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SECTION I 

INTRODUCTION 
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Since ancient times certain plants of the mustard family 

(Cruclferae) have been employed as condiments and folk remedies. 

The active principles are pungent oils formed by maceration of 

the plant source with water. The enzymatic character of the form¬ 

ation of mustard oils was realized about 1840 (Boutron and Fremy;1 

Bussy*) and two mustard oil precursors, potassium myronate 

(sinigrin) and sinalbln, were Isolated and recognized as sulfur- 

2 
containing glucosides. The name myrosln is still used for enzymes 

4 
catalyzing the formation of mustard oils. Later work by Hofmann 

showed mustard oils to be isothiocyanates. Other references to the 

early work on synthesis and properties of mustard oils are given by 

Challenger.** The classical mustard oil is allyl isothiocyanate 

(CH2=CHCH2NCS) and is formed from sinigrin. 

A structure for sinigrin was proposed in 1897 by Gadamer,* 

which seemed to account for the enzymatic hydrolysis of the gluco- 

slde to allyl' mustard oil, potassium blsulfate and D-glucose. In 

1956 the Gadamer structure accepted in elementary text books and 

elsewhere was corrected by Ettlinger and Lundeen.^ The revised 

structure, now well established and extended by analogy to a 

generalized formula for all glucosides producing mustard oils, 

explains all chemical properties Including enzymatic degradation. 

Today some thirty mustard oil glucosides have been detected 

in higher plants, occurring in a small number of families among 

which the Cruciferae, Including the mustards, cabbages, turnips, 

radishes and cresses, are prominent. A recent survey of mustard 

O 

oils and their parent glucosides has been assembled by Dr. Anders Kjaer, 
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leader of the Danish group largely responsible for current chemical 

and botanical knowledge of naturally occurring isothiocyanates. The 

mustard oils are aralkyl or alkyl isothiocyanates which may have 

other functional groups modifying their properties. For example, 

sinalbin produces the non-volatile £-hydroxybenzyl isothiocyanate, 

which is readily attacked by hydroxide to form thiocyanate and 

£-hydroxybenzyl alcohol. The glucoside progoitrin (glucorapi- 

ferin) is cleaved enzymatically to form a -hydroxy isothiocyan¬ 

ate, which cyclizes to (—)-5-vinyl-2-thio8xazolidone (goitrin), 

an antithyroid agent. About one third of the mustard oil glucosides 

have been isolated in crystalline form through use of modern chroma¬ 

tographic techniques and suitable choice of cation. The glucosides 

are monosubstituted sulfates, anions of a strong acid, and the 

classical characterization of the substances as salts of a particular 

base is no longer observed. 

The Gadamer structure for sinigrin (from black mustard, Brassica 

nigra Koch) or sinalbin (from yellow mustard, Sinapis alba L.) was 

formulated as I. 

I 
S— 

R—N=C   
oso3" 

la: R = CH2
=CHCH2> anion of sinigrin. 

Ib: R = £-H0CgH^CH2» anion of sinalbin. 

CgHnOj = D-l-Glucosyl. 
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The substances are isolated as crystalline, solvated potassium or 

sinapine salts. However, formula I does not accord with all the 

properties of sinigrin and analogues. For example, chemical degrad¬ 

ation and in some instances enzymatic action form nitriles (RCN) 

with the same number of carbon atoms as the enzymatically released 

isothiocyanates.^ 

The correct structure for the anions of sinigrin and sinalbin 

was analytically proved by Ettlinger and Lundeen.^ 

XX R—C-SC^Hi iOr 
ii 6115 

NOSO3" 

^6%l®5 s P -D-l-Glucopyranosyl. 
Formula II was established for the anions by degradations leading 

to amines (RCH2NH2), carboxylic acids (RCOOH) and hydroxylamine 

(50-90% yield). The formation of isothiocyanates (RNCS) was ex¬ 

plained as an enzyme-initiated Lossen rearrangement. The analogy 

to the Lossen reaction of hydroxamic acids suggested that configur¬ 

ation would be retained if the migrating carbon is asymmetric. 

The prediction could be established by determination of the con¬ 

figuration of the asymmetric center in glucocochlearin (II, R = 

sec-C^Hg) which gives rise to (+)-sec-butvl isothiocyanate, 

q 
shown by Kjaer and Hansen to have absolute configuration identical 

with that of the sec-butvl group in natural isoleucine. The stereo¬ 

chemistry about the carbon-nitrogen double bond depicted in II has 

been assigned to sinigrin (II, R = CH2=CHCH2) on the evidence of a 

preliminary. X-ray study. 
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Confirmation of the generality of structure II was achieved by 

the first synthesis of a naturally occurring mustard oil glucoside 

by. Ettlinger and Lundeen.^ 

The structure determination of sinigrin and sinalbin culminated 

in the synthesis of elucotropaeolin (from Tropaeolum majus). The 

dithiophenylacetate (III) prepared from benzylmagnesium chloride and 

. a 
« NH3OH „ II Acetobromoglucose . 

RCS2    > RC—NHOH  > KOH 

III IV 

SX + - SX 
I C5H5N —SO3 t | 

RC=NOH  RC=N0S03 

V VI 

HOCHr 

NH3 
H 

C 

.4’ 

c 
I 
H 

OH 

C 
I 
H 

H 

C 
I 
OH 

"03S01jI 

S-C—R 
I 
c 
I 
H 

Enzyme 

H20 

VII 

RNCS + D-Glucose + HSO4. 

R = C6H5CH2 

X = Tetraacetyl-^-D-l-glucopyranosyl. 
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carbon disulfide was treated with hydroxylamine hydrochloride to form 

phenylacetothiohydroxamic acid (IV). Condensation of IV with aceto- 

bromoglucose in the presence of base afforded S-0 -D-l-(tetraacetyl- 

glucopyranosyl)-phenylacetothiohydroximic acid (V), with inversion 

at carbon-1 by nucleophilic displacement of bromine. Sulfonation of 

tetraacetylglucosylphenylacetothiohydroximic acid yielded tetra- 

acetylglucotropaeolate (VI), isolated as the tetramethylammonium 

salt. Ammonolysis completed the synthesis of tetramethylammonium 

glucotropaeolate, corresponding to anion VII and identical in all 

properties with a sample prepared from Tropaeolum majus seed. The 

synthetic glucoside was enzymatically hydrolyzed to benzyl isothio¬ 

cyanate . 

Generalization of the above synthesis is dependent on available 

routes to the requisite thiohydroxamic acid (IV). Several compounds 

12 of the aromatic series are known from work pioneered by Cambi and 

4 1 / 

recently continued by Bacchetti and Alemagna. * Benzothio- 

12 
hydroxamic acid, first prepared from dithiobenzoic acid, is an 

unstable oil which decomposes to benzonitrile, sulfur and water. 

It was characterized by the formation of a derivative with benzyl 

chloride, S-benzylbenzothiohydroximic acid. Interestingly, the 

same thiohydroximic acid was obtained by reaction of benzyl mer- 

captide with benzohydroxamyl chloride or by treatment of benzonitrile 

13 
oxide with benzyl mercaptan. A more stable representative of its 

class is anisothiohydroxamic acid (IV, R = jj-CI^OCglty) , which after 

a fortnight at room temperature required heating to decompose to 

13 
anisonitrile. A new thiohydroxamic acid synthesis, treatment of 



- 6 - 

hydroxamyl chlorides with sodium hydrosulfide, is also available 

(Bacchetti and Alemagna^) . 

It is noteworthy that phenylacetothiohydroxamic acid decomposes 

in a few days at room temperature to phenylacetonitrile and sulfur. 

Solid sodium phenylacetothiohydroxamate was more stable, eventually 

affording some N,N'-dibenzylthiourea by Lossen rearrangement.^ 

The simple, direct route through Houben-Grignard^"* synthesis 

of the aliphatic dithio acids and subsequent reaction with hydroxyl- 

amine was considered for the preparation of aliphatic mustard oil 

glucosides. (A deterrent to synthesis via alkyl dithio acids is the 

reported disagreeable odor. Dithioacetic acid is supposed to be 

the only aliphatic dithio acid formed in appreciable yield by the 

Houben-Grignard reaction.) In unpublished studies in these labo¬ 

ratories by Dr. Allan Lundeen, starting with methyl or allyl halides, 

no thiohydroxamic acid or S-tetraacetylglucosyl thiohydroximic acid 

could be isolated. The synthesis of acetothiohydroxamic acid by 

reaction of acetohydroxamyl chloride with sodium hydrosulfide fur¬ 

nished a product that was very unstable, decomposing to acetonitrile 

and sulfur.^ 

In summary, the Ettlinger-Lundeen synthesis appears extendible 

to aryl mustard oil glucosides, but preparation of alkyl mustard oil 

glucosides via thiohydroxamic acids does not seem to invite further 

investigation. 

An alternative route to the requisite thiohydroximic acids (V) 

was the acylation of tetraacetylglucosyl mercaptide with a hydrox¬ 

amyl chloride (IX). 
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RCH—NOH - -12 ) 

Cl 
I 

RCH—NO 

+ HC1 

VIII 

Cl 
I 

RC=NOH 
sx 

sx 
I 

R—C=NOH 

IX 

X = Tetraacetyl-^-D-l-glucopyranosyl. 

Unpublished experiments in these laboratories by Dr; Allan Lundeen 

showed that the.procedure was applicable to synthesis of methyl as 

well as benzyl mustard oil glucosides. Thus, phenylacetaldoxime 

(VIII, R = C5H5CH2) furnished a known intermediate (V, R = C6H5CH2) 

in the first synthesis of glucotropaeolin. S-^-D-l-(Tetraacetyl- 

glucopyranosyl)-acetothiohydroximic acid (V, R = CH3) was likewise 

obtained from acetaldoxime (VIII, R = CH3) and converted to gluco- 

capparin tetraacetate, found identical, through the kindness of 

Dr. A. Kjaer, with a sample prepared by acetylation of the 

natural thioglucoside 

The last synthetic method would seem to be practicable on a 

considerable scale, subject to the absence of groups sensitive to 

chlorination, and perhaps might be simplified. 



SECTION II 

NEW SYNTHESES OF MUSTARD OIL GLUCOSIDES 



Synthesis of Mustard Oil Glucosldes from 
Tetraacetvlglucopyranosvl Mercaptlde 

Further studies of the synthesis of mustard oil glucosides from 

aldoximes, briefly explored by Lundeen, were pursued with the purpose 

of improvement of yields and discovery of theoretically possible ster¬ 

eoisomerism in thiohydroximic acids. To attain these objectives, the 

synthesis was first applied to the preparation of an aromatic mustard 

oil glucoside from benzaldehyde (I, R = C5H5). The natural occurrence 

RCHO 

I 

RCH=NOH 

II 

t-C^OCl 
* 

Cl 
I 

R—CH—NO 

IV 

Cl 
I 

R—C=NOH 

III 

"SX 
* R- 

SX 
I 
C=NOH 

V 

+ t-C4H9OH 

X = Tetraacetyl-|S-D-l-glucopyranosyl. 

of phenyl mustard oil has been reported,^ but the observation was 

not confirmed in these laboratories (unpublished results of Dr. M. 

Ettlinger and Mrs. C. Thompson). Nevertheless, the accumulated 

18 knowledge of stereoisomerism of oximino compounds in the aromatic 

series, including aldoximes (II) and hydroximic acids, and the exis- 

IQ 

tence of crystalline aromatic hydroxamyl chlorides made the choice 

reasonable. 

A modification of the preparation of hydroxamyl chlorides was 

the introduction of t_-butyl hypochlorite as the chlorinating agent. 

Chlorine, the conventional reagent, is inconvenient to measure and 

forms an equivalent of hydrogen chloride, which might catalyze con- 
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version of a mixture of hydroxamyl chlorides (III) to one isomer and 

must be carefully neutralized prior to. treatment with mercaptide. 

20 
The known crystalline benzohydroxamyl chloride was obtained 

i 
from the reaction of -benzaldoxime with t,-butyl hypochlorite in 

methanol below 0°. The presence of the chloronitroso intermediate 

(IV) was indicated by formation of an intense blue color, which 

faded during concentration of the solution to an oil. The oil sol¬ 

idified on standing below 0°. The product was obtained in 30-46% 

yield by low temperature crystallization. The residual oil appeared 

to consist mainly of the same Isomer as indicated by infrared spectra. 

Nuclear magnetic resonance studies summarized in Table I in¬ 

dicated that hydroxyl proton absorption might be useful in dif¬ 

ferentiating the individual isomers, if both hydroxamyl chlorides 

were available in pure form. ^-Benzaldoxime (H and OH anti) 

TABLE I 

Hydroxyl Proton Resonance of Oximes Relative to Water, Cycles at 40 Me 

Carbon 
Acetone tetrachloride Tetrahydrofuran Acetonitrile 

Benzophenone -200 --- 

-Benzaldoxime -198a,b -203a 

/^-Benzaldoxime -213c — 
Benzohydroxamyl 

chloride(cryst.) -242d -187^ 

p L 
Sharp. Deuteration by exchange with deuterium oxide in acetone 

caused disappearance of the hydroxyl peak. cBroad. very sharp. 

absent -159‘ 
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showed absorption (-213 cycles) at lower field than the stable 

0(-isomer (-198 cycles). The position and shape of absorption was 

found to vary widely with solvent in the case of crystalline benzo- 

hydroxamyl chloride. Liquid chloride samples showed no or one ab¬ 

sorption band near 200 cycles below water. In the concentrated 

solutions necessary (30-50%), the probable presence of hydrogen 

chloride in traces could catalyze proton exchange with drastic 

effects on the spectrum, making the method unsuitable for analysis 

of a crude mixture. 

The first overtone of the monomeric oxime hydroxyl stretching 

vibration was examined by high resolution near-infrared spectro¬ 

photometry. Results shown in Table II indicated that separate de¬ 

termination of mixed stereoisomers would not be feasible. 

TABLE II 

Near-infrared Absorption Maxima of Oximes in Carbon Tetrachloride 

c (10 £ 

o( -Benzaldoxime 1.4245 0.024 3.78 /3 -Benzaldoxime 1.426 0.016 2.66 
Benzohydroxamyl 

1.433 0.026 4.04 
chloride(cryst.) 0.005 4.28 

-Benzaldoxime and the -isomer absorbed near 1.425^*1 with 

only a slight difference in wave length. The absorption of crystal¬ 

line benzohydroxamyl chloride at 1.433 JU. might be useful for quanti¬ 
tative determination in dilute solutions. A liquid chloride sample 

had peak absorption at the same wave length. 
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Crystalline benzohydroxamyl chloride (III, R = CgHj) condensed 

readily with tetraacetyl»y$-D-l-glucopyranosyl mercaptide to furnish 

in 74% yield S-/3-D-l-(tetraacetylglucopyranosyl)-benzothiohydroximic 

acid (V, R = CgH5). The requisite mercaptide was obtained by treat¬ 

ment of pentaacetyl-/3 -D-l-thioglucose with one equivalent of methan- 

olic sodium methoxide, or simply by use of the tetraacetylglucosyl 

mercaptan prepared according to Cerny, Vrkoc and Stanek.^ The iso- 

thiuronium salt of thiourea and acetobromoglucose was formed in 

acetone and the crude residue left on evaporation decomposed in 

aqueous bisulfite to the mercaptan. The yield of pure mercaptan 

was 61%. 

Treatment with tetraacetylglucosyl mercaptide of oily residues 

from crystallization of benzphydroxamyl chloride gave the same thio¬ 

hydroximic acid (50% from mercaptan). Examination of residues 

from mother liquors by silicic acid chromatography failed to pro¬ 

duce any new crystalline substances. Some amorphous material was 

obtained that could be regarded as partially deacetylated thio¬ 

hydroximic acid. 

An attempt at isomerization by treatment with ethereal hydrogen 

22 
chloride according to a procedure that converts o(-benzaldoxime 

to the f3 -isomer gave back the known thiohydroximic acid in an 

allotropic form. An attempt to isomerize tetraacetylglucosylphenylaceto- 

23 
thiohydroximic acid under similar conditions (Lundeen ) was re¬ 

ported to give no evidence of a stereoisomer and also revealed 

polymorphism. 



- 12 - 

Ammonolysis of the acetylated glucosylbenzothiohydroximic acid 

was conducted in methan^ saturated with ammonia but attempts to 

crystallize the deacetylated glucoside were unsuccessful. 

Since the glucoside corresponding to phenyl mustard oil is 

not known to occur naturally, the trivial name "glucosinolate" 

(cf. Greek Vo<77~—£}&<,(. 01), mustard oil) is introduced for 

the ion VI. (Thus, sinigrin is potassium allylglucosinolate.) 

VI 

HOCH2 

O3SON 

S-C- 
I 
C 
I 
H 

H 

After sulfonation of S-^-D-l-(tetraacetylglucopyranosyl)-benzo- 

thiohydroximic acid (V, R * CgH5) with pyridine—sulfur trioxide, 

SX 

R—d=N0H 

V 

CSH5N
+
—SO3 

SX 

R—i=NOSp3 

VII 

NH3 

CH30H* 

SY 

VIII R—C=N0S03‘ 

X = ^-D-l-Tetraacetylglucopyranosyl. 

Y = /3 -D-l-Glucopyranosyl. 

addition of potassium carbonate permitted isolation (65% yield) of 

potassium :tetraacetyiphenylglucosinolate (VII, R = CgHs), which was 

deacetylated by ammonolysis. Crystallization of the free glucoside 
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(VIII, R = CgHs) as a tetramethylammonium salt was successful (92% 

yield), but the substance was hygroscopic. More conveniently, crystal¬ 

line tetra-n-propylammonium phenylglucosinolate was prepared in 80% 

yield from the tetramethylammonium salt by cation exchange resin and 

found to be air-stable. Characterization as a mustard oil glucoside 

was completed by demonstrating enzymatic cleavage to phenyl isothio¬ 

cyanate (cf. Section III). 

The synthesis of the simplest mustard glucoside, glucocapparin,^ 

was next thoroughly investigated. The intermediate 1,1-chloronitroso- 

ethane (IV i, R = CH3) had been characterized as a crystalline dimer, 
but isomerization to the hydroxamyl chloride yielded an unstable, 

24 
low-melting solid. Solutions of the crude acetohydroxamyl chloride 

(XU, R = CH3) were used in the preparation of the desired tetra- 

acetylglucopyranosylacetothiohydroximic acid (V, R = CH3) . 

