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Abstract-Root material of Cupparis grandis, of Indian origin, contains a free isothiocyanate, identified 
as 4,5,6,7-tetrahydroxydecyl isothiocyanate 1 by spectroscopical and chemical means, yet without specifi- 
cation as to its stereochemistry. The presence of the parent glucosinolate. and three other, unidentified 
glucosinolates in C. gvajzdis has been noted. The distribution of glucosinolates within the genus Cappur.is 
is reviewed and the biosynthetic origin of the individual compounds discussed. 

INTRODUCTlON 

In a search for biologically active compounds 
within the genus Cupparis (Capparaceae), the 
species C. grundis L.f., commonly known in India 
as “Dhuti” or “Puchaonda”, has been subjected to 
chemical examination. From dried root material 
an isothiocyanate was isolated, the structure of 
which differed appreciably from those previously 
encountered as natural derivatives [l]. We report 
the results of our studies. 

RESULTS 

By ether extraction, dried, powdered roots of C. 
yrundis afforded, in 0.7% yield, a dextrorotatory, 
crystalline compound 1, C, lHz 104NS, posses- 
sing spectroscopic (UV and IR) and chemical 
properties in agreement with those expected 
for a tetrahydroxydecyl isothiocyanate. Thus, 
acetylation of 1 readily afforded a crystalline 
tetraacetate, C,,H,,(OAc),NCS, whereas reaction 
with ammonia yielded a thiourea, 
C,,H,,(OH),NH.CS.NH,.The’H-NMRspectra 
of the tetraacetate and thiourea un- 
equivocally revealed the presence in 1 of the 

following molecular fragments: Me. CH2. C; 
CH2 .CH2. NCS; two additional C.CH, .C group- 
ings; four protons attached to hydroxy-substituted 
carbon atoms; and four hydroxylic protons. The 
UV spectrum of 1 in dioxane was unsusceptible to 
the addition of triethylamine, indicative of the 
absence of hydroxy-substitution at the 3-position 
of the carbon chain of 1. Substitution at this pos- 
ition would have given rise, under these condi- 
tions, to a high-extinction band (log E c 4) at about 
250 nm. deriving from a 6-membered thionocarba- 
mate formed upon intramolecular cyclization [2]. 
This observation, combined with the noted facile 
tetraacetylation of 1, rendering the presence of ter- 
tiary hydroxy groups unlikely, permitted expan- 
sion of the structure formulation for 1 to: 
Me. CH, [(CH,),(CHOH),](CH,), . NCS. Perio- 
date oxidation provided the clue to the substitu- 
tion pattern, furnishing two volatile cdrbonyl com- 
pounds, which could be trapped, separated. and 
identified as 2,4_dinitrophenylhydrazones. On MS 
and comparison with an authentic specimen the 
more lipophilic of the two was identified as the 
dinitrophenylhydrazone of butyraldehyde 2, 
whereas the second derivative, in the mass 
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spectrometer. gave rise to a molecular ion at /J?/(s 
309 with the composition C, ,H, ,O,N,S as deter- 
mined by precise mass measurement. obviously the 
dinitrophenylhydrazone of 4-isothiocyanatobutyr- 
aldehvde 3. 

No104 
hk . [CH,] z. [CH (OH)] ., . tCH, 13 . NCS H,O, DMSO 

(1) 

Me. [CH,3 2. CHO + OHC. [CH,]z . NCS 

(2) (3) 

The combined evidence thus points to 1 being one 
of the 16 stereoisomeric 4.5.6.7-tetrahydroxydecyl 
isothiocyanates. 

