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Vasorelaxant Activity of N-Caffeoylamino Acids
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Twelve N-caffeoylamino acids and N-cinnamoylamino acids were synthesized and their vasorelaxation activity

against norepinephrine (NE)-induced contraction of rat aorta was examined. The following structure-activity relation-

ships were found. 1) On the benzene ring, the caffeoyl structure is effective for vasorelaxation, while the cinnamoyl
structure reduced vasorelaxation activity. 2) Four to six carbons are more effective as the carbon chain connecting the
acylamino and carboxyl terminal groups. N-Caffeoyl-f-alanine and N-caffeoyltranexamic acid were used to investigate
the action mechanism of vasorelaxing activities. It is believed that these compounds antagonize NE-induced vasocon-

traction by inhibiting receptor-operated calcium channels.
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1. HAE  SHEEHENORHEIIRO DD ZMH
L7=. KH,PO,, HCIl, NaCl, KCl, CaCl, - 2H,0,
MgSO, - 7TH,0, NaH,PO, - 2H,0, NaHCOj;, glu-
cose, diethanolamine, caffeic acid, NaOH, ethyl chlo-
roformate, ethyl acetate, acetone, dicyclohexylcar-
bodiimide, dioxan, N-hydroxysuccinimide, glycine,
f-alanine, y-aminobutyric acid, 5-aminovaleric acid,

6-aminohexanoic acid, tranexamic acid (P4 F, F0)¢
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4li%%), triethylamine, hydrazine monohydrate, 4-
piperidine carboxylic acid, 4-aminocyclohexane car-
boxylic acid (LA F, ¥ E{{bLEK), norepinephrine,
acetylcholine, EGTA (ethyene glycol-bis ( f-amino-
ethylether) N, N, N’, N -tetraacetic acid), nicardi-
pine + HC1 (L, SIGMA)

2. (ERARESE  RLSUINIA S U O SE R E
THIE L. EI-MS XU CI-MS 1%, HAETF
IMS-600W ZUTHIE L7z, NMR A7 VI HA
BT JMN GX-270 I, JMN GX-500 ZI CTH|E L,

a) Fukinolic acid
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b) Chicoric  acid
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Fig. 1. Caffeic Acid Derivatives
a) Fukinolic acid, b) Chicoric acid and ¢) Dicaffeoyl-meso-tartaric acid.
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%, (2) O N-hydroxysuccinimide @ dioxan & ¥
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Scheme 1. Synthesis of N-Caffeoylamino Acid Derivatives
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1) N-Caffeoylglycine (6)
MeOH, mp 177—178°C (/it.” 190—210°C) . 'H-
NMR (3 3CHR B~ L 7.7
2) N-Cinnamoylglycine (7)
from EtOH/water, mp 197—198°C (lit.® 194—195
C).

3) N-Caffeoyl-B-Alanine (8)
from MeOH, mp 185°C. 'H-NMR (DMSO-d¢) d:
2.49(2H, t, J=6.7Hz), 3.41(2H, q, J=6.4Hz),
6.39(1H, d, J=15.9Hz), 6.80(1H, d, J=8.2 Hz,
ABX type 5-CH), 6.89(1H, dd, J=1.8, 8.2 Hz,
ABX type 6—CH), 6.99(1H, d, J=1.8 Hz, ABX type
2’-CH), 7.28(1H, d, J/=15.7Hz), 8.1(1H, t, J=5.5
Hz, NH) . *C-NMR (DMSO-d¢) J: 34.0(t), 34.9 (1),
113.8(d), 115.7(d), 118.4(d), 120.4(d), 126.4(s),
139.1(d), 145.5(s), 147.2(s), 165.6(s), 172.9(s) . EI
-MS m/z: (M*) 251, 121. High resolution EI-MS m
/z: (M*)251.0789 (Calcd for C,H,;3sNOs: 251.0793)

Colorless needles from

needles

Colorless

Colorless scales

4) N-Cinnamoyl-f-Alanine (9)
from ethyl acetate, mp 130—131°C (/it.® 145—146
°C). 'H-NMR {3 BB —B L7z ®

5) N-Caffeoyl-y-Aminobutyric Acid (GABA) (10)
Colorless plates from ethyl acetate, mp 137—138°C.
(lit.92166—169°C) . 'H-NMR f 7f BC-NMR {3325k
fEIZ—% L7/ ?

