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isoThiocyanates XVI. Glucoconringiin, the Natural

Precursor of 5,5-Dimethyl-2-oxazolidinethione

ANDERS KJZR, ROLF GMELIN and ROALD BOE JENSEN

Chemical Laboratory of the University of Copenhagen, Denmark

Seed of the crucifer Conringia orientalis (L.) Andrz. has been shown
to contain a new glucoside, glucoconringiin, characterised as a crystal-
line tetraacetate (IV) and affording glucose, sulphuric acid and 2-
hydroxy-2-methyl-propyl ¢sothiocyanate (V) on enzymic hydrolysis.
The mustard oil cyclises spontaneously to 5,5-dimethyl-2-oxazoli-
dinethione (II), a fact accounting for the previously reported isolation
of (IT) from the same seed.

A modified synthesis of the heterocyclic compound is described.
A paperchromatographic method has disclosed the presence of gluco-
conringiin also in three species of the genus Cochlearia, further sub-
stantiated by the isolation from Cochlearia officinalis L. of crystalline
5,6-dimethyl-2-oxazolidinethione after enzymic hftdrolysis. Evidence
is available of the existence of additional 2-oxazolidinethione-produc-
ing glucosides in plants.

In 1938 Hopkins ! reported the isolation of 5,5-dimethyl-oxazoline-2-thiol
(I) from seed of the common Canadian weed Conringia orientalis L. (Dumort) *.

H,C——N H,C———NH H,0——N
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The structure of (I) followed from its identity with a synthetic sample,
prepared by Bruson and Eastes 2. On the basis of infra-red studies, Ettlinger *
later provided evidence in favour of the thione structure (II). It appeared
from Hopkins’ studies that the heterocyclic compound was formed by enzymic
cleavage of a parent glycoside, the aglycone of which was considered to be

* The species should be more correctly designated as Conringia orientalis (L.) Andrz. (= Ery-
svmum orientale Mill.).
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Fig. 1. Ultra-violet absorption spectra of: 1.  Fig. 2. Descending paper chromatogram,
an aqueous solution of glucoconringiin; 2. run inn-butanol: acetic acid : water. Sprayed
an agqueous solution of the ether-soluble with ammoniacal silver nitrate solution. K :
product, (II), formed by enzymic cleavage control solution; A: glucoconringiin; B:
of glucoconringiin. sinigrin; C: glucoputranjivin; D: gluco-

cochlearin; E: glucotropaeolin.

2-methylallyl isothiocyanate (III). Addition of water to the isothiocyanate-
grouping of the latter, followed by spontaneous cyclisation of the intermediate
thiocarbamic acid to (I) was regarded as a likely mode of formation. When
synthetic 2-methylallyl isothiocyanate became available in this laboratory 4,
it was established that no such tendency to water addition and ring-closure
existed.

As pointed out in a previous paper of this series ®, seed of Conringia orien-
talis yielded no volatile sothiocyanates on enzymiec hydrolysis. Paper chrom-
atography ¢ of a seed extract has now, however, disclosed the presence of a
single glucoside, giving a spot in the lower Rp-region (Fig. 2). The glucoside
solution exhibited an absorption spectrum of the usual type (Fig. 1), as known
for, e. g., sinigrin ?, a fact precluding the presence of chromophors, such as
the heterocyclic ring system (II), in the Conringia-glucoside, for which the
name glucoconringiin is proposed.

Upon enzymic hydrolysis of glucoconringiin an ether-soluble substance
arose, with spectroscopical characteristics (Fig. 1) similar to those reported for
(II) by Hopkins ! and Astwood et al.® The concomitant formation of glucose
and sulphate was established. During the summer of 1955, Conringia orientalis
(L.) Andrz. was cultivated on a larger scale in the Botanical Garden of the
University of Copenhagen. The seed material thus obtained was employed
for the isolation of further quantities of glucoconringiin, which did not show
signs of crystallisation, but could be transformed into a crystalline acetyl-
derivative with the composition C;gH,30,,NS,K. Analytical data indicated
the presence of four O-acetyl groupings; on the assumption that these are
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located in the glucose moiety, as rendered highly probable by model prepara-
tion of the analogous tetraacetyl-sinigrin, and provided sulphuric acid is bound
as generally believed in this type of glucosides, the structure (IV) appears to
account for the properties of acetylglucoconringiin.

