene chloride®l €-3l1A171 1,4-diaminobutane @} 33}
E 35 REAIA 3R 55 A3t ololA] sEE 58 7Esliste]
DFPE ¥tk Scheme 1).

Scheme 141419} 22| DFP-Di= Al
phenyl)acrylic acid 2%E pyridine®]|

2+5491 3-(4-hydroxy-3,5-dimethoxy
Q] F FrolAEALS H7Ielo]
sgiet. s

& F ol 7

3-(4-acetoxy-3,5-di-methoxyphenyl)acrylic acid 45 3J
= 49} 14-diaminobutane= WHS-A1F 3HEHE 6= T
FE-815to] DFP-DE L t(Scheme 1).

Ferulic acid 1 (5 g, 25.75 mmol) E=+ 3-(4-hydroxy-3,5-dimethoxy
-phenyl)acrylic acid 2 (5 g, 29.60 mmol)Z pyridine 20 mLo]| &<l %
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Figure 2. Nuclear magnetic resonance spectroscopy data of DFP and
DFP-D.

Foro b EAH9.7 mL, 103 mmol)S 7} 3 3 A2o4 12 h F<t
WHEERSITE ©]% 1 N HCI 200 mLE W2 § 50 mLe] e&obe]o]
ER 3% AFsEst] SEE 3 B 45 A0tk SEE 3 B
4 (21.17 mmol), N-(3- dimethylaminopropyl)-N-ethylcarbodiimide hy-
drochloride (4.87 g, 25.40 mmol)S CH,Cl, 20 mLeol| =31 $ 0 Col
2] 1,4-diaminobutane (932 mg, 10.58 mmol) CH,Cl, £-9] 10 mLE 3
7FeF3itk. ©]o14 NN- diisopropylethylamine (8.8 ml, 50.8 mmol)
CH,Cl, €9 10 mL-& 373 & A4 12 h 53+ wHkshdA] ®E
SAAY. 75 50 mL, 1 N HCl 50 mL, S5+ 50 mL, 10%
NaHCO; 50 mL2] A= #&3t th 902 CH.CL%
FE= AAT F A4S - F] S 5 BT 65 Oé‘ii% SRS~

CH,CL S} n-32ko 2 AT 3sle] #F EHE DFPS} DFP-DE ATt

2.3. DFP ¥ R=AH(DFP-D)2| SHitsl 51 5
23.1. DPPHHES 0|88 AtRetC|dt AH 24
]Ep‘—Oﬂ &3l¥ 02 mM DPPH &9, olehe, AdE4dS £33t
2041 10 min &<+ ¥H-SAIF T WES-AIZE] A 2 spectropho-
tometeri 517 nmolA FFEE F595tE tF T (control)S A&

9 9 s 24 31

2 9] 93 10 min To FHES ZHsto] 2] 277} o]Fo]
A A] %&’k—% @19] e S8 241 % (blank) .= DPPHE 8-

g3tel 517 nmellA Alme) §aje] dES
E"*oHTSZiE} 27 %}o DPPH®

(

X7t 50% FHAE=d 2 ast
i

ol ol

Al:9] 5% (free radical scavenging activity, FSCsy, uM)ZA] 3L7]3}
Stk 2 Z(DPPH) &7 848 Alibsh=t ARSsE A2 vt
¥} At}

Inhibition (%) = {1 - [ (Arperiment - Apiani) 11 % 100 )

ACom:ol
232. R0/ LLHES 0|25 Fe' -EDTA/H0,AH/0I A0{A &
Al A

%—%?, *]E, 25 mM EDTA, 5 mM FeCls - 6H,0, % 35 mM 7|
S Y35 min U F2olA A F

H ]*ﬂi/ﬂ H,0, (150 mM)E Y1 3}shitg7|E o]g3l
shehdbd-s 25 min Bt SYSIQITE & (control)> AISE A8
st sl vl Ak 541 (blank)> ROSE 71 5
Q2 &7l Hy0,9) FeCl; - 6H,05 A|&]3}aL YR = A3+ 5
3 207 WALy Fake 2AZA Y A7) Fhehag A
717} 50% FraEed sk A5
scavenging activity, OSCso, pug/mL)ZA]
(%) o A& o]&sf Artsisith