6) N-Cinnamoyl GABA (11)
from acetone/hexane, mp 87—89°C (/it.® 84—S85°C) .
7) 5-Caffeoylaminopentanoic Acid (12)
less needles from MeOH, mp 211—212°C; 'H-NMR
(CD;0D) é: 1.60(2H, m), 1.66 (2H, m), 2.34 2H, t,
J=7.3Hz), 3.29QH, t, J=6.7Hz), 4.88(1H, s,
NH), 6.36(1H, d, J=15.9Hz), 6.76 (1H, d, J=8.2
Hz, ABX type 5-CH), 6.90 (1H, dd, J=2.1, 8.2 Hz,
ABX type 6-CH), 7.00(1H, d, /=2.1 Hz, 2’-CH),
7.38(1H, d, J=15.9Hz); “C-NMR(CD;OD)é=
23.4(t), 29.9(t), 34.5(t), 40.1(t), 115.0(d), 116.4
(d), 118.4(d), 122.1(d), 128.3(s), 142.1(d), 146.7
(s), 148.7(s), 169.3(s), 177.3(s). EI-MSm/z:
(M™*)279, 163. Anal. Calcd for C;H,;NO5: C, 60.20;
H, 6.14; N, 5.02. Found: C, 60.17; H, 6.37; N, 5.02.
8) 6-Caffeoylaminohexanoic Acid (13)
less plates from MeOH, mp 165—166°C; 'H-NMR
(CD;0D) é: 1.40(2H, m), 1.58(2H, p, J=7.3 Hz),
1.64(2H, q, J=7.6Hz), 2.31(2H, t, J=7.3 Hz),

Colorless plates

Colorless plates

Color-

Color-
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Fig. 2.

Test Compounds
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3.28(2H, t, J=7.0 Hz), 4.88(1H, s, NH), 6.35(1H,
d, J=15.6 Hz), 6.76 (1H, d, J=8.2 Hz, ABX type 5’
—CH), 6.90(1H, dd, J=1.8, 8.2 Hz, ABX type 6'-
CH), 7.00(1H, d, J=1.8 Hz, 2-CH), 7.38(1H, d, J
=15.6 Hz) ; BC-NMR (CD;0D) 6=25.8(t), 27.6(t),
30.2(1), 34.8(t), 40.4(t), 115.0(d), 116.4(d), 118.5
(d), 122.1(d), 128.3(s), 142.1(d), 146.7(s), 148.7
(s), 169.3(s), 177.6 (s) . High resolution CI-MS m/z:
[M+H]+294.1351 (Caled for [C;sH;(NOs+H]:
294.1341)

9) cis-4-Caffeoylaminocyclohexane Carboxylic Acid
(14) Colorless needles from MeOH, mp 123—
125°C, [Efk, 152—154°C(double mp), 'H-NMR
(DMSO-dg) d: 1.50(2H, m), 1.58 2H, m), 1.61 (2H,
m), 1.84(2H, m), 2.34(1H, m), 3.80(1H, m), 6.40
(1H, d, J=15.9Hz), 6.73(1H, d, J=7.9 Hz, ABX
type 5'-CH), 6.81 (1H, dd, J=1.8, 8.2 Hz, ABX type
6'-CH), 6.92(1H, d, J=1.8 Hz, ABX type 2’-CH),
7.23(1H, d, J=15.9Hz), 7.86(1H, t, J=7.9 Hz,
NH). BC-NMR (DMSO-dg) 6: 24.6(t), 29.1(t), 39.6
(d), 45.2(d), 113.8(d), 115.7(d), 118.9(d), 120.2
(d), 126.5(s), 138.8(d), 145.5(s), 147.1(s), 164.5
(s), 176.2(s). EI-MSm/z: (M*)305, 178. High
resolution EI-MS m/z: 305.1267 (Calcd for C;¢Hjo
NOs: 305.1263)

