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Abstract-From leaves and twigs of Ixoru chinensis, two new irldoid glucosides, lxoroside (1) and 
ixoslde (7,8-dehydroforsythlde) (2) along with known gemposidic acid (3) have been isolated and 
their structures have been established. 

INTRODUCTION 

We have previously Isolated eight iridoid gluco- 
sides from Gardenia jaminoides Ellis forma gran- 

d$ora (Lour ) Makino and have established their 
structures [ 1,2]. This paper describes the results 
obtained by the examination of the lridoid gluco- 
sides of Ixora chrnrr~is Lam. (Rubiaceae) which 
belongs to the Ixoreae, a tribe closely related to 
the tribe Gardemeae. 

RESULTS AND DISCUSSION 

The concentrated methanolic extract of leaves 
and twigs of Ixora chwwnsis was diluted with 
H,O, washed with ethyl acetate and evaporated. 
Residue was fractionated as described m the Ex- 
perimental and two new irldold glucosides, ixoro- 
side (1) and ixoslde (2) were isolated along with 
geniposldlc acid (3) [1,3]. 

Ixoroside (1) was obtained as an amorphous 
powder, ClhHz40q.2 HzO. The NMR spectrum 
(in D,O) of I shows singlets at 6 9.16 and 1.32 
assignable to an aldehyde and a tertiary methyl 
group, respectively. Acetylatlon of 1 with acetic 
anhydride-pyridine gave the tetraacetate (4), 

G4H32013. l/2 HzO, which shows NMR signals 
assignable to four acetyl groups (6 1.92-2.10) and 
a tertiary hydroxy group which disappears on the 

*Part 28 m the series Studies on monoterpene glucos~des 
and related natural products For Part 21 see [l] 

addition of DzO. Further acetylation of 4 with 
acetic anhydride-boron trifluoride gave the pen- 
taacetate (5), CLhH340,4, the NMR spectrum of 
which displays signals (6 1.90-2.11) assignable to 
five acetyl groups. The signal arising from the 
methyl group at 6 1.51 is shifted downfield (0.19 
ppm) compared to the corresponding signal m 4. 
From these facts it can be deduced that the ter- 
tiary hydroxy group 1s located at C-8 in an lridold 
glucoside structure. 

NaBH, reduction of 4 followed by conven- 
tional acetylation gave 11 -dihydrolxoroside pen- 
taacetate (6), CZhH3h0,4. l/2 HzO, with an 
NMR-spectrum displaying signals from five acetyl 
groups at 6 2.00-2.09. Since the C-3 proton signal 
appeared at S 6.29, an upfield shift compared to 
that from 4 (6 7.1 l), the aldehyde group must be 
located at C-4. Accordingly, the only remaining 
problem in the structure of glucoside (1) 1s the 
configuration of the tertiary hydroxy group at C- 
8. Previously, we have suggested that the con- 
figuration of this group in iridoid glucosldes 
could be deduced from comparisons of the cheml- 
cal shifts of C-l and C-9 protons in the 8-hydroxy 
and the corresponding acetoxy compound [2]. In 
the NMR spectrum of the trot-acetoxy compound 
(5), the C-l proton signal appears downfield by 
0.42 ppm compared with that of the origmal 8- 
hydroxy compound (4). Although the C-9 proton 
signal of 5 1s difficult to assign because of overlap- 
pmg with other signals, it has obviously under- 
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gone a downfield shift compared with the corre- 
spondmg slgnal of 4 appearing at 8 2 32 (dd, J 
10 0 & 3.3 Hz). From this, It can be deduced that 
the tertiary hydroxy group m lxoroside 1s m the p- 
posltlon The structure 1 can thus be asslgned to 

the compound, which was confirmed by the 
chemical corrclatlon described below 

A carboxyhc acid methyl ester. C2sH340,4 Ii2 
H,O. was obtained by oxldatlon of the tetraace- 
tatc (4) with Jones reagent or argentlc (II) oxide 
followed by methylatlon This ester was found to 
be Identical to the alcohol (7). obtained by cata- 
lytic hydrogenation (Pd-C. HClO,) of the /I-epox- 
rde (8) The latter compound has been prepared 
In several steps from asperuloslde [4,5]. The 
chlorohydrln (9) [4] was obtained m addltlon to 
7 Accordingly. not only the /i-configuration of 
the tcrtlary hydroxy group. but also the absolute 
ctructurc of 1 was confirmed The structure of this 
substance (1) IS biosynthetically interesting since 
lrldold glucoslde bearing an aldehyde group at 
C-4 arc rare [6] 

Ixoslde (2) was obtamed as a powder. 

