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STRUCTURES OF CACHINESIDE IIT, IV AND V. IRIDOID GLUCOSIDES
FROM CAMPSIS CHINENSIS VOSS.
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Abstract —— Three new iridoid glucosides, cachineside IIT,

IV and V have been isclated from the dried leaves of Campsis
Chinensis Voss., and established to have the structures 8, 9

and 10, respectively, on the basis of spectral data and chemical

transformaticons.

We recently reported the structural determinations of six iridoid glucosides,

3 3 tecomoside (4),3

campenoside (1),l 5-hydroxycampenoside (2),2’ cachineside I (3),
campsiside (5)2 and b5-hydroxycampsiside (6),2 and of three phenylpropanoid glyco-
sides, acetoside (7),4 campneoside I (Ta),4 and campneoside II (Tb),4 which were
isolated from a methanol extract of fresh leaves of Campsis chinensis Voss.
(Bignoniaceae). Further investigations on the irideid components of the methanol
extract of dried leaves of the same plant have now led to the isolation of three
new iridoid gluccsides named cachineside III (8), cachineside IV (9) and cachine-

side V (10} by the procedure described in the Experimental.

We report herein the structural elucidaticns of these compounds.

5: R'= CO—CH:CE—@, = H 6: R'= C(;j—RCH=CH—@ , R= H ! 12: R= o
Sa: R'= Co-cH=CEXQ) , R= Ac6a Ri= co-cu=cu~{Q) , R= Ac 13: R= H
10: R'= R= & 8: R'= co-ca=cu—{O)-0H, R= H

10a: ®'= &= Ac 8a: R'= CO-cH=CE—{O)—0Ac, R= Ac
9: Rl: R= H
9a Rl= R= Ac
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Cachineside III (&) was isclated as an amorphous powder, [a]D ~103.2°(MeCH), which
1

gave methyl glucopyranoside on acid methanclysis. The “H-NMR and IR spectra of 8

showed the presence of a p-hydroxy-trans-cinnamoyl moiety[ 1715, 1640 cm_l;ﬁ 6.81,

7.48(each 2H, d, J= 8.6), and 6.41, 7.70{(each 1H, d, J= 16.0)], a conjugated alde-

hyde group [1690, 1630 cm_l; §9.28 and 7.39%{each 1lH, s)], a tertiary methyl group

[6 1.16(3H, s}] and a B -D-glucopyranosyl moiety | 3400 cm_l; 54.66(1H, d, J= 7.7,
H-1']. Acetylation of 8 with acetic anhydride and pyridine gave a pentaacetyl

cachineside III (Ba),
1

C33H38017' mp 231-232 °C, {GJD —lZO“(CHCl3). As shown in
H and 13C—NMR spectral data, such as chemical shifts and the

Tables I and II,
coupling patterns of 8 and 8a, were quite similar to those of 6 and 6a, respective-
ly, except for the presence of a p-hydroxycinnamoyl moiety in the former compounds.
Furthermore, the presence of a p-hydroxycinnamoyl moiety at C-7 in B8 was demon-
strated by the fact that the signals of H-7 in 8(¢ 4.83) and 8a(é 4.86) were simi-
lar to those in 6( 6 4.85) and 6a{ s 4.84), and the signals of C-9 and C-10 in 8
{ 658.22 and 21.46) and Ba( §57.20 and 21.29} were similar to those in 6( & 58.28
and 21.43) and 6a( & 57.23 and 21.20), respectively. From these findings, the
structure of cachineside III was deduced to be 8.

To confirm this assignment, cachineside III (8) was converted to an alcohol (11):
reduction of 8a with LiAlH4 gave the alcohol (1l), which was identical to authentic
112 obtained previously by LiAlH‘q reduction of 6a. Thus, the stereostructure of
cachineside II1 was established as 8. This establishment was supported by the mass
spectral data on Ba, as shown in Chart 1.