Chlorination of acetaldoxime with Jt-butyl hypochlorite was con¬ 

ducted in ether, methanol, or acetone. In each solvent, formation 

of chloronitrosoethane occurred readily at low temperatures (-60° to 

-30°) , but the isomerization to hydroxamyl chloride was slow in 

ether (9 hrs. at room temperature), a poor yield of the known thio- 

hydroximic acid was obtained in the coupling with tetraacetylglucosyl 

mercaptide and considerable unaltered mercaptan was recovered. A 

side reaction observed in methanol was the apparent formation of 

1,1-dlchloro-l-nitrosoethane (detected by its stable blue color), 

which was attributed to competitive chlorination of acetohydroxamyl 

chloride. Use of an excess of acetaldoxime and a low temperature 

(-60°) avoided the undesired reaction. It was later discovered that 
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the acetaldoxime (b.p. 114-115°), which had been obtained by distil¬ 

lation of a commercial sample, contained considerable paraldehyde and 

therefore formation of the dichloro compound was caused merely by ex¬ 

cess of _t-butyl hypochlorite over oxime. 

In methanol, isomerization to hydroxamyl chloride occurred in 

one half to one hour as the solution of chloronitrosoethane warmed 

from -60° to 0-10°. After reaction with the tetraacetylglucosyl 

mercaptide, pure tetraacetylglucosylacetothiohydroximic acid was 

obtained in 45-50% yield from mercaptan. Chromatography on silicic 

acid furnished more of the thiohydroximic acid, and recovered 

mercaptan (20-25%). 

The estimated conversion of unrecovered mercaptan to thio¬ 

hydroximic acid was 80-85%. Two crystalline by-products were ob¬ 

tained from chromatograms in amounts too minute for full characteri¬ 

zation. The infrared spectra of the materials were similar to the 

absorption of the known thiohydroximic acid, but showed a second 

carbonyl band at 5.85jJL . One substance had an ultraviolet spectrum 

substantially identical with that of the main product and according 

to analysis appeared to be a triacetylglucopyranosylacetothiohydrox- 

lmic acid. 

In acetone as solvent, chloronitrosoethane isomerized to aceto- 

hydroxamyl chloride as readily as in methanol. In one experiment, 

the tetraacetylglucosyl mercaptide was prepared with methoxide, 

and in another, the hydroxamyl chloride and mercaptan were treated 

with aqueous potassium carbonate according to Cerny and Pacak's 

25 
preparation of thioglucosides. The yields of thiohydroximic acid 
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were roughly the same (68%, crude, from mercaptan) and like the 

results of the methanol trials. Chromatography, however, afforded 

a new substance in 15-20% yield (from mercaptan), identified as 

acetonyl 2,3,4,6-tetraacetyl-^3-D-l-thioglucopyranoside by synthesis 

from chloroacetone and tetraacetyl-^-D-l-glucopyranosyl mercaptide. 

The by-product is attributable to the same reaction, involving 

chloroacetone formed by hypochlorination of the acetone solvent. 

Chromatography of residues from both methanol and acetone runs 

failed to reveal a stereoisomer of tetraacetylglucopyranosylaceto- 

thiohydroximic acid. It should be noted that ^ -benzaldoxime was 

found to be unstable under the conditions employed in chromatography 

and recovery of the crystalline -isomer was only 48%. o( -Benz¬ 

aldoxime was detected in the oily fractions formed. 

To check whether the use of impure acetaldoxime had any effect 

on the course of the reaction, a trial in methanol utilizing pure 

oxime and condensation with mercaptan by aqueous potassium carbonate 

was performed. Equivalent amounts of oxime and t:-butyl hypochlorite 

were used without formation of dichloronitrosoethane, but the yield 

(57%) of known thiohydroximic acid obtained from mercaptan did not 

differ appreciably. Examination of the residue from the mother 

liquor by infrared spectroscopy in chloroform indicated tetraacetyl- 

glucopyranosyl mercaptan or the corresponding disulfide to be the 

major constituent. In light of the instability of ^-benzaldoxime 

under chromatographic conditions, further characterization of the 

residue was not pursued. 
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Tetraacetylglucopyranosylaoetothiohydroximic acid was deacetyl- 

ated by ammonolysis in methanol to S-^-D-l-glucopyranosylacetothio- 

hydroximic acid. The yield after recrystallization was 77%. The 

same substance was obtained directly in 50% yield by coupling of 

acetohydroxamyl chloride, prepared in methanol, with sodium 

(3 -D-l-glucopyranosyl mercaptide. 

.Pyridinium tetraacetylglucocapparate, first prepared in these 

laboratories by Dr. Allan Lundeen (unpublished work), was obtained 

in 69% yield from tetraacetylglucosylacetothiohydroximic acid and 

pyridine—sulfur trioxide. Conversion to the potassium salt was 

effected by treatment with potassium bicarbonate in aqueous methanol 

and evaporation to dryness. Ammonolysis of the crude residue in 

methanol furnished in 86% yield glucocapparin^ (VIII, R = CH3, 

potassium salt), identical in all respects with an authentic sample 

of natural origin, kindly provided by Dr. A. Kjaer. 

The synthesis of mustard oil glucosides from hydroxamyl chlorides, 

pioneered by Lundeen, has thus been applied with success to prepara¬ 

tions of an aryl and an alkyl mustard oil glucoside. The average over¬ 

all yield from glucose is estimated to be 15%, based on isolation of 

pure intermediates. Condensation of hydroxamyl chlorides with tetra- 

acetyl-^3-D-l-glucopyranosyl mercaptan and potassium carbonate in 

aqueous methanol appears to be the most convenient preparation of tetra- 

acetylglucopyranosylthiohydroximic acids. The crystalline mercaptan is 

stable. The discovery of stereoisomers of the intermediate thiohydrox- 

imic acids was not realized, but further application of the general 

method, to other aryl groups for example, may meet with more success. 
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A New Degradation of Mustard Oil Glucosides 

Hydrolyses of mustard oil glucosides in acid have ordinarily 

led to nearly complete fragmentation into glucose, sulfate and either 

nitriles and sulfur or carboxylic acids, hydroxylamine and hydrogen 

5 7 23 
sulfide. ’ ’ Modes of partial and selective degradation are hence 

of interest. 

After an attempted recrystallization of pyridinium tetraacetyl- 

glucocapparate from hot ethanol, the recovered solid was found to be 

desulfonated. The phenomenon was further explored, since such a 

reaction of mustard oil glucosides was previously unknown. An 

ethanol solution of pyridinium tetraacetylglucocapparate was refluxed 

for 2-1/2 hours and evaporated to dryness. Recrystallization of 

ether-soluble solid from methanol afforded in 87% yield Sytf-D-1- 

(tetraacetylglucopyranosyl)-acetothiohydroximic acid. The sulfate 

group presumably was converted to ethylsulfate. 

Glucocapparin was likewise desulfonated by methanolysis of the 

pyridinium salt, prepared with cation exchange resin. S-^-D-l- 

glucopyranosylacetothiohydroximic acid was isolated in 45% yield 

and identified by decomposition point, optical rotation and infrared 

spectrum. After refluxing in methanol for two hours, only a few 

percent of unaltered glucocapparate remained. 

Since potassium salts of mustard oil glucosides and their 

acetates are stable in alcohols, the observed cleavage must be cat¬ 

alyzed by the acidity of the pyridinium ion. Alcoholysis produces an 

alkylsulfate, whereas under hydrolytic conditions mineral acid would 
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be formed. The reaction recalls Kantor and Schubert's hydrogen 

chloride catalyzed methanolysis of the polysaccharide chondroitin 

26 
sulfate, involving transesterification of alcoholic groups. Since 

in alcoholysis cleavage of the nitrogen-oxygen bond would lead to 

an oxime ether, the observed course suggests that a reversible sul- 

fonation is involved and that the thiohydroximic acids and the 

V 
H 
NOSO3 

- + ROH 
r 

\/ c 
II 
NOH + ROSO, 

glucocapparates"all belong to the same stereochemical series (cf. 

Chart II). 

The above procedure should obviously be applicable in preparing 

thiohydroximic acids from naturally occurring mustard oil gluco- 

sides not yet synthesized. 



Aldoxime-O-sulfonates 

Another conceivable synthesis of mustard oil glucosides was 

investigated because of the simplicity of the scheme. Condensation 

+ Cl 
H3NOSO3 . I 

RCHO  > RCH=N0S03  » R—C=N0S03" 

I IX X 

SY 
"SY I 
 » R—C=N0S03 

VIII 

Y = ft -D-l-Glucopyranosyl. 

of an aldehyde with hydraxylamine-O-sulfonic acid was expected to yield 

an aldoxime-O-sulfonate (IX), which might be chlorinated to a hydroxamyl 

chloride-O-sulfonate (X). Coupling of the chloride with sodium ft -D-l- 

glucopyranosyl mercaptide would give a mustard oil glucoside (VIII) 

directly. 

Attempts to prepare aldoxime-O-sulfonates from acetaldehyde and 

n-butyraldehyde were fruitless. The reaction of acetaldehyde with 

aqueous hydroxylamine-O-sulfonic acid neutralized with one equivalent 

of weak base formed considerable acetonitrile, identified by vapor 

chromatography. An alternate route, sulfonation of the aldoximes with 

pyridine—sulfur trioxide in pyridine, pyridine-ether, or carbon tetra¬ 

chloride, also failed. Nitrile was produced from either acetaldoxime 

or n-butyraldoxime. 

The preparation of potassium acetaldoxime-O-sulfonate had been 

27 
claimed by Sommer, Schulz and Nassau without experimental detail. 
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28 
Consequently, Schulz's dissertation was secured and the procedure 

stated to afford the aldoxime-O-sulfonate from acetaldehyde, hydroxyl- 

amine-O-sulfonic acid and potassium hydroxide in methanol was re¬ 

peated. The crystalline material resulting was identified as 

potassium methylsulfate. 

In contrast to the aliphatic analogues, benzaldehyde and anis- 

aldehyde (I, R = ^-CI^OCgH^) condensed readily with hydroxyl am ine-0- 

sulfonic acid and potassium acetate in aqueous solution at 0° to form 

the corresponding aldoxime-O-sulfonates. The synthesis of potassium 

benzaldoxime-O-sulfonate (IX, R = CgHj) had been reported by Sommer, 

27 etjil. and details of its characterization were later found in 

29 
Nassau's dissertation. Potassium anisaldoxime-O-sulfonate 

(IX, R = £-CH30CgH4), a new compound, was prepared in the hope that the 

2,-methoxy substituent would facilitate electrophilic attack at the 

oximino carbon atom. 

The action of t_-butyl hypochlorite on benzaldoxime-O-sulfonate 

in methanol failed to produce a detectable chlorinated derivative. 

Hypochlorite was consumed, presumably by oxidation of the solvent. 

Unaltered potassium benzaldoxime-O-sulfonate was recovered, if pyri¬ 

dine was present to neutralize the hydrogen chloride formed; other¬ 

wise, desulfonation catalyzed by acid occurred, forming methylsulfate. 

Potassium anisaldoxime-O-sulfonate was treated in methanol with 

t_-butyl hypochlorite and pyridine, but the residues obtained after 

reaction were very similar to the starting material in infrared 

spectra. The anisaldoxime-O-sulfonate reacted with ethereal t^-butyl 

hypochlorite, but the insoluble residue corresponded to inorganic 
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salts (chloride, sulfate) and the apparent products were nitrile, 

oxime and aldehyde. 

The dehydration of aliphatic aldoximes to nitriles, presumably 

through the unstable, intermediate oxime-O-sulfonates, is reminiscent 

of a chemical method for determination of svn-anti isomerism of 

18 
aldoximes. The ready formation of nitriles from aliphatic aldoximes 

by treatment with acetic anhydride and cold, aqueous sodium carbonate 

was the main reason for regarding them as yfl-oximes, in analogy to 

the predominant formation of nitriles by base-catalyzed trans- 

elimination observed for aromatic aldoxime acetates of the^-series. 

30 
However, proton magnetic resonance studies by Phillips appear to 

show that aliphatic aldoximes are equilibrium mixtures of stereo¬ 

isomers. The ratio for acetaldoxime was estimated to be 0.6 

31 
at 25°. Also, Pratt and Purnell have attributed two nearly equal 

peaks appearing in vapor chromatograms of acetaldoxime to svn and 

anti isomers. In the present investigation, vapor chromatography 

of both acetaldoxime and butyraldoxlme suggested the substances to 

be stereoisomeric mixtures. 

Further investigation of the feasibility of halogenating 

aldoxlme-O-sulfonates was not pursued, as the hydroxamyl chloride-0- 

sulfonates were made available by an alternative sequence. 
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Synthesis of Mustard Oil Glucosides from Hydroxamyl Chloride-O-sulfonates 

The sulfonation of hydroxamyl chlorides (III) furnished the 

requisite hydroxamyl chloride-O-sulfonates (X). 

RCH=NOH 

II 

Cl 
I 

R—C=NOH 
S03 

Cl 
I 

R— C=N0S03 

III X 

SY 
  > 

SY 
I 

R—C=N0S03 

VIII 

Crystalline benzohydroxamyl chloride (III, R = C5H5) was treated 

with pyridine—-sulfur trioxide in carbon tetrachloride rather than in 

32 
pyridine, in order to avoid substitution of halogen by pyridine. 

After neutralization of the insoluble residue with aqueous potassium 

carbonate, potassium benzohydroxamyl chloride-O-sulfonate (X, R = C5H5) 

was isolated in 58% yield. The new substance appeared to be stable 

in dilute sodium hydroxide at room temperature, but liberated chloride 

and sulfate when the alkaline solution was heated. 

Condensation of the benzohydroxamyl chloride-O-sulfonate with 

tetraacetyl-^-D-l-glucopyranosyl mercaptan and potassium carbonate 

in aqueous acetone, under conditions adapted from the procedure of 

25 
Cerny and Pacak, afforded in 84% yield potassium tetraacetylphenyl- 

glucosinolate (VIII, R = C6H5; Y = C6H70(0C0CH3)4>, identical with 

material obtained by sulfonation of tetraacetylglucosylbenzothio- 

hydroximic acid. 
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Sodium -D-l-glucopyranosyl mercaptide was conveniently pre¬ 

pared by a new procedure, sodium methoxide cleavage of the adduct 

of acetobromoglucose and thiourea, tetraacetyl-^ -D-l-glucopyranosyl- 

isothiuronium bromide. Coupling of the mercaptide with potassium 

benzohydroxamyl chloride-O-sulfonate was conducted in aqueous solu¬ 

tion and the phenylglucosinolate anion isolated in 79% yield as the 

tetra-n-propylammonium salt, identified by infrared spectrum. 

Potassium acetohydroxamyl chloride-O-sulfonate (X, R = CH3) was 

prepared similarly to the benzo compound but in poor yield (10%) 

through treatment of a carbon tetrachloride solution of crude 

1,1-chloronitrosoethane with pyridine—sulfur trioxide. Chlorination 

of acetaldoxime in ether at -50° furnished the chloronitroso compound 

and removal of the ether left a crystalline residue of the nitroso 

dimer, which was used without delay. The potassium salt of the 

hydroxamyl chloride-O-sulfonate crystallized from aqueous methanol 

as a hemihydrate. 

To improve the preparation, the chloronitroso compound in ether 

was diluted with dimethylformamide, and after isomerization to 

acetohydroxamyl chloride, sulfur trioxide in dimethylformamide was 

added. The homogeneous solution was allowed to stand overnight at 

room temperature. After neutralization with potassium bicarbonate, 

potassium acetohydroxamyl chloride-O-sulfonate hemihydrate was ob¬ 

tained in 50-55% yield. 

The procedure using dimethylformamide—sulfur trioxide for 

sulfonation after reaction with t~butyl hypochlorite was applied 

also to benzaldoxime and gave in 30% yield the known potassium 



24 - 

benzohydroxamyl chloride-O-sulfonate. No evidence of a geometrical 

isomer appeared. 

Reaction of potassium acetohydroxamyl chloride-O-sulfonate and 

sodium ^-D-l-glucopyranosyl mercaptide in water furnished the gluco- 

capparate anion. The crude product was treated with cation exchange 

resin in potassium form and glucocapparin, identified by infrared 

spectrum, was isolated in 60-65% yield. 

The synthesis of a mustard oil glucoside from a hydroxamyl 

chloride-O-sulfonate requires the isolation of one intermediate from 

the aldoxime and two intermediates from acetobromoglucose. The 

overall yield from glucose as exemplified by the synthesis of gluco¬ 

capparin is 20-25%; from aldoxime, 30%. 

It is noteworthy that all three synthetic approaches to mustard 

oil glucosides, as far as they have been investigated, have failed 

to give evidence of syn-anti stereoisomerism for thiohydroximic 

acids, hydroxamyl chlorides and hydroxamyl chloride-O-sulfonates. 

The reactions and intermediates from hydroxamyl chlorides in the 

phenyl and the methyl series are summarized in Charts I and II. 

The acetylation of glucocapparin from natural sources has been re¬ 

ported by Kjaer and Gmelin^ and is appropriately included. The 

stereochemical configurations about the carbon-nitrogen bond are 

not known. 

The ultraviolet spectrum of glucocapparin exhibits a maximum 

at 224 myit characteristic of the isolated imino thioether group, 

which appears to absorb near 228 nM. in similar compounds, including 
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CHART I 

Reactions via Benzohydroxamyl Chloride 

Cl 

C 6H5—C —NOH  > C 6H5 - C=NOH 

SC6H70(0C0CH3)4 

Cl SC6H70(0C0CH3)4 

C6H5—C=NOSO3“ » C6H5—C=NOSO3 

SC6HHO5 

C6H5—C=NOSO3‘ 

CHART II 

Reactions via Acetohydroxamyl Chloride 

Cl 
I 

CH3— C=NOH 

SC6H70(0C0CH3)4 

CH3—C=NOH 

S' 
SC6HII05 /K 

V CH3‘-C=N0H V 

Cl 
I 

CH3—C=NGSO3' 

SC6HTO(OCOCH3)4 

CH3— C=NOSO3” 

v SC6Hn05 •a? 
CH3—C=NOSO3‘ 
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33 sinigrin. The cross-conjugated system present in the phenyl- 

glucoslnolate anion shows no high intensity maximum as £ar as 205 m 

but exhibits an inflection at 230 mJJL . The spectra of benzimino : 

thioethers shown in Chart I are all similar, with the acetylated gluco 

sylbenzothiohydroximic acid exhibiting the inflection at 245 mji. 