CihH2~01 I l/2 Hz0 The NMR-spectrum (m 
D1O) displays typical irldbid~ signals artsmg from 
the proton at C-3 (b 7.57) and C-l (fi 5 72, d. 
J 5.0 H7) In addltlon to these signals. an absorp- 
tlon arising from a I,‘-positIoned ConJugated ale- 
fimc proton IS found at 6 7 03 Acetylatlon of 2 
afforded the tetraacetate (IO), C24H’801 5. I/2 
H1O, which shows NMR signals asslgnable to 
four acetyl groups (d 1 95 2 08) and a conjugated 
olefinic proton (6 6 84) Prcvlously. we have 
noticed that the C-7 proton signal of IO-dehydro- 
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gemposlde tetraacetate (1 I) bearing an aldehyde 
group at C-X appears at (5 6 93 [I] Since the 
NMR spectra of 2 and 10. however. lack any slg- 
nals assignable to an aldehyde proton. it can be 
assumed that both compounds possess a carboxy 
group at C-8. In fact. methylatlon of 10 gave a 
tetraacetate dimethyl ester (12). C1,,H3,0, + 
showing signais at ci 51T, and- 3 74: assignabie to 
two carbomethoxy groups Ixosldc and Its acetate 
could thus be represented bq the structures 2 and 
i0, respectively. r0 verify this. compound~ Xi [l] 
was subJected to Jones oxidation followed by 
methylatlon affordmg 12. Identical to lxoslde 
tetraacetate dlmethyl ester Accordmgly, structure 
2 can be assigned to lxosldc 

As stated above, Iror-cr cl~rner~~~r also contains 
geniposldlc acid (3). Thus It would be reasonable 
to presume that Ixoslde (2) IS blosynthesized by 
an oxidation of gcmposidlc acid (3) Ixoslde (2) 
IS a glucoslde of rather novel type. featuring a 
IO-carboxy group Although there IS a possibility 
that substances lacking the C-10 carbon such as 
unedoslde (14) [7,X]. scabroslde (15) 191. stllben- 
coslde (16) [X] and deutzloside (17) [IO] could 
be synthesaed through a IO-carhoxy compound, 
forsythlde (13) [l 11 IS the on11 compound of this 
type so far reported 

Kooiman, in his paper on the chemotaxonomy 
of Rublaceae reported that plants belonging to 
the tribe Ixoreac seem to be devoid of asperulosi- 
dlc glucosldcs [ 121 The findings presented here 
Imply. however. that his methods of detection arc 
of limited value With improvement of detection 
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methods as well as of isolation procedures, it 
appears possible to find new as well as known 
iridoids m plants previously reported to lack 
these substances. 

EXPERIMENTAL 

General procedures Mp’s were uncorrected TLC was on 
Si gel G and spots were vlsuahzed by exposure to I, vapour 
or with a mixture of amsaldehyde (0 5 ml), cone H,SO, 
(0 5 ml), HOAc (few drops) and 95% EtOH (9 ml) followed 
by heating Column chromatography was carried out using 
carbon or Si gel as adsorbents 

