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Two new iridoids, 6-O-trans-p-coumaroyl-7-deoxyrehmaglutin A (1) and 6-O-cis-p-coumaroyl-7-deoxy-
rehmaglutin A (2), were isolated from the fallen leaves of Catalpa ovata G. Don. together with six artifact iridoids
(3—8). Their structures were established by spectral analysis. In addition, the scavenging effects of the principal
compounds isolated from this plant on 1,1-diphenyl-2-picrylhydrazyl radical-scavenging activity were examined.
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Our previous phytochemical studies of Catalpae Fructus
(kisasage in Japanese, Bignoniaceae) led to the isolation of
16 new iridoids.> > In the course of further studies on the
constituents of this plant, we studied the fresh and fallen
leaves of Catalpa ovata G. Don, of which one constituent, p-
hydroxybenzoic acid, has been identified.”’ The leaves of this
plant have been used for the treatment of burns and athlete’s
foot, and the extract shows antibacterial activity.”® We have
recently reported the isolation of 10 new constituents from
the CHCI; and AcOEt extracts of the fallen leaves of C.
ovata."*—'V In the present study, two new iridoids (1, 2) and
six artifact iridoids (3—8), were isolated from the remaining
fraction. This paper deals with the structural elucidation and
identification of these compounds. Additionally, we describe
the radical-scavenging activity of the principal compounds
isolated from this plant. The isolation procedure is described
in detail in the Experimental section.

Compound 1 was obtained as an amorphous powder, [o]Z°
—17.7° (MeOH). The molecular formula of 1, C,;H,,0;, was
confirmed by HR-FAB-MS. In the 'H- and *C-NMR spectra
of 1, signal patterns were similar to those of des-p-hydroxy-
benzoyl-3-deoxycatalpin isolated from Catalpae Fructus,”
except for the presence of a trans-p-coumaroyl group [dy
7.62 (1H, d, J=16.1 Hz, H-7"), 7.46 (2H, d, J/=8.5Hz, H-2',
6"), 680 (2H, d, J=85Hz, H-3', 5'), 6.32 (1H, d,
J=16.1Hz, H-8"). d. 169.2 (s, C-9')]. The NMR chemical
shifts at the C-6 position of 1 were shifted downfield by
1.21 ppm (H-6) and 2.20 ppm (C-6) compared with those of
des-p-hydroxybenzoyl-3-deoxycatalpin, suggesting that the
trans-p-coumaroyl group is located at the C-6 hydroxyl
group. This finding was supported by the heteronuclear mul-
tiple-bond connectivity (HMBC) correlation from H-6 to J.
169.2 (C-9"). The W-coupling between H-7f [Jy 2.01 (1H,
ddd, J=12.0, 10.3, 2.0Hz)] and H-108 [, 3.63 (1H, dd,
J=9.8, 2.0 Hz)] and nuclear Overhauser enhancement spec-
troscopy (NOESY) correlation between 7-Ha [6y 2.46 (1H,
dd, J=12.0, 6.1 Hz)] and H-6 [Jy 5.23 (1H, ddd, J=10.3,
10.3, 6.1 Hz)] indicated that the configuration at C-6 of 1 was
compatible with that of des-p-hydroxybenzoyl-3-deoxy-
catalpin. All other NOE correlations (H-1/H-9, H-3 a/H-6,
H-5/H-9) of 1 were the same those of des-p-hydroxybenzoyl-
3-deoxycatalpin. Consequently, the structure of 1 was eluci-
dated as shown and termed 6-O-trans-p-coumaroyl-7-de-
oxyrehmaglutin A.'?

Compound 2 was obtained as an amorphous powder, [ o]
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—15.4° (MeOH). The molecular formula of 2, C,;H,,0,, was
confirmed by HR-FAB-MS and was coincident with that of
1. Its "H-NMR spectrum closely resembled that of 1, except
that the olefin proton signals at &, 6.88 (H-7") and 5.77 (H-
8’) shifted upfield and their coupling constant (J=12.7 Hz)
was smaller than that of 1. This indicates that the configura-
tion of the olefin in the p-coumaroyl moiety of 2 is in the cis-
form. The *C-NMR spectrum confirmed that 2 is the cis-iso-
mer of 1. Consequently, the structure of 2 was elucidated as
shown and termed 6-O-cis-p-coumaroyl-7-deoxyrehmaglutin
A.