(log £ 3.7) in ethanol. In the case of benzylglucosinolate (gluco- 

tropaeolate) some Interaction between the phenyl and imino thioether 

chromophores also may be indicated as the ion shows no maximum, with 

absorption increasing to log £ 4.1 at 210 mjLL The data for com¬ 

pounds related to glucocapparln and for phenylglucoslnolate are summar 

lzed in Table III. 
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TABLE III 

Ultraviolet Absorption of Glucocapparin and Related Compounds 

Solvent log £ 

Glucocapparina Water 224b 3.91 

S-ft-D-l-Glucopyranosyl- 
acetothiohydroximic acid 

Water 222b 3.80 

S-/3 -D-l-(Tetraacetylgluco- 
pyranosyl)-acetothiohydroximic acid 

Methanol 212C 

220C 
3.80 
3.79 

Tetra-n-propylammonium 
phenylglucosinolate 

Water 230d 3.98 

a Cf. Kjaer and Gmelin:^ in water ^max> 225 iyc (log £ 3.99) (tetra- 

acetylglucocapparin, in water Amax# 221 mfi. (log £ 3.97)). 

b Maximum. c Absorption rising to short wave lengths. d Inflection. 
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Lossen Rearrangement of Acetohydroxamic Acld-O-sulfonate 

In the first preparation of potassium acetohydroxamyl chloride- 

O-sulfonate, a by-product was isolated slightly contaminated by in¬ 

organic chloride. Qualitative elemental analysis and the apparent 

formation of acetohydroxamic acid (detected by ferric chloride) and 

inorganic sulfate on acid hydrolysis indicated that the material 

might be potassium acetohydroxamic acid-O-sulfonate (XI, potassium 

salt) . 

XI CH3CONHOSO3‘ 

A further clue to the identity of the unknown was its formation in 

trace amounts, with the appearance of inorganic chloride, when pure 

potassium acetohydroxamyl chlorlde-O-sulfonate was recrystallized 

from warm aqueous methanol. Presumably, hydrolysis of the chloride 

occurred. 

Cl OH 0 

CH3—C=N0S03“ + H2O  > CH3—C=N0S03” ?=* CH3—CNHOSO3 

+ HC1 

The identity of the substance was established through synthesis 

Treatment of aqueous hydroxylamine-O-sulfonic acid with acetic anhy¬ 

dride and potassium bicarbonate at -5° furnished in 75% yield 

potassium acetohydroxamic acid-O-sulfonate, identical with the by¬ 

product . 

No sulfonated hydroxamic acid has been previously described. 

29 
Nassau, in an attempt at synthesis of acetohydroxamic acid-0- 
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sulfonate, boiled acetic anhydride and hydroxylamine-O-sulfonic acid 

and isolated acetohydroxamic acid as the copper complex. 

Potentiometric titration showed potassium acetohydroxamic acid- 

0-sulfonate to be a weak acid, pK 8.0. Further properties were in¬ 

vestigated also by Dr. M.G. Ettlinger and Mrs. C.P. Thompson. The 

doubly charged anion was shown by assay of released sulfate to de¬ 

compose by a first-order reaction. At pH 9, approximately an ad¬ 

ditional half equivalent of base was eventually consumed. The half- 

life of the hydroxamate-O-sulfonate was 20-25 minutes at pH 8-10 and 

25°. The data were consistent with a base-initiated Lossen rear¬ 

rangement to methyl isocyanate. In one experiment the organic product 

was isolated in 90% yield and identified as N,N'-dimethylurea. 

The stoichiometric equation for the reaction is formulated as (1), 

(1) 2 CH3C0NH0S03" +3 OH   CH3NHCONHCH3 + HCO3 

+2 S04= 

derivable from the sequence (2) - (5). 

0- 

(2) CH3CONHOSO3 + OH T  —1 
| 

CH3C=NOSO3" + H2O 

o' 
1 

(3) CH3C=N0S03   -> CH3NC0 + S04
s 

(4) CH3NCO + H2O   -> CH3NH2 + co2 

i CH3NHCONHCH3 (5) CH3NC0 + CH3NH2 
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The decomposition of the hydroxamate-O-sulfonate is an instruct¬ 

ive model for the enzyme-initiated rearrangement involved in formation 

7 11 
of isothiocyanates from mustard oil glucosides. * Thiohydroxamic 

acid-O-sulfonates (RCSNHOSO3), in contrast to the oxygen analogues 

exemplified by potassium acetohydroxamic acid-O-sulfonate, are 

probably unstable and hence unisolable, suffering an internal oxi¬ 

dation-reduction to form nitriles, sulfur and bisulfate. Recent 

evidence indicates that a thiohydroxamate-O-sulfonate is an inter¬ 

mediate in the enzymolysis of sinigrin to allyl isothiocyanate 

(M. Ettlinger and C. Thompson, unpublished work). 

A comparison of the acidities of some hydroxylamine derivatives 

seems pertinent. Sulfonafion of hydroxylammonium ion (HgfioH), pKa 

5.97,3^ forms hydroxylamine-0-sulfonic acid, considered to exist 
+ ^ 

as the dipolar ion (H3NOSO3) from proton magnetic resonance studies 

35 
of the solid and of dimethylformamide solutions. The pKa of the 

substance was estimated to be less than 2 by potentiometric titration. 

The increased acidity compared to hydroxylammonium ion is attribut¬ 

able to the strong inductive effect of the sulfate group. The 

N-acetylhydroxylamine-O-sulfonate (XI) owes its weak acidity.to a 

hydrogen attached to trivalent nitrogen, made acidic by the inductive 

effect of the sulfate group and resonance stabilization of the con¬ 

jugate base (cf. acetohydroxamic acid, pK 9.403^). O-Acylbenzohydrox- 

0 0" 

II - I 
CH3-C-NOSO3 < > CH3— C=NOSO3 

amic acids such as benzohydroxamic acid 0-benzoate (C 6H5CONHOCOC^5), 

pK 6.0,37 and the 0-carbanilate (C6H5CONHOCONHC6H5) , pK 6.4,38 are 
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relatively strong because of the inductive effect of the carbonyl 

dipole and the absence of an acid-weakening negative charge (cf. benzo- 

hydroxamic acid, pK 8.8®®). 

As expected, reaction of hydrosulfide with potassium aceto- 

hydroxamyl chloride-O-sulfonate failed to form a stable acetothio- 

hydroxamic acid-O-sulfonate. The reaction was conducted at pH 10 in 

carbonate buffer. A complication was encountered in the apparent 

formation of methyldithiocarbamate (CH3NHCSS”) from methyl isothio- 

OQ 

cyanate and excess hydrogen sulfide. Evidence that Lossen rear¬ 

rangement took place was obtained by the spectrophotometric deter¬ 

mination of methylthiourea formed from methyl isothiocyanate separated 

by distillation, and identification of the methylthiourea by paper 

chromatography. Of the initial acetohydroxamyl chloride-O-sulfonate, 

•15/i was accountable as methyl isothiocyanate and methyldithiocarbamate. 

The course of the reaction can be explained by the following scheme. 

C! SH . S" 

CH3—C=N0S03_  ) CH3— C=N0S03" » CH3—k=N0S03" 

+ Cl" + H20 

-SH 
 > CH3NCS  > CH3NHCSS”  > CH3NHCSSX  CHoNCS + ? 

+ S04= 

Further, uninvestigated reactions of the methyldithiocarbamate are 

postulated to account for the formation of isothiocyanate under the 

conditions of distillation described in the Experimental Fart. The 

decomposition of a methyldithiocarbamic acid derivative (RNHCSSX) 

to isothiocyanate has many analogies in the literature.^0’^1’^2 
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Experimental, 

Materials, apparatus and methods. Reagent grade solvents were used 

and if necessary were purified and dried as recommended by Fieser.^ 

Methanol was dried by treatment with magnesium and distillation; ace¬ 

tone, with potassium carbonate; pyridine, b.p. 115°, over barium oxide. 

The petroleum ether used throughout boiled nominally at 30-60°. 

Evaporations were effected in vacuum using a rotary evaporator 

and a water bath at room temperature. Crystallizations by evapora¬ 

tion were conducted by blowing nitrogen into the vessel and main¬ 

taining a temperature of 25-30°. Low temperature crystallization 

was performed by use of a modified Skau tube with sintered glass 

filter and a refrigerated centrifuge. Reacting mixtures were stirred 

magnetically during addition of reagents. Reactions requiring ex¬ 

clusion of moisture (e. j»., sulfonations) were conducted in glass- 

stoppered vessels sealed with silicone grease and a Saran wrapping. 

For materials sensitive to moisture, transfers and additions of 

liquids were made using pipettes or syringes and protecting the 

opening of the vessel with a dry cotton plug during the operation. 

Benzaldehyde, b.p. 57° at 8 mm., and anisaldehyde, b.p. 106° 

at 6 mm., were obtained by distillation under nitrogen of commercial 

materials purified by washing with 10% sodium bicarbonate. Acet¬ 

aldehyde and n-butyraldehyde (b.p. 74-75°) were distilled under 

nitrogen from materials dried over sodium sulfate at 5°. 

©(-Benzaldoxime, b.p. 85° at 3 mm., was prepared from benzalde¬ 

hyde (tech.) and hydroxylamine hydrochloride in aqueous alcohol with 

potassium acetate (1+ mol. equiv.) at pH 5. The product melted at 
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33° (lit. cf. 44,22). ^-Benzaldoxime, m.p. 130°, was prepared 

according to Beckmann.22 *-Benzaldoxime (3 g.) was dissolved in 

50 ml. of anhydrous ether and the solution saturated with dry hydro¬ 

gen chloride. After 15 min., the white solid was collected, washed 

with ether and immediately added to a saturated solution of sodium 

carbonate (2.5 g.) covered by 20 ml. of ether. After shaking, the 

ether layer was evaporated, leaving 0.496 g. of product, m.p. 126-131°. 

Commercial acetaldoxime, distilled through a 10-cm. Vigreux 

column, boiled at 90-120°. The main fraction, distilling at 114-115°, 

was utilized. Several months after its use in syntheses of tetra- 

acetylglucopyranosylacetothiohydroximic acid, the fraction was ex¬ 

amined by vapor chromatography as described later and the material 

found to be impure, containing only 0.52 g./ml. of acetaldoxime. 

The impurities were paraldehyde (0.37 g./ml.) and acetonitrile 

(6.5 mg./ml.). The paraldehyde (b.p. ca. 124°) was discernible in the 

infrared spectrum. In experiments where the material was used, it is 

designated as crude acetaldoxime. 

Pure acetaldoxime, b.p. 113-115°, was prepared according to 

Wieland45 by adding freshly distilled acetaldehyde to hydroxyl- 

amine hydrochloride and sodium carbonate in water at 0° and letting 

the solution stand overnight at room temperature. The product was 

isolated by ether extraction and distillation. No higher boiling 

fraction was obtained and vapor chromatography indicated only traces 

of impurities. 

n-Butyraldoxime, b.p. 55-56“ at 10 mm., was prepared free, 

freshly distilled n-butyraldehyde, hydroxylamlne hydrochloride and 



sodium carbonate in water at pH 5. Vapor chromatography showed 

only traces of impurities (lit. cf. 44). 

J>Butyl hypochlorite, b.p. 77-78°, was made according to Teeter 

and Bell^ by reaction of Jt-butyl alcohol with aqueous hypochlorite. 

The reagent was stored at -15° in the dark. Periodically, the hypo¬ 

chlorite was assayed iodimetrically. An aliquot of 0.20 ml. was 

added to 30 ml. of 4% potassium iodide and the solution acidified 

with 5 ml. of 4 N sulfuric acid. The liberated iodine was titrated 

with 0.1 N sodium thiosulfate. A stated purity of x% means x g. 

of the hypochlorite per 100 ml. The reagent initially assayed 95%. 

Pyridine—sulfur trioxide (m.p. 144-155°) was obtained accord- 

47 ing to Sisler and Audrieth from the reaction of pyridine and 

chlorosulfonic acid, b.p. 151°, in chloroform at 10°. The pro¬ 

duct was stored over phosphorus pentoxide. 

A solution of N,N-dimethylformamide—sulfur trioxide (1.2-1.4 M) 

was prepared by distillation of Sulfan B (stabilized liquid sulfur 

trioxide, Baker and Adamson) into freshly distilled dimethylformamide 

stirred at -10° with exclusion of moisture. An aliquot ( 1 ml.) was 

added to 25 ml. of water at 10° and titrated with 0.1 N sodium 

hydroxide to determine the molarity. The solution was stored at -15° 

and developed color on standing (lit.cf. 48). 

Hydroxylamine-O-sulfonic acid (80-95%) was obtained according 

27 
to Sommer, e£ £l. by reaction of hydroxylamine sulfate and chloro¬ 

sulfonic acid. The hygroscopic material was washed with cold an¬ 

hydrous ether, dried in vacuo and stored over phosphorus pentoxide. 

The reagent, used without further purification, was assayed by 
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iodimetry. An aliquot (0.1-0.2 g.) was dissolved in 30 ml. of 4% 

potassium iodide (deoxygenated by carbon dioxide) and 9 ml. of 4 N 

sulfuric acid at 0° and allowed to stand under carbon dioxide for 1 hr. 

at 5°. The liberated iodine was titrated with 0.1 N sodium thiosul¬ 

fate and the percent of hydroxylamine-0-sulfonic acid calculated, 

assuming 1 mole equivalent of iodine to be formed. 

A solution of 92% hydroxylamine-O-sulfonic acid (0.835 g.) in 

3.92 ml. .of water at 25° was titrated potentiometrically. with 2 N 

sodium hydroxide. The pH at half neutralization (0.205 ml. of base) 

was 1.64. 

Acetobromoglucose was prepared as recommended by, Conchie, Lewy 

and.Marsh,^ with substitution of sulfuric acid for perchloric. To a 

mixture of 400 ml. of acetic anhydride and.0.5 ml. of concentrated sul¬ 

furic acid was added 100 g. of D-glucose monohydrate at 35-40° over a 

period of 45 minutes. After cooling to 15°, 30 g. of amorphous phos¬ 

phorus was added, followed gradually by 80.7 g. of bromine, with con¬ 

trol of temperature (18°) by cooling. Then.37 ml. of water was added 

dropwise at 30°. After 2 hrs. at 30-37°, 300 ml. of chloroform was 

added and the mixture poured into 800 g. of water and ice. The chloro¬ 

form layer was filtered and washed with ice water and cold saturated 

sodium bicarbonate. The solution was dried with calcium chloride at 

5°, . adding a pinch of sodium bicarbonate. Evaporation left a syrup, 

which was dissolved in ether (total volume 650 ml.) in a water bath. 

Petroleum ether (400 ml.) was added and after standing at 5°, 172 g. of 

acetobromoglucose, m.p. 88-89°, was obtained. A second crop of 8 g., 

m.p. 87-88°, increased the yield to 87%. The compound was stored at-15°. 
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Sodium/3 -D-l-glucopyranosvl mercaptide. Acetobromoglucose 

(25.5 g.) and 7.06 g. of powdered thiourea in 75 ml. of dry acetone 

were shaken for 15 min. at room temperature. The mixture was al¬ 

lowed to stand at room temperature overnight. After chilling to 0°, 

the precipitated solid was collected, washed with acetone and dried 

in vacuum over calcium chloride, yielding 17.7 g. of 2,3,4,6-tetra- 

acetyl-^-D-l-glucopyranosylisothiuronium bromide, m.p. ca. 192° dec. 

An additional 1.69 g., m.p. ca. 195° dec., was obtained by concen¬ 

tration of the mother liquor and precipitation from ethanol solution 

with ether. The total yield was 64%. An aliquot recrystallized from 

oQ 
ethanol gave material with m.p. 202° dec., [°f]D -20° (1% in ethanol) 

(lit.cf. 21,50). 

A suspension of the isothiuronium salt (2.97 g.) in 5 ml. of 

methanol at -15° was treated with 10.3 ml. of 1.78 M sodium methoxide 

chilled to -15°. The resulting solution was allowed to stand in an 

ice bath for a few minutes, warmed to room temperature and filtered, 

with a rinse of 1 ml. of methanol. During neutralization with 4.4 ml. 

of 1 N aqueous acetic acid (phenolphthalein, external indicator), 

crystals formed. After standing overnight at 5°, the product was 

collected and washed with methanol at 0°, yielding 1.47 g. (95%) of 

sodium ^-D-l-glucopyranosyl mercaptide dihydrate, m.p. 175° dec.; 

[*(+15.6° (3.5% in water). The substance by titration with acid 

(methyl orange) had a neutralization equivalent of 257 (calcd. 254). 

In a similar preparation scaled to 15 g. of isothiuronium salt, the 

yield was 5.43 g. (70%) (lit.cf. 51). 
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Pentaacetvl-/? -D- 1-thloelucopyranose. Sodium thioglucosate 

dihydrate (5.40 g.) was treated overnight at 5° with 20 ml. of acetic 

anhydride and 30 ml. of pyridine. The crude product was isolated by 

addition of 150 ml. of ice water. .Evaporation of a water-washed, 

dried (calcium chloride) chloroform solution and washing the crystal¬ 

line residue with ether gave 5,37 g. of pentaacetyl-^-D-l-thio- 

glucose, m.p. 118-120°. A second crop of 1.24 g., m.p. 117-118°, was 

obtained (total yield 77%) from the ether washings. The substance 

was identified with a sample, m.p. 120-121°, prepared by condensation 

of acetobromoglucose with thioacetic acid and potassium hydroxide 

in ethanol-chloroform (lit.cf. 52). 

Tetraacetvl-^-D-l-glucopyranosvl mercaptan (^-D-l-thioglucose 

2,3,4,6-tetraacetate) was prepared according to Cerny, Vrkoc and 

21 
Stanek. In some experiments the low-melting allotrope (m.p. 73-75°) 

was obtained and purified with difficulty by crystallization from 

ether—petroleum ether. The other form, m.p. 115°, was procured in¬ 

itially by crystallization from methanol-ether at ca. 50°. Seeding 

with the form melting at 115° facilitated purification in subsequent 

preparations. The cited procedure was modified by dispensing with 

the isolation of the isothiuronium adduct. 

