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Abstract4-~-D-Glucopyranosyloxy-3,5-d~methoxyclnnamoylcho~~ne has been isolated from Muma o@wwlzs Ths 
natural product has not been described previously It IS the major component among the choline esters isolated from 
seeds of A o$icmalls A modified Ion-exchange technique was used for the lsolatlon of the total fraction of chohne esters 
Confirmation of the structure was obtamed by comparison with synthetic reference compounds and by transformation 
of the natural product mto known hydrolytic products Both CIS and tram isomers ofthe natural product were present in 
the isolated choline ester fraction Choline esters and basic ammo acids m seeds of A oficmal~s account for ca 1 5 k, and 
glucosmolates, mainly allylglucosmolate, account for ca 3 “/, of the seed weight 

INTRODUCTION 

Choline esters are well-known from the plant kingdom 
[ 1,2], and it appears that appreciable amounts of phenohc 
cholme esters occur m seeds of some glucosmolate- 
contaming plants Several reports describe the occurrence 
of smapme m cruclfer seeds, and two benzolc acid 
derlvatlves and three cmnamlc acid derlvatlves have been 
described as plant products while several unidentified 
choline esters awalt ldentlficatlon [3] 

The present work IS a contmuation of our previous 
investigations on the low MW constituents m 
glucosmolate-contaming plants We now report the ISO- 
latlon of glucosmolates, mainly allylglucosmolate and the 
choline esters present m seeds of Alluzrla oficmal~s It IS 
shown that 4-@-o-glucopyranosyloxy-3,5-dlmethoxy- 
cmnamoylchohne (1) occurs m an appreciable amount m 
this plant This 1s the first report on a choline ester which 1s 
also a glycoslde The presence of both the CIS and rrans 
Isomers of 1 m the isolated choline ester fraction IS brlefly 
dIscussed 

RESULTS AND DISCUSSION 

Extracts contammg the total amount of intact gluco- 
smolates and choline esters present m the seeds were 
obtained by established methods [3,4] Invest@lons of 
these extracts by PC and high voltage electrophoresls 
(HVE) revealed the presence of minor amounts of 
smapme (2) and two quantitatively dommatmg unknown 
compounds, both of which reacted with Dragendorff’s 
reagent [3] The total amount of choline esters was 
isolated by ion-exchange chromatography using the pre- 
vlously described CM-Sephadex C-25 column [3] con- 
nected m series to Amberhte and Ecteola columns [4] 
Separation of the choline esters was performed by use of 
CC and prep PC One of the two unknown compounds 
was identified as the fi-o-glucopyranoslde of smapme (1), 
while the other compound (3) was shown not to be a 
choline ester 

Chromatographlc and HVE data of 1, 3 and some 
reference compounds are presented m Table 1 The data 
for 2,5 and smaplc acid have previously been reported [3], 
they are included rn Table 1 for comparison Detection of 
the choline esters was performed by use of Dragendorff’s 
reagent as well as by observation of the different coloured 
spots they produced on chromatograms m UV light [3] 
Isolated 1 produced a spot m UV light with a colour 
slmdar to those observed for 2 and 4 but clearly distinct 
from both of these A dark blue spot m UV light was 
produced from 3, and no colour changes on exposure to 
ammonia vapour were observed for either 1 or 3 In 
accordance with the proposed structure, the data m Table 
1 reveal that 1 has more hydrophlhc properties than 2-5 
The higher MW for 1 compared to 2-5 and for 8 (see 
below) compared to smapic acid are also supported by the 
HVE properties The UV spectrum of 1 dissolved m water 
showed an absorption peak at 315 nm and no free phenol 
group was revealed m alkaline solutron Nearly the same 
UV absorption was found for 3 