Cachineside IV (9) was isolated as a pentaacetyl cachineside 1V (9a),5 C26H34016’
mp 118-120°C, ([al, -138° (CKC1,). The 'H and ?C-NMR spectral data (Tables I and
IT) indicated the presence of five acetoxy groupsl[é§l.94, 2.01, 2.04, 2.12 and 2.14
(each 3RH, s)], two tertiary hydroxy groups, a tertiary methyl group, a conjugated
aldehyde group and a tetraacetyl-g-D-glucopyranosyl moiety (see Experimental).
From the similarities of lH—NMR[the chemical shifts and coupling ccnstants in Table
I, and the NOE increments of H-1(12.7 %) and H-7{(15.4 %) from Me-8 | and 13C—NMR
(Table IT} data on 9a to those on 6a, except for the signals of the trans-cinnamoyl,
the pentaacetyl cachineside IV (9a) was concluded to have the same functional
groups as those of 6a in the same positions but also to have an acetoxy group at
C-7. Thus, the structure of pentaacetyl cachineside IV was deduced to be 9a.

To confirm this assignment, 9%a was related chemically to a pentaacetyl lamiide

{12). Oxidation of 9a with sodium chlorite,6 followed by methylation with diazo-

methane gave a methyl ester (12), mp 187-188°C, {u]D —93.1“(CHC13), which was found
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to be identical to authentic pentaacetyl lamiide (12)2 by comparison of spectral
data and by the mixed melting point. Thus, the stereostructure of cachineside IV
was established as 9. This assignment was supported by the mass spectral data on

%a, as shown in Chart 1.

Table I. lH-NMR Spectral data for 6, 8, 6a, Ba, 9a, 5a, and 1l0a (s Values)i?

Compd., H-1 B-3 H-5 aH-6 BH-6 H~7 H-9 Me-8 CHO=4 H-1"'
[ 5.954 7.39 e 2.484d 2.38dd 4.85m 2.904 1.17 9.28 4.654
(0.7} (15.5, (15.5, (0.7) (8.0)
4.4) 2.4)
8 5.954 7.38 _— 2.46dd 2.354d 4,B3dd 2.84ad 1.1¢ 9,28 4.66d
(0.7 (16.0, (le.0, (6.0, (0.7 (7.7)
6.0} 2.0} 2.0)
6a 5.80d4 7.12 _ 2.42dd 2.54d4 4.86d4d 2.95d 1.21 g.35 4.874
(1.0) (15.9, (15.9, (5.1, (1.0) (8.1)
5.1) 2.7) 2.7)
8a 5.794 7.11 —_ 2.43dd 2.54dd 4.864dd 2.944d 1.21 9.40 4.89d
(1.0) {16.4, {16.4, (5.6, (1.0} (8.0}
5.6} 2.7} 2.7)
9a 5.77d 7.09 _ 2.34dd 2.46dd 4.69dd 2.87d 1.16 9,28 4.864
(1.2) (16.6, (l16.6, (5.1, {1.2) (7.8)
5.1) 2.7) 2.7)
Sa 5.634 7.09 3.,11ddd 1.80dt 2.47ddd 4.90dd 2.73dda 1.29 9,28 4.88d
(1.4) (10.0, (15.0, (15.0, (6.0, (io0.0, (7.5)
9.0, 5.5) 9.0, 2.5) 1.4}
5.5) 2.5)
10a 5.60d 7.08 3.09ddd 1.744t 2.41ddd 4.74ad 2.66dd 1.24 9.26 4,88d
(1.5) (10.3, (15.7, {15.7, (5.4, (10,3, (7.8}
9.8, 5.4) 9.8, 2.7) 1.5)
5.4) 2.7)

a) Measured in CDCl,
standard. d, doublet; dd, double doublet; ddd, double double doublet; dt, double

triplet; unmarked, singlet. Numbers in parentheses are coupling constants J(Hz).

except for those of 6 and B(CD3OD), with TMS as an internal

Cachineside v {10) was isolated as a pentacetyl cachineside V (10a),5 C26H34Ol?
mp 197-199°C, [uJD —113“(CHC13). The 4 ana 13C-NMR speciral data {Tables I and II)
on l0a showed the presence of signals closely resembling those of 53,2 as well as
the typical signals of a tetraacetyl-g-D-glucopyranosyl moiety[lH: see Experimental]
except for the signals of a trans-cinnamoyl moiety. Furthermore, lH—NMR data on
10a showed NOE increments of 9.0 and 10.0 % for H-7 and H-1, respectively, from
Me~8, as observed for 5a. This coincidence indicated the same stereochemistry of
all chiral centers in 1l0a and 5a, Thus, the structure of pentaacetyl cachineside V¥
was deduced to be 1l0a.

