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STRUCTURE AND CONFIGURATION OF UNEDIDE,
AN IRIDOID GLUCOSIDE FROM ARBUTUS UNEDO
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Abstract—Unedide, a novel iridoid glucoside isolated from Arbutus unedo (Ericaceae), has been established to be 6,7-
dihydro-64-hydroxymonotropein by detailed analysis of H and *3C NMR spectral data.

INTRODUCTION

Eaciier nevestigetions o dne widoid varpponans of
Arbutus wnedo {Ericaceas) ted 1o the isolation of
urnehostae T 7't ’2‘1. tne mdtor 1t comopaneny. ana
monotropein (2) [3]. Careful re-examination of the
ethanolic extract of leaves of Arbutus unedo collected in
wiater shawed the preseace af at teast three ather icidaids
(R, 0.17, 0.14, 0.10). In this report we describe the
structure of the compound with R, 0.14 which was

present in small amounts and named unedide (3) by us.

RESULTS AND DISCUSSION

Compound 3 is an amorphous solid with acidic
properties analogous to those of 2, molecular formula
C,6H,,0,,, [a], —83° and it gave a grey-violet reaction
with vanillin reagent. The UV absorption (232nm, log
¢ = 3.8) was characteristic of a conjugated enol—ether
system and the IR spectrum showed weak bands at 1700
(C=0) and 1650 (C=C)cm !,

Enzymatic hydrolysis with B-glucosidase followed by
isolation of glucose confirmed that 3 was a fB-D-
glucopyranoside. The 'H NMR spectrum of 3 also
showed the presence of a doublet (6 4.80, J = 7.5Hz),
characteristic for the anomeric proton of a p-
glucopyranose. Furthermore, this spectrum was
sOmMewnal simbar 1o Mat o1 2 jsee TXPENENLAY) EXCEDL
fcr: (24 the tack af the daubiet af doudlets a¢ d 6.21 and
5.68 of the olefinic H-6 and H-7 protons (AB part of an
ABX system where X = H-5, absorbing between 3.6

and 3.3 as a multiplet masked by glucose signals), (2) the
nresencs % highar fald of 2 pattena of dgnals ersily
recognizable 2s the ABRX past of 2 more complex spin
Spseenn. Tha AR qanh Q) angaamd, s an. <ightding
multiplet centred at 6 1.93 and the X part (H-6) as a
narrow multiplet {(3ix-tine multiplet in 3060 Hz expanded
woales cemzad g1 & 4.37 whose multiphicity wes certty due
to further coupling with the vicinal H-5.

These assignments were checked by double resonance
experiments. The irradiation of the multiplet at 5 4.37 due
to the oxymethine H-6 proton (X part) simplified the
eight-line multiplet centred at 6 1.93 (AB part) into a
double doublet due to a simple AB system with a value of
the coupling constant (J,, = 13.3 Hz) typical of geminal
protons. During the same irradiation, the broad double
doublet centred at & 290 gave rise to a doublet
(/5,0 = 9.7Hz) with a residual small splitting caused by
allylic coupling with H-3 (J, 5 ~ 1 Hz) and therefore it
must be attributed to H-5, which was further coupled with
H-9. The resonance of H-5 was clearly seen to be shielded
with respect to the corresponding allylic H-5 of 2.

The possibility of an opposite arrangement (OH-7, 2 H-
6) may be easily eliminated if one considers that in such a
case the signal multiplicity of the methylene protons
would be more complex owing to the further vicinal
coupling with the H-5, while the X part would be a simple
DoyYey 0 DorPe)s

The sl value af the coupling cans@at 5 o (I €l
did not provide useful information on the C-6
stereochemistry owing to the ambiguous data reported
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for proton—proton coupling constants in a saturated five-
membered ring [4]: e.g. J; = 20Hz and J7%° = 6.0Hz
respectively in the C-6 epimeric pair ajugol (xOH-6) [5]
and mioporoside (BOH-6) [6]. Moreover, in lamiridoside
(BOH-6) J5%° < 1 Hz [7].

The acetylation of 3 under mild conditions afforded the
hexaacetate 4 showing in the 'H NMR spectrum the
expected deshielding values (Ad = 1.05 and 0.5
respectively) for H-6 and 2H-10. The unchanged value of
the H-9 resonance indicated that the OH-8 had not
been acetylated as confirmed by the OH absorption in the
IR spectrum. The presence of a carboxyl group at C-4
which was responsible for the acidic properties of 3 was
proved by the preparation of the methyl ester 5 (COOMe
at 5 3.80).

