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ABSTRACT

Citrifolin A was revised to dehydromethoxygaertneroside (2). Citrifolinoside and yopaaoside A were found to be identical, and their structures
were revised to the new structure dehydroepoxymethoxygaertneroside (5). Yopaaoside B was revised to citrifolinoside A (9), and morindacin
was revised to borreriagenin (11).

In our recent investigation ofPentas lanceolata(Forssk.)
Deflers, a plant from the family Rubiaceae, a number of
iridoid glucosides were isolated with structures similar to
those found inMorinda species. EspeciallyM. citrifolia, a
plant originating from Southeast Asia, has been quite well
studied because it is extensively cultivated for its fruits
(Noni).1 A thorough investigation of the literature data of
the iridoids from Morinda revealed that the structures
from citrifolinin A (1),2 citrifolinoside (3),3 yopaaoside

A (4),4 yopaaoside B (6),4 and morindacin (10)5 would need
to berevised. Citrifolinin A was found to be identical to
dehydromethoxygaertneroside (2)).6 Citrifolinoside was found
to be identical to yopaaoside A; however, the configuration
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of the C-8 of yopaaoside A was incorrectly assigned and
both structures were revised to the new structure dehydroe-
poxymethoxygaertneroside (5). Also, in yopaaoside B (8),
the configuration of C-8 should be inverted, and the
compound was shown to be identical to citrifolinoside A (9).7

Morindacin (10), an iridoid aglycone recently isolated from
M. citrifolia,5 was found to be identical to borreriagenin (11).8

Citrifolinin A (Figure 1) (1) and citrifolinoside (3) were
presented in separate papers as being new unusual iridoids,
with a rearranged ferulic acid moiety.2,3 Careful examination
of the reported data revealed a number of inconsistencies.
The 13C chemical shift ofδ 187.0 for C-9′′, the carbon of a
carboxylic acid, was high; in fact, even supposing the
presence of a hydrogen bond, this chemical shift is outside
the expected range. The two four-bond HMBC correlations,
which should be present between C-9′′ and both H-2′′ and
H-6′′ are also remarkable. It is not common to see such
correlations. Furthermore, during acetylation the hydroxyl
which is supposed to be present at C-8 was not acetylated.
It seemed improbable that the proposed weak intramolecular
H-bond could avoid this.

The comparison with the literature data (Table 1) did show
that the NMR data of citrifolinin A are essentially identical
to those of dehydromethoxygaertneroside (2), an iridoid
glucoside fromM. morindoides.6 This structure takes away
all the inconsistencies mentioned above, and theδ 187.0
carbon should be a ketone, explaining much better the high
chemical shift. The reported HMBC correlations are now
all two- or three-bond correlations, and furthermore, the
oxygen at C-8 forms part of a lactone ring, explaining its
impossibility to be acetylated. The rather constant deviation
of the13C NMR values of about 1.1 ppm must be explained
by the incorrect setting of the internal standard value by Sang
et al.2

The only remaining doubt could be the mass found by
APCI-MS for citrifolinin A of m/z 609, but the lack of
additional data indicates that this might have been a
presupposed mass supported by some experimental peak.

The NMR data of citrifolinoside (3) were found to be
identical to those of yopaaoside A (4)4 (Table 2, Figure 2),
considering again the about 1.1 ppm deviation of the13C
values reported by Sang et al.3 Remarkable about the
structure of yopaaoside A (4) in relation to dehydromethoxy-
gaertneroside (2) is the opposite stereochemistry at C-8. Also,
for citrifolinoside (3), a stereochemistry opposite to that for
citrifolinin A was reported.3 Both Sang et al.3 and Kancha-
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Figure 1. Citrifolinin A ( 1) was revised to dehydromethoxyga-
ertneroside (2).