o
‘ OAcH OAc
CH, s—CH—%—(l:—(Iz—c—CH,—OAo
ocm,N—¢_ i dack &
cH,/(')H \o—-so,-— - K+
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As expected, the hydroxy-grouping of the side-chain escaped acetylation
due to its tertiary character. The derivative (IV) was not attacked by myro-
sinage. Its infra-red spectrum was determined in the solid state and found
very similar to that of acetylsinigrin. Probably due to association, no band
attributable to the tertiary hydroxy-function was observed in the spectrum of
(IV). That acetylation was not accompanied by secondary changes appeared
from the fact that (IV) could be smoothly deacetylated to glucoconringiin, the
identity of which followed from its rapid enzymic hydrolysis, resulting in the
formation of (II). There can be little doubt, therefore, that (II)is to be con-
sidered as a secondary product, arising from the initially formed 2-hydroxy-2-
methyl-propyl ¢sothiocyanate (V) by spontaneous cyclisation.

CH,
Mvrosinase AN Cyeclisation
Glucoconringiin _y_r____, C—CHy—N=C=S8 > I
CH, OH

v

The cyclisation proceeds at a measurable rate. It was spectroscopically
established that a partly purified glucoconringiin preparation, subjected to
enzymic hydrolysis for four hours at room temperature, afforded the cyclic
product in a yield of only about 40 %,; about 24 hours were required for the
oyclisation to go to completion. From analogous cases it appeared very un-
likely that the enzymic hydrolysis is the rate-determining step in the present
reaction.

For further studies a synthetic sample of (II) became desirable. As in
previously described syntheses %10 of this compound, l-amino-2-methyl-
2-propanol (VI) was selected as a starting material. Several methods have
been described 11,12 for the preparation of this aminoalcohol, which has re-
cently been isolated from the phospholipid fraction of Neurospora crassa 13
and established as the amine moiety of sanshoamide, an amide isolated from -
Zanthoxylum piperitum 4. Whereas Meisenheimer and Chou '* were unsuc-
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cessful in attempts to reduce acetone cyanohydrin catalytically, a mixture of
amines, with unstated yield of the desired primary derivative, was formed by
high-pressure reduction with Raney-nickel as a catalyst, according to a patent
claim 18, We found that acetone cyanohydrin could be reduced to (VI) with
lithium aluminium hydride. Analogous reductions of the cyanohydrins of
benzaldehyde 17 and cyclohexanone 18 have been reported previously.

Several methods of converting 1,2-aminoalcohols into 2-oxazolidinethiones
have been proposed, all proceeding via dithiocarbamates by means of reagents,
traditionally employed for converting the latter into isothiocyanates 10,19,20,
The Kaluza method of isothiocyanate synthesis, modified according to Hodg-
kins and Ettlinger 2!, belongs to this type of reaction and has proved to be
useful for the preparation of 2-oxazolidinethiones also *. We subjected (VI)
to this reaction in a non-aqueous system with triethylamine as a base and
obtained (II) in 78 9, yield. Several attempts to isolate the intermediate
ssothiocyanate (V) proved unsuccessful, probably due to the cyclisation being
facilitated under basic conditions. The identity of the final product was
established by comparison with an authentic specimen of (IT), kindly furnished
by Dr. Ettlinger.

s OH CH, OH
\.C/ LiAlH, \C/ C8,,CICOOE¢
—_—
/ \\ / \ Et;N
CH, CN CH, CH,NH,
VI

In the course of our systematic studies on the distribution of ¢sothiocyana-
tes in plants, it was found that oxazolidinethiones could be separated by
paper chromatography in the solvent system heptane: n-butanol: 90 9
formic acid, introduced by Sjoquist 22 for the separation of phenylthlohyda.n-
toins. By this technique, oxazolidinethiones were recognised in other plants
also. For example, glucoside chromatography disclosed the presence in Co-
chlearia anglica (L.) Asch. & Grb., C. danica L. and C. officinalis L. of three .
glucosides (Fig. 2), two of which were recognised as the previously known spe-
cies glucoputranjivin and glucocochlearin, affording #sopropyl2® and sec-
butyl ® isothiocyanate, respectively, on enzymic hydrolysis. The third gluco-
side spot could be attributed to glucoconringiin because of its enzymic clea-
vage to a compound, indistinguishable from (II) by paper chromatography in
the heptane system. Final proof of its identity was provided when a crystalline
specimen was obtained from a seed sample of C. officinalis L. The natural
product was found to be identical with an authentic specimen of (II).