10) N-Caffeoyltranexamic Acid (15)
needles from MeOH, mp 149—150°C; 'H-NMR
(DMSO-dg) d: 0.93(2H, dd, J=3.0, 13.1 Hz), 1.26
(2H, dd, J=3.0, 12.8 Hz), 1.38(1H, m), 1.75(2H,
dd, J=2.7,13.1 Hz), 1.90(2H, dd, J=2.7, 13.1 Hz),
2.12(1H, tq, J=3.6, 12.8 Hz), 3.01 (1H, m), 6.35
(1H, d, J=15.6 Hz), 6.74(1H, d, J=8.2 Hz, ABX
type 5-CH), 6.82 (1H, dd, J=1.8, 8.2 Hz, ABX type
6'-CH), 6.93(1H, d, J=1.8 Hz, ABX type 2’-CH),
7.21(1H, d, J=15.6Hz), 7.94(1H, t, J=5.8 Hz,
NH) . 3C-NMR (DMSO-d¢) d: 24.7 (1), 31.1(t), 38.0
(1), 113.8(d), 115.7(d), 118.5(d), 120.3(d), 126.4
(s), 139.0(d), 145.5(s), 147.2(s), 165.4(s), 174.2
(s). EI-MS m/z: (M*)319, 163. High resolution EI-
MS m/z: 319.1430 (Calcd for C;H,;NOs: 319.1420)
11) N-Cinnamoyltranexamic Acid (16) Color-

Colorless

less needles from ethyl acetate/acetone, mp 190—191
°C; '"H-NMR (DMSO-ds) 6: 0.94(2H, d, J=12.4 Hz),

1.24(2H, dd, J=2.5, 12.7Hz), 1.40(1H, m), 1.76
(2H, d, J=10.9Hz), 1.90(2H, d, /=13.1 Hz), 2.13
(1H, tq, J=3.5,12.0 Hz), 3.04(1H, m), 6.65 (1H, d,
J=15.8Hz), 7.41(1H, d, J=15.7Hz), 7.44(3H,
m), 7.55(QH, d, J=8.1 Hz), 8.10(1H, t, J=5.6 Hz,
NH). *C-NMR (DMSO-d¢) 6: 28.2(t), 29.4(t), 37.0
(d), 42.4(d), 44.7 (1), 122.3(d), 128.8(d), 127.3(d),
129.2(d), 134.9(s), 138.3(d), 164.8(s), 176.6(s) . EI
-MS m/z: M*)319, 163. Anal. Calcd for C;;Hy;
NOs: C, 71.05; H, 7.37; N, 4.87. Found: C, 70.85; H,
7.49; N, 4.82.

12) N-Caffeoyl-4-Piperidine Carboxylic Acid (17)
Colorless plates from ethyl acetate/acetone, mp 210
—211°C; 'H-NMR % 0f BC-NMR I3 k{12 —3% L
7":' 10)

4. T v PRBIROHEE  MEICHT DEM
&, mIEICHEC TEREB L2, Iabb, EREY
& LT Wistar RtV T » b ((RE 250—400 g) 2 {f
MU7z. RO REEE SRR EEZHY, K
i RAICELER L 7.