Compounds 3 and 4 were obtained as an amorphous pow-
der, [@]2® —90.9° and —47.6° (MeOH), respectively. The 'H-
and *C-NMR spectra of 3 and 4 lacked the signal due to an
oxymethylene group (C-3) of 1 and 2 and instead showed
signals characteristic of a methoxyl [3, 4: 8 3.40 (3H, s), 6.
55.8] and an acetal methane [3: &, 4.70 (1H, t, J=4.4 Hz),
Sc 98.8. 4: 6 4.69 (1H, t, J=4.4Hz), 6. 98.8] group, re-
spectively. Furthermore, the 'H-NMR signals of the acetal
methane proton in both 3 and 4 are evidently coupled with
H,-4. The location of the methoxyl groups on C-3 in 3 and 4
was deduced from the HMBC correlation between the acetal
methane proton (H-3) and the methoxyl carbon, respectively.
On the other hand, the NOE interactions of both 3 and 4 were
observed between H-1/H-3, H-3/Hf-4, and Hf-4/H-5. The
above information indicates that both C-3 methoxyl groups
have a a-quasiequatorial orientation with respect to the half-
chair form of the tetrahydropyran ring. Consequently, the
structures of 3 and 4 were elucidated as shown and termed
6-O-trans- and 6-O-cis-p-coumaroyl-3 a-O-methyl-7-deoxy-
rehmaglutins A, respectively.

Compounds S and 6 were obtained as an amorphous pow-
der, [o]3® —16.1° and +20.0° (MeOH), respectively. In the
'H- and C-NMR spectra of 5 and 6, signal patterns were
very similar to those of 3 and 4, except for the difference
chemical shifts of H-3, respectively. Comparison of the 'H-
NMR spectra of 5 and 3 and 6 and 4 showed a downfield
shift of H-3 (0.26 ppm, respectively). There are also HMBC
correlations between the H-3 and the methoxyl carbons of 5
and 6. On the other hand, NOE interactions of both 5 and 6
were observed between H-3/H-6, H-3/Ha-4, and Hp-4/H-5.
The above information indicates that both C-3 methoxyl
groups have a f-quasiequatorial orientation with respect to
the half-chair form of the tetrahydropyran ring, and com-
pounds 5 and 6 were revealed to be the epimers at C-3 of 3
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and 4, respectively. Consequently, the structures of 5 and 6
were elucidated as shown and termed 6-O-frans- and 6-O-
cis-p-coumaroyl-3 3-O-methyl-7-deoxyrehmaglutins A, re-
spectively.

The configurational change of the methoxyl group at C-3
(3 vs. 5, 4 vs. 6) introduces a considerable modification of the
half-chair of the tetrahydropyran ring conformation, causing
important NMR chemical shift changes in the ring carbons.
The comparison of the "*C-NMR chemical shifts of com-
pounds 3 and 4 with those of 5 and 6 reveals shift changes at
C-6 and C-9; the shielding of ca. 3.6 ppm of C-6 in 5 and 6
can be explained by the creation of a y-gauche effect from C-
3. On the other hand, the shielding of ca. 4 ppm of C-9 in 3
and 4 could be attributed to the y-syn periplanar effect from
C-3. That is, the considerable decrease in the C3—C-9 dihe-
dral angle compared with 5 and 6 could explain the observed
shielding of C-9 in 3 and 4.

Compounds 7 and 8 were obtained as an amorphous pow-
der, [a]2® —12.5° and +27.4° (MeOH), respectively. Both of
the molecular formulas of 7 and 8 were determined to be
C,,H,,04 by HR-FAB-MS. The NMR spectra of 7 and 8 ex-
hibited signal patterns similar to those of 1 and 2, although
they lacked signals from the C-3 oxymethylene group of 1
and 2 and instead showed signals characteristic of the car-
bomethoxyl [7: &y 3.65 (3H, s), O 52.3, 174.3. 8: &, 3.64
(3H, s), 6. 52.3, 174.2] and alcoholic methoxyl [7: &, 3.32
(3H, s), 6. 55.0. 8: 6, 3.30 (3H, ), O 55.0] groups, respec-
tively. Both of the molecular formulas of 7 and 8 required
9 degrees of unsaturation. The p-coumaroyl and carbo-
methoxyl units have 7 degrees of unsaturation, and therefore
7 and 8 must have a two-ring system of the cyclopentane and
furan rings in the skeleton itself, respectively. The gross
structures of 7 and 8 were confirmed by HMBC [7: &y

3.32/C-1, 6y 3.65, H,-4/0 174.3. 8: & 3.30/C-1, 6y 3.64,
H,-4/6. 174.2] and NOESY [7, 8: H-1/H-4a, H-105/1-
OCH;] spectra. Consequently, the structures of 7 and 8 were
elucidated as shown and termed 6-O-trans- and 6-O-cis-p-
coumaroyl-1S-O-methylovatofuranic acid methyl esters, re-
spectively.