lsolatron procedure Dry leaves and twigs of lxora chrnenm 
(I 5 kg) collected m Irlomote Island (Okmawa Pref) m Janu- 
ary and were extracted with 9 1 MeOH (x 3) under reflux 
MeOH extracts were combmed and concentrated in uacuo 
Residue was dissolved m H,O (41) and msoluble material 
removed by filtration through Cehte The filtrate was washed 
with EtOAc (3 x I 1) and concentrated ln vacua to about 0 5 I 
This soln was then chromatographed on a charcoal column 
and eluted with increasing cones of aq MeOH The fraction 
eluted with 30-50% MeOH was evaporated 111 vacua to leave 
a residue (22 8 g) A fraction of this residue (1 5 g) was dls- 
solved m H,O (30 ml), made alkaline (pH 8) with aq NH,OH, 
adsorbed on a Dowex 1 x 8 column (200_lOOmesh, OAc- 
form, 350ml) and eluted with HzO, then with 0 1 N HOAc 
The H,O eluate was evaporated to give lxoroside (1) (0.2g) 
as a powder [MIA’ - 102 6 (c, 064, MeOH), UV at::” 
249 nm (log E = 4 09); IR. v:i 3400, 1730, 1640cm-‘ , NMR 
(DzO) 6 132 (3 H, s, C-10 H), 5 73 (1 H, d, J 3 5 Hz, C-l H), 
748 (1 H, broad s, C-3H), 9 16 (1 H, s, C-11 H) (Found C, 
48 66, H, 6 81 ClhHZ409 2H,O requires C, 48 48, H, 7 12%) 
The 0 1 N HOAc eluate was evaporated m vacua to afford 
gemposidic acid (3) (0 5 g) [ali f-19 3” (c, 1 01, MeOH), UV. 
1:;:” 237 nm (log E = 3 64), IR YE: 3500, 1680, 1630 cm-‘, 
NMR (D,O) 6 5 25 (d, J 7 0 Hz, C-l H), 5 92 (WI, C-7 H), 
7 56 (s, C-3 H) (Found C, 4949, H, 593 Calc for 
CIGHZZO,O HZ0 C, 49.15, H, 6-17%) This substance was 
found to be identical with an authentic sample of gemposidic 
actd by comparison of then IR(KBr) and NMR (D,O) spectra 
The fraction eluted with 70% MeOH from the charcoal 
column was evaporated in vncuo to give lxoside (2) (0 1 g) as 
a powder [a]A4-+33 6” (c, 1 15, H,O), UV ni$? 219 nm (log 
E = 4 16). IR vKRr 3400. 1700. 1620cm-‘. NMR (D,O) 6 
5 72 (1 ti; d, J S”o”Bz, C-l H), 703 (1 H, M, C-7 H), i 57 (1 H, 
s, C-3H) (Found C, 4794, H, 548 C,6H,,0,, $ H,O 
reqmres C, 48 35, H, 5 33”/,) 

Ixorosrde tetraacetatc (4) 1 (0 1 g) was acetylated (Ac,O-Py) 
giving the tetraacetatc (4) (0061 g) as needles ex EtOH, mp 
156-157” [N];” - IO I 1 (c. 1 98, CHCI,), UV A”,;:” 246 nm 
(log E = 4 lo), IR v>>y: 3500, 1750, 1665, 1615cm-‘, NMR 
(CDCl,) 6 1.32 (3 H, s, C-10 H), 192-2 10 (4 x OCOMe), 2 32 
(1 H, d, d, J 10, 3 3 Hz, C-9 H), 3 05 (1 H, tn. C-5 H), 5.45 (1 H, 
d, J 3 3 Hz, C-l H), 7 11 (1 H, broad s, C-3 H), 9 28 (1 H, s, 
C-11 H) (Found C, 53 53, H, 596 C24H320,3 f HZ0 
requires C, 53 63, H, 6 19%) 

Ixorostde petitaacetate (5) To a soln of 4 (0 08 g) m Ac,O 
(4 ml) was added BF,-etherate (4 drops) and the mixture was 
allowed to stand at room temp for 2mm Iced Hz0 was 
added to the reaction mixture and the resulbng ppt was 
extracted with CHCl, (3 x 15ml). CHCI, extracts were 
washed with aq soln of 10% NaHCO, and then with H20, 
dried and evaporated to give a residue (0084g), wluch was 

recrystallized from EtOH to give pentacetate (5) (0 052 g) as 
needles, mp 95-96” [r]:” - 102 2” (c. 0 69, CHCI,), LJV ,%z:; 
245 nm (log F = 4 18), IR vz: 1755, 1675, 1635 cm-‘, NMR 
(CD&) 6 1 51 (3 H. s, C-10 H), 19G2 11 (5 x OCOMe). 5 87 
(1 H, d, J 2 3 Hz, C-l H), 7 14 (1 H, d, J 1 OHz. C-3 H), 9 28 
(1 H, s, C-11 H) (Found C, 5501, H. 6 25 C,,H,,O,, 
requires C, 5473, H, 601%) 

1 l-Dthydrolxorostde pentaacetate (6) To a soln of 4 (0 25 g) 
m dioxane (IOml) was added a soln of NaBH, (0 09 g) m 
HZ0 (1 ml) under ice cooling After stirring for I hr at room 
temp, HOAc was added and the solvent was concentrated 
m uacuo Residue was extracted with CHCI,, washed with 
H20, dried and exaporated 01 racuo The residue (0 194 g) wds 
acetylated (Ac,O-Py) and the crude product (0.188 g) was pur- 
ified by chromatography on S1 gel (3Og) with Et,0 as eluent 
and recrystalhzed from a mixture of Et,O-petrol to furnish 
6 (0 102g) as needles, mp 12c-122’ [alA -101~5” (c, 069, 
CHCI,), IR vz: 3550. 1750, 1680cm. I, NMR (CDCI,) 6 
1 33 (3 H, s, C-lOH), 200-209 (5 x OCOMe), 2 26 (I H, d, 
d. J 9 0, 3 0 Hz, C-9 H), 2 90 (I H, in, C-5 H), 447 (2 H, d, 
J 140Hz. C-11 H). 526 (1 H. d. J 30Hz, C-l H), 629 (1 H. 
d, J 1 0 Hz, C-3 H) (Found C, 53 85, H, 6 41 CZhH3h0,4 f 
H,O requires C, 53 70, H, 6 41y0) 