Acetobromoglucose (37.6 g.) and 7.5 g. (1.08 mol. equiv.) of 

powdered thiourea were heated at reflux in 40 ml. of acetone for 

15 min. Salt precipitated. The mixture was cooled immediately and 

evaporated to dryness. To the residue dissolved in 450 ml. of water 

was added a solution of sodium bisulfite (46 g.) in 100 ml. of water. 

Heating 5 minutes in a steam bath precipitated an oil. The mixture 
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was chilled and extracted with chloroform. After washing with water 

and drying, the extract was evaporated to a syrup and the residue was 

dissolved in 25 ml. of warm methanol. Crystallization of the product 

was induced by seeding and storage at 5°. The yield of tetraacetyl- 

-D-l-glucopyranosyl mercaptan, m.p. 111-115°, was 20.5 g. (61%). By 

53 
argentimetric titration, the substance had an equivalent weight of 

356 (calcd. 364). Material of m.p. 116° had [c*]*6 +8.9° (2.8% in 

chloroform) (lit.cf. 21). 

Ion exchange resins. Amberlite IR-120 cation exchange resin was 

conditioned by two cycles of treatment with 2 N hydrochloric acid 

followed by distilled water. Conversion to an appropriate 

quarternary ammonium form was effected with a commercial 10% solution 

of the tetraalkylammonium hydroxide. The cation resin in other forms 

was prepared with 1 N base. Amberlite IR-4B anion resin in free amine 

form was conditioned by cyclic washing with 1 N hydrochloric acid, 

water, 1 N sodium hydroxide, carbonated water, and water. 

Nuclear magnetic resonance spectroscopy. Measurements were made 

at 40 megacycles, courtesy of Dr. William Putnam (Shell Oil Co., Deer 

Park, Texas). Calibration of the hydroxyl proton absorption was by the 

side band technique, with water as the external standard (cf. Table I). 

Near-infrared studies. Materials were dissolved in carbon tetra¬ 

chloride and spectra were obtained with a Cary Model 14 spectro¬ 

photometer, using 10-cm. cells (cf. Table II). 

Ultraviolet spectra. The data of Table III were obtained with 

the Cary spectrophotometer. The data given in the Experimental Part 

were obtained with a Beckman DU spectrophotometer equipped with 
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photomultiplier, unless otherwise noted. One-centimeter cells were 

used where optical density is specified. 

Silicic acid chromatography. Silicic acid was activated by heat¬ 

ing 2 hrs. at 200°. Columns of diameters 8*13 mm. were prepared from 

5-15 g. of silicic acid in a chloroform slurry. The crude, acetylated 

glucoside mixtures (0.2-1 g.) were applied in chloroform solution. 

Elution was accomplished with binary mixtures of the series, chloro¬ 

form, ether, acetone. Fractions of 10-30 ml. were collected at a 

flow rate of 1-2 ml./min., maintained by a nitrogen pressure of 

5-10 lbs. The eluates were concentrated to dryness at 30-40° by 

nitrogen jet and the residues characterized by crystallization, 

melting points, and infrared and ultraviolet spectra. 

Following the chromatographic investigations, the stability of 

aldoxime (0.103 g.) in 4 ml. of chloroform was placed on a silicic 

acid column (7 g.) and eluted with 1:25 ether-chloroform. The oil 

(0.044 g.) obtained in the first fractions was identified by infra¬ 

red spectrum (carbon disulfide) as 0(-benzaldoxime. The unaltered 

(3 -oxime was recovered as 0.047 g. of crystalline solid, m.p. 125-130°. 

Vapor chromatography. Samples of 2-10 jll. were examined by a 

Perkin-Elmer Vapor Fractometer, Model 154-C, utilizing helium as a 

carrier gas and commercial columns (2 m., l/4"), C (silicone oil 

DC-200) and K (polyethylene glycol, Carbowax 1500). The retention 

times observed under the given conditions are recorded in Table IV. 

Identification of unknowns was checked by chromatography on both 

columns. Quantitative estimations were made by measuring peak areas 

under similar conditions was examined. 



TABLE IV 

Vapor Chromatography. Dataa 

Retention time (min.) 

K,90° C, 60° C,80° 

Acetonitrile 3.6 1.3 

n-Butyronitrile 6.1 3.1 

Acetaldoxime^ 14.8, 16.8 3.5C, 4.0 

n-Butyraldoxime^ 17.5, 18.4 7.5, 8.2C 

Acetaldehyde 0.8 0.85 

Paraldehyde 5.1 13.3 

Crotonaldehyde 4.4 4.4 

Ether 0.5 1.65 0.9 

Acetone 1.4 

Carbon tetrachloride 1.5 3.4 

Methanol 2.0 

Ethanol 2.4 1.4 

Water 4.9 1.0 

Pyridine 10.9 5.5 

a 
Helium pressure, 20 lbs./sq. in. gauge, k Two peaks i, un- 

resolved. c Inflection on main peak. 
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and calibrating with samples of known concentration. The aldoximes 

were mixtures of two incompletely resolved components, probably syn 

and anti isomers. 

Benzohvdroxamvl chloride. Crystalline benzohydroxamyl chloride 

obtained in various experiments melted within the range 48-53° 

(lit.cf. 20). All materials had essentially identical infrared 

spectra in carbon disulfide and no depression was observed in melting 

point of mixtures. 

Jt-Butyl hypochlorite (88%, 6.25 g.) was added dropwise to 6.25 g. 

(1.0 mol. equiv.) of Q'-benzaldoxime in 50 ml. of absolute methanol 

at -20°. The solution became successively brownish yellow, blue- 

green, and blue, and was acid to pH paper. After storage at 0° for 

9 hrs., the solution, now pale blue, was evaporated in vacuum below 

0°. The syrupy residue after warming to room temperature was color¬ 

less. The oil, stored overnight in an evacuated desiccator, partially 

solidified at 10°. From 8.02 g. of crude product there was obtained 

3.35 g. of benzohydroxamyl chloride, m.p. 46-50°, by centrifugation 

at 0°. A sample recrystallized from ether—petroleum ether melted at 

50-53°. A sublimed sample (room temperature,. 1 mm.) melted at 51-53° 

and was stable for two months at room temperature in a container pro¬ 

tected by a cotton plug. The substance slowly formed a violet color¬ 

ation with ferric chloride in aqueous methanol, gave a positive 

Beilstein test and exhibited A maXi 250 nyc (log £ 4.05) in ethanol. 

S-/ff-D-l-(2,3,4.6-Tetraacetvlglucopyranosvl)-benzothiohydroximic 

acid. -Thioglucose pentaacetate (0.893 g.) in 10 ml. of absolute 

methanol was treated at 10° with 4.3 ml. of 0.55 N methanolic sodium 
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methoxi.de to reach "pH 7.5" (indicator paper). A freshly prepared 

solution of crystalline benzohydroxamyl chloride (0.383 g., 1 mol. 

equiv.) in 5 ml. of methanol was added and the dropping funnel washed 

with 5 ml. of methanol. After warming to room temperature (20 min.), 

the solution was evaporated and the colorless residue extracted with 

30 ml. of chloroform. The crude amorphous residue (1.17 g.) left on 

evaporation was crystallized from 4 ml. of hot methanol to yield 

0.934 g. (74%) of Sy$ -D-l-(2,3,4,6-tetraacetylglucopyranosyl)-benzo- 

thiohydroxlmic acid monomethanolate as needles; m.p. 138-140° when 

slowly heated from room temperature. The material appeared to melt 

partially at 121° when heated rapidly. A sample equilibrated over 

calcium chloride lost weight at 65° in vacuum by 5.4% (calcd. for 

1 CH^OH, 6.2). Recrystallization of 0.624 g. from ether—petroleum 

ether yielded 0.505 g. of the unsolvated substance, m.p. 140-141°; 

[Q(]p +18.4° (2% in chloroform). The compound showed an inflection 

at 245 m/U* (log £. 3.70) in ethanol. 

Anal. Calcd. for C2iH25Ol0NS: C, 52.17; H, 5.21; N, 2.90; 

S, 6.63. Found: C, 52.05; H, 5.25; N, 2.99; S, 7.22. 

23 
Treatment according to Lundeen of 19 mg. of the tetraacetyl- 

glucosylbenzothiohydroximic acid with 0.5 ml. of 12 N hydrochloric 

acid for 7 hrs. at room temperature, evaporation to dryness in 

vacuum and dilution with 0.5 ml. of water gave a solution containing 

hydroxylamine hydrochloride, detected by paper chromatography^ 

(ethanol —6 N hydrochloric acid, 70:30; Rf 0.46) and spraying 

with (1) picryl chloride in ethanol, followed by ammonia vapor or 

(2) ammoniacal nickel diacetyl monoxime reagent. 



- 43 

Tetraacetylglucopyranosylbenzothiohydroximic acid from crude 

benzohydroxamvl chloride. Several experiments were performed, con¬ 

densing oily residues from preparation of crystalline benzohydrox- 

amyl chloride with tetraacetylglucosyl mercaptide. In one experi¬ 

ment, starting with 4.38 g. of crude benzohydroxamyl chloride, 1.57 g. 

of liquid remained after isolation of crystalline chloride. To 3.28 g. 

of tetraacetylglucosyl mercaptan in 50 ml. of absolute methanol at 0° 

were added 16 ml. of 0.53 N methanolic sodium methoxide and 1.55 g. of 

the liquid chloride. The apparent pH was adjusted to 8 with glacial 

acetic acid. After 2 hrs. at room temperature and 5 hrs. at 5°, the 

solution was evaporated to a solid. After storage overnight in 

vacuum, the material was dissolved in 50 ml. of chloroform, washed 

with water and the dried solution concentrated to a syrup. Crystal¬ 

lization from 13 ml. of hot methanol afforded 1.62 g. of the known 

tetraacetylglucopyranosylbenzothiohydroximic acid (methanolate), 

m.p. 138-140° (slowly heated from room temperature). By recrystal¬ 

lization of crude, crystalline material (0.82 g., m.p. 68-122°) from 

the mother liquors, 0.69 g. of the same substance, m.p. 138-140°, was 

procured. Identification was made by melting points of mixtures and 

infrared spectra (Nujol mulls). 

An aliquot (0.4 g.) of uncrystallizable residue was chromato¬ 

graphed in silicic acid and resolved into the following materials as 

ordered: a volatile oil (0.04 g., lost by drying in vacuo), tetra¬ 

acetylglucosyl mercaptan (0.06 g.), tetraacetylglucosylbenzothio- 

hydroximic acid (0.12 g.), an oil (0.03 g.) and another oil (0.05 g.) . 

The known materials were identified by melting points and infrared 
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spectra. The oils could not be crystallized, but infrared and ultra¬ 

violet spectra and polarity of the eluting solvent indicated that 

the substances might be partially acetylated glucosylbenzothio- 

hydroximlc acids. 

Reaction of chloronltrosotoluene and tetraacetvlglucopyranosvl 

mercaptan. Isolation of di-(tetraacetvl-/^-D-l-glucopyranosyl) 

disulfide. ^C-Benzaldoxime (0.939 g.) in 25 ml. of ether at -40° 

was treated with 0.88 ml. of 95% t>butyl hypochlorite. The mixture 

was allowed to warm to -10° and to the resulting green solution 

(containing a colorless precipitate), rechilled to -25°, was added 

methanolic tetraacetylglucosyl mercaptide, prepared from 3.15 g. of 

pentaacetyl-^-D-l-thioglucopyranose in 25 ml. of methanol and 

15.6 ml. of 0.50 Nlsodium methoxide. The solution turned succes¬ 

sively blue, colorless and red during the ten-minute period of 

addition. When the solution warmed to 0°, salt precipitated and the 

supernatant was colorless. After storage overnight at 0°, the usual 

work-up yielded 2.25 g. of chloroform-soluble material, from which 

was obtained 0.44 g. of the known crystalline, solvated tetraacetyl- 

glucopyranosylbenzothiohydroximic acid, m.p. 135°, identified with 

authentic material. An aliquot (0.47 g.) of the syrupy residue from 

the mother liquors yielded by silicic acid chromatography a major 

fraction of 0.11 g., which on repeated crystallization from ether- 

petroleum ether afforded crude material melting at 130-145° and 

140-150°. Chromatography (silicic acid) of 41 mg. of the material 

and crystallization furnished 20 mg. of pure substance melting in the 

range 149-151°, with [0(]£5 -154° (1.3% in chloroform). The substance 
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contained sulfur but no nitrogen (calcium oxide fusion) and was tenta¬ 

tively identified as di-(tetraacetyl-^-D-l-glucopyranosyl) disulfide 

(lit. 55: m.p. 144°, [Cf]*0 -156°). 

The same substance was later obtained as a by-product isolated 

through chromatography in experiments coupling acetohydroxamyl chloride 

with tetraacetylglucosyl mercaptide. Two crystalline forms (from 

ether—petroleum ether) were isolated. One form melted at 152-153°, 

identified with material melting in the range 149-151°. The second 

form, m.p. 143-145°, [“155° (1% in chloroform), was distinguish¬ 

able by infrared spectrum (Nujol mull). Both materials had the identi¬ 

cal infrared spectrum in chloroform solution. The higher-melting form 

was converted by crystallization from ether—petroleum ether with 

seeding into material melting at 145°. Polymorphism was indicated, but 

the possibility that one form might be a solvate was not investigated. 

Attempted isomerization of S-/?-D-l-(tetraacetvlglucopyranosvl)- 

benzothiohydroximic acid. An ether solution of the benzothiohydroximic 

acid (1.15 g. in 50 ml.) was saturated with anhydrous hydrogen chloride. 

A voluminous precipitate formed. After 15-20 minutes, the precipitate 

was filtered, washed with ether and added to a separatory funnel con¬ 

taining ether and 0.2 g. of sodium carbonate dissolved in a minimum of 

water. The hydrochloride was hydrolyzed by shaking and the ether layer 

evaporated in a nitrogen jet to a crystalline residue. The solid was 

washed with ether and dried in vacuum over calcium chloride. The 

product (0.51 g.) melted at 102-137° (heated from room temperature). 

When immersed at 102°, the material melted at £a. 107°. A mixture 

with known tetraacetylglucosylbenzothiohydroximic acid melted at 
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138-140°. The infrared spectrum of the solid differed considerably 

from that of the known thiohydroximic acid in the long wave length 

region. Recrystallization of the product from boiling ether gave 

material, m.p. 137° (immersion at 120°), which in mixture with the 

known benzothiohydroximic acid, m.p. 141°, melted at 139°. Freeze¬ 

drying of a benzene solution of the original crystalline product of 

the acid treatment gave an amorphous solid which had an infrared 

spectrum in Nujol identical with that of"a specimen prepared similarly 

from the known pure thiohydroximic acid. Polymorphic material, 

m.p. 110-137°, was also obtained by evaporation of an ether solution 

of the known tetraacetylglucosylbenzothiohydroximic acid, m.p. 141°, 

as indicated by infrared spectrum similar to that of the product, 

m.p. 102-137°. 

Sulfonation of $ -/3 -D-l-(tetraacetvlglucopvranosvl)-benzothio- 

hydroximic acid. Unsolvated tetraacetylglucopyranosylbenzothio¬ 

hydroximic acid (1.04 g.) in 5 ml. of anhydrous pyridine was shaken 

with 1.05 g. (3.2 mol. equiv.) of pyridine—sulfur trioxide for 20 hrs. 

at ambient temperature (ca. 30°). The mixture was chilled, treated 

with 5 ml. of water and the resulting.solution allowed to stand 1 Hr. 

at room temperature. Solid potassium carbonate (0.77 g.) was added. 

After evolution r>f carbon dioxide had ceased, sufficient water (10 ml.) 

to dissolve salts was added and the solution extracted twice with 

20—ml• portions of ether, with adjustment to pH 8 by more potassium 

carbonate. The aqueous phase, brought to pH 6 with 1 N hydrochloric 

V 
acid, was concentrated at room temperature. The crude product (1.03 g.) 

melted at 120-130° (dec.). . Desalting was effected by extraction with 
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warm methanol (10-15.ml.), leaving an insoluble residue of 0.05 g. 

Crystallization by evaporation yielded 0.746 g. (dried over calcium 

chloride in vacuo) of potassium tetraaeetylphenylglucopinolate, 

m.p. 125-155° dec. (from room temperature) or 140-142° dec. (immersed 

at 125°). A second crop of 0.116 g. (total yield, 66%), m.p. 130-140° 

dec. (immersed at 125°), was obtained from the mother liquor. Material 

recrystallized from methanol melted at 140-155° dec. (heated from room 

temperature). Exposure to the atmosphere formed a monohydrate, also 

obtained by crystallization from water, with m.p. 130-137° dec.; 

-6.1° (1% in water). The ultraviolet spectrum of an aqueous 

solution exhibited an inflection at 230 iyc (log £ 3.94). The 

hydrate decomposed on standing several months at room temperature in 

a closed vial. Water content was determined by uptake of atmospheric 

moisture. 

Anal. Calcd. for C2iH240i3NS2K‘H20: C, 40.70; H, 4.23; H20, 2.90. 

Found: C, 41.04, 40.33; H, 5.11, 4.26; H20, 2.9. 

Ammonoivsis of potassium tetraacetvlphenylglucosinolate. Potas¬ 

sium tetraacetylphenylglucosinolate monohydrate (1.80 g.) was treated 

overnight at room temperature with 25 ml. of methanol saturated with 

ammonia at 0°. The syrupy residue obtained on evaporation was dis¬ 

solved in 10 ml. of water and slowly run through 10.5 g. of Amberlite 

IR-120 cation resin in tetramethylammonium form. The syrupy residue 

obtained by evaporation of the effluent, with a following 30-ml. 

portion of water, was crystallized twice from 6 ml. of hot methanol 

and furnished 1.31 g. (92%) of tetramethylammonium phenylglucosinolate 

(dried in vacuum over phosphorus pentoxide) as needles, m.p. 132-137°. 

) 
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The material readily absorbed moisture on exposure to the atmosphere 

without forming a definite hydrate. Attempts to obtain a non-hygro- 

scopic form from aqueous organic solvents failed. The substance had 

The lithium, sodium, potassium, cesium, tetraethylammonium,' tri- 

methylammonium and triphenylsulfonium ions failed to yield crystalline 

phenylglucosinolates. Conversion of tetramethylammonium phenylgluco- 

sinolate to the tetra-ii-propylammonium salt was followed by successful 

crystallization. 