CJpon reaction of the acetate ot’ 1 with (R)-l- 
phenylethylarnine. the thiourea 4 was prepared. 
with a view to establishing its relative configur- 
ation. and hence the absolute configuration of 1, 

by X-ray analysis. This work is now in progress. 
H 

M~.CCH,I,.!~H~O~~~~,.:~H,~,.NH.CS.NH-O-~~H~ 

(4) Me 

S-Glucose 
/ 

R-C 
\ 

N-OSO,o 

(5) 

Isothiocyanates encountered in higher plants, 
such as 1, invariably derive from glucosinolates 5 
by enzymic hydrolysis [3]. When a 70’!;, MeOH 
extract of root material of C. ~~~~r~~lis was subjected 
to PC analysis. the presence of four compounds, all 

susceptible to enzymic hydrolysis and behaving 
like glucoslnolates. was revealed. The most lipo- 
philic of these afforded 1 upon enzymic hydrolysis 
(see Experimental); the other, and minor gluco- 
sinolates remain unidentified. It seems likely that 
the substantial quantity of the non-volatile isothio- 
cyanate 1, extracted directly from the powdered 

roots, had been liberated from its glucosidic pro- 
genitor by unintentional enzymic hydrolysis dur- 
ing or after the collection and disintegration of the 
root material. 

The isothiocyanate 1 has been subjected to bio- 
logical studies. The results will appear cIsewhere. 

The tetrahydroxydecylglucosinolate (5, R = 

Me. [CH,12. [CH(OH)14. [CH,],). whence (1) 
derives. constitutes an interesting addition to the 
class of glucosinolates encountered in higher 
plants [I]. Within the family Capparaceae the 
puntropical genus CLI~~III~~S. comprising more than 
300 species. constitutes the largest and most im- 
portant group. As far as we knoti., all C’rrp/?trr~i.s spe- 
cies arc sources of glucosinolates, and hence of 
isothiocyanates, with the structurally simplest 
representative, methyiglucosinolatc 5 (R = Me), as 
the apparently most widely distributed compound. 
Substituted methylgiucosinolates. however, are 
not rare within the genus. Table 1 presents a sum- 

Table I. Glucosinolates of the genus Cu/~pwis 

Side-chain 
(R. in 5) 

MC 
Pr : Bu’ 

CH2 :C(Me). [CHzlz 
Et. C(Me)(OH). CHZ 

MeS(O).[CH;], 
CH,:C‘H .CH, 
Bu ; Me.(CHOH).(CH2]2; 
HO. [CH,], ; CH, ;CH [CH,], : 
CH2 :CH CH(OH). CHZ 
Et.CO.[CH,], 

Pr.C‘0.[CH213 

Pr.C0.[CH,]4 
C,H,.CH? 
3-Indolyl, CH, 
I -MeO-Sindolyl. CH, 

Source 
(Cuppuris species) 

__- 

Numerous species 
C. curtilayenra; C. galrata 

Fresen.; C. mitchellii Lindbl. 
C. linewi.s Jacq. 
C. ,spinostr L. 
c. olrrltr 
C. .spifrosa var.. C. 01’UfLI 
C. vpirrrstr var.. C’. 02atu 

C. tlr.wosa L. (Jamaica) 
C. sdi~~ifoliu Grmh. 
C. f/c\uo,su L. (Jamaica) 
C. myulata Ruir et Pav. 
C. spka var. : C. ortrttr 
C. .s;,iicifi,/icr Griseb. 
C. (Irwosrr L. (Colomhia) 
C. ocatrt 
C. .spinma var. &soti Zoh. 
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mary of their chemical structures and botanical 
sources. 

In the light of the generally accepted irl z~ioo deri- 
vation of glucosinolates from x-amino acids [3.1.5]. 
the elaboration of most side-chains listed in Table 
1 from certain protein amino acids (Ala, Val, Leu, 
Met, Phe, Try), or their homologized counterparts, 
appears reasonably straightforward. Notable 
exceptions exist, however. Thus, it is not clear 
which amino acids the oxo-containing C-7 and C-X 
chains, nor the here reported tetrahydroxylated C- 
10 array. are derived from. Experimental clarifica- 
tion of this point would be welcomed. 