& (reactive oxygen species
E713100k B3 A AEE

o (Control®] cpm - Sample®] cpm)
Inhibition (%) = x 100 @)
(Control®] cpm - Blank®] cpm)

24. 4SEHE 0|83 NEES 0t Y
24.1. M HEH T
B

U RNE AFe $ ugio] Hrke Ald Tl Yol
ol Aol e AAREVE ool wElaink Eelst AdT
+ 0.9% saline phosphate buffer (pH 7.4, Na,HPO, + 12H,0 9.6 mM,
NaH,PO; - 2H,0 1.6 mM)E A|H3glct F83F 2= Wl
BESPEA ARSI, BE A A 5 24 h ol Bl
o) AgE AP AL 700 nmollA FIEE G50,
A == ok 15 x 107 cells/mLo] Itk

242. DFP2 1 REAH 9 A M H1t

AP de o] Amg FA7FE & dAolA] 30 min F<F pre-in-
cubation AJFt}. F57AQ] rose-bengal (12 uM)S 718+l 15 min &
QF FxAbete] FSAE WS Yot

& o3 FxAlE WS A At AR el FFeS
AR, FFTOZNE 5 em Al AT derdo] |71 slo|Y]
~ ;\] $A-S 15 min B FFAEI AP Ey 5 15 min 7F

©2 700 nmollX FFE(transmittance, %)E st LS

(post-lncubatlon)oﬂ o3t A7) A EE glsigin) o] Tl
A AP Ao e Sk AT AR nlEgth
HE A E Aleoa [&skgIth DFPSF 7 S5 A9 MERE v}

i post-incubation Al7F} FHFPYERE FAE T E2HE A
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Table 1. Cellular Protective Effects of DFP, DFP-D and (+)- - Tocopherol on Rose-bengal Sensitized Photohemolysis of Human Erythrocytes

(Control = 30.0 = 1.0 min)

T 5o (half time of hemolysis”)

Concentration (uM) 5
DFP 36.0 = 3.1
DFP-D 53.0 £ 2.1

(+)- @ -Tocopherol 354 £ 2.1

10 25 50
51.7 £ 8.6 555 + 59 679 = 11.1
57.5 £ 0.6 67.1 £ 5.5 80.2 = 3.3
37.0 + 2.1 402 = 0.5 436 £ 09

D Control, 750 = 30.0 + 1.0 min

Free radical scavanging activity
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Figure 3. Free radical scavenging activity of DFP, DFP-D and
reference.
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3.1. DFP2} DFP-DQ| &4

3.1.1 DFP, N,N’-diferuloyl-putrescine2| &

DFPE 919 37 "H(2.2)& B3t 70%9] &= ATt DFPY
B384 2t2 = o5 2tk 'H-NMR (400 MHz, DMSO-d6) : 1.47
(4H,s),3.18 (4 H,d J=48),379 (6 H, ), 647 (2 H, d, ] = 1.60),
6.80 (2 H,d, J=84),699 (2H,t1I=20),712(1 H,d,TI=20),
734 2 H, d, T =184), 801 2 H, t, ] = 5.6), 945 (2 H, s). "C-NMR
(400 MHz, DMSO) : 165.8, 148.7, 139.3, 126.9, 121.3, 119.5, 116.1,
111.1 55.9, 38.8, 27.3 (Figure 2).