As far as the configuration of 3 is concerned the
stereochemistry of the centres C-1, C-6, C-8 and C-9 was
established by !>C NMR spectroscopy. The comparison
of the '3C NMR spectra of 2 and 3 with that of
gardenoside 6 (Table 1) established the identity in 2 and 3
of the stereochemistry of the quaternary C-§ centre on the
basis of the C-9 resonance value, which is a sensitive probe
to establish the equatorial (x) or axial () configuration of
the OH-8 [4,8]. In fact, the C-9 resonance of 3
(44.56ppm) was in full agreement with that of
monotropein (2) (44.84 ppm) but, by contrast, was rather
different from that (51.38 ppm) of 6 (8-epimonotropein
methy] ester).

The shift difference observed for C-4 (y-effect, ~ 3 ppm)
in C-6 epimers, induced by the axial or equatorial
orientation of OH-6 [9], has been utilized as a useful
criterion to establish the stereochemistry of the C-6 centre
of 3. In fact, the close coincidence of the C-4 resonance
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values of shanziside methyl ester 7 [10] as the model
compound (110.75 ppm) and of unedide methyl ester 5
(109.79 ppm) clearly indicates a f-configuration for the
OH-6 of 3 (a mean value of ~ 107 ppm was to be expected
for the a-epimer).

Indirect chemical support for the f-orientation of the
OH-6 was provided, by analogy with the formation of
brasoside tetraacetate and asperuloside pentaacetate
during the acetylation of 6-a-hydroxy-7-deoxyloganic
acid (8) [11] and 10-deacetylasperulosidic acid (9) [12],
respectively, by the non-closure of a lactone ring between
OH-6 and COOH-4 during the acetylation of 3. In fact,
inspection of Dreiding models showed that the
stereochemical requirements for closure of the lactone
ring are identical in 8 and 9, and in the a-epimer at C-6 of
3, despite the different degrees of saturation of their
cyclopentane rings.

The stereochemistry of the C-1 and C-9 centres of 3
must be identical to that of 2 owing to the close
coincidence of both the J, , coupling constant values and
of the 'H and !*C NMR chemical shifts. Thus unedide (3)
has been assigned the structure and configuration 6,7-
dihydro-6-hydroxymonotropein.

EXPERIMENTAL

CC was on cellulose CF 11 (Whatman) or Si gel 70~230 mesh
(Merck). For acidic compounds, Si gel 70-230 mesh (Merck) was
treated with dil. HC], then washed with hot H,O to eliminate Cl1~
ions, dried and activated at 120° for 8 hr. TLC used Si gel SIF , ¢,
(Erba) and cellulose (Merck ) plates. Paper chromatograms (PC)
were on Schleicher and Schiill No. 2043 b Mgl paper. Spray
reagents: 2N H,SO,, heating at 120° (Si gel plates), vanillin (1 g

Table 1. '*C NMR chemical shifts of compounds 2-7*

3 4 5 2+ 6t 74
(D,0) (CDCl;) (D,0) (D,0) (D,0) (D,0)
C-1 95.16d 94.34d 9514d 9520d 94354 94.82d
Cc3 15386 d 15409 d 15353 d 15244 d 15188d 15266 d
c-4 109.79 s 10741s 109.79s 111.04s 111135 11075 s
C-5 4047d 3799d 4046d 37894 3798d 39.85d
c-6 7632d  78.68d 7638d 1380t d 13456d 7648 d
c-7 4397t 42491 4398 132824 13604d 4865
foX: 81.67s 77.11s 8165s 85655 86.13s 7891 s
c-9 4456d 4422d 4455d 4484d S138d 50594
C-10 68971 70691 69061 6739: 66.11¢ 24234
C-11 171.60 s §  17003s 171305 170.01s 17041 s
52.66 ¢ 52749 5276 4
c-r 9923 9687  99.16 9913 9923  99.14
c-2 7337 7118 7337 7353 7353 7352
c-3 7632 7245 7638 7647 7648 7628
c4 7034 6826 7033 7042 7049  70.51
c-5 7707 7245 7707 7715 7715 7716
C-6' 6145 6179 6145 6154 6163  61.63

* The spectra were recorded at 20 MHz. Chemical shifts in ppm from
TMS (dioxane (67.4 ppm) was used as internal standard).
+1In ref. [9] this spectrum was registered in CD,OD solution.

1 From ref. {10].

§ This carbon absorbs in the range of C=0 acetyls (173.03, 171.96, 171.66,
171.46, 171.06 ppm). Additional signals of Me (21.17, 20.62, 20.33 ppm).
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vamiliin, 2 mi cone. HEL 100wt WieOH} and 3,5-dinrosaticviic
acid (0.5g 3,5-dinitrosalicylic acid, 4g NaOH, 100ml H,0),
heating at 100° (cellulose plates and PC). All evapns of volatile
maiteridh were pefiormed under rel. pres. "I IR goecira were
recnRA W P M. Tiemind shifs v g i & vadws wd
coupling constants in Hz. HDO was used as internal standard at
4.70ppm 101 17, soths ana’ IS 161 CIOUT;.