To confirm this assignment, 10a was converted to the known pentaacetyl caryptoside

(13)}.2 oxidation of 10a with sodium chlorite, followed by methylation with diazo-
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methane afforded a pentaacetyl caryptoside, mp 139-140°C, [a]D -llD'(CHCl3), which
was confirmed to be identical with authentic 132 by comparison of spectral data and
the mixed melting point. Thus, the stereostructure of cachineside V was established
as 10, This establishement was supported by the mass spectral data on 1l0a, as

shown in Chart 2.

Table II. ch—NMR Spectral data for 6, 8, ba, Ba, 9a, 5a, and 1l0a (8§ Values)i)
Carbon 6 8 6a Ba 9a S5a 10a
Aglycone moiety
1 95.19 & 95.19 d 94.31 4 94.28 4 94.26 4 94.17 4 94,14 d
3 162.23 & 162.17 d 156.24 & 156,22 d 156,27 4 158.32 a4 158.32 4
4  127.10 s 127.02 ¢ 126.46 s 126.46 s 126.40 s 125.70 s 125.64 s
5 68.27 5 68.24 5  67.68 s 67.71 s 67.60 s 24.38 d 24.35 d
6 44.59% t 44.56 t  43.07 t 43,10 t 42.95 t 34.63 t 34,51 t
7 806.50 & 80.18d 79.02 & 79.28 d 79.22 4 80.56 d 80.53 4
8 78.66 s 78.63 s 78.02 s 78.05 s 77.76 s 78.46 s 78.25 s
9 58.28 d 58.22 d 57.23 d 57.20 d 57.14 d 47.45 4 47.36 4
10 21.43 g 21.46 g 21.20 g 21.19 g 21.20 g 21.61 g 21.52 g
11  192.19 4 192.16 d 189.39 4 189.36 & 189.36 d 189.50 4 189.47 4
Glucose molety
1 99.89 d 99.86 4 95.95 d 95.98 d 95.98 d 95,60 d 95.63 d
2 74,46 4 74.37d4 71.01 d 71.01 d 71.01 4 70.78 d 70.78 4
3 77.47 @) 77,44 a®) 71,98 @R 7198 a®) 71.98 &®) 72.38 &) 72,37 &®)
4 71.65 ¢  71.63 4  68.21 4 68.21 d 68.24 d 68.24 @ 68.30 4
5 78.23 a2 78.34 ¢ 72.38 @) 72.41 &) 72.41 @) 72.27 @2 7247 @R
6' 62,81 t 62.75 t 61.64 t 61.61 t 61.64 t 61.73 t 61.76 t
trans-Cinnamoyl or p-hydroxy-trans-Cinnamoyl moiety
i 167.98 s 168.56 s 166.4%9 s 166.38 s 166.44 s
2" 119.19 4 115.48 @ 117.38 & 117.53 d 117.38 &
3" 146.43 d 146.70 @ 146.11 & 144.97 d 145,94 d
qr 135.89 s 127.28 s 134.20 5 131.86 s 134.17 s
5" 129.99 ¢S'131.08 a4 128.94 aS) 129.41 4 128,97 aS’
6" 129.24 aS'116.80 s 128.27 &S 122.17 4 128.24 oS
7" 131.45 4 161.12 s 130.58 & 152.42 d 130.61 4
8" 129.24 d 116.80 4 128.27 @ 122.17 d 128.24 d
g" 129.99 4 131,08 d 128.94 d 129.41 d 128.94 4
a) Measured in CDCl3 except for those of & and 10 (CD3OD), with TMS as an inter-
nal standard. s, singlet; d, doublet; t, triplet; g, gquartet. The signals of

acetyl groups are not given. b, ¢} Assignments in each column may be interchanged.
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EXPERIMENTAL

All melting points are uncorrected. Infrared(IR) and mass(MS) spectra were measured
with Hitachi IR-215 and JEOL JMS-D-300 spectrometers, respectively. NMR spectra
were taken with FX—200(1H: 200 MHz, l3C: 50.10 MHz) NMR spectrometer with tetra-
methylsilane(TMS) as an internal standard. For column chromatography, Merck Kiesel-
gel 60(70-230 mesh) and Sephadex LH-20 were used. Thin-layer chromatography(TLC)
and preparative thin-layer chromatography(P-TLC) were performed with Merck Xiesel-

gel GF and PF254, respectively. Spots were detected under ultraviolet(UV) light

254

or by spraying with 1% Ce(504)2—10% H,50, and then heating.

