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Abstract—Two new bis-iridoid glucosides, named caeruleosides A and B, were isolated from the leaves of Lonicera
caerulea. Their structures have been determined by chemical methods and by 1D and 2D NMR analysis. The
compounds consist of secologanin attached through acetal bonds to C-4' and C-6 of the sugar part of loganin and

sweroside, respectively.

INTRODUCTION

In a previous paper [1], we reported on the isolation of
protocatechuic acid, quercetin, quercetin-3-rhamnoside,
quercetin-3-glucoside, eriodictyol-7-glucoside, methyl
chlorogenate, 7-ketologanin, epivogeloside and (6R,
9R)-3-oxo0-a-ionol f-D-glucoside from the leaves of
Lonicera caerulea L. var emphyllocalyx Nakai [2-5],
a plant which grows in Japan. In the course of further
studies on the constituents of the above plant, two new
bis-iridoid glucosides along with four known iridoid
glucosides have been isolated. The new compounds,
caeruleosides A (5) and B(7), consist of secologanin at-
tached through acetal bonds to C-4' and C-6’ of the sugar
part of loganin and sweroside, respectively, and this
structural feature has so far not been seen in bis-iridoids
before.

RESULTS AND DISCUSSION

The isolation and purification of the compounds are
described in detail in the Experimental. Compounds
1 (loganin) [6, 7], 2 (secologanin) [6], 3 (secologanin
dimethyl acetal)} [7] and 4 (sweroside) [6] were identi-
fied by comparison of various diagnostic data with re-
ported values and authentic samples.

Caeruleoside A (5) was obtained as an amorphous
powder, [o]p, — 144.4°. The FAB-mass spectrum exhib-
ited ions at m/z 761 [M + H]* and 783 [M + Na]*. The
"H NMR spectrum of 5 showed two sets of signals, one

*Part 3 in the series, ‘Analysis of the Components of Lonicera
Species’. For part 2 see ref. [1].

tAuthor to whom correspondence should be addressed.

{Compound 3 may be an artifact formed from 2 during the
extraction and isolation processes.
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set similar to 1 and another to 2, indicating a dimeric
structure. However, the *H NMR spectrum of 5 lacked
the signal from the C-7 aldehyde proton of 2 and instead
showed an acetal methine signal at 64.70 from Hgc-7.
Other chemical shifts, except for the signals owing to the
glucosyl moieties, were coincident with those of 1 and 2.
The '*C NMR spectrum of 5 contained a set of signals
almost identical to those assigned to 3 except for the
signals owing to Csc-6 and 7. The other set of signals,
corresponding to 1, showed a larger deviation with re-
spect to the absorptions assigned to the Cp -3, C o4,
Co-5 and C o-6". A comparison of the !3C NMR spec-
trum of the loganin moiety of § with that of 1 showed
shifts of — 3.7, + 10.2, — 10.1 and + 6.5 ppm at C,,-3,
Cro4, Cio-5 and C -6, respectively, and the other
signals were coincident. The results showed that § had
a dimeric iridoid structure like that shown in the figure
with acetal bonds linking the aldehyde group (Csc-7) of
the secologanin moiety to C-4’ and C-6" of the sugar part
of the loganin moiety. Further proof of the linkage was
obtained from the HMBC spectrum as follows; Hgc-7
was correlated with C -4’ and C -6/, and H; o-6'B was
correlated with Cgc-7. In addition, the '3C NMR chem-
ical shifts of loganin moiety in § were in good agreement
with those of 4',6'-propylidene loganin (6) which we had
prepared as a model compound (see Experimental). Thus,
the planar structure of § was established.

The configurations of Hy -1, Hi -5, Hyo-7, Hy0-8,
H,06-9 and Hgc-1, Hge-5, Hge-9 were confirmed by the
NOESY spectrum. The only remaining problem was to
settle the stereochemistry of the acetal methine proton
(Csc-7). The NOEs (measured at 70° in D,0) observed
between Hge-7 and H o~4' and H,-6'A suggested that
Hgc-7 was  with respect to the six-membered acetal ring,
with the six-membered acetal ring in the chair form. That
is, these results proved that Hge-7 and each of H; o-4" and
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H;o-6'A are in 1,3-diaxial arrangements. Further evid-
ence were obtained by the HSQC-ROESY cross peaks
between Hge-7 and Cpg-4' and Cpo-6’A, between Hyo-4,
and Cgc-7, and between H; o-6'A and Cge-7 (Fig. 1). The
structure of caeruleoside A was, therefore, established
as 5.

Caeruleoside B(7) was obtained as an amorphous
powder, [a]p — 101.4°. The 'H and '3C NMR spectra of
7 lacked the signals owing to the loganin moiety of § and
instead showed the signals owing to the sweroside moi-
ety. Furthermore, the 'H and '*C NMR chemical shifts
in the sugar carbon region of the sweroside moiety of
7 were in good agreement with those of the loganin
moiety of 5. These facts suggested that the structure of
7 was an acetalic dimer of sweroside and secologanin
and, as in 5, the secologanin moiety was linked to Cow-4'
and Cgw-6" of the sweroside moiety via acetal oxygens at
Ces-7. On the basis of the above data, the structure of
caeruleoside B was established as 7. The >C NMR as-
signments of 1 and 3-7 are listed in Table 1.
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Fig. 1. The main HSQC-ROESY correlations of 5.