3.1.2. DFP-D, 3-(4-Hydroxy-3,5-dimethoxy-phenyl)-N-{4-[3-(4- hydroxy-
3,5-dimethoxy-phenyl)-acryloylamino]-butyl}-acrylamide2| 2t
DFP-D= §19] &4 WS 3ol 74%2] &= A%tk 'H-NMR
(400 MHz, DMSO-d6) : 147 (4 H, s), 3.32 (4 H, s), 3.79 (6 H, s),
649 2 H, d, J = 3.6), 684 2 H,s), 7.33 @ H, d, ] = 15.6), 7.78
(2 H, t, ] =56), 878 2 H, s). "C-NMR (400 MHz, DMSO) : 165.6,
149.2, 139.3, 1274, 120.3, 117.5, 114.1, 111.4 56.0, 38.8, 27.3 (Figure 2).
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AR S B E RS 2 WA o] =2 lelgolt) w3
ol A ¥]i= ROS®I= hydroxyl radical ( - OH)¥} 22 gjt]Z<to
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Figure 4. Reactive oxygen species scavenging activity of DFP and DFP-D
in Fe"-EDTA/H,0, system by luminol-dependent chemiluminescence assay.

-Tocopherol 7 72 &HtskAli= 9]0 EAjshdA] AW ails)
Hhg- o5

= (e}
o
¥} o] abtx f8 gejZo] doy)i: o 7R &4 whEC E|
AL BRI o)ejdt ksl EAEL gofge] i IR F
gato] Ak} Wh3-S WX|skaL etz of]E A WIS AREE
S FTAAZITE weba] kA o] E4F AXY Be &
W} ARk Gr)de A7) FAkEA 2] 532 DPPHS o] %
3 goHs 4= Qith DPPHE A4 o= kst apfetcizo) 7] wiiE
of Adel @Wo] 3EH= AtgAlelt

DPPH 27 HF8-& o]8-3}o] DFPS} DFP-Dol| t)dt z}fefr)ze]
27 245 =431tk DFPY} DFP-DO 2heiZt 42784 (FSCso)
77} 61.25 £ 225 pM W 12.92 + 225 yME T 3E 2T gz
< 28R o] &S HolFelrh 53], DFP-DE HlwEZl
L-ascorbic acid®t} ¢ 2 &tz 2 A5S Vel o DFPHUE &
Grtsles RT3l thFigure 3).

322, BOls WS 0|28 Fe''-EDTA/H0. A0 UHA &N
A AH HYEHEMES

Fe*-EDTA/H,0, 41014 = Fedt H,0,00 2J3l Fenton WH3-0] 2Jojk
t}. Fenton WHE-o|lM= o +2] ROS (0, , - OH, H,0,)7} 234w
t}h s 0, S AA YelA '0,E As Hsto] st Aow o
A Qlck THollA dojib= ©]9} -2 Fenton W~ A|E 4 2]
S ol AR A I gE o)) wlEe) Edaka
o] A A @ AT FAEAY AEe $lalA, Fe'-EDTA/
HO0 719149 ditsls S48 & uls Zheth 2 Ao
Fe'-EDTA/H,0, 71914 A48 ROSol| &8 Fr]o] Alslelo] S
7JE| ] ofm| - ekato] Hr) ofu] e TRA] BT AE| 2 o

¢
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A 2420~ 450 nm)dhs Y2 E o83t AlelA AE B4
gl va PABA] 2ALES SO ek 5
ek

DFP$} DFP-DO] E34tA 2AS(F 34, 0SCso) 2
+0.12 pM, 2 0.17 + 0.01 pM .= YERstTh DFPS} DFP-D B H]
WEZQ L-ascorbic aciditi®: &%l ©f & ditskss ‘/]'E]'M‘:]'.
DFP-Di= DFPRUE 108} o)/d9] &34k A71E8S dehiigitt
(Figure 4).
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33. '0,22 R AR Mol mlmjof st NEES Ea}