Isolation of iridoid glucosides

Leaves of Campsis chinensis Voss.(590 g) ccllected at the Botanic Garden of the

Faculty of Pharmaceutical Sciences, University of Tokushima in September 1985 were
dried and extracted with CHC13(5 1) and MeOH(10 l). The MeOH extract was evaporated
in vacuo to give a residue{130 g), 36 g of which was washed three times with 30 ml
of CHCl3 tc give a residue(21.4 g). The residue(20 g} was subjected tc column chro-
matography on active charcoal(30 g)}-Celite 535(50 g) with water(200 mi, fr. 1),
water-MeOH{1l:1, until fr. 13, 300 ml each), and then MeOH(from fr. 14, 300 ml
each). Fractions 16-17 were combined (1.21 g) and subjected to column chromato-
graphy on Kieselgel(70 g} in CHC13—MeOH—H20(7:3:0.3) and fr. 2-5(708 mg) and fr.
6-7(105 mg}{20-30 ml each) were collected. Then, fr. 2-5(708 mg) was subjected to
gel filtration on a Sephadex LH-20 column{50 g} with 50% MeOH as solvent to obtain
fr. 4-10(286 mg, a mixture of iridoid compounds) and fr. 12-15(300 mg, acteoside)
{10 ml each). Column chromatography on Kieselgel(30 g) of fr. 4-10(286 mg) in
CHClB—MeOH—H20(50:15:3, lower layer) gave fr. 10-12[35 mg, S-hydroxycampsiside (6)]
and fr. 14-15 [8l mg, a mixture of tecomoside (4}, cachineside IV (9) and V (10)],
together with fr. 1%-27 [29.3 mg, cachineside III (8) ] and fr. 33[(23 mg, acteoside
(7)) (20-30 ml each}. The lH—NMR spectrum(CDSOD) of fr. 14-15 showed the presence
of conjugated aldehyde groups[§9.19, 9.22 and 9.28{(each s), and 7.32, 7.38 and 7.39
(each s) ] and methyl groups[s1.10(d, J= 7.0), 1.14 and 1.29(each s}] but the ab-
sence of an acetyl group. A solution of fr. 14-15(81 mg) in acetic anhydride{(3 ml)
and pyridine(3 ml) was stirred at 25°C for 10 h. After the usual work-up, the crude
acetate was purified by P-TLC with CHC13-aéetone(lU:l) as developer(three develop-

ments) to give a pentaacetyl tecomoside3(4, 41 mg, Rg=0.35), a pentaacetyl cachine-

side IV (%a, 7 mg, R_.=0.,0%9) and a pentaacetyl cachineside V (10a, 23 mg, R

£ =0.24),

f
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Cachineside II1II (8}

Amorphous powder, [a]D -103.2°(c= 0.2, MeOH}; IR vKBr cm-l: 3400, 1720, 1680, 1640,

max
1 13

1630; "H and C-NMR: see Tables I and II.

Acid methanolysis of 8

A solution of 8(8 mg) in dry 15% HC1-MeOH(2 ml} was refluxed for 1 h, neutralized
with silver carbonate and filtered to remove the powder. The powder was washed with
dry MeOH. The combined filtrate and the washings were evaporated in vacuc to give
methyl glucopyranoside, which was confirmed to be identical with authentic methyl
glucopyrancoside by HPTLC { Merck, Kieselgel &0 F254, Rf:O.Jl, developed with CHC13—

MeOH—H20(65:35:10, lower layer) | .

Acetylation of 8

Compound (8}{10 mg) was acetylated with acetic anhydride(l ml) and pyridine(l ml)
te give a pentaacetyl cachineside III {8a, 7.8 mg), which was crystallized from

EtOH—HZO.