/AP.f.yw Me. Ccii,]. . [CH(OH&.~H,OH 

OAc OAcH 

(6) (7) 

Long-chain, linear, vicinal tetrols are rare in 
Nature. Boronolide 6, a constituent of Etrudeuic~ 

,ji.uticosa Benth. (Labiatae) [16], and the tetrols 7 
(/I = 13. 14 and 15). obtained from gum-resin of 
Co~~w7i~horu r?zuku/ Engl. (Burseraceae) [ 173, are 
examples of such structures, yet only remotely 
related to that of 1. The biosynthetic origin and 
detailed stereochemistry of 6 and 7 remain to be 
established. 

EXPERIMENTAL 

The root material of Cappwis. qrmdis. used for the present 
work, was obtained by courtesy of The Botanical Survey of In- 
dia, Western Circle Poona, where a sample specimen is kept 
under the file no. 104607. Microanalyses were performed by 
Mr. G. Cornali and his staff. M.ps were determined in capil- 
lary tubes in a heated bath and are uncorrected. 

pherl~/ct/l~INr,lirlr. A soln of the tetra-O-acetate of 1 (51 mg) and 
(R)-(+)-I-nhenvlethvlamine (60 ma) in Et,0 (IO ml) was eva- 
porated to dryness after I hr at room temp. The residue was 
purified by chromatography on Si gel plates (Et,O), yielding the 
expected, crystalline thiourea 4 (60 mg) which was recrystal- 
lized from EtOH-Hz0 to give an analytical specimen, m.p. 
I x2- 183’ ; [xl:: - 11.2‘ (c I, CHCI,) (Found: C, 58.6; H, 7.4; 
N, 5.1. C2,H,,,0sN,S requires: C, 58.7; H, 7.3; N, 5.1). 

Isolation and properties of the isothiocyanate 1. Dry, pow- G[uco,sirrolatrs it1 C. grandis. Powdered root material of C. 
dered root material of C. ~/ruudis (I 70 g) was extracted with qrarldis (50 g) was extracted with 70”<, MeOH. The syrupy resi- 
Et?0 in a Soxhlet. Evaporation of the solvent gave a semi-solid due was separated. on preparative PC [Whatman paper No. 
residue (I.2 g) wshich was recrystallized from MeOH to give col- 3M; BuOH ~EtOH-H,O (4:1:4); spray reagent Ag+/NHJ, 
ourless needles (1.1 g). m.p. 178-180” (dec.), [LX]~” + 6.4” (c 1, into 4 clucosinolates. with the R ,-values: 0.15: 0.29; 0.39, and 
MeOH). An analytical specimen was produced by an additional 0.92, the latter representing the major constituent. Each com- 
recrystallization from McOH, m.p. 17% 179” (Found: C. 50. I ; ponent underwent the reactions characteristic for glucosino- 
H. S4: Y. 53: S. 12.1. C, ,H:,O,NS requires: C. 50.2; H. X.0: fates: susceptibility to hydrolysis with myrosinase, release of 

N. 5.3: S. 12.2). UV (in dioxane): I,,,: 246 nm (e 1100). un- hydroxylamine and glucose on acid hydrolysis, and chardcter- 
changed. over 3 days, after the addition of a few drops of Et,N. istic coloration with Aa+ f31. but onlv the glucosinolate with R, 

IR (in KBr): strong bands at 2098 and 2180 cm-’ (NCS); and 0.92 was subjected toa more detailed stidy. On enzymic hy- 
at 3250 cm- ’ (OH). ‘H NMR-spectrum (in DMSO-d,): ii 0.82 drolysis. this glucosinolate afforded the isothiocyanate 1, which 
[distorted t; 3H; J ca 6 Hz; C&.CH,]; 6 1.35-1.90 [m, SH, was converted into the corresponding thiourea on reaction with 
4 C&-I; 6 3.43 [narrow m; 2C@OH);-2 OH (displaced to 6 ammoma, having the R/-value 018 when chromatographed 
3.98 on addition of D,O)]; 6 3.62 [t; 2H; I ca 4Hz; alone or in admixture with the thiourea derived from 1, in the 
CH, .C&. NCS]; 6 3.81 [m; 2H; ZCH(OH)]; 6 4.05-4.35 [m; solvent system stated above. Comparitive chromatography in 
2H; 2OH (exchangeable on addition of D, O)]; irradiation at other solvent systems further served to establish the identity of 
6 1.80 causes collapse of the 6 3.62 signal to a singlet. the two thiourea preparations. 

