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Five sinapic acid esters were isolated from cotyledons of Raphanus sativus and have been iden­
tified with the aid of electron impact (El)-, field desorption (FD)-mass spectrometry and NMR 
spectroscopy: 6,3'-disinapoylsucrose, sinapoylcholine (sinapine), 6 -sinapoylglucoraphenine, 1 -si­
napoylglucose, and sinapoylmalate. Three of these derivatives are metabolically related in the se­
quence sinapoylcholine -»• 1 -sinapoylglucose —► sinapoylmalate.

Introduction

Cotyledons o f  Raphanus sativus exhibit a com plex 
pattern o f sinapic acid derivatives which undergo 
m arked quan tita tive  changes [1]. Besides sinapoyl­
choline (sinapine), which is w idespread in Bras­
sicaceae seeds [2 ], another ester was found in grow­
ing cotyledons to be 1-sinapoylglucose [3],

A t present, in  cotyledons o f Raphanus three new 
m ajor sinapic acid esters have been found [ 1 ] and 
this report presents the ir structural elucidation. In 
addition  the know n sinapoylcholine and 1 -sinapoyl­
glucose were reinvestigated and their structures veri­
fied.

D etailed  studies on the quantitative changes o f 
the five sinapic acid esters in Raphanus and the 
enzym atic studies in ref. [4 -6 ]  lead to the proposal 
that sinapoylcholine is interconverted to sinapoyl­
m alate via the in term ediate 1-sinapoylglucose. The 
com pounds are designated w ith the symbols B-l 
through B-5, according to the first study on this 
subject [ 1 ],

Materials and Methods
Plant material and culture conditions

Plant source and culture conditions for analytical 
work are described in ref. [1]. Plants used for p repa­
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rative isolation o f sinapoyl derivatives were grown 
in a greenhouse.

Isolation o f  sinapoyl derivatives

Extraction and chrom atography o f  sinapoyl deriv­
atives were carried  out as described in ref. [ 1 ]. 
Purification o f these isolated com pounds was 
achieved on Sephadex LH -20 (Pharm acia, U ppsala, 
Sweden) (90x2 cm ) elu ted  w ith C H 3OH. B -l, B-3, 
and B-4 were isolated from  dry seeds. B-2 cam e 
form 3-day and B-5 from  8 -day old seedlings. 
Elution on polyam ide CC 6 ; water, B -1 and B-2; 60% 
C H 3O H  in water, B-3; 0.035% N H 4O H  in C H 3OH, 
B-4 and B-5.

Instrumentation

H igh perform ance liquid  chrom atography 
(HPLC) for studying the kinetics o f sinapoyl deriva­
tives from  Raphanus germ ination  is described in ref. 
[4, 7]. The H PLC  colum ns were L iC hrosorb R P - 8  

and L iC hrosorb Si-60 (both 5 |im , 250 x4  mm) 
(Merck, D arm stadt).

Mass spectrometry was carried out w ith a MAT 731 
spectrom eter (V arian M AT, Brem en), equipped 
with a F D /F I  ion source and a total ion current con­
trolled em itter heating device; spectra were recorded 
with a strip  chart recorder. A ccurate masses were 
evaluated by peak m atching at a m inim um  resolu-
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tion o f 10000 (10% valley definition). F or *H N M R  
spectroscopy, a V arian EM  390 CW  spectrom eter 
(90 MHz) and a B ruker W H-360 F T  spectrom eter 
(360 MHz) were used. 13C N M R  spectroscopy was 
carried out w ith a Bruker W H-360 F T  spectrom eter 
(90.52 MHz).

Derivatization

Silylation was achieved w ith B S T F A /C H 3CN at 
80 °C. The sam ples were evaporated  to  dryness and 
redissolved in CHC13 for mass spectrom etry.

F or acetylation, sam ples were dissolved in 
(C H 3C 0 ) 20 /p y rid in e  (1 :3 ) and kept a t room  tem ­
perature for 36 h. Products were analyzed by TLC 
on silicagel SI F  (Riedel de H aen, Seelze) w ith 
CHC13 /C H 30 H  in various ratios. F o r mass spec­
trom etry, samples were dissolved in CHC13. F o r 
N M R spectroscopy, the acylated products were puri­
fied on silicagel columns eluted with C H C l3/C H 3OH 
(gravity or high pressure flow).