Chemical shifts from 13C NMR spectra of 1 and 2 are 
shown m Table 2 These data and corresponding data for 
other glycosides [7, 81 reveal the presence of the B-D- 

glucopyranosyloxy part of 1, and the upfield shift of C-l” 
and C-4” as well as the downfield shifts of C-3” and C-5” m 
1, show that glucose 1s connected to C-4 of the phenohc 
moiety The shift values of 1 and 2, m combmatlon with 
previously reported spectra of other phenohc chohne 
esters [3], confirm the structures for 2 and the hitherto 
undescrlbed 1 The ‘H NMR spectra of the acetate salts of 
1 and 2 m D,O solutions (see Experimental) also confirm 
the proposed structures and reveal the /?-glucosldlc struc- 
ture of 1 as well as the E-(tram) configuratlons of both 1 
and 2 m accordance with the reported ‘H NMR spectra of 
4 [S] and 5 [9] The ‘H NMR spectrum of 1 revealed the 
presence of minor amounts of the Z-(cts) Isomer A new 
sample of 1, isolated from the same batch of seeds but 
subJected to lyopluhzatlon in all of the concentration 
steps, was found by the use of ‘H NMR to contam the TIS 
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Table 1 R,-values and lomc mobdltles of chohne esters Isolated from A ojjhmah and of some reference 

compounds 

Compoundt 

Rf-values from R/-values from HVE mob&les m 

R,-values from TLC on Si-gel TLC on cellulose buffer system* 

PC m solvent* m solvent* m solvent* (cm) 

1 2 3 1 4 1 4 pH 19 pH65 

Sinapme-O-P-D- 
glucopyranoslde (I) 021 093 004 0 10 013 045 - -85 -91 
Smapme (2) 057 095 0 14 032 015 090 066 -101 -106 
Umdentlfied compound (3) 0 57 095 099 - 020 - - -92 -95 
Feruloylcholme (4) 065 093 021 0 38 019 099 065 -109 -114 
Isoferuloylchohne (5) 062 095 0 18 0 38 016 094 066 -113 -11 I 

Smapic acid-O-j&D- 
glucopyranoslde (8) 054 - 071 081 089 082 -04 37 
Smaplc actd 080 085 0 19 085 095 098 - -05 46 

*For solvent and buffer systems, see Expenmental 
*The E-(rrans)lsomers 

and trans Isomers m a 3 7 ratlo This mdvzates that the czs Hydrolysis of 1 m 1 M ammonmm hydroxide at 45” 
Isomer IS also a constituent of the seeds Isomerlzatlon transformed 1 Into chohne and P-D-glucopyranosyloxy- 
between the CIS and tram forms tn the lsolatlon steps 1s 3,5-dlmethoxycmnamvz acid (8) m the course of 10 mm 
possible, but the trans Isomer IS considered to be the more Hydrolysis of 1 m 1 M hydrochloric acid at 45” resulted m 
stable of these two Isomers only a few percent transformation of 1 mto 2 and glucose 



Smapme-0-/?-@ucopyranoslde from Alharm o@malrs 

Table 2 “C NMR chemical shifts (6) for the different carbon atoms m chohne esters Isolated 
from A o&m& 

Moiety of carboxyhc 
Choke moiety of acid side cham In Phenohc mcuety of 

Glucose moiety 
1 2 I 2 t 2 of 1 

C-l 65 5 651 - - - - 
c-2 592 587 - - 

C-l’ - 1685 1670 - - 
c-2 1175 1151 - - 

C-3’ - 1469 147 3 
C-l” 1188 125 3 
C-2” - 1070 1075 
C-3” - 1533 149 1 
C-4” - 1318 1398 
c-5” - 1533 149 1 
C-6” - 1070 1075 
C-1”’ - - 103 7 
C-2’” - - 745 
C-3”’ - - - - 772 
C-4” _ - - - 700 
C-5’” _ - - 765 
C-6”’ _ - - 61 3 
OMe - - 57 1 57 2 - 
NMe, 546 54 1 - - 
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m the course of 2 hr, whereas reflux of the aclchc solution 
for 4 hr transformed 1 into glucose, smaplc acid and 
choline The PC and HVE properties of 8 and smapic acid 
are shown m Table 1, the UV propertles of 8 are nearly the 
same as mentioned above for 1 

The results from hydrolysis of 1 m alkaline and acldlc 
solutions support the structure of this new natural 
product In addition, m accordance with previously 
reported results [3], it reveals that alkahne condltlons 
need to be avoided during the lsolatlon steps and m the 
methods used for quantitative choline ester analysis The 
total fraction of glucosmolates isolated from the seeds of 
A o&malts accounted for 3 “/, by weight and more than 
957” consisted of allylglucosmolate Previously, it has 
been shown that the leaves ofthls plant contain allylgluco- 
smolate as the dominating glucosmolate [lo] The con- 
tent of choline esters in A oficmlts seeds accounted for 
less than 1 5% by weight Quantitatively dominating 
among the chohne esters was compound 1 which made up 
ca 507” A minor amount of 2 (ca 5 “/, of the amount of 1) 
was also present The unidentified compound 3 was 
shown by use of ‘H NMR spectroscopy not to be a 
choline ester 