Compounds 3—8 might be artifacts derived from new
iridoids 6-O-trans- and 6-O-cis-p-coumaroyl-3 o--hydroxy-7-
deoxyrehmaglutins A (3a, 4a), 6-O-trans- and 6-O-cis-p-
coumaroyl-3 -hydroxy-7-deoxyrehmaglutins A (5a, 6a), and
6-O-trans- and 6-O-cis-p-coumaroyl-1-hydroxyovatofuranic
acids (7a, 8a), respectively, during the extraction and/or iso-
lation process. We have already reported the coexistence of
C-3 epimeric pairs of similar tricyclic iridoid derivatives
such as catalpin (33-OH) and epicatalpin (3-OH)] in Catal-
pae Fructus.>® Therefore there is a possibility that at least
3—6 are derived from 3a—6a by recyclization of a tetrahy-
dropyran ring in MeOH, respectively.

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scav-
enging activities of the above compounds (1—8) and prin-
cipal glycosides (9—18)'"'" isolated from the AcOEt frac-
tion from this plant were investigated. Among them,
Martynoside!"!>!% (17, Reducing %: 40.0%) and 2-(3-
hydroxy-4-methoxyphenyl) ethyl O-@-L-rhamnopyranosyl-
(1-3)~(4-O-cis-feruloyl)- B-p-glucopyranoside'"'> (18, Re-
ducing %: 29.8%) showed potent activities at 2.0X107>m
comparable to that of d/-a-tocopherol (Reducing %: 40.0%),
while the others with p-hydroxybenzoyl and/or p-coumaroyl
groups were found to be almost inactive at 2.0X 107> m.'9

