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‘H-N.M.R., ’ 3C-N.M.R., AND hIASS SPECTRA OF 

GLUCOSINOLATES AND RELATED COnlPOUNDS 

The mass spectra of psr(trimcthylsil~I) ethers of desulfated glucosinolatcs are 

dominated by ions derived from the piucose moiety. The ions at rfr,/e 271 and 361 are 

much more abundant than in the spectra shoL$n by the corresponding derivatl\es of 

hcvosrs and their simple &cosides. The individual ~luco~inolat<s arc distinguished 

by a fe\v Ions orl_ginatln: from their r:b;)cctI\e aglycon groups. The ‘H- and “C- 

n.m.r. spectra of sinigrtn and some clojc:j related compounds have been analyzed. 

The general structure of glucosinolstes (e.g., 7) was proposed in 1356’, and 

ienfied a year later by synthesis’. Certain plants of the Cr~rc!/kz~~ family are 

Important In the food-oi! industry, but their additional use as a protein source is 

hindered by their large content of glucosinolates. 1% hich may yield tokic products on 

enz>mtc hydrolyjtj”. R&able methods are therefore needed for the detcc:ion and 

quantitative determination of ~lucosinolatrs, particularly when these ha\< been 

psrrly removed by extraction or by plant breeding. We recently reported4 a new 

method for determination of the total glucosinolate content and applied it to defatted 

seeds from some culti\‘ars of rape or turnip rape. In addition. the individual com- 

pounds were determined’ by g.1.c. as trimsrh>lsil~l ethers (I-5). u hich arc formed with 

concomitant desulfationh. Their identification \\as based oniy on the g.1.c. retentrm 

times, li hich matched those shol\n t+ authentic samples or found in the litcrature5.“. 

This comparison is no\\ extended to the mass spectra. The ’ H- and I “C-n m r. 

spectra of the simplest glucosinolatc, sinigrin (7), and some related compounds are 

aljo analyzed. The spssrra confirm rhc prrl ious rewlts-L, and such confirmation is 

imperative \\hen analyzinp complex samples or those haLin a IO\V content of 

~lucosinolate, such as protein concentrate’ or isolate”, which may bicld numerous, 

large. but irrelevant. .g..l.c. petik~. Knowledge of the general spectral featurc~ should 

also aid future identification of less-common glucosinolates for which g.1.c. data ma) 

not be available: some 50 representatives have already been found in Crucifix-ae 

plants3. 



2 IL OLSON, 0. IHEAhmER, P. lihMN 

RESULTS AND DISCUSSION 

Trimethylsilylation’ of pure glucosinolates, concentrated extracts of defatted 
seeds’, and the sodium salt of I-thio-/?-D-glucopyraoose yielded the respective 
derivatives 1-4,2-S, and 6 (along with some Q anomer), all of which were investigated 
by g.l.c.-mass z+psct.romer.ry. Fig. I shows the g.1.c. analysis of a typicd trimethyl- 

silylsted seed-ektract, IO which authentic sin&in (7) had been added. The mass- 
spectral data for l-6 are collected in Table I. The spectra of 24 were iadepeodeot of 
their source, and those of 6 and its z wnomer \%erc identical. In Table I, abundance is 
given as a percentage of the bare peak, disregarding the strong hle,Si+ peak at tta/e 73. 
Ions are listed only If they are of diagnostic value, or if their relative abundaoce is 
> 20?G in aoy specu-um and > 10 %I in the one considered. The larger, upper part of 
Table I contains all ions common to 1-5. As most of these ions are also shown by 6, 
they are largely derived from the glucose moiety (P), although trimerhylsilylated 
fra_gmeots of the side-chain R in 4 aod 5 may also contribute to the smaller ioos. Most 
ions commoo to I-6 are also shown by the trimethylsilyl ethers of glucose, other 
be?toses. and their simple glycosides, but the largest ioos are much less promineot in 
the specua of the latter compounds, or even abseot”. The ditkence is most 
pronounced for 1 he peak at nz/r 36 I. This peak. aod perhaps also that at r~r/e 27 1, may 
therefore be characteristic of :-thiohexopyranosidej or at any rate of I-thiogluco- 
pyranosidrs. In any case. these peaks are let-y useful for distioguishiog glucosinoiates 
from sugars and ordrnary glqcosldcs often present in plants. 