Tv hEI—TI)VREMREIM L, MESRE)IRZ i
MU, KREIRKIZESK 20 mm, §E( 2 mm O
EEAXIIESHN3mm OV >V EARE L, BEAR
% 10ml @ modified Kreb’s-Henseleit & # (NaCl
118 mMm, KCl 4.7mMm, CaCl, - 2H,0 1.8 mM,
MgSO, + 7H,O 1.2mM, NaH,PO, - 2H,0 1.2 mM,
NaHCO; 25.0 mM, glucose 11.1 mM) Tiw/= L 7= /N A
WIZEEFEL, 37°CITRIAL 95%0,+5%CO, IR &
HAZBR U, EARIC1.0g DA ZEMNT, 1F
MDA > FaX—bhGEREL TH5 2075, 4077,
55 pBITK LR E) ®, EREfTo k.
Norepinephrine (NE) Z 10" M#%5. L7205, I8
I g DY AT IR REIC 2 L /= & T A T acetylcholine
(ACh) 105M Z# 5L, NEITXDIHEICH L,
80% LA D & /m L7z d D & N RFEEA, M
SR ONKMnZE A TES 290, NE IUHE I
U, AChIZ X%l INAY 5% Al D & D % N K
MR B A & U7z,

5. MERGORE 8N RE DR IEFEA
L, NEZ 10 'M#BELGLZDE, & IHEN
SATIREBITEL 2 ic &l z k5L, %505
1 RpfilRe R 0k N2z Bz, b, NI &
@ EtOH |3 DMSO IZIFR L 7= D5, AR AHEK
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EMATHRR - FAEL 72, AT N GROH
WRBEREIZ 03% L FTH D, MEDIERICHE
EHZIENWZ LA L L. BRI, n=4Th
%. 7272, Comp. 11, 16 \Z/EfH 7355 <, control
LR O THEZIEL T DFERIIITTDIRMN >
7.
HEE ME LU 7z & ICx L, Cat 2B T B IUHEIE
WEROEXDITHBR L7z, U TEARE L EMES
J# I 38 % @ modified Kreb’s-Henseleit 7 # ' T 40
SEIDA 2 F 2 _X— (204, 40 5512 1 [E¥EE)
%, Ca’t-free T 0.0l mM ® EGTA % & & modi-
fied Kreb’s-Henseleit 5% (NaCl 119.8 mM, KCI 4.7
mM, MgSO, - 7TH,O 1.2 mMm, NaH,PO, - 2H,0 1.2
mM, NaHCO; 25.0 mM, glucose 11.1 mMm) IZEHL
. THITI5pHOA1>FaX—FDDE, ik
D EEE K, Catt-free @ modified Kreb’s-Hen-
seleit A ¥Rk (KCl1  124.5mM, KHCO; 25.0mM,
MgSO, - 7TH,O 1.2 mM, KH,PO, 1.2 mM, glucose
I1.1mM) ON4E (3.8ml) &L, NAK K
BEZ60mM &Lz, ZOIKRET, Ca?t (CaCly)
M105M~10"3M 12782 & 5 BEMICHEL T,
> hoOo—J)b &L /&, Ca’f-free @ modified
Kreb’s-Henseleit {58 T/N AN Z #Ei#, HUOEE
B K+, Ca2t-free ® modified Kreb’s-Henseleit & &
OYFELEHL, NANKT BEZ60mM & L
7. ZZTCiRBlEMA 60 7D > FaXN—FD
DL, JeEFEMkIC Ca2t N 105 M~103M IZ72 %
FOBBEMICERELT, arho—)b &gl /.
NE 71 FOMmE K L, Ca2t M 3 5 I
ERIROESITHEBE L. U EARE L 2mE
4 Fr i3 3 % @ modified Kreb’s-Henseleit & #%& H1 T
40 DA > F 2 X— k(20 4, 40 /38812 1 [EI%E
H#)DDH, Calt-free T 0.0l mM @ EGTA % &)
modified Kreb’s-Henseleit /A#R I 2@ L 7=, 15 5
MDA >FaX—bMDDB, nicardipine 1076 M,
MWTNEL ‘M zZH G Lz ZOEKSTNE
MBS TN DPHESERIEL NIVITE T TS
EHENTNVS, I5IT15 5D > F 2X— MME,
Ca** (CaCly) 28 105M~103M 2725 & 5 B
MICH 5L T, a>ho—)L& L. Calt-free D
modified Kreb’s-Henseleit J ¥k T/\ A N Z& Y%,
B2 MA 60 /DA > F 2 X— &, &tk
IZ nicardipine 10~6¢M, #WTNE 107 6M Z2#5 L

=, 15531 > F a2 X— Mg, Ca2t 11075 M~
103MIZ7 5 XS BEMICKRELT, a>bho—
IWEHE LU, 753, T XRTORERAROREIX
FIWHNARGREORIEEETH 5.