It should be noticed that the structurally analogous l-5—vinyl—2-oxazoli-
dinethione has been recognised as a constituent of several species of the impor-
tant genus Brassica 8. 'We have spectroscopical evidence that this compound
is formed in a s1mllar way from an analogous genuine glucoside of more wide-

. * Applied by Dr. Ettlinger in a synthesis of 4-vinyl-2-oxazolidinethione (private commu-
nication).
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spread occurrence than previously reported and derivable from one of the
stereocisomeric 2-hydroxy-3-butenyl isothiocyanates.* Additional natural
representatives of the class of oxazolidinethione-progenitors have been disco-
vered and are at present being further studied. An account of the results will
form the subject of forthcoming communications.

EXPERIMENTAL

Melting points are uncorrected and determined in capillary tubes in a glycerol bath,
if not otherwise stated. Infra-red spectra were determined in potassium bromide discs
on & Beckman IR-2 instrument.

Detection and nature of glucoconringiin. Seed of Conringia orientalis (L.) Andrz.
(1 g) was extracted with hot methanol and the solvent was removed by evaporation. The
residue was taken up in water, the solution filtered and a drop of the filtrate used for
descending paper chromatography in n-butanol:acetic acid:water (4:1:3), essentially as
dFescriged by Schultz and Gmelin®; a single glucoside-spot of glucoconringiin appeared
(Fig. 2).

gI‘h(-) glucoside solution was purified by exchange on & small column of acidie alumi-
nium oxide, eluted with a 1 9, solution of K,SO, and a sample withdrawn for ultra-violet
absorption measurement (Fig. 1). A few drops of & myrosinase preparation were added to
the eluate which was set aside for 24 hours. The now turbid solution was extracted three
times with ether; the solvent was removed, the residue dissolved in water (200 ml) and
the ultra-violet absorption spectrum determined (Fig. 1). A high-extinction band was
observed at 239 my, displaced in alkali to 232 my, and & minimum at about 222 mg,
both values agreeing well with those previously published 2.

Samples of the aqueous phase were chromatographed for sugars in n-butanol:acetic
acid:water and in pyridine:amyl alcohol:water. In both solvent systems, the presence of
glucose was established upon comparison with control spots. A separate sample of gluco-
conringiin, which had not been purified by ion exchange, served to establish the presence
of sulphate after the enzymic fission. .

Preparation and properties of acetylglucoconringiin **. Conringia seed (100 g) was
extracted with two portions (each 500 ml) of hot 70 % methanol and the solution taken
to dryness ¢n wvacuo. The residue was dissolved in water (300 ml) and impurities precipi-
tated by adding excess lead acetate solution. After filtration and removal of excess lead
salt as PbS, the solution was again taken to dryness in vacuo, leaving glucoconringiin as
an almost colourless, glassy mass. )

After thorough drying the product was dissolved in a mixture of dry pyridine (25 ml)
and acetic anhydride (25 ml) and set aside for 24 hours. Volatile reagents were then re-
moved 4n vacuo and the brown residue dissolved in a large volume of hot ethanol. The
solution was treated with charcosl, filtered and chilled. A slight amount of amorphous
material was removed and the filtrate concentrated, whereupon the crystalline acetyl-
derivative (663 mg) separated. Two recrystallisations from 96 % ethanol, containing a
little methanol, afforded an analytical specimen (397 mg) as tiny, colourless needles, m. p.
162° (decomp.) on rapid heating. The acetyl-derivative is easily soluble in water, mode-

rately soluble in methanol and slightly soluble in ethanol. [a];; —5.3° (H,0, ¢ = 5.3).

(Found: C 37.95; H 4.85; N 2.25; S 10.80; CH,CO 30.9. Calec. for C,,H;;0, NS,K: C 38.18;
H 4.73; N 2.34; S 10.73; 4 CH,CO 28.8). The infra-red spectrum had characteristic bands

* Note added in proof: After this paper was submitted for publication, Greer 2 announced
the isolation of this glucoside, *’progoitrin’’, as a crystalline sodium salt. The composition
and provenance of the glucoside ’’glukorapiferin’’, recently characterized by Schultz and
Wagner *? a8 a crystalline pentaacetate, strongly indicate the identity of “progoitrin” and
*’glukorapiferin”’.