1 R= 

2R’= 

3R= 

4R= 

5Q z 

The smaller, lov+er part of Table I contaios those ions which are unique for one 
particular compound. Apart from III and kI - hIe., these ions are no doubt derived 

from the respective aglycon moiety (0). Unlike P and its fragments, they generally 
appear at even m/e VrrlUeS, owing to the presence of one nitrogen atom in 0. The only 
exceptions are the odd-electron P fragment at r$e 20-I and the Q fragment of 3 at 
n!/e 67, which has probably lost the nitrogen and coosists of C5H:. The Q fragments 
are eerefore easy to recognize, and provide a simple meaos of ideotifyiog the 
individual glucosioolates. However, their small number and fairly low intensities may 
constitute a certaio limitation, as indicated by the spectrum of 5. 
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Fi,o. I. G.l.c. a.n;llysij of a tnmethyls;lyla~zd mral-exlracr, to which sinigrin (7 has been added, rrom 
ihe Bmssica campssfris cullwar “Bsfe” on 3 9b of OV-I at ?S ml of Nr/mln; S = ocla-O-(rrlmcfhyl- 
sdyl)sucrose. 

Table 11 shows the n.m.r. chemical shifts (6) for desuliosinigrin (8). its per- 
(trimethylsilyl) and peracetyl derivatives (I and 9, rejpecti\cly), and sinigrin (7). 

Methyl /3-D-glucopyranoside (11) and the ptracetyl derivative (IO) of I-thio-B-D- 
glucopyranose are included for comparison. Even under anhydrous conditions, 1 
decomposed fairly rapidly, as evrdenced by a gradually increasing ‘H-n.m.r. singlet 
at 5 0.28, due to trimethylGlanol. OGng to the heat generated by the proton noise 
decouplcr and the longer time needed, it was not possible to record a satisfactory 
’ 3C-n.m r spectrum of 1. The spectra of 1 and 7-9 each showed only one of the t\!o . . 

geometrical isomers expected from the carbon-nitrogen double bond. 
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TABLE I 

RTMm ABUNIJANCE OF Dl9CNOSTlC IONS IN THE tU_xS SPECma OF DESULFOGLUCOSI~OL4TE AND 

I-THIO-fl-D-GLUCOPI’R-\hOSE PER(TRJWEETH\LSILYL) ETHERS (I-6) 

m/e Frogmenr 1 2 3 A s 6 

59 
73 
75 
s9 
103 
117 
129 
131 
133 
147 
169 
IS9 
191 
20-l 
105 
‘17 

243 
271 
361 
435 
451 

m’OCH=CHOR’I: 

P-?HOR’ 
P- HOR’ 

P 
Q-S-HOR’-HCIU 
@-S-HOR’ 
Q-S 
Q 
hl - h¶e. 
hl 

39 
a 

75 
25 
71 
31 
47 
I-1 

E! 
53 
IS 
22 
14 
18 
il 
25 
31 

100 
h 
b 

31 

b 

b 

55 
II 

90 
20 
s5 
35 
45 
20 
20 

100 
20 
15 
I5 
20 
IO 
45 
70 
70 
80 

t 
b 

1.5 
1.5 
20 

b 
b 

33 IS 26 
G a a 

SI 65 76 

59 46 
26 21 
-Ii 48 
IS 18 
I.5 IS 

100 89 
26 I6 
15 I7 
I5 17 
15 19 
15 I8 
59 56 
15 I6 
15 21 
59 I00 

II b 
b b 

60 
39 
-II 
‘I 
21 
93 
IS 
20 
31 
26 
25 
75 
20 
24 

itI0 

b 

41 
26 

h 
b 

14 
20 

b 

b 

10 

‘4 
a 

70 

67 
29 
33 
16 
71 

100 
17 
I6 
I9 
67 
31 
59 

75 

4 

=:- 100. bTrace. 