Isolation of iridoid fraction. A reference specimen of Arbutus
unedo has been deposited at the Botanical Institute Herbarium
(University of Rome). Aerial part (7kg, fr.wt.} of Arbutus unedo
was narvesied i ineBoamed Uarken diine Crwversiy ciRome
in December 1979 and extracted twice, at room temp., with 909
EtOH (121 each) for 2 days. A PC eluted with n-
BuOH-HOAc-H,0O (63:10:27) and visualized with vanillin
showed 5 spots with R  values: 0.27 (pink, unedoside, 1), 0.25
(violet, monotropein, 2j, 0.17 (brown, A), 0.14 {(grey-viotet,
unedide, 3), 0.10 (violet, B). The ethanolic extracts were concd to
an ag. suspension which was washed with petrol, bp 40-70° (3 1.).
Decolorizing charcoal (1.2kg) was added and the suspension
stratified a2 Gooch tunnet {20 cm diam.y containing a tayer of St
ged (IR g} Mono- and Jisacchandes were wemovwed with H,3
(101.) and 59 EtOH (71.). 1,2, A and B (fractions Ia 10g and Ib
4©.2with 15 % B0 j25).),1.2 3and B jiractionsNa 13 gand11b
6 g) with 309, EtOH (201.); 2 and B (fraction III, 34 g) with 509
ErOH (81.).

Isolation of unedide (3). Fraction Ila (13 g), chromatographed
on celtutose {150 g) with n-BuOH sard with §,0, aftorded e
succession: (a) 1 and 2 (2g); (b) 2 and 3 (0.4g); (c)2,3 and B
(D2g); j@) 3 and B jD.5g) and jey B D.2g). Fraction jd)
FERAEIRADEEMRE U1 R & @l e CH O B8 G
(CW))OD:3D:3), aoroed )Dimpure 3 ))2Dme and }2)3 400 B
(A¥mg). Fracion (g) reciromarograpiied on gaalc” 31 ger' i
CMW (70:30:5) gave pure 3 (85 mg). [¢]3° —83° (MeOH, c4.9);
UV 1,,.0m (log &): 232 (3.8); IR v cm~*: 3300, 1700, 1650.
(Found: C. 4690; H. 598. C H,,O,, requires: C, 4706; H.
592%). '"HNMR (D,0): 6 754 (1 H, br.s.J; s = 1.0,H-3),5.63
(1H,d. J, 5 = 2.3, H-1), 437 (1L H, m, H-6), 3.63 2 H, 5, 2H-10),
290 (1H, br. dd, J; =33, Js4=9.7, H-5), 2.66 (1H, dd,
Jio=23,J54=97 H-9),193 (2H, o, J 5 = 13.3, 2H-7).

Monotropein (2). 'H NMR (these data are from a new
100 MHz spectrum we determined to complete the assignments
rreviousty regocted ((2 {{(D\Gi:d 740, H.br. s, /v s = (G H-
3y, 62t (LH, dd, J5 =28, Jo,=15.7, H-6}, 568 (I1H, &,
Js,=17,J¢,=>57 H-T),560 (1H, d, J, 5 = 2.0, H-1), 3.63
(2H, br.s,2H-10),3.6-3.3 (1 H, m,H-5),2.66 (1H,dd,J, , = 2.0,
Js o =80, H-9).

1585

Hexaacetvtunedide (41 Compound I (7 mgl was treated with
dry pyridine (0.3ml) and Ac,0O (0.6mi) for 2 hr at room temp.
MeOH was added, after 15 min the soln was evapd and the
residug. dhromatggrashed oo “adkhic” X gd v T 0-T0Ae
{759, gave i frexumctne % (Fome). ‘B WK |,y 750
(1H,s,H-3),5.53(1H,d,J, o = 2.5,H-1), 542 (1 H,m, H-6;,4.13
(L Br. s, FREIV), SUS\VHL br. ad, Js o = YU, ARY), L5801 ad;
Jio=25 Js5,=90, H-9), 1.8-2.1 (2H-7 hidden by ac._yl
signals).

Methyl ester (5). Compound 3 (85mg), dissolved in MeOH
5 a1} was meiniated with TH IR, 18 Ti,U a1 3 and e soin
taken to dryness. The residue, chromatographed on Si gel with
CHCl,-MeOH (4:1), afforded pure 5 (30mg). '"H NMR (D,0):
6752 (1H,br.s,H-3),5.66 (1H,d, J, ; = 23,H-1),4,36 (1H, m,
H-6), 3.80 (3 H, s, COOMe), 3.66 (2H, 5,2H-10),2.98 (1 H, br. d,
Js5.0=97 H-5),270(1 H, dd, J, o =23, /5y = 9.7, H-9), 1.93
(2H, 0, 2H-T).
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