6. TRETAIE  TARTOMEITIFHMELSE T
wUTz. 5—% O#iatEEGiIX, Bonferroni-type
multiple #test IZ&L > 7. p<0.05DEE, HFEED
0 EHIWrL 7z,

BRRUER

1. HEYMOMEIER &EEFHERE ft&
6 « 17 12 D\ T vasorelaxant activity % Table 1
IR U7z, Table IR 7 = — R EAR (Comp.
6, 8,10, 15) &H:ZERFE(R (Comp. 7,9, 11, 16)
DU THO N X DT, 7 x—BFHERD
RAERICH L, N2 B BRITKIBEZ Rz Wi R
G TIE, ERHIEELSEA L. £z, IXT
DILEYNT, ZFOREF O acylamino i & H )L R >
oz, REHTHSIE TS, Table [T/
JEBD, HiRHAHEICEMEGZEFD Comp. 14,
15, 17 &, R UxRZESHEHE (acylamino H~ H LR >
%) ZFDEBEMEGYFHEEAR Comp. 12, 13,10 &
s % &, RS R R DM DA RER DTN
o7z, ZIZT, WD OILEMDER/NMEGIREIC
B 245H % Fig. 312/r9. Comp. 6, 8, 10 D LL#g
Mo, HERFEHENE RS ITDNE S MITHIFEIE
MR L Tz, £ 2T Comp. 1005, I 51C

REHZMIEL /- Comp. 12, 13 2| THD &,
SEIRFEEES L THOMBERAEHEVEDS
T, DL AEGEmERL .

D EDOEBRIERNS, BT —HBROERET 2

RFEAR DO MEMEERITDONT, KD 1) -2) I
N HETE MBI N E 2 5.

D REVEREBEOEEIIDONT N7 —
HEEDRRIERICEE TH D, KEEZERZRWEE
EEERE T, EREEL EDT 5.

2) i RFAEOEHEME SEBEOZEBITDONT
HRRFZHEOEIII CANEBEEHER INS. £/
MG 2 > THER U2 R BT, TERNEEST 5.

2. BAEKEM Ca2t Fv 1)L (VDC) (CXT D
£ H PHRZHNEHEEBEOKLEY N S
Comp. 8 ( N-Caffeoyl-S-alanine) 7%, HifEImHE#IC
RESEZEDE WM S Comp. 15 ( N-Caffe-
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Table 1. Vasorelaxant Activities of N-Caffeoylamino Acid Derivatives and N-Cinnamoylamino Acid
Concentration
Nor” Compound names 104M  10-5M 105 3X10-7M
Control | Control 21.2+10.1
6 N-Caffeoylglycine 19.0+3.4
8 N-Caffeoyl-f-alanine 75.7£23.8 8.8+3.4
10 N-Caffeoyl GABA 55.5+36.7
12 5-Caffeoylaminopentanoic acid 100.0+0.0  43.8+24.4
13 6-Caffeoylaminohexanoic acid 104.8+2.9  49.0+28.9
17 N-Caffeoyl-4-piperidine carboxyric acid 44.2+30.5 18.1+4.8
14 cis-4-Caffeoylaminocyclohexane carboxyric acid 69.8+4.3 18.4+4.7
15 N-Caffeoyltranexamic acid 36.6+23.9 15.0+2.0
7 N-Cinnamoylglycine 14.4+0.1
N-Cinnamoyl-f$-alanine 72.8+8.5 20.1%+6.7
11 N-Cinnamoyl GABA 11.3
16 N-Cinnamoyltranexamic acid 8.0

Derivatives against NE-induced vasocontraction of rat aorta. values are the means £ S.E. of 4 determinations.