Colorless needles, mp 231-232 °C, [“]D =120 °{ec= 0.3, CHC13}; 1

H-NMR({CDCl,):5 1.95,

3
2.01, 2.04, 2.11, 2.32{each 3H, s, OAc X 5), tetraacetyl-B-D-glucopyrancsyl moiety

{6 4.89(1H, 4, J= 8.0, H-Y1'}, 5.00(iH, dd, J= 8.0, 9.3, H-2'), 5.27(1lH, t, J= 9.3,
H-3"), 5.10{1H, t, J= 9.3, H-4"), 3.79(1H, dd4d, J= 2.4, 4.4, 12.6, H-5"}, 4.15(1H,

dd, J= 2.4, 12.6, H-6'), 4.33(1H, dd, J= 4,4, 12.6, H~6") ]. See Table I for other

13

signals; C-NMR: see Table I1I; FABMS: m/z 7710m% 4+ Na, 100 %), C35H40018Na; High-

resolution and EI-MS: see Chart 1l; &Anal. Calcd. for C,.H,.0Q c, 56.15; H, 5.39.

357407187

round: C, 56.00; H, 5.31 %.

Reduction of Ba

A solution of LiAlH4(40 mg) in dry tetrahydrofuran(THF, 1 ml) was added to a solu-
tion of 8a(l5 mg) in dry THF(l ml) under ice-cooling. The resulting mixture was
stirred at 25-27*C for 2 h, treated with wet Et,0 and then water to decompose ex-
cess LiAlH4, and neutralized with 5% HCl. The Et,0 and THF were evaporated under
reduced pressure, and the residue was washed with AcOEt. The AcOEt—insoluble por-
tion was chromatographed on active charcocal-Celite 535(4:1, 5 g) with water(30 ml)
and MeOH(50 ml) as sclvents. The MeOH fraction was concentrated in vacuo to give
11(8 mg), which was identical with lamiidol (11) prepared from lamiide as Jjudged

by TLC and lH—NMR examinations.
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Pentaacetyl cachineside IV (%a)

Coclorless needles(from EtOH), mp 118-120°cC, EO]D -138 "{c= 0.5, CHC13); lH—NMR
(CDClB): §1.94, 2.01, 2.04, 2.12 and 2.l4(each 3H, s, CAc X 5), tetraacetyl—ﬂ—g-
glucopyranosyl moiety[$ 4.86(1H, 4, J= 7.8, H~1"), 4.98(1lH, 44, J= 7.8, 9.3, H-2'),

5.27(18, t, J= 9.3, H-3'}, 5.10(1H, <t, J= 9.3, H-4'), 3.77(1H, dad, J= 2.4, 4.4,
%.3, H=5'), 4.16(1H, 44, J= 2.4, 12.5, H-6'} and 4.32(1H, dad, J= 4.4, 12.5, H—G')]_
See Table I for other signals : 13C—NMR: see Table II.; FABS: m/z 625(M+ + Na,

100 %), C25H34016Na; High-resolution MS and EI-MS: see Chart 1 ; Anal. Calcd. for

C26H34016: c, 51.82; H, 5.69. Found: C, 51.58; H, 5.70 %.
oAc
on CHO —> Aco—@—CH—CHcooﬂ. N "
a) m/z 206(24.0 %) AcO
R o C11M10% Ac
H Caled: 206.0579 m/z 331
Me 0 Found: 206.0537 C14H1909
AcO H51+ a) (22.0 %)
Ac : Caled: 331.1029
Found: 331.1028
Ac H —> JE——
Ae o b) (27.7 %)
HO Calcd: 331.1029
a) 8a: R= COCH=CH~{O)}-0Ac Me e 3300y
b} 9%9a: R= Ac Ac
l OAc
Ac
HO Ao o1+
HO, H m/z 524 .
7 n/z
C24H28913 L >
N a) (0.3 %)
Calcd: 524.1530 5
n/z 125 Found: 524.1534 e "
CgHg04 b} (1.2 %) m/z 194
a) (22.0 %) Caled: 524.1530 M40

d: 524,
Caled: 125.0239 Found: 524.1537 a) (0.5 %)

Found: 125.0285 Caled: 194,0579

CHO A
F H . 449
b} (28.8 %) / oun 94.05
Calcd: 125.0239 b) (3.6 %)
Found: 125.02%1 _ + Calcd: 194.0579
H
Me H

Found: 194.0667

m/z 177
C10t9%3
a} (4.5 %) b) (41.0 %)
Caled: 177.0552 Calcd: 177.0552
Found: 177.0555 Found: 177.0550
Chart 1 Mass Spectra of 8a and 9a