F or m ethylation, sam ples were trea ted  in C H 3O H  
with diazom ethane in ether, evaporated  to dryness 
and dissolved in CHC13.

Accurate mass measurements

B-3. m /e  574: 574.1681 (0.51 m m u err.), C ^ H ^ O ^ .
B-4. To find the values for m /e  402 and 386, the 

series o f fragm entations indicated in Table I was 
used; e.g., m /e  5 5 4 - 4 x C H 2CO gives m /e  386 and 
4 0 8 -C H 2CO +  2 H zO gives m /e  402. By this p ro ­
cedure, the ions in both series were reduced to 
402 and 386, respectively. Three (o f five) accurate 
mass values were used to calculate an average so 
that the elem ental com position o f m /e  402 could be 
assigned w ithout am biguity.

B-5. m /e  322: 322.0692 (0.34 m m u err.), C 1 5 H 1 4 0 8; 
m /e  224: 224.0672 (1.20 m m u err.), C n H 1 2 0 5.

Results and Discussion

Sinapoylcholine (B -l, MW: 327, C 1 6 H 2 4N O+OH~) 
and 1-sinapoylglucose (B-2, MW: 386, C 1 7 H 2 2 O 10)

In the 90 M Hz JH N M R  spectrum  of B -l, the 
signals o f sinapic acid (Table II) and those o f the 
choline m oiety (Table III) were found as expected. 
The most abundant ion in FD M S is m /e  310 
(Fig. 1), which represents the quartem ary am m onium  
cation o f the salt. The anion o f sinapoylcholine

Table I. Elemental composition of some ions in the El 
mass spectrum of B-4 acetate (peakmatching with PFK as 
reference).

m / e Error
[mmu]

Elemental composition

570.1398 -0.9 c 2 5h 3 0o 13s
554.1646 1 . 1 n1

Vi
X n

0 n
542.1462 0.4 1 = n0

01 C2 4H 3 0O12S pc
n537.1603 - 0 . 1 O2 5H 2 9O13

0
1

0

528.1305 0.3 0 O c 2 3h 2 8o 12s
496.1555* - 2 . 6 C2 3H 2 8Ox2

X
b X

n
n
X

494.1430 0.5 C 23H 26O j2
0

Io 00 b0
436.1364 - 0 . 6 c 2 1h 2 4o 10 0 3 0

X
408.0887 0 .8

1
n 0 c 1 9h 2 0o 8s

392.1111 0.3 C19H 20 0 9 0 x
0

375.1090 1.1 c 19H 19o 8
0

Calculated
402.0984 0.0 c 1 7h 2 2o 9s
386.1219 0.4 Ci7H 22O10

* m/e 494 was taken as reference.

present in the cotyledons has not been investigated 
and the O H -  in B-l was assum ed to be produced  by 
chrom atographic procedures.

The structure o f B-2 was confirm ed by *H N M R  
and the mass spectrum o f its TMS derivative (Fig. 2). 
The signal for the m olecular ion appears a t m /e  746. 
The fragm entation pattern is the pattern  o f a silylat- 
ed glycoside, bu t it should be m entioned th a t the 
m ethod described for positional analysis o f  fatty 
acid glucose esters [8 ] leads to an incorrect assign­
m ent in this case. Obviously, the ratio  o f the ions 
m /e  204 and m /e  217 is influenced by factors 
different from those in the spectra o f silylated fatty 
acid esters. The influence o f the arom atic m oiety on 
the stability o f fragm ent ions m ay be responsible for 
this behaviour.

310

c h 3o
\ __  H

/  / V

ch 3 

— n - c h 3 

ch 3 oh®

-

CH3O H 0 \
m le 207 —

2071 --------1*-------rJ
100 200 300

m le

Fig. 1. Field desorption mass spectrum of B-l (emitter 
temperature 12 mA).