Experimental

General Experimental Procedures The instruments, experimental
conditions, and plant material were the same as those described in the previ-
ous paper.'?
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Table 1. 'H-NMR Chemical Shifts (CD,0D)
Hydrogen 19 29 39 49 59 69 7 8»
1 5.28d 5.26d 5.47d 5.45d 5.43d 5.42d ca. 4.8 ca. 4.8
5.4) (5.6) (6.1) (6.3) (4.9) 5.1
3a 3.95m 3.94m — — 4.96 dd 4.95dd — —
(7.1, 5.6) (7.1, 5.6)
3B 3.54 ddd 3.54 ddd 470t 4.69 t — — — —
(11.7,5.1,2.0) (11.7,5.4,1.7) (4.4) (4.4)
4o 1.54 brdd 1.48 brdd 1.69 dt 1.67 dt 1.97 ddd 1.93 ddd 2.58 dd 2.50 m
(14.1,2.5) (14.4,1.7) (14.4,4.4) (14.4,4.4) (14.4,5.6,2.9) (14.7,5.6,2.7) (16.1,6.2)
4B 1.81 m 1.76 m 1.87m 1.8l m 1.54 ddd 1.50 ddd 2.48 dd 243 m
(144,7.1,49) (14.7,7.1,4.8) (16.1,9.2)
5 2.53m 243 m 2.56 m 248 m 2.56 m 2.50 m 2.86 m 2.75m
6 5.23 ddd 5.15 ddd 5.28 brdd 5.24 ddd 5.13 ddd 5.06 ddd 4.79 ddd 4.72 ddd
(10.3,10.3,6.1) (10.5,10.5,6.1) (7.8,6.1) (7.8,6.1,59)  (9.8,8.3,6.3) (10.0,8.5,6.3) (10.3,10.3,7.0) (10.3,10.3,7.0)
To 2.46 dd 243 m 2.47dd 248 m 2.44 dd 2.43 dd 2.50 dd 250 m
(12.0,6.1) (13.2,5.9) (12.7, 6.3) (12.7,6.3) (13.6, 7.0)
7B 2.01 ddd 1.94 ddd 1.88 dd 1.8l m 1.91 dd 1.82dd 1.90 ddd 1.86 brdd
(12.0, 10.3,2.0) (12.0,10.5,2.0) (13.2,7.8) (12.7,9.8) (12.7, 10.0) (13.6,10.3,1.5) (11.7,10.3)
9 2.30dd 2.25dd 2.56m 248 m 2.56m 2.50 m 249 m 243 m
(10.2,5.4) (10.2,5.6)
100 395d 3.94d 3.89d 3.86d 3.77d 3.76d
9.8) 9.8) 9.5) 9.5) 3.86brs 3.85brs (8.8) (8.8)
108 3.63 dd 3.63dd 3.70 dd 3.69dd 3.86 dd 3.85dd
(9.8,2.0) 9.8,2.0) 9.5,2.0) 9.5,2.0) (8.8, 1.5) (8.8, 1.5)
OCH, — — 3.40s 3.40s 3.41s 3.41s 3.32s 3.30s
COOCH, — — — — — — 3.65s 3.64s
2',6' 7.46d 7.59d 7.46d 7.59d 7.46d 7.59d 7.46d 7.61d
(8.5) (8.6) (8.5) (8.5) (8.5) (8.5) (8.8) (8.8)
3,5 6.80d 6.75d 6.80d 6.75d 6.80d 6.75d 6.80d 6.75d
(8.5) (8.6) (8.5) (8.5) (8.5) (8.5) (8.8) (8.8)
7' 7.62d 6.88d 7.62d 6.86d 7.63d 6.89d 7.61d 6.89d
(16.1) (12.7) (16.1) (12.7) (15.9) (12.9) (16.1) (12.8)
8’ 6.32d 5.77d 6.33d 5.77d 6.33d 5.78d 6.30d 5.74d
(16.1) (12.7) (16.1) (12.7) (15.9) (12.9) (16.1) (12.8)
Coupling constants (J in Hz) are given in parentheses. @) Measured at 400 MHz. b) Measured at 600 MHz. ca., circa; br, broad.
Extraction and Isolation The extraction and isolation procedures were  Table 2. 3C-NMR Chemical Shifts (CD,0D)
the same as those described in the previous paper.!” The AcOEt-soluble
fraction was chromatographed on a silica gel column (CHCl;-MeOH-H,0, Carbon 19 29 34 49 59 69 70 8»
30:10: 1) and the eluate was separated into 6 fractions (fr. 1—6). Fraction 2
was subjected to preparatory HPLC [column, Cosmosil SC18-AR (10 mm 1 101.6 101.6 101.4 1014 100.0 100.0 107.1 107.1
1.d.X25 cm, Nacalai Tesque); mobile phase, MeOH-H,O (2:3); UV detec- 3 57.1 57.0 98.8 98.8 98.7 98.6 1743 1742
tor, 314 nm; flow rate, 1.5 ml/min; column temperature, 35 °C] to give crude 4 229 228 282 281 282 28.1 345 344
compounds, which were purified by preparatory HPLC [column, ODS- 5 394 392 384 38.1 404 402 430 428
80TM (4.6 mm i.d.X15cm, TOSOH); mobile phase, MeOH-H,O (2:3); 6 745 743 809 805 772 770 773 771
UV detector, 314 nm; flow rate, 1.5 ml/min; column temperature, 40 °C] to 7 463 462 439 437 442 441 46.6 464
give 1 (25.0mg), 2 (27.5mg), 3 (12.5mg), 4 (10.0mg), 5 (15.0mg), 6 8 844 843 879 877 856 855 846 845
(12.5mg), 7 (8.5mg), and 8 (5.7mg), respectively. For these compounds, 9 477 475  50.1 498 540 539 585 58.4
purification and instrumental analysis were carried out to avoid the effects of 10 785 785 783 783 794 798 782 783
daylight."” OCH, — 558 558 559 559 550 55.0
6-O-trans-p-Coumaroyl-7-deoxyrehmaglutin A (1): Amorphous powder. COOCH, — — — — — — 523 523
[o]3’ —17.7° (¢=0.2, MeOH). UV 4, (MeOH) nm (log €): 313 (4.25), 227 U 1271 1277 1272 1278 1272 1278 127.0 1277
(3.94), 210 (3.93). FAB-MS m/z: 333 (M+H)", 355 (M+Na)*. HR-FAB- 2,6 1313 133.6 1312 1335 1313 133.6 131.3 133.7
MS m/z: 333.1338 (Caled for C\¢H,Og: 333.1338). 'H-NMR (400 MHz, 3,5 1169 1159 1169 1159 1169 1159 117.0 1159
CD,0D): Table 1. *C-NMR (100 MHz, CD,0D): Table 2. 4 161.6 1603 161.4 160.1 161.5 1602 162.1 160.9
6-O-cis-p-Coumaroyl-7-deoxyrehmaglutin A (2): Amorphous powder. 7' 1469 1452 1467 1448 147.0 1453 147.1 1456
[0’ —15.4° (¢=0.2, MeOH). UV A,,,. (MeOH) nm (log €): 310 (4.06), 225 8 1149 1167 1153 1170 1150 1167 1147 1169
(3.95), 209 (3.95). FAB-MS m/z: 355 (M+Na)*. HR-FAB-MS m/z: 9" 1692 1683 169.1 1682 169.1 1682 168.8 167.9

355.1165 (Calcd for C,gH,,0,Na: 355.1157). 'TH-NMR (400 MHz, CD,0D):
Table 1. *C-NMR (100 MHz, CD;0D): Table 2.