Oxldatron of ixorosrde tetraacetate (4) followed by methyla- 
tmn (a) A soln of 4 (0041 g) m Me,CO (5ml) was stlrred 
with Jones reagent (3 ml) under cooling for 3 hr The reaction 
mixture was &l with H,O (20 ml) and extracted with CHCI, 
(3 x 20ml) The combined CHCI, extract was washed with 
H,O, dried and evaporated WI cc&o. The residue was dls- 
solved m MeOH (5ml) and methvlated with CH,N,-Et,0 
The reaction produce (d 03 g) was pirlfied by chromatography 
on SI gel (log) wrth Et,0 as eluent and recrystalhzed from 
a mixture of Et,(tpetrol to give 7 (O-007 g) as needles, mp 
86-87” [~]b’ -s2 3” (c, 0 78. CHCI,), UV 1:;:” 236 nm (log 
~=395), IR vt,ti;fl: 3500. 1750, 1705, 1640cm-‘, NMR 
(CDCl,) 6 1 33 (3 H, s, C-10 H), 193-2 10 (4 x OCOMe), 2 31 
(1 H, d, d, J 9 5, 3 0 Hz. C-9 H), 3 03 (1 H, m, C-5 H), 3 71 
(3 H. s. COOMe). 5 33 (1 H. d. J 3 0 Hz, C-l H). 7 34 (I H. 
h, J 10 Hz. C-3 h) (Foind C, 52 54, H, 6 11 CiZH34d14 3 
H,O requires C. 52 91, H, 6 22%) (b) To a soln of 4 (0.13 I g) 
m THF-HZ0 (9 1) (15ml) was added AgO (0 126g) and the 
mixture was stIrred at room temp for 4 days Insoluble mater- 
ial was filtered off and the filtrate was diluted with H,O. 
extracted with CHCl,, dried and evaporated m vacua to leave 
a residue (0 142 g) This residue was methylated with CH,N,- 
Et,0 and the reaction product (0 100 g) was purified by chro- 
matography on SI gel (20~) with Et,0 as eluent and recrystal- 
hzed from a mixture of Et,&petrol. to give pure 7 (0 022 g) 

Catalytz hydrogenatton of /.i-epoxlde (8) A soln of 8 (0 2 g) 
m EtOAc (20 ml) was hydrogenated over a Pd-C catalyst pre- 
pared from 5% PdCIZ soln (3 ml) and charcoal (0 3 g) m the 
presence of 60% HCIO, aq soln (1 drop) until the absorption 
of hydrogen had ceased (18 hr) The catalyst was filtered off 
and the filtrate was washed with au 5% NaOH and then 
with H,O, dried and evaporated In dacuo” to leave a restdue 
(0,163 g) This residue was chromatographed on Si gel (20g) 
with Et,0 as eluent The first fraction was concentrated w 
vacua and the residue was recrystalhzed from a mixture of 
Et,O-petrol to give chlorohydrm (9) (0 035 g) as needles, mp 
163-169 giving a positive Be&em test ra-\z -245 9’ (c. 0 63, 
CHCl,), Ii? vKXB’ i500, 1750, 1710, 

_ _~ 
1640cm-‘, NMR (CDCl,) 

6 1 26 (3 H. s?-1OH). 188-209 (4 x OCOMe), 3 70 (3 H. 
s,COO~e),55l(lH,~,J15Hz,C‘-lH),732(1H,s,C-3H) 
(Found C. 49 31, H, 5 50 Calc for C,,H,,O,,CI HZ0 C, 
49 15, H, 5 779;) The second fraction was concentrated WI 
uacuo and the residue was recrystalhzed from a EtzO-petrol 
mixture to give colourless needles (0023 g) mp 86-87’ [xl&’ 

PHYTO ,4/12-t, 
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-83.8” (c. 0.51, CHCI,); IR: ~2; 3500, 1750, 1705, 1640cm- I; 
NMR (CDCI,): 6 1.33 (3 H. s, C-IOH). 1.93~2~10 (4 x 
OCOMe), 2.31 (I H. d. d. J 9.5. 3.0 Hz. C-9 H). 3.03 (1 H, 
111. C-5 H). 3.71 (3 H, s, COOMe). 5.33 (1 H. d. J 3.0 Hz, C-l 
H), 7.34 (I H. d, J I.0 Hz. C-3 H). (Found: C. 52.49; H. 5.98. 
Calc. for CzsH3,0,,.$ HZO: C, 52.9 I; H. 6.77’!o). Comparison 
with an authentic sample of 7 derived from 2 proved the idcn- 
tity and comparisons of IR (KEG-) and NMR spectra). 