Table 1. Comparison of the13C NMR Spectra Reported for
Citrifolinin A (1) and Dehydromethoxygaertneroside (2)a

C
citrifolinin

A (1)
dehydromethoxygaertneroside

(2)
difference

(2 - 1)

1 92.6 94.05 1.45
3 151.2 152.48 1.28
4 109.9 111.09 1.19
5 39.2 40.62 1.42
6 141.8 142.35 0.55
7 128.3 129.12 0.82
8 96.7 97.79 1.09
9 50.2 51.40 1.20
10 158.1 159.00 0.90
11 130.5 131.62 1.12
12 169.0 169.96 0.96
13 187.0 188.11 1.11
14 167.0 168.32 1.32
1′ 128.1 128.74 0.64
2′ 111.6 112.63 1.03
3′ 146.1 149.75 3.65
4′ 153.8 155.50 1.70
5′ 115.2 116.91 1.71
6′ 125.9 127.26 1.36
1′′ 98.9 100.02 1.12
2′′ 73.8 74.59 0.79
3′′ 76.8 77.75 0.95
4′′ 70.7 71.65 0.95
5′′ 77.8 78.70 0.90
6′′ 61.9 62.87 0.97
3′-OMe 55.4 56.47 1.07
COOMe 51.0 51.97 0.97

aThe numbering of1 was adapted.

Figure 2. Citrifolinoside (3) and yopaaoside A (4) were revised
to dehydroepoxymethoxygaertneroside (5).
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napoom et al.4 based their assignment of the C-8 configu-
ration on the low13C chemical shift of C-9, such as that
observed in 6â,7â-epoxysplendoside (6).9,10 However, a
much better model compound would be plumiepoxide (7)
(Figure 3).11 By comparison with plumieride, the effect of
the 6â,7â-epoxy group can be seen in a compound with a
spiro-lactone ring at C-8.

After calculation of the shifts of the individual carbons
due to the 6â,7â-epoxy group, these were used to calculate
the 13C NMR spectrum of dehydroepoxymethoxygaertner-
oside (5), an iridoid glucoside not reported before, starting
from the spectrum of2 (Table 2). The calculated spectrum

is nearly identical to the spectra of3 and4, thus showing
that C-10 should be in anR-configuration relative to C-8,
as depicted in5.

As additional proof, a NOESY spectrum was recorded for
epoxygaertneroside obtained fromPentas lanceolata. This
compound was previously reported fromM. morindoides.6

In the NOESY spectrum, H-10 did show a strong correlation
with H-1 and H-7, thus leaving no doubt about the stereo-
chemistry at C-8. Both citrifolinoside and yopaaoside A thus
need to have their structure revised to the new structure
dehydroepoxymethoxygaertneroside (5).

Also for yopaaoside B (8), a â-orientation of C-10 was
reported.4 In this case, the literature data were identical to
those reported for citrifolinoside A (9) (Figure 4),7 with an
R-orientation of C-10 (Table 3). In the latter case, this was
confirmed by ROESY correlations, especially a strong cross

peak between H-1 and H-10, which provides strong support
for the R-orientation. The NMR data were also in full
accordance with this orientation in a manner similar to that
explained before for5.

Morindacin (10), recently reported from fruits ofMorinda
citrifolia,4 did show 1H NMR data, recorded in CD3OD,
identical to those of borreriagenin (11) (Figure 5),8 an iridoid
aglycone isolated fromBorreria Verticillata. These NMR
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Table 2. Comparison of the13C NMR Spectra (CD3OD)
Reported for Citrifolinoside (3) and Yopaaoside A (4) with the
Spectrum Calculated for Dehydroepoxymethoxygaertneroside (5)