6-O-trans-p-Coumaroyl-3 o-O-methyl-7-deoxyrehmaglutin A (3): Amor-
phous powder. [0]]2 —90.9° (¢=0.1, MeOH). UV A__. (MeOH) nm (log &):
312 (4.24), 226 (3.94), 210 (3.91). FAB-MS m/z: 363 (M+H)*, 385
(M+Na)*. HR-FAB-MS m/z: 385.1253 (Caled for C,4H,,0,Na: 385.1263).
'H-NMR (400 MHz, CD,0D): Table 1. “C-NMR (100 MHz, CD,0OD):
Table 2.

6-O-cis-p-Coumaroyl-3 o-O-methyl-7-deoxyrehmaglutin A (4): Amor-
phous powder. [0]]2 —47.6° (¢=0.1, MeOH). UV A, (MeOH) nm (log &):
308 (3.93), 225 (3.79), 210 (3.87). FAB-MS m/z: 363 (M+H)", 385

a) Measured at 100 MHz. b) Measured at 150 MHz.

(M+Na)*. HR-FAB-MS m/z: 385.1261 (Calcd for C 4H,,0,Na: 385.1263).
'H-NMR (400MHz, CD,0D): Table 1. C-NMR (100 MHz, CD,0OD):
Table 2.

6-O-trans-p-Coumaroyl-3 f-O-methyl-7-deoxyrehmaglutin A (5): Amor-
phous powder. [¢]2 —16.1° (¢=0.3, MeOH). UV 4_,. (MeOH) nm (log &):
312 (4.36), 226 (4.05), 210 (4.02). FAB-MS m/z: 385 (M+Na)". HR-FAB-
MS m/z: 415.1303 (Caled for C,gH,,0,Na: 385.1263). '"H-NMR (400 MHz,
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CD,0D): Table 1. >*C-NMR (100 MHz, CD,0D): Table 2.
6-O-cis-p-Coumaroyl-3 -O-methyl-7-deoxyrehmaglutin A (6): Amor-
phous powder. [@]2® +20.0° (¢=0.3, MeOH). UV 4, (MeOH) nm (log €):
309 (4.10), 225 (3.94), 210 (4.02). FAB-MS m/z: 385 (M+Na)*. HR-FAB-
MS m/z: 385.1243 (Caled for C;gH,,0,Na: 385.1263). '"H-NMR (400 MHz,
CD,0D): Table 1. *C-NMR (100 MHz, CD,0D): Table 2.
6-O-trans-p-Coumaroyl-1-O-methylovatofuranic acid methyl ester (7):
Amorphous powder. [a]2® —12.5° (¢=0.1, MeOH). UV 4. (MeOH) nm
(log €): 311 (4.44), 225 (4.14), 210 (4.13). FAB-MS m/z: 415 (M+Na)*.
HR-FAB-MS m/z: 415.1406 (Calcd for C,yH,,0Na: 415.1369). 'H-NMR
(600 MHz, CD,0D): Table 1. *C-NMR (150 MHz, CD,0D): Table 2.
6-O-cis-p-Coumaroyl-1S-O-methylovatofuranic acid methyl ester (8):
Amorphous powder. [a]% +27.4° (¢c=0.1, MeOH). UV 4, (MeOH) nm
(log €): 311 (4.00), 225 (3.79), 211 (3.86). FAB-MS m/z: 415 (M+Na)*.
HR-FAB-MS m/z: 415.1406 (Calcd for C,yH,,0¢Na: 415.1369). 'H-NMR
(600 MHz, CD;0D): Table 1. *C-NMR (150 MHz, CD,0D): Table 2.
Measurement of DPPH Radical-Scavenging Activity'® MeOH solu-
tions of compounds 1—8 and the principal glycosides'®!" isolated from the
AcOEt fraction of this plant (4X107°m, 1.0 ml) were each added to 0.5 mm
DPPH/MeOH solution (1.0 ml), and the absorbance of each mixture was de-
termined at 517 nm after 30 min. The radical-scavenging activity was deter-
mined by comparing the absorbance with that of the blank (100%) contain-
ing only DPPH and solvent. d/-a-Tocopherol was used as a standard, and
measurement was done in triplicate. % reduction=100X[(Absy . —
Abssamp]e)/Absblank]'
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