Tetramethylammonium phenylglucosinolate (0.615 g.) in 15 ml. of 

water was passed through 8 g. of cation resin in tetra-n-propyl- 

ammonium form. After washing the column with 20 ml. of water, the 

eluate (pH 4) was neutralized to pH 6 with tetra-£-propylammonium 

hydroxide and evaporated to a syrup. Crystallization from methanol- 

ethanol afforded 0.629 g. (83%) of tetra-n-propylammonium phenyl¬ 

glucosinolate as air-stable prisms, m.p. 165-193° dec. Recrystal¬ 

lization furnished 0.568 g. of substance, m.p. 187-190° dec. An 

analytical sample, m.p. 191-193° dec., had -10° (2% in water) . 

The ultraviolet spectrum of an aqueous solution showed the inflection 

at 230 mj*. (log £ 3.94) . 

Anal. Calcd. for C25H44O9N2S2: C, 51.70; H, 7.64; N, 4.82; 

o 9 
-13° (1.9% in water) and the ultraviolet spectrum of an aqueous 

solution exhibited an inflection at 230 n (log £ 3.92) . 

Anal. Calcd. for C17H28O9N2S2* C, 43.57; H, 6.02; N, 5.98; 

S, 13.69. Found: C, 42.95; H, 6.29; N, 6.38; S, 13.38. 

S, 11.04. Found: C, 51.95; H, 7.74; N, 4.52; S, 11.26. 
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S-^-D-l-(2,3.4,6-Tetraacetvlglucopyranosyl)-acetothiohvdroximlc 

^cld. In a typical experiment with crude acetaldoxime, 1 ml. of 94% 

t_-butyl hypochlorite was added to 0.702 g. of acetaldoxime in 50 ml. 

of absolute methanol at -60°. The blue solution was allowed to warm 

gradually to 10° (1 hr.) and was concentrated at -10°, becoming com¬ 

pletely colorless after removal of 10 ml. of pale blue distillate. 

fi -D-l-Thioglucose 2,3,4,6-tetraacetate (2.00 g.) in 35 ml. of 

methanol was neutralized with 10.4 ml. of 0.53 N.sodium methoxide 

and added to the hydroxamyl chloride at 0°. After 5 hrs. at room 

temperature,.the crude product was isolated by evaporation and 

chloroform extraction of the residue. Crystallization from ether- 

methanol afforded 0.983 g., m.p. 160-163°, and a second crop of 

0.173 g., m.p. 155-157°, which was recrystallized to furnish 0.128 g., 

m.p. 155-166°. Recrystallization of material melting around 160° 

from methanol-ethanol yielded 1.05 g. (47% from mercaptan) of S-^-D-l- 

(tetraacetylglucopyranosyl)-acetothiohydroximic acid as needles, 

m.p. 167-168°; -16.5° (2% in chloroform). The ultraviolet 

spectrum in methanol had no maximum as far as 212 (Cary spectro¬ 

photometer) . Identity with the compound prepared by Lundeen (unpub¬ 

lished) was established by infrared spectrum and melting point of a 

mixture. 

By-products. The residue (0.9 g., dried in vacuum at room temp¬ 

erature) from combined mother liquors of the last preparation was 

examined by chromatography. The material in 5 ml. of chloroform was 

applied to a column (13 mm. x 20 cm.) of 15 g. of silicic acid and 

elution afforded in order: thioglucose tetraacetate (0.46 g.), 



- 50 - 

m.p. 110*115°; tetraacetylglucosylacetothiohydroxiraic acid (0.26 g.), 

m.p. ca. 160°; crystallizable material (0.05 g.) from ether-acetone 

fractions, melting within the range 170-190°. Crystallization of 

the unknown material from ether-acetone and chromatography yielded 

17 mg. of substance, m.p. 201-203°. According to ultraviolet and 

infrared spectra and analysis, the unknown appeared to be a tri¬ 

acetyl glucopyranosylacetothiohydroximic acid. 

Anal. Calcd. for C14H2109NS: C, 44.32; H, 5.58. Found: 

C, 44.15; H, 5.67. 

In an experiment scaled to 5 g. of thioglucose tetraacetate, 

chromatography of the residue from mother liquors furnished less 

than 3 mg. of a crystalline material, m.p. 135-140°, appearing on 

the tail of the known thiohydroximic acid. The substance had an 

infrared spectrum O max. 2.9, 3.0, 5.73 and 5.85^4 ) very simi¬ 

lar to that of the known tetraacetylglucosylacetothiohydroximic acid 

(^max* 3.0 (br.) and 5.73no band at 5.85/4) except for the 

absorption in the bonded hydroxyl and the carbonyl stretching regions. 

Acetonyl 2.3.4,6-tetraacetvl-^-D-l-thloglucopyranoside. An 

unknown was isolated in reactions of acetaldoxime chlorinated in ace¬ 

tone with tetraacetylglucosyl mercaptide. In one experiment, 0.74 ml. 

of 92% jt-butyl hypochlorite was added to 0.459 g. of crude acetaldoxime 

in 25 ml. of acetone at -60°. After the solution warmed to ca. 10° 

(50 min.), 2.04 g. of thioglucose tetraacetate, 0.5 ml. of aqueous 

potassium carbonate (0.77 g./lO ml.) and 10 ml. of acetone were added, 

followed by the remaining carbonate solution and 5 ml. of water to 

maintain homogeneity. After 1 hr., the solution was concentrated in 
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vacuum and the crude product (2.39 g., m.p. 129-141°) obtained by 

evaporating a chloroform extract. Trituration with 10 ml. of ether 

afforded 1.56 g., m.p. 150-156°, and 0.33 g., m.p. 135-14?°, by 

evaporation of the ether washings. . Crystallization of material melting 

at 156° from ether-acetone yielded 1.17 g., m.p. 162-164°. Material 

melting at 145° similarly furnished 0.167 g., m.p. 160°. The sub¬ 

stances were identified with the known tetraacetylglucopyranosyl- 

acetothiohydroximic acid by melting point of mixtures and infrared 

spectra. 

By silicic acid chromatography, the residue (0.90 g.) from mother 

liquors was resolved into the following: 0.37 g., m.p. ca. 77°; 

0.11 g., m.p. 110-140°; 0.29 g. of tetraacetylglucosylacetothio- 

hydroximic acid, m.p. 165°; and 0.03 g. of uncrystallizable syrup. 

Recrystallization of material, m.p. 110-140°, gave 23 mg. of di- 

(tetraacetyl-^-D-l-glucopyranosyl) disulfide, m.p. 143-145°. The 

uncrystallizable syrup obtained by final elution with acetone appeared 

to be partially acetylated glucosylacetothiohydroximic acids. 

An analytical sample of the unknown (m.p. 77°) prepared by 

crystallization from ether—petroleum ether melted at 78-79°, with 

[Of -35° (2% in chloroform), and showed no appreciable ultraviolet 

absorption. The infrared spectrum of a Nujol mull showed a second 

carbonyl band at 5.85H. which persisted as a shoulder on the ester 

nitrogen (calcium oxide fusion) and chlorine (Beilstein) and elemental 

analysis indicated the substance to be acetonyl 2,3,4,6-tetraacetyl- 

carbonyl chloroform solution. Negative tests for 

-D-l-thioglucopyranoside and the conjecture was confirmed by synthesis. 
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Anal. Calcd. for C17H24O10S: C, 48.56; H, 5.75; S, 7.62; 

mol. wt., 420. Found: C, 48.24; H, 5.71; S, 8.04; mol. wt., 346, 355. 

Synthesis of the acetonyl thioglucoside tetraacetate was effected 

by condensation of chloroacetone and -thioglucose tetraacetate ac- 

25 
cording to the method of Cerny and Pacak. Tetraacetylglucopyranosyl 

mercaptan (0.187 g.) In 3 ml. of acetone was treated with 0.07 ml. 

(ca. 1.5 mol. equlv.) of chloroacetone and 0.073 g. of potassium 

carbonate in 3 ml. of water. After 1 hr., the homogeneous solution 

was diluted with ice water and an oil separated. A chloroform solution 

of the oil was washed with water and dried. Evaporation to a syrup and 

crystallization from ether—petroleum ether afforded 0.158 g. (73%) 

30 
of compound, m.p. 73-76°, with [ Of' ] ^ -38° (1.3% in chloroform). The 

melting point of a mixture with the by-product, m.p. 77-78°, was 75-77° 

and the substances had identical infrared spectra. 

Experiments were conducted to obtain a mercaptol from tetra¬ 

acetylglucopyranosyl mercaptan and acetone, since the calculated 

elemental composition corresponds to that found for the by-product, 

m.p. 78-79°. Tetraacetylthioglucose (0.179 g.) in 2 ml. of acetone 

saturated with dry hydrogen chloride was allowed to stand 1 hr. with 

Drierite at room temperature. The solution was neutralized by aqueous 

sodium bicarbonate and extracted with ether. Repeated crystallization 

of the ether-soluble residue from methanol-chloroform yielded 12.6 mg. 

of a substance, m.p. 215-216°, with -37° (1% in chloroform). 

A Beilstein test for chlorine was negative. Further characterization 

other than elemental analysis was not pursued. 
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Anal. Calcd. for C31H44018S2s C, 48.43; H, 5.77;S, 8.34. 

Found: C, 48.29; H, 5.88; S, 8.50. 

Condensation of acetohydroxamvl chloride with tetraacetylglucosvl 

mercaptan and potassium carbonate In aqueous methanol. Acetaldoxime 

(0,052 g.) in 5 ml. of methanol at -40° was treated with 0.11 ml. 

(1 mol. equiv.) of 87% _t-butyl hypochlorite and the blue solution was 

allowed to warm to 0° (45 minutes). Thioglucose tetraacetate (0.310 g.) 

and 2 ml. of 0.5 N aqueous potassium carbonate, in 10 ml. of methanol, 

were added to the now colorless solution at -20°. After 4 hrs. at 

room temperature, the crude product obtained by evaporation to dryness 

was extracted with acetone and crystallized by evaporation from ether- 

acetone to furnish 0.205 g. of known tetraacetylglucopyranosylaceto- 

thiohydroximic acid, m.p. 161-163°, identified by melting point in mix¬ 

ture and infrared spectrum. A second crop (0.109 g.), m.p. 125°, was 

obtained from the mother liquor by crystallization from ether—petrol¬ 

eum ether. The infrared spectrum in chloroform indicated the material 

to be mostly unaltered tetraacetylglucosyl mercaptan or its disulfide. 

S-/3 -D-l-Glucopvranosvlacetothiohydroximic acid■ Tetraacetyl- 

glucopyranosylacetothiohydroximic acid (0.42 g.) was treated overnight 

at room temperature with 10 ml. of methanol saturated with ammonia at 

0°. The crystalline residue obtained after evaporation was triturated 

on the "steam bath'With 5 ml. of methanol and 0124 g. of product, 

m.p. 210-215° dec., was isolated. Crystallization of 0.22 g. from 

8 ml. of 70% methanol furnished 0.18 g. (78%) of S-/3 -D-l-glucopyrano- 

sylacetothiohydroximic acid; prisms, m.p. 210-215° dec.; [°(]p2 -43° 

(1% in water) ; in water Amax< 221 (log £ 3.82). 
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Anal. Calcd. for C8H1506NS: C, 37.94; H, 5.97; N, 5.53; 

S, 12.66. Found; C, 37.81; H, 6.09; N, 5.64; S, 12.88. 

Glucopyranosylacetothiohydroximic acid from acetohydroxamyl 

chloride. Acetaldoxlme (0.044 g.) in 5 ml. of methanol at -50° was 

treated with 0.09 ml. (1 mol. equiv.) of 87% .t-butyl hypochlorite. 

To the resultant acidic solution of acetohydroxamyl chloride at 0° 

was added 0.182 g. (1 mol. equiv.) of sodium ^-thioglucosate dihydrate 

in chilled aqueous solution (1ml.), made alkaline by 0.1 ml. of 1 N 

potassium carbonate. After 6 hrs. at room temperature, the residue 

obtained by evaporation was extracted with hot methanol. The extract, 

after concentration and crystallization of the product from aqueous 

methanol, furnished 0*130 g. (72%) of glucopyranosylacetothiohydroximic 

acid, m.p. ca. 170® dec., identified by infrared spectrum. Recrystal¬ 

lization from aqueous methanol afforded 0.097 g. (54%) of pure 

S-y$-D-l-glucopyranosylacetothiohydroximic acid, m.p. ca. 210® dec., 

with an infrared spectrum (Nujol mull) identical with that of the 

known substance. 

Pvridinium tetraacetylglucocapparate. Tetraacetylglucopyranosyl- 

acetothiohydroximic acid (3.59 g.) in 15 ml. of pyridine was shaken 

with 4 g. (2.5 mol. equiv.) of pyridine—sulfur trioxide for 24 hrs. 

at room temperature. Water (0.6 ml.) was added and the mixture 

stirred at room temperature for 1 hr. The crude product, precipi¬ 

tated by 75 ml. of ether at 0®, was crystallized from 15 ml. of hot 

ethanol, furnishing 3.42 g. (69%) of pyridinium tetraacetylgluco¬ 

capparate, m.p. 175® dec.; [A-28.6® (1.3% in water); in water 

A max. 222 nw, (log £ 3.91) , 250 m^t (log £ 3.67) and 255 
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(log £ 3.70) (Cary spectrophotometer). Identification with a sample 

prepared by Lundeen (unpublished) was established by comparison of 

infrared spectra (Nujol mull). 

An attempted recrystallization of the pyridinium salt from hot 

ethanol afforded material, m.p. 147-150°. A second crystallization 

from methanol yielded crude tetraacetylglucopyranosylacetothiohydrox- 

imic acid, m.p. 161°, identified by melting point of a mixture and 

infrared spectrum. The tetraacetylglucocapparate was recrystallized 

without change in properties from methanol in the presence of a little 

pyridine by evaporation. 

Glucocapparin. Pyridinium tetraacetylglucocapparate (1.11 g.) in 

15 ml. of 50% methanol was mixed with 0.207 g. of potassium bicarbon¬ 

ate and the solid residue after evaporation was treated overnight at 

room temperature with 25 ml. of methanol saturated with ammonia at 0°. 

The solution was evaporated to a syrup whence the crude product 

(0.683 g.), m.p. ca. 200° dec., was obtained in 95% yield by tritur¬ 

ation with 30 ml. of hot methanol, concentration to 10 ml. and fil¬ 

tration. Crystallization of 0.650 g. from 20 ml. of 80% ethanol 

yielded 0.511 g. of glucocapparin as needles, dec. above 200°; 

. -28.2° (1.4% in water); in water A 224 (log £ 3.91). 

The infrared (potassium bromide disc) and ultraviolet spectra were 

identical with those of a natural sample kindly presented by Dr. A. 

Kjaer (lit. cf. 16). 

Desulfonatlons. The alcoholysis of pyridinium tetraacetylgluco¬ 

capparate was further investigated and suitable conditions were devel¬ 

oped for a similar degradation of glucocapparin. 
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Pyridinium tetraacetylglucocapparate (0.113 g.) in 5 ml. of 

absolute ethanol was refluxed 2-1/2 hrs. under protection from 

moisture. The solution was cooled and after addition of a drop of 

pyridine was evaporated to a crystalline residue. Ether extraction 

and concentration of the extract afforded 0.082 g., m.p. 157-160°. 

Crystallization from methanol of 0.063 g. furnished 0.055 g. of 

S-^-D*l-(tetraacetylglucopyranosyl)-acetothiohydroximic acid, 

m.p. 166-167°, identified by melting point in mixture and infrared 

spectrum (Nujol mull). 

Glucocapparin (0.110 g.) was converted to pyridinium gluco- 

capparate by cation resin (5.5 ml., 8 mm. x 11 cm.) in pyridinium 

form. The aqueous eluate was treated with a drop of pyridine and 

evaporated to a syrup. After drying overnight in vacuum (0.5 mm., 

Drierite), the pyridinium glucocapparate dissolved in 10 ml. of 

methanol was refluxed for 2 hrs. with exclusion of moisture. A 

drop of pyridine was added to the cooled solution and after con¬ 

centration to 2 ml., dilution with water and crystallization af¬ 

forded 0.033 g. of product, m.p. ca. 200° dec. Recrystallization 

furnished 0.029 g. of S-^?-D-l-glucopyranosylacetothiohydroximic 

acid, m.p. 210° dec., -42° (1% in water). 

The residue from the mother liquors was dissolved in 5 ml. of 

water and passed, followed by 20 ml. of water, through anion resin 

(6 ml., 8 mm. x 12 cm.) in free amine form. Concentration of the 

salt-free eluate and crystallization from aqueous methanol yielded 

0.007 g. of pure glucosylacetothiohydroximic acid, m.p. 215° dec., 

identified by infrared spectrum. The anion resin was eluted with 



- 57 - 

0.5 N potassium chloride in two 10-ml. fractions. A tenfold dilution 

of 1 ml. of the first fraction (11 ml.) gave a solution with maximal 

absorbancy 0.68 at 222-223 m^6 . The estimated unaltered glucocapparate 

was equivalent to 4 mg. of glucocapparin. 

Attempted preparation of aliphatic aldoxime-O-sulfonates. The 

27 
general method of Sommer, Schulz and Nassau was applied to acetalde¬ 

hyde and n-butyraldehyde. All attempts to isolate a crystalline 

aldoxime-O-sulfonate from the condensation of acetaldehyde or butyr- 

aldehyde with hydroxylamine-O-sulfonic acid were unsuccessful. Con¬ 

ditions of the reaction were varied in respect to base (potassium 

hydroxide, acetate or carbonate; or pyridine), solvent (methanol, 

aqueous methanol or water) and sequence of combination of reagents. 