TABLE II 

N.hI.F. CHELIICAL SHUTS (d) FGR SlVlGRM 4kD REL4l-ED COMPOUNDS W CD,OD (‘H) OR H:O (“a 

H-l 4.70 
H-2 -?.20 
r-f-3 -3.3 
H-l -3.3 
H-5 -3.3 
H-6 -3.5 
H-6’ -38 
H-8,8’ 3 66 
H-9 5.9-l 
H-A 5 -JO _ ._ 
H-8 5.10 

4.92 4.8s 5.49 5.38 4.1s 
3.21 3.20 5.01 5.02 3.16 

-3.3 -3.3 5.3s 5.37 -3.3 

-3.3 -3.3 5.06 5.05 -3.3 
-3.3 -3.3 -4.1 4.0-t -3.3 

3.66 3.67 -3.2 4.07 3.68 
3.89 3.90 -4.2 4.23 3.87 
3.54 3.40 3.57 
6.06 6.00 6.07 

5 32 5.2: 5.31 

3.l& 5.1 I 5.21 
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TABLE 11 (conrimwd) 

NucItws 1” 7 8’ 9C.d IO’.= 11, 

CH3 I 
C-l 
C-C! 
c-3 
C-4 
c-5 
C-6 
c-7 
c-s 
C-9 
C-IO 

0.10 
0.15 
0.16 
0.18 
0.20 

82.4 
52.9 
78.0 
70. I 
SO.7 
61.6 

163.6 
36.9 

132.9 
119.1 

82.0 
73.0 
78.0 
70.0 
80.5 
61.6 

135.3 
36.5 

133.7 
I IS.5 

I .96 

2.00 

‘.oo 
1.02 
2.12 

SO.2 
70.5 
71.0 
68.7 
76.5 
62 6 

160.3 
37.3 

131.3 
118.9 

I.94 3.53 
I .96 
I .99 
I .99 
2.33 

80.6 103.9 
69.5 73.8 
74.4 76.5 
63.7 XI.5 
769 76.5 
62.3 61.7 

atn ccl,. “idOff. II.0 In hle:SO. ;In (CDa).CO (‘H) or CDCIa (‘%I). %H, 19.1-20.6; C=O 
169.0-169.1. CCH, 2O.-K?O.7. 31.0; C=O 169.3, 169.j. 169.9. 170.3. 191.9. fCH, 57.6. 

Assignment of all protons and determination of their mutual coupling constants 

(J) were possibk only for 10. This has been done prevlou4y with virtually the same 

results, acetone-d, beiog the most useful solvent’ ‘. Using the same solbent for 9 and 

successive spin-decoupling, first-order anal>& of the whole spectrum was possible. 

apart from the strongly overlapping signals for H-5, H-6, and K-h’. The J values 

obtainable for the other compouods are not given. as rhey did not differ materislly 

from the corresponding values for 9. These are collected in the experimental section. 

The diastereotopic protons 8 and 8’ in 1 and 7-9 appeared equivalent, or nearly so. 

The I 3C-n.m.r. shifts for 11 accorded well with those reported by Breitmaier 

eC Gl.“, in view of their use of an external reference. For the other compounds, the 

assignmenr of carbons 6-10 followed immediately from their shifts and from the 
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multiplicities ih the “off-resonance” spectra. In the fatter spectra of 7 and 8, the C-l 

signaJ was clearly distinguished from those of C-2-C-5 by its smaller splitting. This 

obsemation ~vas expected from the fact that the H- ! frequency was particularly close 
to that of the proton decoupler, which was centred at the proton resonance of external 
benzene. Using the same argument, the C-S signal ~‘as identified by its large splitting 

in the oiY-resonance spectra of 9 aod 10. in chloroform-d solution, the Pr(fod),- 

induced ‘H- and ’ 3C-n m-r. shifts’ 3 clearly showed preferential coordination of the . 

shift reagent to the nitrogen atom in 9 and to the acetyl group at C-6 in 10, but, in 

both compcunds, the induced shifts for C-_ UZ-4 were too similar to permit their 
murual assignment. The remaining carbons in 7-10 therefore had IO be identified by 

shift comparison behieen the spectra. using thst of I1 BS a saTe starting-point’ 2. Such 

a procedure is not bery sdtrsfxtory, but alternative assignments hardly seem 

reasonable in the present case. 