Table II. Chemical shift of protons of sinapic acid moieties in ppm (5) (int. standard: TMS).
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Compound Solvent OCH 3 (s) Harom. (s) Holef. (d, Jtr=  16 Hz) Hphen. H acetate

B-l CD3OD/DCI 3.90 6.97 6.47 7.72
B-2 DMSO-D6 * 3.82 7.05 6.51 7.65
B-3 CD3OD 3.90/3.87 6.90/6.95 6.48 7.64/7.73
B-3 Ac CDCI3 3.88/3.90 6.86/6.95 6.44/6.49 7.66/7.75 2.33
B-4 d m s o - d 6 * 3.80 7.03 6.52 7.56 8.97

CD3 0 D 3.90 6.95 6.44 7.65
B-4 Ac CDCIa 3.90 6.91 6.57 7.69 2.34
B-5 CD3 0 D 3.86 6.90 6.41 7.46

* Int. standard: DMSO = 2.50 ppm.

Table UI. Chemical shift of protons in the ester moieties in ppm ((5) (int. standard: TMS).

Compound Solvent Chemical shifts

B-l CD3OD/DCI -C H 2 -O R : 4.58-4.80, m; -C H 2 -N : 3.80-3.90, m; -N (C H 3)3: 3.32, s ( + solv.)
B-2 DMSO-D6 * H-l: 5.48, m; H -2 -H - 6 : 2.90-4.00, unresolved

B-3 CD3OD H-l: 5.58, d; R O -C H -: 5.53, d; other: 3.30-5.00, unresolved
B-3 Ac CDCI3 H-l: 5.73, d; H-3,3',4': 5.33-5.79; H-2,4: 4.78-5.19

H-5,6,1',5',6 ': 4.17-4.53, unresolved
CH 3C O O -: 1.90 s ; 1.99, s ; 2.08, s ; 2.12, s (3)

B-5 CD 3OD R O -C H -: 5.52, m; -C H 2 -CO OH: 2.85, m

* Int. standard: DMSO = 2.50 ppm.

The positional analysis and the stereochem istry o f 
the glycosidic bond in B-2 are therefore based on 
the *H N M R  spectrum. The doublet for the ano- 
m eric proton appears dow nfield at 5.48 ppm  (<5) 
(Table III), which is sim ilar to  the value given for 
the proton o f the /?-glycosidic bound o f />-coumaric 
acid [9].

These data support the identification  o f B -l and 
B-2 in ref. [1],

6-Sinapoyl-a-D-glucopyranosyl-( l-2)-ß-U-( 3'sinapoyl)- 
fructofuranose (B-3, MW: 754, C ^ H ^ O ^ )

The m olecular weight o f B-3 is 754 m u as shown 
by FDM S (M H +: 755 (1.6%), M N a+: 111 (100%), 
M K +: 793 (6.5%)). The location o f one sinapic acid 
at each sugar un it its indicated  by the fragm ents 
observed in FDM S: the signal a t m /e  369 (6.3%) is 
derived from  sinapoyihexose — H 20  and the signal 
a t m /e  530 (7.7%) corresponds to sinapoyldisaccha- 
ride; a signal derived from  disinapoylhexose is 
absent.

The EIMS data are o f some interest. The elemental 
com position o f the ion at m /e  574 is and

could correspond to a product form ed by m igration 
o f one sinapic acid to the pyranose ring, followed by 
elim ination  o f the furanose to give m /e  592 (base 
peak). Subsequent loss o f H 20  leads to m /e  574. 
The reason for th is unexpected behaviour seems to 
be the 3'-acyl g roup  in the furanose.

The fact tha t silylation or acetylation yields oc- 
tasilyl or octaacetyl derivatives w ith m olecular ions 
at m /e  1330 (TM S derivative) or m /e  1090 (acetate) 
confirm s the findings described above (Fig. 3 
and 4).

m / e

Fig. 2. Electron impact mass spectrum of B-2 TMS deriva­
tive.
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The *H N M R  spectrum  allows the assignm ent o f 
the ester locations in the sugar system. In add ition  to 
the signals o f sinapic acid (Table II) and the un­
resolved signals o f the sucrose betw een 3.3 and
5.0 ppm, two doublets at 5.53 (7 = 6 .0  Hz) and at 
5.58 ppm  (7= 3 .0  Hz) were observed (Table III). 
The doublet w ith the sm aller coupling constant is 
due to the anom eric proton in the glucopyranose o f 
sucrose (ar-glycosidic bond) [ 1 0 ] and the second 
doublet is presum ed to be the signal o f the pro ton  at 
C-3'; this resonance is split into a doublet and the 
chemical shift and the coupling constant are very 
sim ilar to the values reported  for the octaacetate o f 
sucrose [10]. N o further dow nfield signal (>  5.0) is 
observed and this leads to the conclusion th a t the 
second ester is attached to one o f the prim ary 
hydroxyl functions. Since only one ester bond per 
sugar unit is possible — as discussed above — the

Fig. 4. Electron impact mass spectrum of B-3 acetate.

second sinapic acid is attached to C - 6  o f the glucose 
moiety.