** According to a personal communication to one of us (R.G.) from Prof. O.-E. Schultz, Tiibin-
gen, acetylation has been used in his laboratory for the purpose of characterising t¢sothiocyanate
glucosides, cf. Ref.?? '
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at: 5.87 (very strong, C = O stretching vibration), 5.99 (weak), 7.24 (strong), 7.97, 8.10
(split peak, v. 8.), 8.46 (w.), 8.80 (w.), 9.06 (w.), 9.40 (v. s.), 10.10 (w.), 10.92 (medium),
11.12 (m.), 11.45 (w.), 11.95 (w.) and 12.60 z (s.).

A golution of acetylglucoconringiin in ethanolic ammonia was kept at room tempera-
ture for five days. The solvent was then removed and a sample of the residue subjected
to paper chromatography in n-butanol:acetic acid:water. A single spot was observed,
indistinguishable from that of glucoconringiin. The remaining part of the reaction pro-
duct was hydrolysed enzymically, and the ether-soluble reaction product was identified
as 5,5-dimethyl-2-oxazolidinethione by its absorption spectrum and by paperchromato-
graphic comparison with an authentic sample.

Acetylsinagrin. In a model experiment, sinigrin was subjected to acetylation by a
similar procedure. Previously, Gadamer 2 reported failure in obtaining a crystalline deri-
vative by treatment of sinigrin with acetic anhydride.

Sinigrin (200 mg) was dissolved in hot pyridine (4 ml), and acetic anhydride (2 ml)
added after cooling. After 4 hours, the separation of acetylsinigrin started and was com-
pleted by careful addition of ether. The crude product was recrystallised twice from
aqueous ethanol and once from methanol to give pure tetraacetylsinigrin as thin, colour-
less needles (77 mg), m. p. 192—93° (dec.), determined in an electrically heated block.

The solubility properties were the same as those of acetylglucoconringiin. [a];; —18.6°

(H,0, ¢ = 3.6). (Found: C 38.15; H 4.36; N 2.30. Calc. for C,sH,,0,3NS,K: C 38.24;
H 4.28; N 2.48). The infrared spectrum had conspicuous bands at 5.67 (v.s.,, C = O
stretching vibration), 6.00 (w.), 7.24 (8.), 7.76 (8.), 7.97 (v.8. —C—O-vibration), 8.62
(w.), 9.39 (v.s.), 10.43 (w.), 10.64 (w.), 10.84 (w.), 11.20 (medium) and 12.60 x (s.).

1-Amino-2-methyl-2-propanol (VI). To a well-stirred solution of LiAlH, (9.1 g) in
dry ether (200 ml) was slowly added & solution of acetone cyanohydrin (8.9 g) in dry ether
(100 ml). The reaction was performed in & nitrogen atmosphere, and completed upon
heating to reflux temperature for 30 minutes. Then water (10 ml) and 15 9% NaOH
(256 ml) were cautiously added, the precipitate filtered off and thoroughly washed with
ether, and the ether solution dried over KOH. The ether was removed and the colour-
less, viscous amine (4.6 g, 50 %) distilled, b. p. 150°, in agreement with several literature
values. No attempts were made to raise the yield by systematic variations of the condi-
tions. It was found, however, that reduction in the presence of AICl,;, a recently introdu-
ced modification in the reduction of ordinary nitriles 25, gave a much lower yield (256 %),
due to cleavage of the cyanhydrin. In this case, a rather large proportion of pinacol was
also isolated as a secondary product.

5,56-Dimethyl-2-oxazolidinethione (II). The above amine was converted into (II) by
a recently published method of 7sothiocyanate synthesis 3!. To a stirred solution of
(VI) (4.6 g) in dioxan (7.5 ml) and triethylamine (7.5 ml), kept at —10°, carbon disul-
phide (3.1 ml) was slowly added and the solution allowed to come to room temperature.
After cooling again, ethyl chlorocarbonate (5.6 ml) was added very slowly, and the mix-
ture again brought to room temperature. Triethylammonium chloride was removed by
" filtration and washed with a little dioxan. A solution of triethylamine (7.5 ml) in chloro-
form (15 ml) was then added and the solution heated shortly to 50°. After removal of all
volatile constituents at 50° and 12 mm, crystalline (II) remained (6.31 g, 78 %). A pure
sample was obtained as colourless platelets by recrystallisation, first from ether and then
from benzene, m. p. 107°, alone or in admixture with an authentic specimen, kindly
furnished by Dr. Ettlinger.