As to the gluc~sc s~gngnals. the only subjtsntial shift differences between 7-8 and 

Iii concern H-l and C-l, and this circumstaoce IS not Irkely to change on simultntxous 

derl\atization. Although the C-1 shift might therefore be used to distinguish 

glucosinolates from ordinar) glycosides, the H-l shift \+ill not exclude a-glycosides, 

and other methods, r.g., g.l.c.-mass specrrometry, Hill gwerally be morz conxnicnt. 

Ar indicated oboie, for identification of individual glucosinolates, the fatter metboii 

may however be someivhat limited in scope. Confirmation by other methods is a 

minimal requirement tvben pre\~iou~ly unknot n plucosinolates are concerned. For 

that purpose, u m.r. spectronletry should be an attroctiie altematite to degradation 
mcrhods’. The aglgcon srgnals are therefore of particular 1 slue, and their overlap bl 

others should be minimized by choosin g a suitable solvent and/or derivative. At least 

for sinigrin, such overlap is confined to the ‘H-n.m.r. spectra. where the strongly 

coupled, glucose protons obscure a wide, and important, frequency range. However, 

as seen from Table 1, the signals for these protons are shifted downfeld on acetylation 

in such a msnner that no unatiected signal remains obscured. Thus, protons S and 8’ 

are partly obscured, but protons A and B are “free” in the spectra of 1, 7. and 8, 

whereas the situation is reversed in that of 9. Although a proton adjacent to a 

hydroxyl group may be bard to detect (CL 4 and 5). most, or all. aglycon signals 
should therefore also be rebeslsd for more-comples glucojinolates If the ‘H-n.m.r. 

spectrum is rxorded both before and &er acetylation. 

E XrJERI MEN-r AL 

Gefwral. - hleltlnp points are corrected. Unless stated otherwise, evaporations 

acre carried out to dryness rn racIfo below W. 

Cliromarograpli~~. - P.c. \bas performed on Whatman No. I paper with ethyl 

acetate-acetic acid-irater (3:I:l): detection was efkted with silver nitrate-sodium 

hydroxide. T.1.c. was performed on si!ica gel (hlerck, I-IF2 jJ with ethyl acetate-light 

petroleum (b.p. XL60’) (I:5 for trimethylsilyl ethers and 7:3 for acetates); aqueous 

sodium dichromatc-sulfuric acid ~as used for detection. G.1.c. was performed on a 
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Variao 27CKI instrument equipped with dual flame-ionization detectors and glass 
cclum~s (1.8 m x 2 mm i.d.). The nitrogen flow-rare H~J 35 ml/min. Trimethylsilyl 

ethers were analyzed on 3 0,: OV-I /Varaport 30 (.lOO- I20 mesh) at I80-375’, pro- 

grammed at S’/min. and acerates on 39; OV-225/Gas-Chrom Q (loCrl30 mesh) at 

200’. 

G.f.c.-n1.s. - The mass-spectral data (Table f) were obtained at 70 eV \\ith a 

Varian 1LlAT CH 7 mass spectrometer, equipped with the SpcctroSystem 100 N 

101/81 111s and a Varisn 1730 gz_; chromatograph. This \vas fitted \iith the columns 

and operated in the manner indicated aboLe for trimethylsilyl ethers, but lrirh a 

helium flow-rate of 25 mllmin. 

h’.m.r. spertrometry. - ’ H-N.m.r. spectra were recorded at 100.0 hlHz and 

-30’ on a Varian HA-100 D instrument. with d IO” I) sample solutions in 5-mm o-d. 

tubes. ’ %I-N.m.r. spectra were recorded at 25.14 hlHz and - 50. on the same 

instrument (equipped liith a Varian VM-100 Fourier Transform System). \iith 

ektcrnal benzene to provide the look sIgnal and - 15” 5 jamplc solutions in S-mm o-d. 

tubes. All n.m r. shifts (Table II) \iere related to internal tetramethylsilane. apart 

from the “C-n.m.r. shifts for aqueous solutions. The latter shifts were related IO 

internal sodium 2.2,3,3-tetrad~:Lltcrio-3-(trinleth~~ljilyl)prop~onate and comerted into 

J values bq adding - 1.75 p.F_m., u hich was the 5 value for this compound In 

methanotic solution. Coupling constants for 9 are given belo\\~. 