A ko] o3t AEEY R AR Ad e} S5 wkeS A
3ttt F-o EAsk= oy 7 FEAtAel 2keldo] ke
F54r ukgo] dojui whEA '0,3 ROSE BT 10, WHEA
o] W% & ROSEA] AE 1t 338 AAAE AlsialA A 7}
2bel AHRESS AT o]FEA AN A S-S NEE o
FAA F)F-2] wsks FHAZICL o] 9] = theFst ROS7F F7HA C.
E AP EA AES FEE FANATE dAS Abstshas Al
3 §8E FEdth mebA ) APS B8l 9Akkel Qs A
TS, Tl Ake) g3 gAksAl o] st 9l AlaEe] i) F
< Yobz F Qith A7) Agelx gl o] UH S %"“&ﬂ%
DFP 4 DFP-De] tlato] 23420y E
QoM MEZRE aIE ZG33ch vl E&Et ﬂh{@‘d 2873
rstA R T2 Mxute)] EAlgks FAFSIAIRL (+)- @ -tocopherol =
ARESIAITE ME HE 52 A3l AR AT AlZ7T 50% T F
<l A2l MK 150) 22 AT ©] gk ARS] AlE B
o] 245 A vepdth Als dial £t Yol tlETS 15l
30 £ 1 min®2 AAAJo] I35 A LESITE Rose-bengalS 71kl
FRAME & B 799 rose-bengals VA ¢hal FRANE FE
7B BT kS 120 min7FAE §8o] A9 dojuA] st

DFP$} DFP-D] 0,02 f1oel Algh A&7e] sl tish Al
HS gale] thgh 23] AI}E Table 101 VFERAITE DFPE] A, 75
] 5, 10, 25, 50 pM 2] “FEA 217t 36.0, 51.7, 55.5, 67.9 min .=
S dEH R AXRS g3t SIS vl DFP-DO] 739
53.0, 57.5, 67.1, 80.2 minC.Z w-¢- = H¥E BT S YERITE v
E22Q1 (- a -tocopherol 2] 73-%- 35.4, 37.0, 40.2, 43.6 min2] AI}=
RHoIFEQItk DFPE} DFP-DE B WEAZE ARS8l (4)- @ -tocopherol 5.
o 52 AERs G35 Jehigith 434 ©&, DFPS} DFP-D=
BE FoolAd AE £48 v F2 ARl (H)- @ -tocopherol
Hop 958 A Be5s HolFglon, @ik tidshs Al
HIARAY S87Fs7d0] USS Elsirh

M

4. =

2 ATE Fole] ARES sl 590l e U sEEs
Fstlar a=2 Ees BRIt

1) N,N’-diferuloyl-putrescine (DFP)$} 1 = 3|(DFP-D, 3-(4-hy-
droxy-3,5-dimethoxy-phenyl)-N-{4-[3-(4-hydroxy-3,5-dimethoxy-phenyl)-
acryloylamino]-butyl}-acrylamide)E 212} 70%2} 74%°] &2 T4
skt

2) DPPH ] AAZJ(FSCso)> DFP7} 6125 + 2.25 uM,
DFP-DE 1292 + 0.72 pMS LERJOH, T 318he n% 2 alr)z
27%5S YeERRIY) 53], DFP-DE H|wE7 Q] L-ascorbic acid H.C}

1R -V S - T 33

o & 23z 2As
T3k

3) Fulis WS o] &3k Fe'-EDTA/H,O0 A0l $loixle] &t
3}5(0SCs0)-> DFP7} 1.84 + 0.12 uM, DFP-D& 0.174 + 0.01 pM<
Ko=) DFP Y DFP-D= 3AtelsollA thxQ] L-ascorbic
acid®t}h 22t 2uff 4 130 o] & FASs S HERSIT

4) 3 Freglo] 9lojA A S s ARG 10,02
=5 AIE Akl 91014 50 kM| DFP-DO] A% B3%5( 75 = 80.2
min)> X84 AASHA| R &elZ] (4)- @ -tocopherol (7 5o = 43.6 min)
Hop oF 28l o & AXE HEFS YERSITH

oldel AaE2 3 DFP 3l 71 =49l DFP-DO] F4ts} 84
& 7157 EE ARE EFEC &8 TFsol es AT
o g o] sgrEEel dall I Fs}l oA W njREdad AT
£ o A&ste] 75 3 AEE et s ATt H skt
3 AtgEch

< Yeldom DFP Huhe & dAkslsS B

72 Al

2 AT TR 7L TA ) Aol dste] 4
H = o R o]of] IREHYTHIA IS 0 S2048552).
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