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Synthesis of Bis(pyronylacrylic Acid Ester Derivatives
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Abstract — Dicaffeoyltartaric acid has a structural feature consisting of two caffeic acid units separated by tartaric acid
linker and has been found to be a potent inhibitor of HIV-1 integrase and an antioxidant. In this study, bis(pyronyl)acrylic
acid esters joined through a 5-membered ring as a linker were synthesized as the analogues of dicaffeoyltartaric acid.

Keywords [] dicaffeoyltartaric acid, chicoric acid, bis(pyronyl)acrylic acid, caffeic acid, antioxidant

Ferulic acid %+= caffeic acid$} 7> hydroxylated cinnamic
acid5-2 phenylpropanoid AlQe] 4ah= WAE=R FAkshD 8
P FATY 28 T TR Fgo] HuEo] B A #
Ae] tido] =Hof gitt. olF SEE ARAlNA 2=
4= A B=3= mono-ester FENZE o] WAEX|NE dicaffeoyl-
tartaric acid(1, DCTA, L-chicoric acid)°l|A ¢} Zo] F+ 719
caffeic acid7} ester 2807 449 FezL A= QoY
DCTA: @ikl avpint ope}? 53] HIV integrases ©1A]
oA HIV T4 oAlE = Slvkar Bare o)§- ol& 39t
=59 72E WA AR gholel2AlE FAde] flst A
T7} kel WaEo] o3 QrksY B AFElo| X% caffeic
acid’} glucose == S|HIRZ 1B S Eslo] Ad9 =L HIV
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Kojic acid(5-hydroxy-2-(hydroxymethyl)-4H-pyran-4-one)<
5 3330 (Aspergillus oryzae)s W53 2% Aspergillus 2] =
sgo]9] that B EA dojAe dAdo] lrhar g4 QeklY
Kojic acid®] 5-hydroxy-4-oxo-4H-pyran(©]3} pyrone) 12]:= C-
4 1A carbonyl¥} C-5 $1*]2] hydroxyl group®] A3} 2=

o

#H etof ¥k RO ARl
(A3} 02-961-0370 (F1~) 02-966-3885
(E-mail) kyslee@khu.ac.kr

caffeic acid®] fAF T2 B 4 kol AZFEQICE wEbA 2
AT A= caffeic acid®] isostere® (pyronylacrylic acid 25
tRRRIsk, o]F ikt sl =] slghEol ester FEHIE <A
Ask Y22 32| bis(pyronylacrylic acid ester 335 3&
detarat siickFg. 1).

HO H
HO OH 0
N
— — Oj\;\/\)\oH
o P Ho™ MO
o —~ o

HO,C  CO,H

1, L-Chicoric acid 2

o P
] 0
@ . Five-membered

heterocycles
3

Fig. 1 - Structures of L-chicoric acid and target compounds.
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Melting point= Thomas Hoover melting point 3|5 ©]&
ato] A glo] 7]=s3ick H- 2 ®C-NMR spectrum->
Varian Gemini 300300 MHz) %+ Brucker Avance 300
spectrometers(300 MHz)S- AM8-510] 41©W, chemical shift=
tetramethylsilane(TMS)S WF #5242 ARSI o § 4t
o2 ¥A] 39t Optical Rotation Autopol III automatic
polarimeter(Rudolph Reserch CO.)& AF8-3}o] 7431301,
HRMS(high resolution mass spectra)i= VG70-VSEQZ- A&-5}
o] 74313t Bl A2 vlE 189 (TLC)= precoated silical
gel(silicagel 60, F254E, 0.25 mm 7] Merk)S AR31111, 3}
StE-o] HA)S 93 flash column chromatogrophy:= Kiesegel
60(230~400 mesh, Merck)& AH8-3F{TE AldolA] ARE-gE of
29 A|eFE2 Aldrich solA] 7438t Aleks AHEsHal o,
AAPE Bagt A9-ol= 7152 e R gAlste] ARE-
al3ict.

PMB-protected bis(pyronyl)acrylic acid ester£2| %
2l gy 'é,“é*.(ﬁa~6h) - 3}3HE 5(182 mg, 0.60 mmol)E DMF
A m)ell 521§ CH,ClL,(10 m)= 3]433}aL N, N-carbonyldiimi-
dazole(117 mg, 0.66 mmol)S 713F3ATE W8-S 173 B3t
SEAT F 2o E AL7kA] YR diol 33HE 4a~4e(02
mmol)2} FuFe] NaNH,E ¥ § Al wnlelivh. vkg-
FHES Eofl 3XAIZ] F CH,CLo= 380 dAr] o}oau}