Isolation of (II) from seed of Cochlearia officinalis L. When a seed sample of C.
officin. L. was assayed by the method described for the determination of 5-vinyl-2-oxa-
zolidinethione in plant tissues %, a content of about 45 mg per 100 g of seed was found.

500 g of seed were employed for isolation of the heterocyelic compound. With minor
modifications, the procedure was the same as that used for the isolation of the vinyl-
derivative ®&. The mainly crystalline, crude product (100 mg) was purified by recrystal-
lisation, first from ether and then from benzene. Thus, colourless flat prisms were obtai-
ned (22 mg), m. p. 105°. A mixture of this compound and the synthetic specimen of
(II) melted at 106°. (Found: C 46.05; H 7.25; N 10.18. Cale. for C;H,ONS: C 45.78;
H 6.91; N 10.68). As further proof of identity, the infra-red spectra of the two products
were determined and found to coincide. The spectral pattern was essentially the same as
that previously reported for (II) 3.
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. Microanalyses were performed in this laboratory by Mr. P. Hansen. We wish to thank
the Botanical Garden of the University of Copenhagen for the cultivation of Conringia
orientalis (L.) Andrz. on a larger scale, and for various seed samples.

The work is part of investigations supported by Statens Almindelige Videnskabsfond
( Th; Danish State Research Foundation ) and Carlsbergfondet (The Carlsberg Founda-
tion

REFERENCES

Hopkins, C. Y. Can. J. Research 16B (1938) 341.

. Bruson, H. A. and Eastes, J. W. J. Am. Chem. Soc. 59 (1937) 2011.

. Ettlinger, M. G. J. Am. Chem. Soc. 72 (1950) 4699.

Kjer, A., Rubinstein, K. and Jensen, K. A. Acta Chem. Scand. 7 (1953) 518.

Kjer, A., Conti, J. and Larsen, I. Acta Chem. Scand. 7 (1953) 1276.

Schultz, O.-E. and Gmelin, R. Z. Naturforsch. 7b (1952) 500.

Kjer, A., Gmelin, R. and Boe Jensen, R. Acta Chem. Scand. 10 (1956) 26.

Astwood E. B., Greer, M. A. and Ettlmger, M. G. J. Biol. Chem. 181 (1949) 121.

. Hopkms, C. Y Can. J. Research 20B (1942) 268.

. Rosen, A. A. J. Am. Chem. Soc. 74 (1952) 2994.

. Cairns, T. L. J. Am. Chem. Soc. 63 (1941) 871.

. Krassuski, K. Compt. rend. 146 (1908) 236.

13. Ellman, G. L. and Mitchell, H. K. J. Am. Chem. Soc. 76 (1954) 4028.

. Aihara, T. J. Pharm. Soc. Japan 71 (1951) 1112. Cf. Chem. Abstracts 46 (1952)

4994,

Meisenheimer, J. and Chou, L.-H. Ann. 539 (1939) 70.

Brit. Pat. 5698984. Cf. Chem. Abstracts 42 (1948) 6377.

Nystrom, R. F. and Brown, W. G. J. Am. Chem. Soc. 70 (1948) 3738.

. Nace, H. R. and Smith, B. B. J. Am. Chem. Soc. 74 (1952) 1861.

19. Sergeev, P. G. and Ivanova, S. N. J. Gen. Chem. (U.S.S.R.) T (1937) 1495. Cf.
Chem. Abstracts 32 (1938) 2534.

20. Ettlinger, M. G. J. Am. Chem. Soc. 72 (1950) 4792.

21. Hodgkins, J. E. and Ettlinger, M. G. J. Org. Chem. 21 (1956). In press.

22. Sjéquist, J. Acta Chem. Scand. T (1953) 447.

23. Kj=r, A. and Conti, J. Acta Chem. Scand. 7 (1953) 1011.

24, Gadamer, J. Arch. Pharm. 235 (1897) 44 (p. 82).

25. Nystrom, R. F. J. Am. Chem. Soc. 77 (1955) 2544.

26. Greer, M. A. J. Am. Chem. Soc. 78 (1956) 1260.

27. Schultz, O.-E. and Wagner, W. Arch. Pharm. 288/60 (1955) 525.

Received December 15, 1955.

.

ot ot o
RSO0 O 000~

fd ek o fd e
wISH B

Acta Chem. Scand. 10 (1956) No. 3