100. 0

8.0

60,0 formrarsrararesarasaeasas

40,0 | F-bib il L L

Relaxation (%)

200 T

0.0 :

10

12

10°M  10°M

Fig. 3.

3x10"™M

Vasorelaxant Activities of N-Caffeoylamino Acid Derivatives and N-Cinnamoylamino Acid

Derivatives against NE-induced vasocontraction of rat aorta at minimam concentration. Values are the means+S.E. of 4 determinations.

oyltranexamic acid) #ZNZTHNELK, 5 ZH
WTHEIRE KT (60 mM) 2V T 2 IUHEITH 9 5 K
Jis % R Tz

Ca?* (107°M~10"3m) %, Ca’t-free THIED
AR KT (60 mM) iR (NaCl 119.8 mMm, KCl
4.7 mM, MgSO, - 7TH,0 1.2 mM, NaH,PO, - 2H,O
1.2 mM, NaHCO; 25.0 mM, glucose 11.1 mm) H1 {7 5k
FTLZMERFTHL, BEKFERN SN ZEZ
9. ZOIEICH L, Comp. 8,15 @ 10-5M Tl
control # & DEIIAE Uo7~ (Fig. 4).

3. DREFHME Ca*t Fv 1)L (ROC) (T

3 H Ca’*-free C nicardipine 10-¢M & T8
NE10-°M Z 5 U 72 B IR TE U 2 & & Fr
WXL, Cat (1075M~10"3M) (XIEE K EFER) 7L
fEZEZT. ZoNEIcH L, Comp. 8D 10-5M
BOIT M AHENZRTHOOEETIIRN >
J7=. —7, Comp. 15 @ 10-5M 13 Z /= %2 R
L7 (Fig. 5).

Comp. 8, 15137 v M KRERSGHITHL, ©-o<
DELMBEBERZRLEZ. ZOMEEMKINIE, N
M2 HEEL 2RI L THRETH -2 (data
TN Z DIER AN R M Ik 77 L

not shown) .
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Ca® (M)

Fig. 4. Concentration-Response Curves for Contractile
Responses of the Aortic Strips to Ca2* in a Ca?*-Free Medi-
um Preincubated with High Potassium (60 mMm)

—QO-: control, -&—: Comp. 8 105 v, - Comp. 15 10 5 M.

Values are the means+S.E. of 4 determinations.

124 o= control

C; -~ Comp.8 10 S M
= 1 = Comp.15 10 ° M
2
= 0.8
o
o
2z 0.6
= t3
o
'_; 04
=
[+
@

0.2 i

-
107° 107* 107°

ca” (M)

Fig. 5. Concentration Response Curves for Contractile
Responses of Aortic Strips to Ca?* in a Ca?*-Free Medium
Preincubated with NE (107 M) and Nicardipine (10~ M)

—O-: control, -&—: Comp. 8 105 v, - Comp. 11 105 M.

Values are the means+S.E. of 4 determinations. ** p<{0.01 vs control.

IRNZ EERLTWS, £/, Comp. 8,153, &
B KT (60mMm) THIAL 2 MERFITHT 2
Ca* it O i = Mk Lz o7z, 243 Comp.
8, 15 [ZBAKFME Ca2t 7+ %)L (VDC) IZxtL
THHIER 28wl &2 RLTWS, — 45T
Comp. 1513, nicardipine }2 TX EGTA #%1£ [ T NE
A 5 L7z @ Ca*t MFR T HUURICH L, AE
s 2R Uiz, 24U Comp. 15 232 ASAAESh I
CaX* F ¥ %)L (ROC) 12 2 MFI1EH 2D n]

REfEZ R L TW5. Comp. 8 Tlidd 3 7 7z kil
Z2RTHOD, AETIEBNo/7. HLEOEEN
5, 2HEOLEYOMEE KN, ROC HIHIEMHO
MENEZSN. £, PREREHOBIR (B8
R, BREED) ICXAERAKTIGEVEIRHI N
ok,

