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INTRODUCTION 

A number of non-flavonoid glycosides have been 
identified in species of Viburnum (Caprifoliaceae). Salicin 
(1) was reported as a constituent of V. prunifolium [1], a 
finding not confirmed by later work, however [2]. 
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resulted in the formation ofhenryoside (2) as an additional 
product. This suggested the presence in 2 of an ester- 
linked salicin moiety, and furthermore, that 3 was a 
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Furcatin was found as a constituent of E furcatum [3]. 
During our current studies of glycosides in Viburnum, we 
reported the occurrence of dihydrochalcone glycosides 
in V. davidii and E lanthanoides [4], and of iridoid ester 
allosides in V. opulus [5]. 

RESULTS AND DISCUSSION 

An aqueous extract of V. henryi Hemsl. has provided 
salicin together with two novel bis-glucosides, henryo- 
side, and benzoylhenryoside, to which we have assigned 
the structures 2 and 3, respectively. 
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benzoate of 2. Hydrogenolysis (Pd/C) of 3, followed by 
treatment of the resulting mixture with CH2N 2, gave 
o-cresyl-fl-D-glucopyranoside, indistinguishable from a 
synthetic specimen, and 5, a monobenzoate of 4. This 
confirmed that in 2 and 3 the 'b-unit' (4) was esterified 
to C-Ta in the salicin moiety, and that the benzoic 
ester group was attached to the 'b-unit' of 3. 

The IH NMR spectrum of 3 exhibited a signal at 
5.60 ppm, assigned to the methylene group of a benzylic 
ester, showing a downfield shift (0.89 ppm) when com- 
pared with the benzylic group of salicin. In the spectrum 
of 5, a doublet (J = 7.5 Hz) at 5.22 ppm was assigned 
to H-lb ' ,  and a triplet (J - 8 Hz) at 5.47 ppm to a proton 
located on the carbon atom carrying the benzoyloxy 
group. No change occurred by irradiation of the H-lb '  
signal at 5.22 ppm, leaving H-3b' and H-4b' as possi- 
bilities. I3C NMR data are compiled in Table 1. In 
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OR 

Salicortin: R = H 
Tremulacin: R = Bz 

Methanolysis of 3 yielded methyl benzoate, salicin 
and the known [13] glucoside 4. Milder conditions 

* Part 3 in the series "Glycosides in Viburnum". For Part 2 
see ref. [5]. 

2 the signals from both glucosyl moieties had the expected 
values [4], while in 3, one set was abnormal. Here the 
signals arising from C-lb' ,  C-5b' and C-6b' were seen 
at the usual frequencies, leaving three signals which 
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Table 1.13C NMR data (recorded at 22.63 and 67.88 MHz) for Viburnum phenolic glucosides 

905 

Compound (soN.) Part C a C 2 C a C,~ C~ C 6 C 7 C a , C 2, C a, Ca, C r C6, 

Salicyl alcohol a 126.6 153.9  115.1 128.6 119.9 128.6 59.4 
(D20/d6-Me2CO 
Salicin (1) (D20) a - -  155.5 116 .3  130 .5  124.2 130.5 60.1 101.5 73.9 76.6 70.3 76.9 61.5 
2,6-di-OH-benzoic b 101.1 161.6 108.4 136.7  108.4 161.6 

acid (D20)* 
Henryoside (2) a 125.5 155.8  116 .5  131 .5  124.1  131.5 64.0 101.6  73.8 76.5 70 .3  76.9 61.5 
(D20) b l l l . l  156.0 108.0 134.2 111.9 156 .8  169.4 100.9  73.7 76.4 70.2 76.9 61.5 
Benzoylhenryoside (3) a 125.5 155.9 115.9 131.2 123.0 131.2 63.0 101.8  73.9 76.9 70.2 76.9 61.5 
(D20) b 109.7 156.9 107.1 133 .8  111.2 158 .9  169.1  101 .2  72.4 78.2 68.4 76.9 61.5 

c 130.0 130.0 128.8 133 .8  128 .8  130.0 167.4 

* Data from ref. [6]. 

were assigned to C-2b' ,  C-3b'  and  C-4b'. The  shift 
differences f rom the n o r m a l  values (1.8 p p m  downfield 
for C-3b',  1.3 and  1.8 p p m  upfield for C-2b'  and  C-4b'  
respectively), prove tha t  the benzoyloxy group  is a t tached  
to C-3b'. 

The  t ann in  contents  in a n u m b e r  of Viburnum species 
have recently been studied by Bate-Smith  [7],  who also 
found indica t ions  for the presence of d ihydrocha lcone  
in V. henryi. If  d ihydrochalcones  like those in K davidii 
[4]  were present  they would p robab ly  have been 
detected by us, whereas,  for example, vicinal polyphenols  
would be lost in the isolat ion process. 