The preparation of potassium acetaldoxime-O-sulfonate according to 

28 
Schulz was repeated, but the product was potassium methylsulfate. 

Acetaldehyde (2.57 ml., _ca. 1.5 mol. equiv.) was added to a 

stirred suspension of 2.58 g. of hydroxylamine-O-sulfonic acid in 

9 ml. of methanol at 0°. The resulting solution was neutralized 

with 3 N methanolic potassium hydroxide at. 0° and the crystalline 

precipitate was collected and washed with cold methanol. The solid 

was extracted with boiling methanol and the solution was filtered 

through Celite (substituted for charcoal). On cooling, 1.22 g. of 

crystalline material was obtained and a second crop of 0.44 g. was 

isolated from the concentrated mother liquor. The materials gave 

a negative test for nitrogen (calcium oxide fusion) and were identi¬ 

fied by comparison of infrared spectra as potassium methylsulfate. 
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Nitrile formation. The reaction of acetaldehyde with hydroxyl- 

amine-O-sulfonic acid was examined for volatile, ether-soluble pro¬ 

ducts. A solution of hydroxylamine-O-sulfonic acid (3.06 g., 88% 

pure) in 10 ml. of water at,0° was neutralized with 9 ml. of ice-cold 

3 N potassium carbonate. Acetaldehyde (1.6ml., 1.2 mol. equiv.) was 

added and more carbonate to neutrality. The mixture was maintained 

at 0°. Ether extracts (three 15-ml. portions each) were prepared 

after 5 min. and 1 hr. and dried over sodium sulfate at 5°. Aceto¬ 

nitrile was identified and estimated quantitatively by vapor chroma¬ 

tography. A test extraction of added acetonitrile from saturated 

Time (min.) Acetonitrile (mmoles) % yield 

5 1.8 7.6 
60 9.6 40.0 

aqueous potassium sulfate gave a recovery of 50%. 

Sulfonation of aldoximes. The reaction of acetaldoxime or 

n-butyraldoxime with pyridine—sulfur trioxide followed by aqueous 

potassium carbonate yielded potassium sulfate. Sulfonations were 

conducted in pyridine, pyridine-ether or carbon tetrachloride. Ex¬ 

amination of solutions by vapor chromatography showed nitrile to have 

been formed, as exemplified by sulfonation of n-butyraldoxime in 

carbon tetrachloride. 

To a stirred suspension of pyridine—sulfur trioxide (1.03 g.) 

in 5 ml. of carbon tetrachloride was added 0.57 g. (1 mol. equiv.) 

of n-butyraldoxime. After 4.5 hrs. at room temperature, 5 ml. of 

anhydrous ether was added with chilling to settle the pasty solid 

and the supernatant was examined by vapor chromatography. n-Butyro- 
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nitrile was detected in concentration equivalent to 60% yield from 

pyridine—sulfur trioxide and unaltered oxime was also indicated. 

Potassium benzaldoxime-O-sulfonate. To a stirred solution of 

hydroxylamine-O-sulfonic acid (1.55 g., 97% pure) in 5 ml. of water 

at 0° was added 1.55 ml. of 8.9 M potassium acetate. The addition 

of 1.50 ml. (ca. 1.1 mol. equiv.) of benzaldehyde caused an immediate 

precipitate, which was collected and washed with water, ethanol and 

ether. The crude product (2.05 g.) melted at 190° (dec.) but was 

contaminated by traces of inorganic sulfate, detectable by infrared 

spectrum (/I max. ca. 9U- ) in a region usually free of absorption 

for simple O-sulfonates. An 89-mg. sample of the crude substance 

in 10 ml. of 5% potassium iodide acidified with 2 ml. of 4 N sul¬ 

furic acid liberated in 37 hrs. at room temperature iodine equivalent 

to 2.5 ml. of 0.1 N thiosulfate (0.34 mol. equiv.). Extraction of 

the material (1.95 g.) with 100 ml. of hot methanol and evaporation of 

the extract yielded 1.67 g. of pure potassium benzaldoxime-O-sulfonate, 

m.p. 190° dec. (fast heating). From work-up of mother liquors, 0.65 g 

of pure product was similarly obtained. An aqueous solution gave an 

ultraviolet maximum at 253 nyU-(log £ 4.19). 

Anal. Calcd. for C7H6O4NSK: C, 35.13; H, 2.53; N, 5.85; S, 13.4 

Found: C, 35.37; H,.2.68; N, 5.45; S, 13.0 (by hydrolysis). 

The substance liberated sulfate quantitatively on acid hydrolysis 

Potassium benzaldoxime-O-sulfonate (30.7 mg.) in 3.5 ml. of 0.14 N 

hydrochloric acid was heated at 95° for 1.5 hrs. Material with the 

odor of benzaldehyde was volatilized. The solution was made alkaline 

with 5 N ammonia and boiled to remove the excess. Analysis for 
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sulfate was performed spectrophotometrically using the barium 

56 
chloranilate procedure of Bertolacini and Barney, standardized 

with potassium sulfate. The optical densities of solutions pre¬ 

pared on one-half the scale suggested were determined at 530 

Potassium anisaldoxime-O-sulfonate was analogously prepared (pure, 

80% yield) from 2.86 g. of 86% hydroxylamine-O-sulfonic acid and one 

equivalent of anisaldehyde, giving a crude product of 5.50 g., 

m.p. 138° dec. Purification of 2.07 g. by extraction with 100 ml. of 

hot methanol furnished after crystallization by evaporation 1.82 g. 

of potassium anisaldoxime-O-sulfonate, m.p. 140° dec., ^max (water) 

272 nyx. (log £. 4.27) . 

Anal. Calcd. for C8H805NSK: C, 35.68; H, 2.99; N, 5.20;,S, 11.9. 

Found: C, 35.85; H, 3.20; N, 5.42; S, 12.3 (by, hydrolysis). 

The substance (23.6 mg.) in 2 ml. of water was heated l/2 hr. 

at 95°. When the solution was chilled, crystalline material appeared 

which was soluble in ether. The ether extract on evaporation left a 

residue which in chloroform solution had an infrared spectrum indic- 

Chlorination attempts. The reaction of potassium benzaldoxime-O- 

sulfonate with t,-butyl hypochlorite in methanol formed potassium 

methylsulfate, identified by infrared spectrum and a negative test for 

nitrogen. Disappearance of t>butyl hypochlorite was followed by preci¬ 

pitation of salts with ether and iodimetric assay of the hypochlorite 

in the supernatant. In the presence of pyridine, unaltered benzaldox- 

ime-O-sulfonate was isolated. 

ative of nitrile and aldehyde 
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Negative results were also obtained with anisaldoxime-O-sulfonate. 

To a solution of potassium anisaldoxime-O-sulfonate (0.43 g.) in 50 ml. 

of methanol, 0.1 ml. of pyridine and 0.21 ml. of J:-butyl hypochlorite 

(1 mol. equiv.) were added. After 40 min. at room temperature in the 

dark, 82% of the hypochlorite was consumed. Examination of material 

precipitated with ether indicated crude, unaltered oxime-O-sulfonate, 

inorganic chloride and sulfate. 

Treatment of potassium anisaldoxime-O-sulfonate (0.132 g.) with 

0.06 ml. of 87% .t-butyl hypochlorite (1 mol. equiv.) in 10 ml. of 

ether during 6 hrs. at room temperature yielded inorganic salts (sul¬ 

fate, chloride) and ether-soluble material, which showed infrared 

absorption (carbon disulfide) indicative of oxime, nitrile and alde- 

Sulfonation of benzohydroxamvl chloride. A mixture of crystal¬ 

line benzohydroxamyl chloride (1.06 g.) and 1.29 g. (1.2 mol. equiv.) 

of pyridine—sulfur trioxide in 25 ml. of carbon tetrachloride was 

stirred for 18 hrs. at ca. 28°. The mixture was chilled, the super¬ 

natant solvent removed and the insoluble residue washed with two 

10-ml. portions of ether with exclusion of moisture. Ether (20 ml.) 

and 4 ml. of 3 N potassium carbonate were added to the solid at 15°. 

The ether phase was removed and after two extractions with ether 

(10-ml. portions) the crude product was collected from the aqueous 

phase at 0° and washed with ice water, methanol and ether. The 

material (1.55 g.) was extracted with three 50-ml. portions of hot 

(ca. 50°) methanol, leaving an insoluble residue of 0.26 g. Crystal¬ 

lization by evaporation afforded 1.08 g. (58% from chloride) of 
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potassium benzohydroxamyl chloride-O-sulfonate, m.p. 190° dec.; in 

Cl, 13.12. 

The substance gave negative tests for inorganic chloride and 

sulfate. A solution of the compound (20 mg.) in 2 ml. of 0.1 N 

sodium hydroxide did not release inorganic chloride in 20 min. at 

room temperature. Heating the alkaline solution for 15 min. at 

95° liberated sulfate and chloride ions. 

By a procedure developed for preparation of acetohydroxamyl 

chloride-O-sulfonate, Of-benzaldoxime was converted directly to 

potassium benzohydroxamyl chloride-O-sulfonate. 0( -Benzaldoxime 

(0.668 g.) in 10 ml. of ether at -50° was treated with 0.78 ml. 

(1 mol. equiv.) of 87% V-butyl hypochlorite. The red-brown, turbid 

solution turned green on warming to -20° (15 min.). N,N-Dimethyl- 

formamide (25 ml.) was added with immediate disappearance of nitroso 

color, followed by 11 ml. of 1.2 M N,N-dimethylformamide—sulfur tri¬ 

oxide. After 24 hrs. at room temperature, the solution was stirred 

with 2.45 g. of powdered potassium bicarbonate for 2.5 hrs. The 

work-up was performed as for the aceto compound, obtaining 0.51 g. 

(30%) of potassium benzohydroxamyl chloride-O-sulfonate, identified 

by infrared spectrum with the compound prepared from crystalline 

hydroxamyl chloride. 

Anal. Calcd. for C7H504NSC1K: C, 30.71; H, 1.84; N, 5.12; 

S, 11.71; Cl, 12.95. Found: C, 30.59; H, 2.20; N, 5.02; S, 11.89; 
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Tetraacetylphenylglucosinolate from benzohydroxamyl chloride-O- 

21 sulfonate. The general method of Cerny, Vrkoc and Stanek was modi¬ 

fied by increasing the reaction time and decreasing the amount of base. 

2,3,4,6»Tetraacetyl-^3-D-l-glucopyranosyl mercaptan (0.179 g.) 

and 0.136 g. (1.02 mol. equiv.) of potassium benzohydroxamyl chloride- 

0-sulfonate were dissolved in 5 ml. of acetone and 1 ml. of water 

containing 0.2 ml. of 3 N potassium carbonate. After 16 hrs. at room 

temperature, crystallization by evaporation afforded 0.238 g. (84%) 

of potassium tetraacetylphenylglucosinolate monohydrate, m.p. 128-133° 

dec., identified by infrared spectrum (Nujol mull). 

Phenylglucosinolate from benzohydroxamyl chloride-O-sulfonate. 

Potassium benzohydroxamyl chloride-O-sulfonate (0.130 g.) and 0*118 g. 

(0.96 mol. equiv.) of sodium ^-D-l-thioglucosate dihydrate were 

dissolved in 2 ml. of deoxygenated water. The solution was allowed 

to stand under nitrogen for 21 hrs. at room temperature. The residue 

from evaporation was freed of inorganic salt by methanol extraction, 

followed by concentration of the extract to dryness. The product in 

1 ml. of water was treated with cation exchange resin (8 mm. x 15 cm. 

column) in tetra-n-propylammonium form. The eluate (20 ml.) was 

worked up as previously described to furnish 0.211 g. (79%) of tetra- 

n-propylammonium phenylglucosinolate, m.p. 180° dec., identified by 

infrared spectrum (Nujol mull). 

Sulfonatlon of acetohydroxamvl chloride. To a solution of acetald- 

oxime (0.627 g.) in 50 ml. of ether at ca. -50° was added 1.30 ml. 

(0.99 mol. equiv.) of 87% J:-butyl hypochlorite. .Evaporation at 90 mm. 

and temperature below 0° left a crude residue of nitroso dimer. The 
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material in 15 ml. of carbon tetrachloride was treated immediately 

with 1.86 g. of pyridine—sulfur trioxide. In 5 to 6 hrs. at room 

temperature, the blue color of the nitroso compound disappeared. After 

a total of 22 hrs. at room temperature, the carbon tetrachloride was 

decanted and the pasty residue washed with anhydrous ether. In the 

presence of 20 ml. of ether, 5 ml. of 3 N potassium carbonate was 

added rapidly, to the solid at 5°. An additional ml. of base was used 

to neutralize the solution to pH 7. The ether layer was removed and 

the aqueous phase was washed with ether, chilled to 0° and filtered, 

yielding 0.561,g. of precipitate. The mother liquor was decolorized 

with charcoal-Celite and evaporated to a gelatinous residue. An 

aqueous methanol extract furnished a second crop of 0.340 g. The 

Infrared spectra indicated that the materials were similar but con¬ 

tained much inorganic sulfate max ca. 9^4). Extraction with 

five lO-mL portions of warm methanol and crystallization by evaporation 

afforded 0.240 g. (ca. 10%) of potassium acetohydroxamyl chloride-0- 

sulfonate. The substance (0.207 g.) was dissolved in 3 ml. of methan¬ 

ol at 50°, leaving a trace of insoluble sulfate. The supernatant was 

separated and concentrated to ca. 1.5 ml. Solution of the resulting 

precipitate was effected at 50° by addition of water. Crystallization 

at 0° afforded 0.151 g. of analytically pure potassium acetohydroxamyl 

chloride-O-sulfonate hemihydrate, m.p.115-120° dec. An aqueous sol¬ 

ution of the substance had no ultraviolet maximum, absorbing at 220 nyt-o 

with log £ 2.6 and at 210 ny^4 with log £ 3.2 (Cary spectrophotometer). 

The compound lost water of hydration at room temperature in vacuum 

(phosphorus pentoxide, 0.5 mm.). The anhydrous material, m.p. 200-205° 
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dec. (heated from 115°), was obtained by drying in vacuum at 56° and 

also by crystallization from ether-methanol. Water content was de¬ 

termined by uptake of atmospheric moisture. 

Anal. Calcd. for C2H304NSClK-l/2 H20: C, 10.89; H, 1.83; 

N, 6.35; S, 14.53;;C1, 16.06; H20, 4.08. Found: C, 11.13; H, 2.21; 

N, 6.32; S, 14.66; Cl, 15.96; H20, 4.1. 

A dilute aqueous solution gave negative tests for acidity, 

chloride and sulfate, but all were produced on heating for 15-20 min. 

at 95°. A sample of the hemihydrate in a closed vial was stable for 

four weeks at room temperature but soon after decomposed with evolu¬ 

tion of hydrogen chloride. 

Attempts to recover more product from the mother liquors yielded 

impure crystalline material. An xmknown (49 mg.), m.p. 200° dec., 

was isolated by fractional crystallization from aqueous methanol. 

The by-product gave a positive Beilstein test and a flame test for 

potassium. An aqueous solution formed an immediate precipitate with 

silver nitrate, which was insoluble in dilute nitric acid and sublimed 

on heating. The substance was contaminated by inorganic chloride. 

Tests for sulfate ion were negative. A dilute aqueous solution of the 

crude substance gave no coloration with ferric chloride, but a solution 

in 0.05 N hydrochloric acid heated a few minutes at 95° liberated sul¬ 

fate and gave a violet ferric chloride test. The substance did not 

lose weight and was recovered unchanged on drying in vacuum (0.5 mm.) 

at 100°. It was identified as potassium acetohydroxamic acid-0-sul- 

fonate by dec. p. and infrared spectrum. 
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The impure crystalline materials appeared by infrared spectra to 

be mixtures of the known acetohydroxamyl chloride-O-sulfonate, aceto- 

hydroxamic acid-O-sulfonate and inorganic sulfate. 

The acetohydroxamic acid-O-sulfonate seemed to be formed from 

pure potassium acetohydroxamyl chlor^de-O-sulfonate during crystal¬ 

lization from warm aqueous methanol. The residue on evaporation of 

the mother liquor gave a positive test for chloride ion and an acid 

reaction in water. The infrared spectrum of a Nujol mull of the crude 

solid, compared to that of starting material, exhibited additional 

weak bands at 3.1, 6.6, 9.47, 10.05, 13.3 and 13.7 JA* and a broadening 

of the short wave length side of the 6.04-jUL peak. The prominent 

bands in the spectra of the two pure compounds are tabulated for com¬ 

parison. 

Potassium acetohydroxamyl chloride-O-sulfonate 

hemihydrate: 2.95; 6.04; 6.14; 7.9a,b; 9.3b; 

9.75; 11.0; 12.4a,c; 14.8 . 

Potassium acetohydroxamic acid-O-sulfonate: 3.1a; 

5.97a; 6.6; 6.73d; 7.05d; 7.85a,C; 9.3d; 9.47*; 

9.6d; 10.05; 10.45d; 13.35a,c; 13.65a,C; 14.4d; 

15.2d/4L. 

a.Strong. b Doublet. C Broad. Weak. 

■Sulfonation in dimethylf.ormamlde. An improved yield of aceto¬ 

hydroxamyl chloride-O-sulfonate was obtained by sulfonation in homo¬ 

geneous solution and neutralization with solid potassium bicarbonate. 
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_t-Butyl hypochlorite (83.5%, 1.85 ml.) was added to 0.863 g. of acetald' 

oxime in 20 ml. of anhydrous ether at -60°. N,N-Dimethylformamide 

(35 ml.) was slowly added and the blue solution was permitted to warm. 

After 30 min., the nearly colorless solution was rechilled and 20 ml. 

of 1.45 M N,N-dimethylformamide—sulfur trioxide was added. After 

22 hrs. at room temperature, 4.36 g. of powdered potassium bicarbonate 

was added and the mixture was stirred for 3 hrs., until evolution of 

carbon dioxide was undetectable and no acid reaction occurred with wet 

pH paper. The supernatant was separated and the solid residue ex¬ 

tracted with three 25-ml. portions of warm methanol. The supernatant 

and extracts were combined and stored overnight at 5° with a small 

amount of potassium bicarbonate. Evaporation left a cloudy yellow 

syrup, which crystallized on trituration with methanol. The material 

was extracted with several portions of warm methanol and the extract 

(100 ml.) was clarified by centrifugation with Celite. Crystallization 

was effected by evaporation and the product was washed with methanol 

and ether and air-dried, yielding 1.87 g. (59%). A 0.262-g. sample 

was extracted with several portions of methanol at room temperature 

(total, 12 ml.), leaving a residue of 3 mg. of inorganic sulfate. 

Crystallization by evaporation yielded 0.219 g. of pure potassium 

acetohydroxamyl chloride-O-sulfonate hemihydrate. 