0-Tetraacetateofthe isothiocyanate 1. The crystalline isothio- 
cyanatc 1 (25 mg) was acetylated with Ac,O (2 ml) in pyridine 
(2 ml) at 20 After 14 hr. the mixture was worked up to give 
the chromatographically homogeneous 0-tetraacetate (29 mg) 
which. before analysis. was recrystalllred from CHCl,-hexane. 
m.p. 14@ 141 (Found: C, 52.8; H, 6.6; N 3.2. C,,HZ,,O,NS 
requires: C. 52.9: H. 6.8; N. 3.2). MS (70 eV; inlet 70 ): M@ 
at /n/c 43 I (talc. 43 I); base peak: /n/r 371 (M-60). IR (in KBr): 
1740 (vs) (ester CO); 2105 (vs) and 21X0 (vs) (NCS); 1218 (vs) 
and 1235 (vs) cm- ’ (ester C-C& stretching); no OH-absorption 
was observed. ‘H NMR-spectrum (in CDCI,): 6 0.9 
[CH, .CH,]. 6 1.2-1.8 [4 C&-I; 6 2.07, 2.08, 2.12, and 2.16 [4 
OAc]; 6 3.52 [-CH, CH, NCS]; 6 4.9-5.2 [2 CH(OAc)] ; S 5.25 
[2 CLI(OAc)]. 

Thiourea if the isothiocyanate 1. When the isothiocyanate 1 
was kept in MeOH, satd at 0 with NH,, for 4 hr. a quantitative 
yield was obtained of the corresponding thiourea. m.p. 187”. An 
analytical specimen was produced by recrystallization from 
H,O. m.p. IXX ~189’ ; [xl:,” + I.9 (c 0.5, MeOH) (Found: C, 
47.0: H, 8.6; N. 9.8. C, ,H,,0,N2S requires: C, 47.1; H, 8.6; N 
lO+n. UV (in EtOH): i. 241 nm (E 9700). TLC Sil gel, EtOAc- 
MeOH (9:IJ):R, 0.1% 

Periodate~fission of‘the isothiocyanate 1. A soln of 1 (7.3 mg) in 
a mixture of HZ0 (X ml) and DMSO (2.5 ml), to which NaIO, 
(I IO mg) had been added, was stirred at room temp. for 1 hr 
and then distilled. The volatiles were absorbed in 2,4-dinitro- 
phenylhydraz(ne reagent solution, and the resulting ppt. chro- 
matographed on Si gel [heptane-Et,0 (5: I)] giving two yellow 
bands. These were separately cluted with EtzO. and the residues 
recrystallized from H,@EtOH before MS. The fastest moving 
dinitrophenylhydrazone exhibited a MS identical with that of 
an authentic specimen of the dinitrophenylhydrazone of butyr- 
aldehyde. M@ at rtr/e 252. The slower moving, yellow derivative 
exhibited a MS with the highest peak at rnje 309 and a frag- 
mentation pattern characteristic for 2,4-dmitrophenylhydra- 
zones [ 18.193. Precise mass measurement of the molecular ion 
gave: 309.0534; C, ,H, ,O,N,S requires: 309.0532, confirming 
the identity of the parent aldehyde as 4-isothiocyanatobutyral- 
dehyde 3. 

Thiourerr 4, produced fkom the tetra-O-acetate of 1 and (R)- I - 
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