Dur ing  our  screening of some fifty species of Viburnum, 
salicin was isolated f rom V. lantana L. and  V. schensianum 
Maxim.  together  wi th  ir idoid glycosides, occurr ing 
quite generally within the genus. We were unable  to 
conf i rm the repor ted  occurrence of salicin in V. pruni- 
folium [1],  in which we found only arbut in .  Salicin is 
k n o w n  f rom many  species of Salicaceae, where it often 
occurs  modified by esterification with a romat ic  acids 
[8]. The pair  of salicin derivatives, salicortin and  tre- 
mulacin,  have  some remarkab le  features in c o m m o n  
with the pair  2/3, a l though  in this case only one glucosyl 
moiety is present  and  benzoic  acid is esterified at  C-2'. 

Methyl -2 ,6-d ihydroxybenzoate  has  been detected in 
cassie oil (Acacia farnesiana) [9],  and  the m o n o m e t h y l  
ether  of 2 ,6-dihydroxybenzoic acid in the monocotyle-  
dons  Gloriosa superba [10] and  Colchicum autumnale 
I l  1] (Liliaceae). 

EXPERIMENTAL 

aH NMR spectra were recorded at 90 or 270 MHz, 13C NMR 
spectra at 22.6 or 67.9 MHz. Microanalyses were performed 
at NOVO Microanalytical Laboratory, Bagsv~erd, Denmark. 
Hburnum henryi (IOK 24--75), V. schensianum (IOK 30-76) and 
V. lantana (IOK 96-72) were collected in June or July at the 
Botanical Garden of The University of Copenhagen. Vouchers 
have been deposited at the Botanical Museum, Copenhagen 
(c). 

Isolation of salicin (1), 2 and 3. Foliage of V. henryi (405 g) 
collected in July 1975 and stored at .~ 23 ° was homogenized in 
EtOH and worked up as previously described [12] to give an 
Me2CO-eluate (9.4 g). Chromatography of an aliquot (4.9 g) 
on Si gel with CHC13-MeOH (8:1, 6:1, 4: 1) as eluents yielded 
3 fractions. The first consisted of 3 (1.7 g, 0.8 %), crystallized 
from EtOH to give the pure compound, mp 139. 0-140.0; 
[~]1~ 2 - 1 7  ° (c, 1"0: MeOH); ~H NMR (M%CO-d6/TMS): 
6 5.05 (d, J = 7.0 Hz, H-lb'), 5.33 (t, J = 8.0 Hz, H-3b'), 
5.60 (2H, s, H-7a), 6.78 (d, J = 8.0 Hz, H-3b or H-5b), 6.96 

(d, J = 9.0 Hz, H-3b or H-5b), 8.26 (H-2c and H-6c). (Found: 
C, 55.78; H, 5.42. C 3 3 H 3 6 0 1 6  , H 2 0  requires: C, 55.95; H, 
5.43 ~o). The next fraction was salicin (1, 0.31 g, 0.6 ~), identical 
(all NMR, mp and mmp) with an authentic sample. The last 
fraction consisted of 2 (0.55 g, 0.2 ~o), crystallized from EtOH, 
mp 128-130 °, [0~] 26 -- 47 ° (c0.4; MeOH): aHNMR(DzO/DSS): 
fi 5.05 (H-la' and H-lb'), 5.50 (2H, s, H-7a), 6.69 (d, J = 8.0 Hz, 
H-3b or H-5b), 6.74 (d, J = 8.5 Hz, H-3b or H-5b). (Found: 
C, 51.38: H, 5.89. C26H3oOas, 1~ H20 requires: C, 51.30; H, 
5.48 ~). 

Methanolysis of 3. A soln of 3 (180 mg) in NaOMe/MeOH 
(2~,  6 ml) was heated under reflux for 40 min, and after 
neutralization with aq. HOAc, extracted with Et20. Separation 
of the aq. fraction by prep. TLC with CHCI3-MeOH (3:1) gave 
salicin (55 rag) and 4 (51 mg), mp 171-171.5°; [ct]~ 6 - 4 0  ° (c 
0.7; MeOH) (rep. mp 173-176 °, [ct]o - 50 ° [13]); aH NMR 
(D20/DSS): 6 3.96 (s, COOMe), 5.17 (d, J = 7.0Hz, H-lb'), 
6.78 (d, J = 8.5 Hz,-H-3b or H-5b), 6.87 (d, J = 8.5 Hz, H-3b or 
H-5b), 7.50 (t, J = 8.5 Hz, H-4b). The Et20 fraction, after 
concn and saponification with 2N NaOH, gave benzoic acid 
(6 mg), mp 116-117 °, 

Partial methanolysis of 3. A soln of 3 (300 mg) in NaOMe/ 
MeOH (1 ~,  10 ml) was left at room temp. for 15 min and worked 
up as above by prep. TLC to yield 4 (44 mg), salicin (40 mg) and 
2 (73 mg). 