Glucocapparin from acetohydroxamvl chloride-O-sulfonate. Potas¬ 

sium acetohydroxamyl chloride-O-sulfonate (0.157 g.) and 0.180 g. 

(1 mol. equiv.) of sodium ft-D-l-glucopyranosyl mercaptide were dis¬ 

solved in 1 ml. of deoxygenated water and allowed to stand under 

nitrogen at room temperature. After 24 hrs., the solution was diluted 
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dropwise with methanol to a volume of 4 ml. and seeded with gluco- 

capparin. Crystallization occurred overnight at room temperature. 

After a few hours at 0°, 0.185 g. (71%) of product was obtained, 

chloride-free and exhibiting an infrared spectrum (Nujol mull) 

identical with that of glucocapparin. To ensure purity, 0.184 g. of 

the material in 2 ml. of water was passed, followed by 15 ml. of 

water, through 4 g. of cation resin in potassium form (8 mm. x 14 cm.) . 

The effluent was evaporated and the residue crystallized from aqueous 

methanol to afford 0.159 g. of glucocapparin, m.p. 205-210° dec., 

identified by infrared spectrum (potassium bromide disc) . 

Potassium acetohydroxamic acid-O-sulfonate. To a solution of 

hydroxylamine-O-sulfonic acid (1.36 g., 80% pure) in 5 ml. of ice 

water was added gradually 1.25 g. of powdered potassium bicarbonate, 

cooling with a bath at -10°. Acetic anhydride (1.3 ml., ca. 1.4 mol. 

equiv.) was pipetted into the pasty mixture and a clear solution 

formed. The acid solution was neutralized with a small amount of 

solid potassium bicarbonate and a crystalline precipitate resulted. 

Chilled methanol (5 ml.) was added to increase precipitation and the 

crude product (1.68 g.) was collected, washed with methanol and ether 

and dried by nitrogen jet. The material was freed from sulfate by 

dissolving the product in a minimum of water at 50° and precipitating 

the inorganic salt by methanol. Repetition of the procedure recover¬ 

ed product at first carried down. Concentration and crystallization 

from aqueous methanol gave 1.29 g. (69%) of pure potassium acetohydrox¬ 

amic acid-O-sulfonate, m.p. 195-198° dec. An analytical sample melted 

at 198-200° (dec.). 
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Anal. Calcd. for C2H405NSK: C, 12.43; H, 2.09; N, 7.15; 

S, 16.59. Found: C, 12.46; H, 2.19; N, 7.18; S, 16.57. 

The substance (28 mg.) In 10 ml. of 4% potassium Iodide and 1 ml. 

of 4 N sulfuric acid under carbon dioxide liberated in 24 hrs. at 5° 

0.43 equivalent of iodine (1.20 ml. of 0.1 N sodium thiosulfate). 

Lossen rearrangement of acetohydroxamate-O-sulfonate. Isolation 

of N.N'-dimethylurea. The reaction was conducted by Dr. M.G. Ettlinger 

and Mrs. C.P. Thompson with an automatic pH-stat. To 0.300 g. of 

potassium acetohydroxamic acid-O-sulfonate in 20 ml. of water at 25° 

was added 0.75 ml. of 2 N sodium hydroxide, giving pH 10. As the 

reaction proceeded, the pH fell and base was continually added to 

maintain pH 9. After 3.5 hrs., the reaction had stopped with con¬ 

sumption of an additional 0.36 ml. of 2 N alkali. The residue ob¬ 

tained on evaporation was extracted with a total of 8 ml. of methanol. 

Evaporation of the extract left a crystalline residue, which was ex¬ 

tracted with three 2-ml. portions of hot benzene. Concentration and 

crystallization yielded 0.032 g. of N,Nf-dimethylurea, m.p. 102-106°. 

Work-up of the benzene mother liquor furnished 0.029 g., m.p. 103-106°. 

The substance was identified by melting point of a mixture and by 

infrared spectrum (potassium bromide disc) with authentic N,N'-di- 

methylurea, m.p. 106°. 

Reaction of potassium hydrosulfide with acetohydroxamyl chloride- 

O-sulfonate. Hydrogen sulfide was bubbled through 20 ml. of distilled, 

deoxygenated water for 30 min. and 0.285 g. of potassium carbonate and 

0.219 g. (1 mmole) of potassium acetohydroxamyl chloride-O-sulfonate 

were added to give a solution at pH 10-10.5. The mixture was allowed 



70 

to stand in the dark under nitrogen at room temperature for 24 hrs. Un¬ 

consumed hydrogen sulfide was removed from the colorless solution, pH 

10, by slow ebullition with carbon dioxide at 0° and then with nitrogen. 

An ether extract of the condensate from the gas in a Dry Ice—acetone 

trap did not contain detectable (vapor chromatography) methyl isothio¬ 

cyanate or acetonitrile. The solution, pH 7-8, was concentrated in 

vacuum at 10° and lyophilized at 0°, leaving a residue with pungent odor 

as of a mustard oil. A fast extraction with two 50-ml. portions of 

methanol at room temperature and evaporation at -10° to 5° produced a 

residue of 0.243 g. with the same odor. The material was stored at 

-70° for further examination. 

A Nujol mull of the methanol-soluble residue showed a strong band 

at 4.75 , inorganic sulfate￼) and broad absorption at 3 and 6 ^4. 

Treatment of an aliquot (0.032 g.) of the solid with 10 ml. of 0.1 N 

potassium bicarbonate gave a yellow solution which clouded immediately 

tate formed. The colorless supernatant was diluted to 20 ml. and dis¬ 

tilled, and an ether extract (two 10-ml. portions) of the distillate 

was treated with 1 ml. of concentrated ammonia for 30 hrs. at 5°. The 

residue left on evaporation, dissolved in 25 ml. of ethanol and diluted 

An aqueous sol .) exhibited unstable absorption in the 

ultraviolet: absorbancy ca. 0.37, and 280 nyt2, absorb¬ 

ancy _ca. 0.30. (Cf. ^ sodium N,N-diethyldithiocarbamate, in aqueous 

carbonate ^ max. 256 mu, log £ 4.05, and 282 mu, log € 4.09.) 

at room temperature. After storage overnight at 5° a yellow precipi¬ 

fivefold, gave an ultraviolet spectrum with 241 m^u, absorbancy 

0.40 (cf methyl thiourea in ethanol, 240 mu, , log £ 4.10). max • / 
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The distillates obtained during the isolation of the crude 

methanol-soluble material were examined for methyl isothiocyanate. 

The aqueous distillate obtained at 10°, after extraction with 20 ml. 

of ether, treatment of the extract with 1 ml. of ammonia for 40 hrs. 

at 5° and concentration to dryness, furnished a residue of 3.4 mg. 

Solution of 3.0 mg. in 25 ml. of ethanol followed by tenfold dilu¬ 

tion gave a solution having A may. 241 mju. > absorbancy 0.62. Simi¬ 

lar treatment of the aqueous sublimate obtained at 0° gave a solution 

with ^ max. 241 m^A, , absorbancy 0.15 at equal dilution. The distil¬ 

late from the methanol extract was treated with 2 ml. of ammonia at 

5° for 40 hrs. After evaporation, solution in 50 ml. of ethanol and 

tenfold dilution, the optical density at ^ 241 mU- was 0.65. 
max. / 

Treatment of methyl isothiocyanate (0.073 g., 1 mmole) with potas 

sium hydrosulfide under similar conditions gave a solution of N-methyl 

dithiocarbamate, which after removal of excess hydrogen sulfide and 

dilution with water absorbed maximally at 250 and 280 m^t with esti¬ 

mated minimum extinctions corresponding to log £ 4.0 and 4.1. 

Methylthiourea formed in the preceding experiment from methyl 

isothiocyanate in distillates was identified by paper chromatography 

(butanol-toluene-water, 3:1:1; Rp^ 0.60) with the use of Grote’s 

59 reagent. The solvent system used was kindly recommended by Dr. 

M. Ettllnger. 



SECTION III 

STUDIES OF THIOGLUCOSIDASE ACTION 

ON SYNTHETIC SUBSTRATES 
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Prior to the more complete knowledge of the general structure 

of mustard oil glucosides,^ it was long known that enzymatic hydrolysis 

usually produced a mustard oil (RNCS), bisulfate and D-glucose. 

Various reports also mentioned the concomitant formation of nitrile 

(RCN) In a study by Neuberg and Schoenebeck,^ two enzymes, a 

sulfatase and a thioglucosidase, appeared to be involved in the 

degradation to isothiocyanates. 

Since 1956, some new enzymatic phenomena have been observed. A 

remarkable activation by L-ascorbic acid of the enzymatic cleavage of 

mustard oil glucosides by yellow mustard seed (Sinapis alba) was dis¬ 

covered by. Ettlinger and Harrison (unpublished) and by Nagashima and 

Uchiyama.^ Even more striking were findings, greatly extended by 

62 
Mabry, that the coenzymatic activity of ascorbic acid analogues 

seemed to be correlated with Vitamin C activity. The kinetics of the 

ascorbic acid activated hydrolysis followed a rate law of the form (1) 

„ vmax. • [A.] v = — + vD 
K + [A] 

(1) 

where v is the velocity per unit of enzyme, [A] the concentration of 

cofactor, and other symbols are constants, under conditions of high 

substrate concentration. The observed rate was consistent with a 

Michaelis-Menten formulation, with the breakdown of a ternary com¬ 

plex of enzyme, substrate, and coenzyme as the rate-determining step, 

but required a constant term (vQ) which compensated for a reaction 

uncatalyzed by ascorbic acid. It thus appeared that more than one 

enzyme system could accomplish the reaction. The ascorbate-activated 

system with sinigrin was shown to form fo -D-glucose, most readily 
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envisaged as the result of a double displacement at the glucosyl 

carbon atom. 

Unpublished studies of the ascorbate-activated enzymatic cleavage 

of sinigrin by Ettlinger and Thompson have disclosed no indication of 

the involvement of both a sulfatase and thioglucosidase and accord 

61 
with conclusions of the Japanese school for the non-activ^ted system. 

63 
However, a recent communication by Gaines and Goering reported new 

evidence for a two-enzyme system, the fractionation of an enzyme 

preparation from Oriental mustard seed (Brassica luncea) into a thio¬ 

glucosidase and sulfatase. Remarkably, thioglucosidase action on 

sinigrin was claimed to form glucose without appreciable sulfate or 

isothiocyanate. 

A further noteworthy development in the enzymology of mustard 

64 
oil glucosides was the recent discovery by Gmelin and Virtanen of 

an enzyme system forming allyl thiocyanate and benzyl thiocyanate, 

presumably from the mustard oil glucosides sinigrin and glucotropaeolin. 

Also, enzymes that can hydrolyze the glucosides to isothiocyanates do 

not appear to be confined to plants containing mustard oil glucosides, 

but have been discovered in fungi of the Aspergillus versicolor group 

by Reese, Clapp and Mandels.^ 

The naturally occurring mustard oil glucosides detected up to the 

present can be formulated as 1. 

I 
R‘ 

R 

SC6H11O5 

CH—C=N0S03 



74 - 

With three exceptions (R = CH3, C2H5 or HOCH2, R' = CH3), R1 is hydro¬ 

gen and R an aryl, alkyl, or alkenyl group often modified by other 

g 
functional substituents. Very recently, a heterocyclic glucoside 

66 
glucobrassicin (I, R = 3-indolyl, R* = H) has been isolated. On 

consideration of the specificity of the ascorbic ac^.d activated 

yellow mustard enzyme, it seemed likely that an 0( -hydrogen of the 

aglucone was unnecessary and the synthetic phenylglucosinolate 

(II, R = C6H5) 

Z1 ^
C
6
H
11°5 

R—C=N0S03" 

would be susceptible to the enzyme. 

As predicted, tetramethylammonium phenylglucosinolate was cleaved 

enzymatically by ascorbic acid activated yellow mustard flour. Ac¬ 

cording to a procedure developed with sinalbin as substrate by Ettling- 

er and Harrison, a solution of the glucoside (0.008 M) in 0.1 M phos¬ 

phate buffer (pH 6.7) was shaken at room temperature (35°) with ether 

and yellow mustard flour activated by ascorbic acid. The mustard oil, 

phenyl isothiocyanate, collected in the ether phase, was identified 

and assayed by ultraviolet spectrum. Reaction of the isothiocyanate 

with ammonia afforded phenylthiourea. The yield of phenyl isothio¬ 

cyanate was 90%, measured spectrophotometrically. In one experiment, 

the phenylthiourea was isolated in 70% yield from glucoside. 

The initial rate of enzymatic hydrolysis was determined and found 

to be slower by a factor of eight or nine than the cleavage under the 

same conditions of sinalbin, which produces £_-hydroxybenzyl isothio¬ 

cyanate. An experiment with purified enzyme from yellow mustard 



-75 

(Ettlinger and Thompson) confirmed that the rate of reaction of enzyme 

and ascorbate with phenylglucosinolate (0.007 M) was approximately 

only one tenth of that for glucosides with primary aglucones, including 

sinigrin, progoitrin, glucotropaeolin and sinalbin. 

In further experiments by Ettlinger and Thompson with purified 

enzyme, synthetic glucocapparin was hydrolyzed in an ascorbate-acti¬ 

vated system at a rate that was initially only two thirds of that 

for sinigrin at the same concentration (0.006 M) and diminished 

unusually soon as the reaction proceeded. The total liberation of 

acid approximated the theoretical. The marked diminution in rate 

could be attributed to a low affinity of the enzyme for the glucoside 

or to.inhibition by the methyl isothiocyanate produced. 

The ascorbate-catalyzed enzymatic cleavage was shown to be 

highly specific to mustard oil glucosides by examination of the 

enzymolysis of synthetic -D-l-thioglucosides. Ettlinger and 

Lundeen^ reported that desulfonated glucotropaeolin, S-(l -D-l- 

glucopyranosylphenylacetothiohydroximic acid (III, R = CgH^CI^), 

m fc‘Hll°5 

R—C=N0H 

did not undergo appreciable attack by the classical myrosin. In the 

present work, after treatment of S-^S-D-l-glucopyranosylacetothio- 

hydroximic acid (III, R.= CH3) with ascorbate-activated enzyme, 

glucose was detected by paper chromatography. A brief study was made 

of the enzymolysis, following the reaction by assay of liberated 

glucose with Sumner’s dinitrosalicylic acid reagent.^ S-yS-D-l-Glu- 

copyranosylacetothiohydroximic acid (0.01 M) in phosphate buffer, 
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pH 6.7, was attacked by mustard enzyme at a very low rate that was 

nearly independent of the presence of ascorbate. Liberation of 

glucose occurred at less than one ten-thousandth of the speed of 

hydrolysis of sinigrin with ascorbate or one thirtieth of that for 

sinigrin without ascorbate. 

The preceding data support the premise that ascorbate-catalyzed 

enzymatic cleav&ge is highly specific to mustard oil glucosides. The 

name "glucosinolase" has been proposed by Ettlinger for the enzyme 

involved. Myrosin cleavage of mustard oil glucosides uncatalyzed by 

ascorbic acid may be attributed to the presence of a thioglucosidase 

that generally hydrolyzes (3 -D-l-thioglucopyranosides. 
At the beginning of the present investigation, it was thought in¬ 

teresting to prepare the 4-nitrophenyl and 2,4-dinitrophenyl ^ -D-l- 

thioglucopyranosides as possible substrates for myrosin. A ^-gluco- 

sidase from Stachyb otrys atra active on phenyl ^-D-l-thioglucoside 

68 
had been reported by Jermyn. In an investigation of the hydrolysis of 

substituted phenyl ^3-D-l-glucosides under alkaline or-enzymatic (almond 

69 
emulsin) catalysis, Nath and Rydon found that, like the rates of basic 

hydrolysis (^= +2.48), the rate constants of the decomposition of the 

enzyme-substrate complexes fitted the Hammett equation^ and enzymatic 

cleavage was facilitated by electron-attracting substituents. It was 

therefore hoped that the strong electron attraction of nitro groups 

might sensitize the thioglucosides to cleavage by yellow mustard enzyme. 

The compounds were thought to be unknown, but the £_-nitrophenyl thioglu- 

coside was later found to have been synthesized by Jermyn^ and the 2,4- 

72 
dinitrophenyl analogue has been mentioned without detail by Goodman, et al. 
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£-Nitrothiophenol reacted with acetobromoglucose and potassium 

hydroxide in ethanol-chloroform, under the usual conditions for 

73 
preparation of aryl -thioglucoside tetraacetates, to form 4-nitro- 

phenyl f2 -D-l-thioglucopyranoside tetraacetate. A discrepancy with 

the rotation reported by Jermyn ^ ([Qf]^ +23° in chloroform) was 

26 
found for the acetylated glucoside -32°). Deacetylation was 

effected through methanolysis catalyzed by methoxide. The product, 

4-nitrophenyl ^-D-l-thioglucopyranoside, was obtained as a mono¬ 

hydrate by crystallization from water, in overall yield of 40% from 

glucose. 

The coupling of acetobromoglucose and thiophenolate was not 

applied to the 2,4-dinitro compound, as it was presumed that de¬ 

acetylation of the product would be complicated by the enhanced 

lability to base of the sulfur-glucosyl linkage. The similarly 

74 
substituted O-glucoside has never been successfully deacetylated. 

Instead, reaction of 2,4-dinitrofluorobenzene and sodium ^-D-l- 

glucopyranosyl mercaptide furnished in 90% yield 2,4-dinitrophenyl 

^-D-l-thioglucopyranoside, isolated as the crystalline hemihydrate. 

The 2,4-dinitrophenyl thioglucoside was acetylated with acetic 

anhydride and pyridine to afford 2,4-dinitrophenyl ^-D-l-thio- 

32 
glucopyranoside tetraacetate. The substance ([<V]p -92°) did not 

exhibit an anomalous positive rotation in chloroform like that which 

r 20 
has been observed for the analogous O-glucoside ([°<]D +35°) and 

74 
attributed to sterlc effects of the_o-nitro group. 2,4-Dinitro- 

phenyl p -D-l-glucoside tetraacetate has been anomerized to the 

0(-configuration through action of solid sodium hydroxide in an- 
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hydrous pyridine,^ but like treatment of the thioglucoside tetra¬ 

acetate left the substance unaltered. 