The *H N M R  data for the peracetate o f B-3 are 
useful for confirm ing the presence of eight acetyl 
groups in the derivative -  two as phenolacetates 
(Table III) — and for a com parison o f the chem ical 
shifts given in the literature o f the octaacetate o f 
sucrose [ 1 0 ].

Results obtained from hydrolytic and chrom ato­
graphic procedures substantiate the structure re­
ported for B-3. H ydrolysis w ith 1 n  HC1 (100 °C  for 
30 min) yields, in addition  to free sinapic acid, two 
esters present in equal am ounts (1 :0.9). Fig. 5 shows 
an H PLC analysis o f the hydrolysis m ixture, to 
which authentic 1 -sinapoylglucose was added. 
Cleavage o f  the isolated esters with 1 n  N aO H  
(room  tem perature for 30 m in) gives sinapic acid 
and glucose (peak 2 ) or sinapic acid and fructose 
(peak 3). A lkaline hydrolysis o f the intact B-3 p rod ­
uces sinapic acid and sucrose, contam inated with 
relatively high am ounts o f free glucose and fructose. 
T he latter is taken as additional evidence for a 3'- 
acylation, increasing the reactivity of the ar-glyco­
sidic bond tow ards alkaline treatm ent. The hydrol­
ytic products were identified by direct chrom ato­
graphic com parison with authentic com pounds as 
described in ref. [1, 9]. D etection o f sugars was 
achieved by spraying with am m oniacal silver nitrate 
and heating at 100 °C.
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Retention tim e (m in )

Fig. 5. HPLC chromatogram of acid hydrolysis products 
from B-3 to which intact B-2 (dashed line) is added. Peak 
identification: 1 = 1 -sinapoylglucose; 2  = 6 -sinapoylglucose; 
3=3-sinapoylfructose; 4 = free sinapic acid. Conditions: 
linear gradient elution on LiChrosorb RP - 8  with 2% acetic 
acid in water to methanol within 40 min (1 ml/min).

6-Sinapoyl-ß-D-l-thioglucoside o f  4-methylsulfinyl-3- 
butenyl-isothiocyanate (6-sinapoylglucoraphenine) 
(B-4, MW: 658, C 2 3 H 3 0N O 1 4 S 3 NH +)

The structure o f  B-4 can be determ ined from  the 
following results.

Because no F D  data  could be ob ta ined  in B-4, the 
first estim ation o f the m olecular w eight o f the ester 
was determ ined via quantitative UV spectroscopy. 
W ith sinapoylcholine as reference (m olar absorptiv­
ity in C H 3O H  at 326 nm was determ ined to be 
1.5 x 104), the M W  was found to be ~ 6 5 8  mu.

A fter hydrolysis w ith HC1, a sulfate anion was 
detectable with BaCl, solution.

0X H H
/l14.63

C-----C.(116.3 )
/1 6 6 .3 9  124.39 

Q (169 7 ) ^ !2 6 7 )>

56.18 (56.2)
PCH3

81 67
(82.4 )

PU 28 45 
^ ” 2 (27 7 ) 

\ r „  30.37
9UH2(30.2

\  135 96 /
CH3 1 1 C = C 1 0

NT /  135 9 6 \
XS H

Fig. 7. Structure of B-4 including 13C NMR data in com­
parison with data taken from literature [12-14],

H igh resolution EIMS data o f  the acetate o f B-4 
(Fig. 6 ) reveals sinapoyl-thiohexose (C 1 7 H 2 20 9 S) as 
a part o f  the molecule. To find the elem ental com ­
position, the exact masses o f several ions were 
determ ined by peakm atching and reduction to their 
“central un it” , following the usual fragm entation 
pathw ay o f acetylglycosides [ 1 1 ] (for details see 
Experim ental section). Hydrolysis o f the thiogly- 
cosidic bond during heating o f the sam ple (probably 
caused by the presence o f sulfate) m ay produce the 
ion at m /e  554, w hich represents sinapoylhexose.