S/artirrg materiuls. - Siaigrin (7, Koch-Light), methyl /?-D-glucopyranoside 

(11. Sigma), and the sodium salr of I-thio-#?-D-glucopyranose (Sigma) iiere pure @.c.) 

commercial samples. The glucosinolatcs gluconapin, glucobrnssicanapln. and 

progoirrin, corresponding to 2-J. respectively. and prepared from rapesced meal I’, 

uere kindly supplied by Dr. R. BjGrkman. Seed extracts \kerc prepared and trl- 

methylsilylated as described prekiously’. That used for FIB. I was obtained from seeds 

of the turnip rape (Brassicu cumpesfris) culti\ar ” Bcle”. 

Penlu-O-(Irillief/!l’lsill’l)liejIllfbSinigrirl (I). - Siniprln (7, 0.5 g) \bas trlmcth) I- 

sily!ated”, and the resulting mixture centnfuged. The clear supsrnatant ~3s evaporated 

to dryness at 40’/760 torr in a stream of dry nirrogen. T.1.c. and g.1.c. of the residue 

(0.8 2) showed only 1 and trimetbylsilanol (- 5’0 by p.1.c.). The latter increased 

Bradually in amount and was isolated by crystallization from chloroform; ‘H-n.m.r. 

dala (Ccl,): 5 0 28 (s. 3 h3e) and 4.47 (s. OH). Compound 1 had [xl;’ - i9.7’ 

(c 2, chloroform). 

~-~/~io-t~~tru-O-(frime~h~isi~~~~)-~-(~r~met~r~~~~itl~~)-~-D-ghrcopr~ru~?Ose (6). - The 

sodium salt (2 mg) of I-thio-8.D-~_lucopyranose \!as trimethylsllylated9_ G.1.c. of the 

product shoiied two pcahs corresponding to 6 and its Q anomer. 

Desu?fosinigrin (8). - A. solution of 1. (0.8 g) in 601; methanol (30 ml) was 

boiled under reflux for 2 h and then evaporatedb. The residue was treared with water 

(20 ml) for IO min in an ultrasonic bath. The filtered solution was e\aporatcd, 

yielding pure (p.c.) 8 (0.5 ,e) as a syrup, [z]$’ -4.7’ (c 1.5, water). 

Perrru-0-ucetl.ldtlsrr!forirrigriII (9). - A solution of 8 (0.3 2) in dry pyridinc 

(IO ml) and accltic anhydride (IO ml) was boiled under reflux for I S min. and then 
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evaporated. first without, and then with. dry rttxmol. Crystallization from methanol 

yielded pure (t l.c.) 9 (0.3 p). m.p. 130-134’. [a];” -0.1’ (c 2. chloroform). ‘H-N.m.r. 

data (acstone-cl,): 

.Y I 2 3 3 S.5’ 8.8’ 9 9 A 

!’ 2 3 4 5 9 A,B A B B 

IJx.,I (J-w 10.0 9.0 9.0 9.1 6.0 1.6 17.5 IO.1 I.7 

.-tna/. Calc. for C,oH,yNO, ,S: C, 49.1: H, 5.6: N. 2.9. Found: C. 45.7; H, 5.5: 

N 7.6’36. __ 

Terra-0-clctyr I-S-acer>,l- I-llrro-P-D-gllrcopI~r~irose (IO). - The sodium salt 

(0.3 g) of !-thIo-fi-D-glucopyrano~e \!;rs acct!.‘lated Is. The product consisted of 10 and 

its ,r womer ( N IO?; by g.1.c.). Rtcqjtallizatlon from dry ethanol yieided pure (g.1.c.) 

10 (0.35 g). m.p. 120-121~: ht.” rn.p. I21 ‘. 
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