B HA §71%S T3 NaHCOp 2222 A e F 75

MgSO, 2 ZAz8tar, 7etste] %3t % flash column chro-
matography(EtOAc : CH,Cl,=1 : 10)Z “g#5lo] 312 6a~6e
5 43t

Bis(pyronyl)acrylic acid esterS2| 2HI&ol §HAHIH (3a~
3h) - 7] 33HE 6a~6e(0.029 mmolyS CH,Cly(5 m)ol| 521
- trifluoroacetic acid(0.02 m/, 0.29 mmol)E 75kl 224 6
AIRE 2 wRESHSITE RES S3HaS AdstolA] w55t &
g eds) AR 3, Aue fulold AARae]
3a~3eE ATt

(3R,4AR)-Bis[3-{5-(p-methoxy benzyloxy)}-4—pyronyl-
acryloyoxy]-1-methyl-pyrrolidine-2,5-dione(6a) — <1 - & 2
A, FE: 58%, mp 181~182°C, [o]p*'= +30.7°(c. 1.13,
CHCl,), 1H-NMR(CDC13) d 7.56(s, 2H, pyrone-H-6,6", 7.31(d,
2% 2H, phenyl-H-3535, J=85Hz), 7.28d, 2x1H, -CH=
CH-CO,CH,, J=156Hz), 6.80(d, 2x2H, phenyl-H-2,4.2 4,
J=85Hz), 6.63(d, 2X1H, -CH=CH-CO,CH-, /=15.6 Hz),
6.52 s, 2X1H, pyrone-H-3,3"), 5.71(s, 2H, pyrrolidine-H-3,4),
5.04(s, 2X2H, phenyl-CH,-), 3.81(s, 2x3H, OCH,), 3.15(s,

3H, -NCH,), "C-NMR(CDCl;) & 174.8, 169.1, 164.3, 160.3,
157.7, 148.0, 142.4, 137.7, 130.1, 127.9, 122.8, 119.0, 114.5,
73.6, 72.3, 55.7, 25.9.
(3R,4R)-Bis[3-(5-hydroxy)-4-pyronylacryloyoxy]-1-
methyl-pyrrolidine-2,5-dione(3a) — A+ 14, T8 96%,
mp 130°C(dec.), [op**=+105.6%c. 0.25, DMSO), HRMS(FAB)
cald for Cy,H(NO,,(M+H") 474.0673, found 474.0677, *H-
NMR(DMSO-dy) & 8.30(s, 2H, pyrone-H-6,6), 7.71(d, 2H,
-CH=CH-CO,-, /=158 Hz), 7.09(s, 2H, pyrone-H-3,3), 6.86
(d, 1H, -CH=CH-CO,CH,, /=158 Hz), 6.23(s, 2H, -CH-),
3.15(s, 3H, -CH,), *C-NMR(DMSO-d) & 174.6, 170.3, 164.8,
158.2, 147.6, 140.9, 138.5, 122.5, 117.6, 73.8, 25.9.
(3R,4R)-Bis[3-{5-(p-methoxybenzyloxy)}-4-pyronyl-
acryloyoxy]-pyrrolidine-2,5-dione(6b) — 24 14|, 8-
54%, mp 126~128°C, [o]p?!=+184.1°¢. 0.06, CHCly), 'H-
NMR(CDCly) & 7.59(s, 2H, pyrone-H-6,6), 7.30(m, 6H,
phenyl-H-3,5,3'5', -CH=CH-CO,CH,), 6.88(d, 2<X2H, phenyl-
H-24,2'4" J=7.7Hz), 6.63(d, 2x1H, -CH=CH-CO,CH-, /=
16.4 Hz), 6.57(s, 2X 1H, pyrone-H-3), 5.67(bs, 2X 1H, pyrrolidine-
H-3,3), 4.99(s, 2X2H, phenyl-CH,"), 3.79(s, 2xX3H, OCHy),
BC.NMR(CDCly) § 175.0, 169.0, 164.4, 160.3, 158.0, 148.1,
142.1, 1376, 130.1, 127.8, 124.2, 118.7, 118.6, 114.5, 72.2,
55.7, 30.1.
(BR,4R)-Bis|3-(5-hydroxy)-4-pyronylacryloyoxy]-pyrro-
lidine-2,5-dione(3b) — A1 = #+A 14|, 4=E: 80%, mp 133°C
(dec), [alp?*=+325.0°c. 0.12, CH,0H), HRMS(FAB) cald
for CyoH, ,NO,(M+H") 460.0516, found 460.0522, "H-NMR
(CD;0D+pyridine-d;) 8 7.98 (s, 1H, pyrone-H-6), 7.64 (d,
1H, -CH=CH-CO,-, /=15.5Hz), 6.88(d, 1H, -CH=CH-CO,-,
J=15.5Hz), 6.87(s, 1H, pyrone-H-3), 6.28(bs, 1H, pyrrolidine-
H-3), *C-NMR(DMSO0-d,) & 176.0, 1714, 1654, 159.6, 1485,
141.2, 138.4, 123.6, 117.6, 71.8.
(BR,4S)-Bis[3-{5-(p-methoxy  benzyloxy)}-4-pyronyl-
acryloyoxy]-1-methyl-pyrrolidin-2-one(6¢c) — A4 114,
S8 48%, mp 179~180°C, [olp?*=+185.0. 0.94, CHCL,),
"H-NMR(CDCl,) & 7.55(s, 2H, pyrone-H-6,6), 7.31(d, 2 x 2H,
phenyl-H-3,5,3'5', J=8.4Hz), 7.25(d, 1H, -CH=CH-CO,CH,,
J=158 Hz), 7.23(d, 1H, -CH=CH-CO,CH,, /=15.8 Hz), 6.89
(d, 2%2H, phenylH-2,42'4, J=8.4Hz), 6.63(d, 1H, -CH=
CH-CO,CH-, /J=15.8 Hz), 6.59(d, 1H, -CH=CH-CO,CH-, /=
15.8 Hz), 6.51(s, 1H, pyrone-H-3), 6.50(s, 1H, pyrone-H-3"),
5.59(m, 1H, pyrrolidine-H-3), 5.49(m, 1H, pyrrolidine-H-4),
5.03(s, 2 X 2H, phenyl-CH,-), 3.90(dd, 1H, pyrrolidine-H-5, J=
10.5, 8.63 Hz), 3.81(s, 2 X 3H, OCHs), 3.37(dd, 1H, pyrrolidine-
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H-5, J=10.5, 5.48 Hz), 2.94(s, 3H, -NCH,), "*C-NMR(CDCl,)
o 174.8, 166.8, 164.4, 160.2, 158.1, 157.9, 1479, 142.2,
136.8, 130.1, 127.9, 123.8, 123.7, 118.7, 118.6, 114.5, 75.2,
72.3, 72.2, 55.7, 51.5, 30.4.