Loganin and secologanin were each dissolved in meth-
anol, methanol-water and methanol-water containing
a small amount of acetic acid, and left at room temp. for
10 days. Caeruleoside A (5) could not be detected in any
of the solutions by HPLC analysis and this established
that caeruleoside A is not an artifact of the extraction and
isolation procedures.
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Table 1. !3CNMR spectral data of 1, 3-7 (in CD,0D, at 67.8 MHz)

C 1 3 5 6 C 4 7
LO-1 97.7 98.2 98.2 SW-1 979 98.2
3 1522 152.1 152.1 3 1539 153.7
4 114.1 114.1 114.1 4 106.0 106.1
5 322 323 323 5 28.4 28.5
6 422 429 42.8 6 259 264
7 75.1 75.0 75.0 7 69.7 69.8
8 42.7 424 424 8 133.3 1333
9 46.5 46.5 46.5 9 43.8 44.0
10 13.5 13.5 135 10 120.8 121.0
1t 169.6 169.5° 169.5 11 168.5 168.3
12 51.7 5L7° 51.7
LO-U 100.1 100.9 100.9 SW-1’ 99.7 100.4
2 74.8 75.5 75.5 2 74.7 754
¥ 78.4 4.1 74.7 3 78.4 74.6
4 71.6 81.8 81.7 4 71.5 81.8
5 78.0 679 68.0 5 77.9 68.0
6 62.8 69.3 69.2 6 62.7 69.2
SC-t 97.7 97.7 SC-1 97.7
3 153.1 1537 3 153.9
4 111.5 1115 4 1115
5 293 29.6 5 29.6
6 33.1 35.2 6 352
7 104.2 102.7 7 102.7
8 135.6 1358 8 135.8
9 45.1 45.4 9 454
10 119.8 119.8 10 119.8
11 170.0 169.3* t1 169.3
12 518 51.8° 12 51.8
SC-1’ 99.9 100.0 SC-v 100.0
e 74.6 74.7 2 74.7
3 78.0 78.0 3 78.0
4 71.7 7.7 4 71.7
5 78.5 78.5 s 78.5
6 62.9 62.9 6 629

Assignments were confirmed by DEPT,
methods.
* PSignals may be interchanged.

Caeruleoside A (5) and B(7) are the first examples of
bis-iridoids which consist of two iridoid moieties joined
through an acetal linkage.

EXPERIMENTAL

'H and '*CNMR: 270 and 67.8 MHz, respectively,
CD,O0D, TMS as int. standard. FAB-MS: Jeol JMS-DX
303 mass spectrometer; CC: Kieselgel 60 (Merck;
230-400 mesh) and Sephadex LH-20 (Pharmacia Fine
Chemical); Prep. HPLC: Tosoh HPLC system using
a Cosmosil 5C,g-AR column (nacalai tesque, 10 mm i.d.
x 25 cm) with UV detector,

Plant material. The leaves of Lonicera caerulea L. var
emphyllocalyx Nakai were collected and identified by one
of the authors (M. Kikuchi) from Bibai city, Hokkaido,
Japan, June 1992. A voucher specimen (No. 5) is depos-
ited in the laboratory of M. Kikuchi.

'H-'H and '*C-'H COSY, and HMBC

Extraction and isolation. Fresh leaves of L. caerulea
(0.4 kg) were extracted with MeOH at room temp. The
MeOH extract was concd and the resultant aq. suspen-
sion was extracted with CHCl,, Et,0, EtOAc and n-
BuOH, successively. The EtOAc-soluble fraction was
concd under red. pres. to produce a residue (8.0 g). This
residue was chromatographed on a silica gel column
using CHCl;-MeOH-H, 0 (30:10; 1) and the eluate was
separated into 10 fractions (frs 1-10). Fr. 3 was re-
chromatographed on a Sephadex LH-20 column using
MeOH-H,0 (1:1) and the eluate was separated into
S fractions (frs 3-1-3-5). Fr. 3-1 was subjected to prep.
HPLC (MeOH-H,0, 1:1) to give 1 (200 mg), 2 (40 mg),
3 (230 mg), 4 (10 mg), 5 (7 mg) and 7 (4 mg).

Compounds 1-4 were identified by comparison of
various data with reported values and authentic samples.