Hydrogenolysis of 3. A methanolic soln of 3 (180mg) con- 
taining Pd/C (5 ~,  40 rag) was treated with H E at atm. pres. 
After filtration, CH2N z in Et20 was added in excess. TLC 
(CHCI3-MeOH (4:1)) of the crude product yielded as the faster 
running band 5 (80mg), hygroscopic crystals from MeOH, 
mp 171.5-173.5°; [~]ZDO--74 ° (C, 0.7; MeOH); 1H NMR 
(Me2CO-d6/TMS): 6 3.95 (s, COOMe), 5.22 (d, J = 7.5 Hz, 
H-lb'), 5.47 (t, J = 8.0 Hz, H-3b'), 6.73 (d, J = 8.5 Hz, H-3b 
or H-5b), 6.93 (d, J = 8.5 Hz, H-3b or H-5b), 7.44 (t, J = 8.5 Hz, 
H-4b), 8.20 (H-2c and H-6c). (Found: C, 55.01; H, 5.29. 
C2aH22Oa0, 1~ H20 requires: C, 54.67; H, 5.47 ~o). The slower 
moving band was o-cresyl fl-D-glucopyranoside (46 mg), mp 
160-161°; [ct] 2 ° -  88 ° (c, 0.4, MeOH), rep. mp 162-163 ° 
[14]); XH NMR (D20/DSS): 6 2.28 (s, CH3), 5.10 (dd, J = 6.5 
and 1.5 Hz, H-1 '). The compound was identical with an authentic 
sample, prepared from salicin pentaacetate by catalytic hydro- 
genation (Pd/C) followed by deacetylation (NH3/MeOH). 
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Two  a n t h r a q u i n o n e s  and  their  g lycos ides  have been 
isola ted  f rom the  roo t  ba rk  of  Cassia javanica. The 
ag lycones  were ident i f ied as e m o d i n  and  5-hydroxy-  
e m o d i n  by mp,  romp,  co lour  r eac t ions  and  IR, UV,  N M R  
and  mass  spectra l  da ta .  These  c o m p o u n d s  have been 
r e p o r t e d  f rom m a n y  p lan t  sources  [1, 2]. 

The  o t h e r  two p igm en t s  (1, 2) gave charac ter i s t ic  
co lour  r eac t ions  of  h y d r o x y a n t h r a q u i n o n e s  and  on 
acid hydrolys is ,  gave e m o d i n  and  5 - h y d r o x y e m o d i n  
respect ively  toge the r  wi th  r h a m n o s e .  The  a t t a c h m e n t  
of  the sugar  mo ie ty  at pos i t ion-8  in b o t h  cases was 
es tab l i shed  by co lou r  r eac t ions  [3]  and  UV spec t ra  [4]. 
Bo th  glycosides  c o n s u m e d  2 tool o f  pe r ioda te  per  tool 
l ibera t ing  one  mol  of  formic  acid showing  that  the sugar  
is in the p y r a n o s e  form.  Hydro lys i s  o f  the g lycosides  by 
d ias tase  ind ica ted  the c~-nature of  sugar  l inkage in bo th  
cases. O n  the basis o f  these  results ,  the glycosides  are 
1 ,6-dihydrox y - 3 - m e t h y l a n t h r a q u i n o n e  8 -O-~-L- rhamno-  
p y r a n o s i d e  (1) and  1 ,5 ,6 - t r ihydroxy-3-methy lan th ra -  
q u i n o n e  8-O-c~-L-rhamnopyranos ide  (2). These  glyco- 
sides have no t  been r e po r t ed  earl ier  f rom any p lan t  
source.  

EXPERIMENTAL 

Acetone-extracted root bark of Cassia javanica was extracted 
with hot EtOH. The conc extract was diluted with H20 giving 
an aq. soln (fraction I) and coloured residue (fraction II). 

Fraction (1) on extraction with EtOAc and chromatography 
over Si gel with EtOAc gave the glycoside 1, mp 200(d.). Further 

elution with EtOAc MeOH I I : l )  gave glycoside (2), mp 310. 
Compound (I). IR v ~ c m  ~: 3380. 2900, 167(t, 1620, 1595, 

1470, 1320, 1100, 1065, 1035, 830 and 770. ).,~'°H nm: 220. 280 
and 415. Acetate (Py/AczO), colourless plates, mp 185'. ~H 
NMR (60 Hz, CDC131 6:7.28 (br, l-H. C-2), 7.95 (br, l-H, C-4}, 
7.75 (d, l-H, C-5), 7.38 Id. I-H, C-71, 2.45 (C-CH3) , 2.30 (s, 
--COCH3),  5.10 (H-l, rhamnosyl) and 3.10-5.10 (m, 5 sugar 
protons), 0.95 (CH 3 of rhamnosyI). 

Compound (2). IR v ~  cm ~: 34211, 3300, 2920, 1640, 1550, 
1475, 1450, 1375, 1360, 1300, 1230. 1220, 1100, 1(/30, 990, 890, 
87(/, 835 and 7711. ),~{H nm: 235, 255, 30(1 and 470. Acetate t2) 
colourlcss crystals, mp 130. ~H NMR (60 Hz, CDCla) :~5 7.25 
(br. 1 -H, C-2), 7.75 (br, 1 -H, C-41, 7.00 (s, 1 -H, C-71, 2.47 (C--C H 3 ), 
2.35 (--COCH3), 5.15 (H-I rhamnosyl), 3.0(/ 5.15 (m. 5 protons 
of rhamnose) and 0.90 (CH 3 of rhamnose). 
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