(3R,4S)-Bis[3-{5-(p-hydroxy)}-4-pyronylacryloyoxy]-1-
methyl-pyrrolidin-2-one(3¢c) - -4 14|, -8 81%, mp
138°C(dec.), [aly™=+200.7°C. 0.29, CHCl,/CH,0H=1:1),
HRMS(FAB) cald for C,H;NO;;(M+H™) 460.0880, found
460.0862, 'H-NMR(DMSO-dg) & 7.93(s, 1H, pyrone-H-6),
7.92(s, 1H, pyrone-H-6), 7.32(d, 1H, -CH=CH-CO,-, /=15.9
Hz), 7.29(d, 1H, -CH=CH-CO,-, /=159Hz), 6.71(s, 1H,
pyrone-H-3), 6.69(s, 1H, pyrone-H-3'), 6.47(d, 1H, -CH=CH-
CO,, J=159Hz), 645, 1H, -CH=CH-CO,-, J=15.9 Hz),
5.46(d, 1H, pyrrolidine-H3, J=5.9 Hz), 5.34(m, 1H, pyrrolidine-
H4), 3.69(dd, 1H, pyrrolidine-H5, J=10.1, 8.2 Hz), 3.26(dd,
1H, pyrrolidine-H5', J=10.1, 5.8 Hz), 2.64(s, 3H, -CH,), “*C-
NMR(DMSO-dg) & 174.1, 166.3, 164.6, 164.3, 157.9, 147.0,
140.3, 137.2, 136.9, 1229, 122.7, 1169, 116.8, 752, 72.0,
29.8.

(3R,4S)-Bis[3-{5-(p-methoxy benzyloxy)}-4-pyronyl-
acryloyoxy]-pyrrolidin-2-one(6d) — 122 113, & 24%,
mp 115~117°C, [u]p?*=+150.0°c. 0.05, CHCl,), 'H-NMR
(CDCly) & 7.48(s, 2H, pyrone-H-6,6"), 7.31(d, 2 X2H, phenyl-
H-3,5,3'5, /=84Hz), 7.25(d, 1H, -CH=CH-CO,CH,, J=
15.8 Hz), 7.23(d, 1H, -CH=CH-CO,CH,, /=15.8 Hz), 6.89(d,
2X2H, phenyl-H-2,4,2'4", J=8.4Hz), 6.63(d, 1H, -CH=CH-
CO,CH-, J=15.8 Hz), 6.59(d, 1H, -CH=CH-CO,CH-, J=15.8
Hz), 6.50(s, 1H, pyrone-H-3), 6.50(s, 1H, pyrone-H-3"), 5.59(d,
1H, pyrrolidine-H-3), 5.49(m, 1H, pyrrolidine-H-4), 5.03(s, 2X
2H, phenyl-CH,-), 3.90(dd, 1H, pyrrolidine-H-5, J=10.5, 8.6
Hz), 3.81(s, 2x3H, OCH,), 3.37(dd, 1H, pyrrolidine-H-5', J=
10.5, 5.5 Hz), 2.94(s, 3H, -NCH,), *C-NMR(CDCly) & 1745,
169.3, 164.0, 159.8, 157.6, 151.4, 147.6, 141.6, 136.5, 129.7,
127.4, 123.3, 118.3, 115.7, 114.1, 73.5, 71.8, 55.9, 55.3, 44.0.