Oxidation followed by methylation of %a

A solution of %a(39 mg) in tert-BuOH and 2-methyl-2-butene(0.8 ml} was treated with
a solution of NaC102(140 mg) and NaH2P04(140 mg) in water{(l.5 ml), and the mixture

was stirred at 25-27 °C for 3 h. The mixture was then diluted with ice-water(30 ml)
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and extrated with AcOEt {40 ml X 3). The AcOEt extract was concentrated in vacuo
to give a residue(25 mg). A soluticn of CH2N2 in Et20(2 ml) was added to a solution
of the residue(25 mg) in Et20(3 ml) and MeOH(0.5 ml), and the mixture was stood for
30 min at 25-27°C. The mixture was concentrated and the residue was purified by
P-TLC with CHCl,-acetone(10:1) as sclvent to give a pentaacetyl lamiide (12, 20 mg,

R,= 0.15), mp 187—188 ‘C{from EtOH), [a] -93.1%(¢c= 0.25, CHC13), which was identi-

f D

cal with an authentic sample.2

Pentaacetyl cachineside V (10a)

Coleorless needles(from EtOH), mp 197-139°C, [m]D -113"(3: 0.3, CHC13): 1H—NMR
(CDC13)= 6§ 1.90, 2.00 and 2,03(each 3H, s, OAc X 3), and 2.11(6H, s, OAc X 2),

tetraacetyl-8 -D-glucopyrahnosyl moiety [84.88{1H, d, J= 7.8, H-1'}, 4.97(14, 44, J=
7.6, 9.0, H-2'), 5.23(1H, 44, J= 9.0, 9.5, #H-3'), 5.09(1H, t, J= 9.5, H-4'}, 3.74

(ln, ddd, J= 2.4, 4.4, 9.5, H-5'}, 4.16(1H, ad, J= 2.4, 14.5, H-6') and 4.31(1lH,
13

dd, J= 4.4, 14.5, H-6') ]. See Table I for other signals ; C-NMR: see Table II ;
FABS: m/z 609(M+ + Ma, 100 %3, C26H34015Na; High-resolution MS and EI-MS: see Chart
2 ; Anal, cCalcd. for C26H34015= C, 93.24; H, 5.84. Found: C, 53.1G; H, 5.95 %,
CHO HO |+
. g CHO e —| OAc
+
— G,
Ach, AcO AcO AC
+ o) o] Ac
HO Me HC M H Ac
H e Me | — m/z 331(33.5 %)
m/z 239(6.3 %) AcCQO AcC C, ,H,,0
T .0 o 1471979
1291575 OAC A caled: 331.1029
c
Caled: 239.0920 h ACO H Found: 331.1028
. AcO
Found: 239.0942 Ohc Ohc
10a m/z 568(0.11 %) CHo—|+
C26t32%14
Calcd: 568.1792 —>ac
Found: 568.1816 O
CHO " CHO - H
OH
H CHO
Ao % m/z 238(0.8 %)
c H Folu
+ ot et C12M14%5
HO ! 7 " Calcd: 238.0841
< 1 Me H H Found: 238.0875
m/z 179(7.9 %) m/z 221(5.9 %)
C10H1103 Cq,Hy 304 En/; éOQ(SO.'f %)
Caled: 179.0708 Caled: 221.0814 6572
Found: 179.0705 Found: 221.0730 Calcd: 109.0290

Found: 109.0291

Chart 2 Maas Spectrum of 10a
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Oxidation followed by methylation of 10a

A solution of 1l0a(24 mg) in tert-BuOH{2.5 ml) and 2-methyl-2-butene{0.6 ml} was
treated with a sclution of NaC102[120 mg) and NaH2P04(120 mg)} in water{l ml) and
the reaction mixture was stirred at 25-27°C for 2 h. The mixture was then treated
2N2 in Et20. The
crude methylated compound was purified by P-~TLC with AcOEt—Et20(1:2) as solvent to

as described for 9a, and the crude preoduct was methylated with CH

give a pentaacetyl caryptoside(13, 15 mg, Rf=0.31}, mp 139-140°C, WJD -110° (c=
0.1, CHClB), which was recrystallized from EtCH, and confirmed to be identical with

an authentic sample.2
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