Iroside tc’truuct’tatc (10). 2 (0.1 g) was acctylated (AcZO -Py) 
and the product was recrystallized from EtOH to furmsh the 
tetracetate (10) (0.095 g) as needles, mp 136. 237 [x1:’ -3.3’ 
(c, W28. MeOH); UV: L,,,_ ‘vcoH 21X nm (log c = 4.20); IR: \~~~~ 
1750, 1615cm~~‘: NMR (CD,OD): ii I.95 2.08 (4 x OCOMe). 
608 (1 H. (1, J 2 0 Hr. C-l H). 6.84 (1 H. ,n, C-7 H). 7.42 (I H. 
5. C-3 H). (Found: C, 51.19; H. 5-20, C,,H,,O,,.I Hz0 
requires: C, 50.98: H. 5G7”;). 

I.uo.side t~~truuc~rut~~ diuwthyl estm (12). A methanolic soln 
of 10 (O.OSg) was methylated with ethereal CH,N?. The pro- 
duct was recrystallized from EtOH to give the tetracctate 
dimcthyl ester (12) (0,035 g) as needles. mp 165- 166,. [z]; 
-+ 7.3 (c. #71. CHCI,); UV: ;.z:z” 220nm (log 6 = 4.22): 
IR: I,:,:: 1750, 1700. 164Ocm~~‘; NMR (CDCI,): ci 1.9@2~10 
(4 x OCOMe), 3.70 (3 H. s. COOMe). 6.02 (I H, (/, .I 2.0 Hz. 
(‘-1 H). 6.86 (1 H. m. C-7 H). 7.38 (I H. s, C-3 Hi. (Found: c‘. 
53.52: H, 5.68. C2hH,20,, requires: C, 53.43: H, 5.57”;). 

C~JWCC~J/ I~LJ~.~~O~-JJJ~~~OIJ qf IO-dehvdloq~niposid~ tc~rru~~iutt~ 
(11) info i\-ositle retrucetate dinwtl~~~l castor’. A soln of 11 (0.484 g) 
in MezCO (2Oml) was stirred with Jones rcagcnt (IOml) for 
I hr under ice cooling. The reaction mixture was dil with H,O. 
estracted with CHCI,. dried and evaporated in IU~UO to leave 
a residue (0.483 g), which was recrystallized from EtOH to 
give a monocarboxylic acid (0,283 g) as needles. mp 226-228 ‘. 
[r]i’P + 10.5‘ (c. l-66. CHCI,); IR: I,;;: 1750. 1705, 16X0. 
1640cm-‘; NMR (CDCI,): 3 1.90~ 2.08 (4 x OCOMe). 3.70 
(3 H, s, COOMeL 603 (1 H. d, _I 1.5 Hr. C-l H). 7.02 (I H. 
in. C-7 H). 7-M (1 H. S. C-3 H). (Found: C. 528X: H. 5.30. 
CZJH,,O,, rcqulres: c’. 52.63; H. 530”;). A portion of the 
above oxidarion product (0.1 g) w’as methylated with ethereal 
CH,NZ and the- reaction product was -recrystallized from 
EtOH to afford ixoside tctracetate dimethvl ester (12) (0.075 ~1 
as needles. mp 165-166 [x]b’ +2,0 ((_ 1.79. CHCI,J; II?. 
I*::: 1750, 1700, 1640cm- , ! ‘. YMR (CDCI,): 6 I~90~2~10 (4 x 
OCOMe). 3.70 (3 H. .s, COOMc). 3.74 (3 H, s, COOMe). 602 

(I H, ti. J 2.0 Hz. C-I H). 6.86 (I H, m. C-7 H). 7.38 (1 H. s. 
C-3 H). (Found: C, 53.16: H. 5.35. Calc. for CL,H1,O,,: C, 
53.43; H. 5.52”,>). This substance was found to be identical 

to an authentic sample of 12 (mmp and comparisons of IR 
(KBr) and NMR (CDCI,) spectra). 
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