] A

GEEBLZY I MEaYO 55, WDOhoft
BYTHEEOI GRS E NS N TWS, Comp.
10 134 /N2 (Nicotina tabcum cv.) DHIFAN 5 8
H &4, putrescine D [E{LNDEGEMNERH I LTV
%.9 £7~, Comp. 6,7 7,9,11,8 1710 O & RN
INTWSE, ZDHHE Comp. 17 I3 selectin inhibi-
tor & LT B0 A, RIEMERERER EDIBEDR
MIRFTFINTNS. 1O LA LRNS NS DIEEY
&, MBI SIEMAZmE L 2mEidmInTn
AR

ST, HABBLCHAMESRD T =/ =)V VR >
B D MAE MRS S, RITRT R ZRZRL TH
%.9 §72bbB, Fig. 6 IR THEEIZH W T (1) ben-
zyltartaric acid 47 |2 p-coumaric acid 23 T X 5 )b
e L7z ® O E IHEEM, caffeic acid 23T A
TIAEG L2 d DI mEhfEIEA 25, (2)ben-
zyltartaric acid #4373 fukiic acid (R,=OH, R,=H)
& piscidic acid(R;=R,=H) OEB5TH-H>TH,
METH T HERICIEBER LN EN S BDTH 5.

SENEAT z—Fie ROFIFHEDT AT IV
WOREIT, N7z —MEFHY I /BEDT IR
bz alkl, TNSIZDONTSH MEMENEH N
BonNsTENGNoO. SHITVDNhDHT
87 2 MEEYOMEMBEIERN S, Hkd 2
MEIE AR 21572, 2hu, BTy —BI A5V
MO MEMBIERICBEL T, WoZ IRz
HEAZB5bDTh-ok. £z, FEIEGESNTILED
1, EH @ —#8IC ROC fHE D AREMENVRIZ E N
fo. TZT, BEROTIIHN 7 = —BFEARDOIEMD
— I Z BRI FE Ca2t F v RV OHENEE 59
HAREMEZ/RLTHB0, #EOEUMEN S 5 R
Lt &EMBRIROIER ZFD 2 EHEE S Nz,

ST, WV IOLF Yy RIVHEEIZ T 2oE >
BREDOTEROBY DR, XUV TEECR
DPNFT7EL, PTxZIVTIVFEINT I VRON
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OH H
HOOC m=-C—C=COOH
H : OR,
4
R, Ra Activity
OHor H Caffeoyl Vasorelaxation
H
0
"d/*C§;H
C
OH or H p-coumaroyl Vasocontraction

Q
—-C

Fig. 6. Structure-Activity Relationships of Caffeic Acid Derivatives

TININBENLES<HAWSNTVS. D 253 L
B VDC OIEHEKEL THIEND. XTUDIIHH
W AT v FIVHEIRKITEI NS, D LD
FTRUTL-TIIV I LAZLHZHET S EM6H
AEROERZRT. 2D ERT VRNV T A
FrRI)VHEEHIZTIINFU D DRENDS. 1P TN
SIINIEREZEICHW SN S, ROC HEEMIL,
NINIINWEDIFTEL, D KO SK&F96365 12
H5N5. 10 ZOMIZWn < DO RRYH R A
VDC [HEMEM & T VDC LA OfRa N AL > A
DWAIHNZFFD LRI N TN S, 720 Hid
DAHBIPEIZE & I Tldiann,

BEORU72& 91T, SEAWELEPTZ B MK
itk Ca2t Fy RNV OHENEIZEZSNS. Lk
Do T EROEFENI > LAF v 3)VHESE EIIE
HAOMANRLRDEEZ OGNS, T o —BiHERK
OREIEHEMHEZBET S 2 &2k, BEONI
SULF v RIIHEESIIRRBR DY A T OOIME R
TREBIG BN I N D W EED S 5.
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