In Fig. 7 the chem ical shifts o f the carbons in the 
1?C N M R  spectrum  are given, together w ith the 
reference data for sinapic acid [ 1 2 ], thioglucose and 
the carbon o f the th ioaldoxim ic acid function [13]. 
T he carbons in the m ustard  oil m oiety have been

Fig. 6 . Electron impact mass 
spectrum of B-4 ace­
tate. The elemental com­
position of signals with an 
asterisk have been evalu­
ated; the intensity of some 
peaks varies strongly with 
probe temperature and the 
given spectrum displays not 
all of them.
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Table IV. 360 MHz 'H-NMR data of B-4 with DMSO-D6 (1) and CD3OD (2) as solvents. From the spectrum of its acetate 
in CDC13 (3) only the glucose data are given.

H-l H-2 H-3 H-4 H-5 H-6 ,6 ' OH H - 8 H-9 H-10 H-l 1 H-12*

( 1 ) ppm (<5) 
Ja, b (Hz)

4.88
9.5

3.10 3.31 
9 9

3.18
9

3.35 4.12/4.46 
7.2/1.5 12.0

5.30/5.36/5.58
6.0/5.0

2.74 2.50
6.5

6.31
15.0

6.53 2.46

(2) ppm (5)
J A,B (Hz)

4.92
9.5

3.31-3.44
9

3.68 4.26/4.63 
7.2/1.5 12.0

4.86 2.87 2 . 6 8 6.48--6.49 2.59

(3) ppm (5) 
J a , b  (Hz)

5.66
9

5.00 5.31 
9 9

5.20
9

4.14 4.43/4.56 
9 12.0

* For numeration of carbons see Fig. 7.

tentatively assigned, bu t calculations w ith incre­
ments [14] support the assignments, particularly  o f 
the sp 3-carbons.

The two N M R  spectra o f B-4 were taken  in 
D M SO -D 6 and C D 3O D  in order to  resolve different 
areas o f overlapping signals. The alm ost com plete 
resolution o f signals w ith D M SO as solvent shows 
the signal o f the m ethyl group a t 2.46 ppm . The 
sequence - C H  =  C H - C H 2-  is established by 
coupling constants and m ultiplicity  [15]. As a result

o f the absolute exclusion o f m oisture during sample 
preparation , the signals o f the three sugar-O H  are 
resolved (Table IV, Fig. 8 ).

A small quantity  o f isom eric products not sepa­
rated by our chrom atographic procedures is detect­
able in the N M R  spectrum . This is due to the 
presence o f e /z  isom eric double bonds and isom eric 
sulfoxides [16].

The structure o f the B-4 acetate is still under 
investigation. W e have not been able to  isolate the
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Fig. 9. Electron impact mass spectrum of B-5.

expected tetraacetate [17] because it appears tha t the 
sulfoxide undergoes a rearrangem ent o f a vinylogous 
Pum m erer type under the conditions used for acety- 
lation [18-20]. D espite this fact, the m ain  product 
could be used for confirm ing the structure o f the 
sugar m oiety [13, 2 1 , 2 2 ] and for carrying out mass 
spectroscopy.

In conclusion, the data described above reveal a 
structure in which the known glucoraphenine [23, 
24] is esterified with sinapic acid at C - 6  o f the 
thioglucose.

Sinapoylmalic acid (B-5, MW: 340, C 1 5 H 1 6 0 9)

FD M S o f B-5 shows the M + signal at m /e  340, 
and h igher em itter tem peratures enhance the loss o f 
H 20 .  The EIMS displays the same signal a t low 
intensity, and the elem ental com position o f m /e  322 
was found to be C 1 5 H 1 4 0 8 (Fig. 9).

M ethylation o f B-5 w ith d iazom ethane yields a 
m ixture o f dim ethyl and trim ethyl products. The 
two carboxylic functions are readily m ethylated,

whereas m ethylation o f the phenol is not com plete 
under these conditions.