C
citrifolinoside

3
yopaaoside A

4
difference

(4 - 3)
calcda

5

1 91.9 92.7 0.8 93.1
3 152.4 153.6 1.2 154.0
4 107.2 108.5 1.3 108.3
5 31.9 33.1 1.2 32.8
6 57.0 58.0 1.0 57.1
7 58.1 59.2 1.1 60.2
8 91.9 92.7 0.8 92.7
9 43.6 44.2 0.6 44.6
10 155.6 156.2 0.6 155.9
11 127.9 129.1 1.2 128.6
12 169.2 169.3 0.1 169.4
13 186.4 187.7 1.3 188.2
14 167.0 167.8 0.8 167.9
1′ 132.6 133.9 1.3 134.8
2′ 111.9 113.0 1.1 112.6
3′ 148.0 149.2 1.2 149.8
4′ 154.0 154.8 0.8 155.5
5′ 115.6 116.2 0.6 116.9
6′ 125.7 126.8 1.1 127.3
1′′ 98.2 99.6 1.4 100.0
2′′ 73.9 74.4 0.5 74.3
3′′ 76.9 77.8 0.9 77.6
4′′ 70.2 71.5 1.3 71.7
5′′ 77.7 78.5 0.8 78.8
6′′ 61.9 62.7 0.8 62.6
3′-OMe 55.3 56.5 1.2 56.5
COOMe 51.0 52.1 1.1 52.1

a The13C NMR spectrum from5 was calculated by adding the shifts on
carbons 1-14 and 1′′-6′′, due to the introduction of the 6â,7â-epoxy group
in plumieride, to the13C NMR spectrum of2.

Figure 3. 6â,7â-Epoxysplendoside (6) and plumiepoxide (7).

Figure 4. Yopaaoside B (8) was revised to citrifolinoside A (9).

Table 3. Comparison of the13C NMR Spectra (CD3OD)
Reported for Yopaaoside B (8) and Citrifolinoside A (9)

C 8 9 C 8 9

1 92.8 92.6 1′ 126.2 126.3
3 153.3 153.3 2′ 134.8 134.8
4 108.0 108.1 3′ 117.0 117.0
5 33.2 33.3 4′ 162.1 162.2
6 58.1 58.2 5′ 117.0 117.0
7 58.2 58.2 6′ 134.8 134.8
8 92.6 92.8 1′′ 99.3 99.3
9 45.1 45.2 2′′ 74.3 74.4
10 69.1 69.1 3′′ 77.6 78.1
11 123.9 124.0 4′′ 71.1 71.2
12 172.7 172.9 5′′ 77.9 77.6
13 144.0 144.0 6′′ 62.3 62.3
14 168.0 168.1 COOMe 52.0 51.9
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data were supplied in the Supporting Information of the
publication (Table 4). The only difference between the two
structures is the way the lactone ring is formed. In morin-
dacin, a lactone bond was supposed between C-3 and C-1,
whereas in borreriagenin, the lactone bond was between C-3
and C-6. Kamiya et al.5 did not provide any evidence for
the presence of the lactone bond at the supposed position,
and for borreriagenin, it was confirmed by HMBC correla-
tions. Furthermore, the high chemical shift of the carbonyl
group indicates it forms part of a five-ring lactone.
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Figure 5. Morindacin (10) was revised to borreriagenin (11).

Table 4. Comparison of the1H NMR Spectra (CD3OD)
Reported for Morindacin (10) and Borreriagenin (11)

H morindacin (10) borreriagenin (11)

1a 3.79 dd (11.4; 4.5) 3.78 dd (11.3; 4.4)
1b 3.72 dd (11.4; 6.7) 3.71 dd (11.3; 6.7)
3a 3.90 dd (10.8; 4.7) 3.89 dd (10.8; 4.6)
3b 3.84 dd (10.8; 3.7) 3.83 dd (10.8; 3.9)
4 2.96 ddd (6.0; 4.7; 3.7) 2.95 ddd (6.1; 4.6; 3.9)
5 3.33 dt (7.7; 6.0) 3.32 ddd (8.3; 7.8; 6.1)
6 5.40 dbr (7.7) 5.39 ddddd (7.8; 2; 1.5; 1.5; 1)
7 5.84 quintlike 5.83 dddd (2; 2; 1.5; 1.5)
9 3.10 m 3.10 m
10a 4.22 ddd (15.0; 2.4; 1.2) 4.21 dddd (14.9; 1.5; 1; 1)
10b 4.16 ddd (15.0; 2.8; 1.7) 4.15 dddd (14.9; 1.5; 1.5; 1.5)
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