(3R,4S)-Bis[3-(5-hydroxy)]-4-pyronylacryloyoxy]-pyr-
rolidin-2-one(3d) — =5 1A, 458 98%, mp 135°C(dec.),
[aly*=+231.0°¢. 0.03, CH,OH), HRMS(FAB) cald for
CooHyNO,(M+H"Y) 446.0723, found 4460726, 'H-NMR
(CD;0D) & 8.00(s, 1H, pyrone-H-6), 7.99(s, 1H, pyrone-H-6"),
741(d, 1H, -CH=CH-CO,-, /=159Hz), 7.39(d, 1H, -CH=
CH-CO,-, J=159Hz), 6.69(s, 1H, pyrone-H-3), 6.68(s, 1H,
pyrone-H-3"), 6.64(d, 1H, -CH=CH-CO,-, /=15.9 Hz), 6.60(d,
1H, -CH=CH-CO,, /=159 Hz), 5.83(d, 1H, pyrrolidine-H3,
J=6.7Hz), 5.7(m, 1H, pyrrolidine-H4), 3.93(m, 1H, pyrrolidine-

Vol. 53, No. 2, 2009

H5), 3.43(m, 1H, pyrrolidine-H5'), *C-NMR(CD;0D) & 176.6,
1716, 166.3, 166.1, 160.3, 149.2, 141.7, 117.6, 765, 75.7,
454,

(3R ,4R)-Bis[3-{5-(p-methoxy benzyloxy)}-4-pyronyl-
acryloyoxy|-tetrahydrofuran(6e) — 2120 14|, 5~&: 45%, mp
196~197°C, [a],**=+1135°c. 027, CHCl), 'H-NMR
(CDCly) & 7.55(s, 2H, pyrone-H-6,6"), 7.32 (d, 2 X2H, phenyl-
H-35,3'5, J=8.4Hz), 7.22(d, 2x1H, -CH=CH-CO,CH,, J=
15.8 Hz), 6.90(d, 2 2H, phenyl-H-2,4,2'4', J=8.4 Hz), 6.59(d,
2 1H, -CH=CH-CO,CH-, /=158 Hz), 6.51(s, 2X 1H, pyrone-
H-3), 5.36(bs, 2X1H, furan-H-3,3"), 5.04(s, 2X2H, phenyl-
CH,-), 4.20(dd, 2 X 1H, furan-H-2,5, J=10.7, 4.45 Hz), 3.88(d,
2 X 1H, furan-H-2,5', J=10.7 Hz), 3.81(s, 2 x3H, OCH,), "*C-
NMR(CDCl,) & 174.8, 166.8, 164.4, 160.2, 158.1, 157.9,
147.9, 1422, 136.8, 130.1, 127.9, 123.8, 123.7, 118.7, 118.6,
1145, 752, 72.3, 72.2, 55.7, 51.5, 30.4.

(3R,4R)-Bis[3-(5-hydroxy)-4-pyronylacryloyoxy]-tetra-
hydrofuran(3e) — 1 =74 14, =8 78%, mp 192°C(dec),
[a]p?*=+118.6°c. 0.14, CHCl/CH,0H=1:1), HRMS(FAB)
cald for CyH;,0,,(M+H") 433.0771, found 433.0777, 'H-
NMR(DMSO-dg) 5 8.10(s, 1H, pyrone-H-6), 7.47(d, 1H, -CH=
CH-CO,-, /=158 Hz), 6.86(s, 1H, pyrone-H-3), 6.62(d, 1H,
-CH=CH-CO,-, J=15.8Hz), 5.35(bs, 1H, furan-H-3), 4.12
(dd, 1H, furan-H-3, J=105, 4.4 Hz), 3.82(d, 1H, furan-H-3,
J=10.5Hz, *C-NMR(DMSO-dy) 5 174.6, 164.8, 158.5, 147.5,
140.8, 137.1, 123.8, 117.2, 784, 71.9.
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