EXPERIMENTAL 

Plant material Seeds of Alhar!a oflcmahs Andrz were ob- 
tamed from the BotanIcal Garden of the Royal Vetermary and 
Agricultural Umverslty, Copenhagen 

General methods and mstrumentaf~on Methods and equipment 
used for ‘H and ‘“C NMR, HVE, PC and TLC have been 
described elsewhere [3, 111 The solvents used for chromato- 
graphy were (1) n-BuOH-HOAc-H,O (12 3 5). (2) 
PhOH-H,O-13M NH,OH (120 30 1) (w/v/v), (3) zso- 
PrOH-H,O-13M NH,OH (8 1 l), HOAc-H,O (6 94) Buffer 
systems used for HVE were (1) pH 19 (HOAc-HCO,H-H,O) 
(4 1 45), (2) pH 6 5 (pyndme-HOAc-H,O) (25 1 500) 

IsolutIon of chohne esters and glucosmnlates Homogemzatlon 
and extractlon were performed as previously described [3,4] The 
extractlon residue from 30g of seeds was dissolved m Hz0 
(20 ml) and apphed to a column (15 x 30cm) of CM Sephadex 
C-25 m the H+-form connected m senes toa column ofAmberhte 
IR 120 (H+, 2 5 x 40 cm) which agam was connected m series to a 
column of Ecteola cellulose (AcO-, 2 5 x 30 cm) The three 
columns were flushed with H,O (3 I ) after wtuch the glucosmo- 
lates were Isolated from the Ecteola column [4] Investlgatlon of 
the glucosmolate fraction by HPLC, GC, PC and HVE as 
previously described [4] revealed only suugrm m ttus fraction 

The chohne esters were Isolated from the Sephadex column by 
use of 2 M HOAc as eluant Fractions (12 ml) were collected at 
40 ml/hr Fractions 5-14 (208 mg), 15-23 (236mg), 24-30 (74mg), 
3 l-55 (20 mg) and 56100 (20 mg) contamed basic ammo acids 
(lysme, argmme), chohne esters and 3 The residue from fractions 
5-14 was dissolved m H,O (2 ml) and apphed to a column (1 0 
x 80cm) of Polyclar AT The column was eluted with 
MeOH-H,O (1 l), fracttons (8 ml) were collected at 40ml/hr 
Fracttons 8 (llmg),9 (6Omg), 10(42mg), 11 (12mg)and 12-14 
(5 mg) contamed mamly 1 and 2 Compounds 1 and 3 In fraction 
10 were separated by prep PC m solvent 1 wluch resulted m 
1Omg 3 and 19 mg semlcrystalhne 1 The compounds were 
ldentlfied by well-estabhshed methods and the results from HVE, 
PC, TLC and ‘%Z NMR are shown m Tables 1 and 2 The ‘H 
NMR spectra of salts of 1 and 2 (acetates) exhIbIted signals at the 
followmg values, the results for 2 [3] are mcluded for comparison 
with the results obtamed for 1 Compound 1 (E-Isomer), 7 7 (lH, 
d, J = 16 Hz), 7 1 (2H, s), 6 6 (lH, d, J = 16 Hz), 5 1 (lH, m), 4 6 
(2H, m), 3 l-4 3 (23H. m), 195 (3H, s), compound 1 (Z-Isomer), 7 2 
(1H,d,J=11Hz),70(2H,s),61(1H,d,J=11Hz),51(1H,m), 
4 6 (2H, m), 3 l-4 3 (23H, m), 195 (3H, s),compound 2,7 7 (1 H, d, 
J = 16 Hz), 7 0 (2H, s), 6 5 (lH, d, J = 16 Hz), 4 5 (2H, m), 3 7 (2H, 
m), 3 2-3 3 (15H), 195 (3H, s) 
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