Caeruleoside A (5). Amorphous powder, [a]p — 144.4°
(MeOH; ¢0.3). FAB-MS m/zz 761 [M + H]*, 783
[M + Na]*; UV M9H nm (log g): 234 (4.26); IR KB

max
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cm ' 3387, 2929, 1698, 1635, 1441, 1387, 1293, 1078;
'HNMR (270 MHz, CD;0D): 61.07 (3H, d, J = 6.6 Hz,
H,-10), 1.57 (1H, m, H-6A), 1.78 (1H, m, Hgc-6A), 1.80
(1H, m, H,5-8), 1.98 (1H, m, H.©-9), 2.01 (1H, m, Hsc-6B),
2.23 (1H, m, H o-6B), 2.68 (1H, m, Hgc-9), 3.02 (1H, m,
Hse-5), 3.13 (1H, m, Hio-5), 3.18-3.36 (TH, m, Hy -2,
H, -4, Hyo-5', Hge-2', Hye-3', Hse-4' and Hge-5'), 3.50
(1H, dd, J=10.1, 94 Hz, H.x-6'A), 3.54 (lH, ¢,
J =93Hz Hyo-3), 3.62 (1H, dd, J = 11.9, 6.3 Hz, Hg-
6'A), 3.68, 3.69 (each 3H, s, H; o-12 and Hg-12), 3.89 (1H,
dd, J =119, 1.7 Hz, Hgc-6'B), 4.03 (1H, m, H,-7), 4.13
(tH, dd, J=10.1, 48Hz, H,,-6'B), 467 (lH, 4,
J = 7.6 Hz, Hge-1"), 470 (1H, m, Hgc-7), 472 (1H, d,
J=79Hz Hio-1), 5.10(1H, d, J = 4.6 Hz, H ,-1), 5.24
(1H, br d, J=97Hz, Hg-10A), 529 (1H, br 4,
J =173 Hz, Hgc-10B), 5.54 (1H, d, J = 5.6 Hz, Hgc-1),
5.73 (1H, ddd, J = 17.3, 9.7, 8.6 Hz, Hgc-8), 7.37 (1H, d,
J=13Hz, Ho-3), 745 (1H, d, J =10 Hz, Hs:3);
13C NMR: Table 1.

Preparation of 4',6'-propylidene loganin (6). Loganin
(57 mg) was suspended in CH;CH,CHO (0.05 ml), dry
ZnCl, (23 mg) added and the mixture stirred at room
temp. for 3 hr. The mixture was extracted with EtOAc.
The EtOAc extract was chromatographed on a silica
gel column (hexane-Me,CO, 3:2) to give amorphous
6 (10 mg). [«]p — 87.0° (MeOH; ¢ 0.3). FAB-MS m/z: 431
[M +H]", 453 [M + Na]™; UV M08 nm (log ). 234
(3.96);;, '"HNMR (270 MHz, CD,0D): 6094 (3H, ¢,
J =7.6Hz, H-3"), 1.07 (3H, d, J = 6.9 Hz, H-10), 1.60
(3H, m, H-6A and H-2""), 1.81 (1H, ddd, J =9.2, 6.9,
4.6 Hz, H-8), 2.00 (1H, ddd, J = 9.3,9.1, 4.6 Hz, H-9), 2.23
(1H, ddd, J = 142, 79, 1.6 Hz, H-6B). 3.10 (1H, m, H-5),
3.19-3.34 (3H, m, H-2,, H-4' and H-5'), 3.52 (1H, dd,
J =101, 9.6 Hz, H-6'A), 3.55 (1H, ¢, J = 9.0 Hz, H-3"),
3.58 (3H, s, H-12), 402 (1H, m, H-7), 414 (1H, dd,
J =10.1, 44 Hz, H-6'B), 4.52 (1H, m, H-1""), 472 (1H, 4,
J =176Hz H-1', 511 (1H, d, J = 4.6 Hz, H-1), 7.38 (1H,
d, J = 1.3 Hz, H-3); 13C NMR: Table 1.

Caeruleoside B (7). Amorphous powder, [a], — 101.4°
(MeOH; ¢0.1). FAB-MS m/zz 729 [M + H]*, 751

[M + Na]*; UV AMOH nm (log &) 234 (4.12): 'H NMR
(270 MHz, CD,ODY): 51.78 (2H, m, Hgw-6), 1.80 (1H, m,
Hy-6A), 2.02 (1H, m Hsc-6B), 2.68 (2H, m, Hgw-9 and
H,-9), 3.03 (1H, m, Hge-5), 3.20 (1H, m, Hgw-5), 3.10-3.40
(TH, m, Hgw-2, Hsw-4', Hsw-5', Hsc-2', Hsc-3, Hse-4' and
Hge-5), 3.53 (2H, m, Hgw-3' and Hgw-6'A), 3.64 (1H, dd,
J =119, 59 Hz, Hy-6'A), 3.70 (3H, 5, Hgc-12), 3.89 (1H,
m, He-6'B), 4.14 (1H, dd, J = 10.2, 4.6 Hz, Hgw-6'B), 4.39
(2H, m, Hew-7), 4.67 (1H, d, J = 7.9 Hz, Hyc-1'), 470 (1H,
m, Hse-7), 476 (1H, d, J = 7.9 Hz, Hgy-1"), 5.28 (4H, m,
Hgw-10 and Hgc-10), 5.39 (1H, d, J = 1.7 Hz, Hgy-1), 5.53
(1H, m, Hgw-8), 5.54 (1H, d, J = 5.9 Hz, Hs-1), 5.73 (1H,
m, Hee-8), 7.45 (1H, s, Hse-3), 7.58 (1H, d, J = 2.3 Hz,
Hgw-3); 13C NMR: Table 1.
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