The *H N M R  spectrum  contains two signals in 
addition  to those o f sinapic acid (Table III); w ith a 
double resonance experim ent and integration, the 
structure o f m alic acid, esterified at its O H -group, 
could be established.

Metabolism o f  sinapic acid esters

Q uantitative H PL C  analyses revealed m arked 
changes in concentration o f  the individual sinapic 
acid esters in developing Raphanus cotyledons. 
Sinapoylcholine was analyzed isocratically on 
LiChrosorb Si 60 w ith dichlorom ethane-m ethanol- 
H 2 S 0 4 (85 :15 :1 ) w ith a flow-rate o f 2 m l/m in  
( /r  =  450 sec). The other esters were chrom atographed 
on L iC hrosorb R P - 8  w ith the following elution 
system: 50 m in from  solvent A (H 20 /C H 30 H /-  
C H 3CO O H , 9 0 :5 :5 )  to 70% solvent B (H 20 / -  
C H 3O H /C H 3CO O H , 5 :9 0 :5 )  in A + B  at a flow- 
rate o f 1 m l/m in  (/R= B -2, 953; B-4, 1104; B-5, 1538; 
B-3, 1797 sec). T he results are shown in Fig. 10.

W hereas the am ount o f  disinapoylsucrose de­
creases only slightly during cotyledon growth, the 
seed constituents sinapoylglucoraphenine and 
sinapoylcholine are rapidly  m etabolized in  early 
stages o f germ ination. The degradation  kinetics of 
these two com pounds exhib it a significant d if­
ference. Follow ing a 2 0 -2 4  h lag-phase after sow­
ing, sinapoylcholine is almost totally degraded within
24 h. A t tha t tim e, sinapoylglucoraphenine rem ains 
at a constant level and its degradation  starts one day 
later. In 4-day-old seedlings, bo th  derivatives are no 
longer detectable.

Fig. 10. Sequential quantitative changes 
of sinapic acid esters in grow­
ing cotyledons of Raphanus sativus. 
Each point represents the mean of 
three experiments. Ordinate: ab­
sorbance/ml/pair of cotyledons. The 
dry seed contains approx. 160 nmoles 
sinapoylcholine. disinapoyl­
sucrose; sinapoylglucoraphenine; 
- O -  sinapoylcholine; sinapoyl­
glucose; -  A -  sinapoylmalate. Time (days)



914 M. Linscheid et al. • Sinapic Acid Esters in Raphanus sativus

The sinapic acid derived from  sinapoylcholine 
degradation is m ost likely reesterified to 1 -sinapoyl- 
glucose that reaches its highest concentration in 3- 
day-old cotyledons. This pathw ay is also proposed 
to occur in o ther Brassicaceae seedlings [3, 25]. The 
fate of the sinapic acid from sinapoylglucoraphenine 
is probably to serve as a precursor for several 
derivatives present in low concentrations. D egrada­
tion of the acid can be excluded since the total 
am ount o f sinapic acid in growing cotyledons re­
mains unchanged and in vivo inh ib ition  o f L-phenyl- 
alanine am m onia-lyase activity does not affect the 
m etabolism  of sinapic acid esters [3].

Sinapoylglucose seems to be the precursor o f a 
second reaction [ 1 ], resulting in the accum ulation  of 
sinapoylm alate. In late stages o f Raphanus germ ina­
tion (up to 14 days), sinapoylm alate is the m ajor 
sinapic acid derivative and sinapoylglucose reaches 
a low level in concentration.

At present we cannot establish w ith certainty that 
sinapoylm alate is the end-product. In the first study

[ 1 ], done w ith classical m ethods, sinapoylm alate 
(B-5) seemed to be metabolized.

In conclusion, we believe that in growing cotyle­
dons o f Raphanus sativus the following interconver­
sion sequence proceeds:

sinapoylcholine 1  -sinapoylglucose sinapoylmalate

The first reaction step is catalyzed by a specific 
sinapoylcholine esterase [4] and U D P G : sinapic acid 
glucosyltransferase [5]. In the second reaction step, 
leading to sinapoylm alate, an enzyme which m ight 
be classified as 1 -sinapoylglucose :L-malate sinapoyl- 
transferase was shown to be involved [6 ].
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