The two nitrophenyl thioglucosides at 0.02-0.025 M in 0*17 M 

phosphate buffer, pH 6.7, were cleaved by a myrosin preparation. In 

24 hours, 56% of the £-nitrophenyl thioglucoside decomposed as meas¬ 

ured by ultraviolet assay of unaltered glucoside, not extracted by 

ether from acid solution. Glucose formation was indicated by paper 

chromatography. The 2,4-dinitrophenyl analogue completely disappeared 

in 24 hours under similar conditions and glucose likewise appeared to 

be liberated. The orange coloration of the initially pale yellow 

solutions supported the conjecture that thiophenols and glucose were 

the products of the reaction, and colored precipitates were eventu¬ 

ally deposited, perhaps of disulfides. 

In a kinetic study, the nitrophenyl compounds were dissolved at 

0.02 M in 0.1 H phosphate buffer and allowed to react with suspended 

mustard flour at room temperature (ca. 30°). The initial rate of dis¬ 

appearance of the £-nitrophenyl thioglucoside was found to be one 

fiftieth to one seventieth of the zero-order rate with sinalbin 

(0.003-0.01 M substrate, other conditions similar) and the 2,4-di¬ 

nitrophenyl thioglucoside was cleaved at one quarter to one sixth of 

the velocity for the mustard oil glucoside. Ascorbic acid (0.006 M) 

had the relatively trivial effect of doubling the rates with the 

phenyl thioglucosides, whereas it accelerated the hydrolysis of 

sinalbin by a factor of eighty. 

The same glucosinolase preparation used in the cleavage of 

S-^-D-l-glucopyranosylacetothiohydroximic acid decomposed 
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2,4-dinitrophenyl(3 -D-l-thioglucopyranoside at a rate two thirds of 

that estimated for sinigrin without ascorbate. No catalysis by 

ascorbate was observed for the 2,4-dinitrophenyl thioglucoside. 

The brief studies discussed lead to the conclusion that the 

system of ascorbate and glucosinolase is highly specific to attack 

on mustard oil glucosides. The observation that nitrophenyl thio- 

glucosides can be cleaved enzymatically by mustard is the first 

demonstration of a simple ^?-thioglucosidase in higher plants. 

Since the completion of this work on nitrophenyl thioglucosides, 

the enzymatic cleavage of the compounds has also been examined (with 

samples provided from these laboratories) by Dr. E.T. Reese,^ who 

reported the formation of glucose by action of the fungal enzyme 

sinigrinase,^"* which decomposes sinigrin, and of almond emulsin. 

The occurrence of thioglycosidases in nature has been recently 

72 extended by the observations of Goodman, et al. that a widely 

distributed mammalian thioglycosidase with broad specificity as to 

the sugar moiety cleaved glycopyranosyl derivatives of 6-mercapto- 

purine. Myrosin was claimed to act on the same substrates. These 

authors reported also that 2,4-dinitrophenyl -D-l-thiogluco- 

pyranoside was cleaved by myrosin, confirming the studies in these 

laboratories, but the glucoside was said to be unaffected by 

mammalian thioglycosidase. It was noted that 2,4-dinitrothiophenol 

inactivated the thioglycosidase. 

Pertinent to the enzymology of mustard oil glucosides are un¬ 

published studies of Ettlinger and Thompson which have led to the 

detection of an intermediate in the ascorbate-activated glucosinolase 
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cleavage of sinigrin to allyl isothiocyanate, glucose and sulfate. 

The enzymatic reaction presumably formp vinylacetothiohydroxamate-O- 

sulfonate, with a half-life of only 25-30 seconds at 20° and pH 5-9, 

less at lower pH. The course of the reaction can be formulated as 

follows. 

SC6HU05 S- 

(1) R-C=-N0S03" + H20 . Enzyme ^ R_C=N0S03" + C6H1206 + H
+ 

Ascorbate 

II IV 

(2) IV  » RNCS + S04" 

SH 
I 

H+ R— c —NOSO3 
(3) iv ^ ■rmi 1 1 ,> %  > RCN + S + HS04" 

S 
II 

R-C-NHOSO3 

V 

In step (1) the short-lived thiohydroxamate is formed, which at 

pH 5-9 is assumed to be the doubly charged anion (IV) of an acid with 

pK2 less than 5. Acetohydroxamic acid-O-sulfonate (pKa 8.0) can be 

considered as an analogue of vinylacetothiohydroxamic acid-O-sulfonate 

(V, R = CH2—CHCH2) and substitution of sulfur for.oxygen would enhance 

the acid strength, since the same substitution converts a neutral 

anilide (RCONHCgH^) to a thioamide (RCSNHCg^) with weak, phenolic 

77 78 
acidity.' The data of Hine and Hine on relative acidities in iso¬ 

propanol of thioacetamide and formamide (^pK ca. 2.5) and of 

formanilide and acetanilide pK ca. 2) make it likely that thio¬ 

acetamide is stronger than acetamide by at least 4 pK units and so 
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justify the estimated pK (required by enzymatic data) of the thio- 

hydroxamic acid-O-sulfonate. In step (2), Lossen rearrangement occurs, 

Since change of configuration about the carbon-nitrogen bond in the 

intermediate (IV) may be expected to be easy, the presumption^ that 

the sulfate group of the glucoside (II) is anti to the migrating 

group R must be vacated (cf. 23). At pH below 5, the thiohydroxamic 

acid-O-sulfonate would be expected to decompose as in (3) to nitrile 

and sulfur as well as sulfate, in analogy to known thiohydroxamic 

acids formation of nitriles can thus be at¬ 

tributed commonly to poor buffer control of the acidity developed 

during cleavage of mustard oil glucosides (cf. 66). 

The thiosulfate-induced decomposition of silver sinigrate' 

(VI, R = CH2=CHCH2» formed by cleavage of sinigrin with silver 

nitrate) appears to be analogous to the enzymatic liberation of 

79 

SAg 
I - + s2o3

s 
R—C=N0S03 Ag+ IV RNCS 

VI 

VI 
H2S 

+ H+ + Ag2S 

-» RCN + S 

mustard oil as supposed previously. Whereas attack on the covalently 

bonded silver atom of VI by a nucleophile in neutral medium results in 

Lossen rearrangement to isothiocyanate via thiohydroxamate-O-sulfonate, 

the observed formation of nitrile and sulfur from VI by hydrogen sul- 

80 fide is attributed to the acid conditions and intermediacy of the 

free thiohydroxamic acid-O-sulfonate. 
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The ascorbate-activated glucosinolase thus also appears to be a 

thioglucosidase. The Lossen rearrangement of the thiohydroxamate-O- 

sulfonate is independent.of vitamin or enzyme. If a two-enzyme system 

63 of thioglucosidase and sulfatase hydrolyzes mustard oil glucosides 

in any plant, the mechanism has yet to be explained. Initial removal 

of sulfate, with or without Beckmann rearrangement, is certainly pos¬ 

sible, but the products have not been identified or shown to lead 

further to isothiocyanates. On the other hand, if the sequence begins 

by liberation of glucose without consequent production of sulfate, the 

unstable aglucone must become bound to some other component in a 

manner still unknown. 
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Experimental 

4-Nitrophenyl ^3 -D-l-thioglucopyranoslde, ji-Nitrothiophenol, 

81 
m.p. 72-74°, was prepared according to Price and Stacy. To 6.38 g. 

of j^-nitrothiophenol dissolved in 15 ml. of hot ethanol were added 

25 ml. of 1.5 N alcoholic potassium hydroxide and 15 g. (0.9 mol. 

equiv.) of acetobromoglucose (m.p. 86°) in 40 ml. pf chloroform. 

After 13 hrs. at room temperature,, 50 ml. of chloroform and 50 ml. 

of water were added. The chloroform layer, after washes with water 

and sodium bicarbonate, was dried over calcium chloride and evapo¬ 

rated, leaving 14.3 g. of solid, m.p. 160° dec. Crystallization from 

30 ml. of chloroform and 100 ml. of methanol gave 10.7 g. (58%) of 

4-nitrophenyl 0 -D-l-thioglucopyranoside tetraacetate as pale yellow 

needles, m.p. 182-183°; -32;2° (1% in chloroform) (lit. 71: 

m.p. 180-181°; +23.0° (5% in chloroform)). An analytical 

sample crystallized from methanol melted at 183-184°. 

Anal. Calcd. for C20H23O11NS: C, 49.48; H, 4.78. Found: 

C, 49.66; H, 4.96. 

To 5,07 g. of 4-nitrophenyl tetraacetylthioglucopyranoside in 

225 ml. of warm,absolute methanol was added 10 ml. of 1.5 N sodium 

methoxide. After standing overnight at room temperature, the mixture 

was neutralized with acetic acid and evaporated to an oily solid, 

which crystallized on storage at 5°. Filtration through Celite of a 

solution in 15-20 ml. of hot water and crystallization gave 2.52 g. 

of 4-nitrophenyl ^-D-l-thioglucopyranoside monohydrate; colorless 

needles, m.p. 164-165° (slowly heated from room temperature). On 
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immersion at 95°, the substance melted partially at 106°. The mother 

liquor afforded a second crop of 0.488 g. (total yield, 86%), m.p. 165°. 

The ultraviolet spectrum of the compound in water exhibited a maximum 

at 324 nyK- (log £ 4.01). Drying in vacuum (0.5 mm.) at 80° produced 

the anhydrous glucoside, m.p. 164-165°; -116° (1% in water) 

(lit. 71: m.p. 160°; -106.5°, 5% in ethanol-water) . The loss 

in weight w^s 5.5% (calcd. 5.37). 

Anal. Calcd. . for O^H^OyNS: c, 45.42; H, 4.77. Found: 

C, 45.35; H, 4.88. 

The-hydrate turned yellow on storage when exposed to light. 

2,4-Dinitrophenyl ^ -D-l-thioglucopyranoside. A solution of 

sodium^-D-l-glucopyranosyl mercaptide (1.49 g.) in 10 ml. of water 

was added dropwise to 1.09 g. (1 mol. equiv.) of l-fluoro-2,4-dinitro¬ 

benzene in 10 ml. of ethanol at 20°. An amorphous precipitate formed. 

After storage overnight at 5°, the solution was filtered and evapo¬ 

rated to dryness, leaving a residue which after washes with ether and 

water gave 1.96 g. of pure 2,4-dinitrophenyl {3-D-l-thioglucopyranoside 

hemihydrate, m.p. 90-91° on immersion at 80° (m.p. ca. 185° dec., slowly 

33 
heated from room ' temperature) ; [Oc ] JJ -246° (0.8% in water). The 

ultraviolet spectrum of an aqueous solution exhibited maxima at 251- 

252 nyU. (log £ 3.92), 273 y<, (log £ 3.93) and 321 iyx. (log £ 4.03). 

Crystallization from water and drying over calcium chloride gave com¬ 

pound, m.p. 184° dec. (slowly heated). The water content was deter¬ 

mined by drying at 100° in vacuum (1 mm.). 

Anal. Calcd. for C12
H14°9N2S,:L/2 H20; 0, 38.81; H, 4.08; 

H20, 2.43. Found: C, 38.81; H, 4.29; H20, 2.4. 
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An anhydrous form, m.p. J.83-1840 dec. (immersed at 100°)i was 

crystallized from ethanol an£ dried in yacuum at room temperature 

and 20 mm. After atmospheric equilibration for 2 days, the material 

suffered a negligible increase in weight and melted at 184° dec. 

(heated from 100°) . 

2,4-Dinitrophenyl ^ -D-l-thioglucopyranoside tetraacetate. 

2,4-Dinitrophenyl ^3 -D-l-thioglucoside (0.210 g.) was treated with a 

cooled mixture of 1 ml. of pyridine and 0.9 ml. of acetic anhydride. 

After reaction overnight at 5°, the product was precipitated with 

1 ml. of ether at 0°, collected and washed with ether and dried over 

calcium chloride in vacuum to yield 0.265 g. (88%) of 2,4-dinitro- 

phenyl tetraacetyl-^-D*l-thioglucopyranoside, m.p. 198-200°. An 

analytical sample crystallized from methanol-chloroform melted at 

199-200°; -92° (0.9% in chloroform). A methanol solution 

exhibited an ultraviolet spectrum with an inflection at 241 nyt6 

(log £ 3.97) and maxima at 267 ryU (log £ 3.92) and 311 nyu- 

(log £ 4.06). 

Anal. Calcd. for C20**22®13^2®: C, 45.29; H, 4.18. Found: 

C, 45.42; H, 4.30. 

Anomerization of 2,4-dinitrophenyl tetraacetyl-^5-D-l-thio¬ 

glucoside was attempted following Lindberg's procedure.^ The 

compound (0.102 g.) was shaken with 0.1 g. of Ascarite, 0.3 g. of 

Drierite and 1 ml. of anhydrous pyridine. After 20 minutes, the 

red-brown mixture was filtered through Celite into 0.13 ml. of 

acetic acid. The crude product was isolated by addition of chloro¬ 

form, washes with water and evaporation of the dried (calcium 
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chloride) chloroform extract to a red oil. Crystallization from 

methanol-chloroform furnished 51.4 mg. of 2,4-dinitrophenyl tetra- 

acetyl-/$-D-l-thioglucopyranoside, m.p. 190°; [Of -96° (0.7% 

in chloroform). 

Enzyme preparations and their activities toward mustard oil 

glucosides were furnished by Dr. M.G. Ettlinger. Myrosin had been 

prepared much as by Neuberg.^ Ascorbate-activated glucosinolase 

was extracted from yellow mustard by an unpublished procedure 

(Ettlinger and Thompson). At 25-30° and pH 7 in 0.0015 M L-ascorbate, 

.1 ml. of enzyme solution (1.1 mg. of protein) cleaved 150-200 mg. of 

sinigrin (0.01 M) per minute. Without ascorbate, 0.3-0.4 mg. of 

sinlgrin per minute was decomposed by the same amount of enzyme. 

Analytical. Glucose was determined with Sumner's dinitrosalicylic 

acid reagent.^ A 1-ml. aliquot of unknown (containing 0.1-0.8 mg. 

of glucose) was diluted with 3 ml. of reagent and the mixture was 

stirred and deoxygenated by bubbling nitrogen (30 sec.) and heated 

in a foil-capped test tube in boiling water for 5 min. The solution 

was cooled immediately, diluted with 10 ml. of distilled water and 

the absorbancy measured at 550 , using a reagent blank for refer¬ 

ence. A standard curve was established with glucose monohydrate. 

Small corrections were necessary for color arising from ascorbate and 

unaltered glucoside. 

The following substances were determined spectrophotometrically: 

4-nitrophenyl -D-l-thioglucoside ( ^ max> (water) 324 v&^L. , 

£ .10,300); 2,4-dinitrophenyl ^-D-l-thioglucoside (Amax. (water) 

321 mu. , £ 10,700); phenyl isothiocyanate (cf .lit. 82: Amax# 
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(ethanol) 267 injA- (also 276 nyu. ) , £ 11,500) and phenylthiourea 

(cf.lit. 82: Xmax> (ethanol) 267 iy*. , £ 13,800). 

Glucose was detected by paper chromatography (Rf 0.21 in 

butanol-acetic acid—water, 4:l:5j Rf 0.23 in butanol-ethanol- 

water, 4:1:4) with ammoniacal silver nitrate and aniline phthalate 

spraying reagents. The nitrophenyl and dinitrophenyl thioglucosides 

(Rf 0.75 in butanol—acetic acid—water, 4:1:5) were detectable by 

ammoniacal silver nitrate and by ultraviolet light. 

Enzymatic formation of phenyl isothiocyanate. Tetramethyl- 

ammonium phenylglucosinolate (36.7 mg.) was treated in 10 ml. of 0.1 M 

phosphate buffer, pH 6.7, with 1.00 mg. of yellow mustard flour and 

4.98 mg. of L-ascorbic acid. The mixture was shaken mechanically, with 

25 ml. of peroxide-free ether at 36-37°. After 30 min., the ether 

phase was quickly separated, washed with 2-3 ml. of water and diluted 

to 50 ml. with ether. A 2-ml. aliquot diluted with ethanol to 25 ml. 

was assayed for phenyl isothiocyanate. More mustard flour (2.0 mg.) 

was added to the aqueous phase and after two hours' shaking with 

30 ml. of ether, the ether was separated and the aqueous layer washed 

with 5 ml. of ether. After washing with water, the combined ether 

extracts were diluted to 50 ml. Isothiocyanate was measured and 

identified by ultraviolet spectrum in an ethanol dilution (25 ml.) 

of a 1-ml. aliquot. 

The solutions made up from the ether extract at l/2 hr. were 

combined and treated with 4 ml. of concentrated ammonia. After 

standing overnight at 5°, the mixture was evaporated to dryness. The 

residue was dissolved in ethanol and diluted for measurement of 
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phenylthiourea. The same procedure was applie4 to isothiocyanate 

solutions obtained after complete enzymolysis. The results are 

tabulated. 

Isothiocyanate Thiourea 

^.moles moles 

First sample (for rate) 16.9 17.0 

Second extract (completion) 53.6 53.9 

Total 70.5 70.9 

Initial phenylglucosinolate 78.3 78.3 

The rate was estimated as 0.57 ^ftnole/mg. of activated mustard 

flour/min., whereas for sinalbin (0.006 H) it was 4.9 ^moles/mg. 

of activated flour/min. 

In a similar experiment, the complete spectrophotometric yield 

of isothiocyanate was 89% from 0.134 g. of tetramethylammonium 

phenylglucosinolate. Conversion to thiourea and crystallization 

from aqueous ethanol gave 30.2 mg. of phenylthiourea, m.p. 152.5- 

155°, undepressed by an authentic sample (m.p. 153.5-156°). Identity 

was confirmed by infrared spectrum (Nujol mull). 

Enzymatic decomposition of S-/^-D-l-glucopvranosylacetothio- 

hydroximic acid. To 11.7 mg. of S-^-D-l-glucopyranosylacetothio- 

hydroximic acid in 5 ml. of 0.1 M phosphate buffer, pH 6.7, was added 

1 ml. of tenfold diluted standard glucosinolase and 2.00 mg. of 

sodium ascorbate. The solution was allowed to stand at room temper¬ 

ature (28°) and at intervals 1-ml, aliquots were assayed for glucose. 

An experiment under the same conditions save that ascorbate was 

absent was performed. The results are tabulated. 
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Time (hrs.) Glucose￼ 

With ascorbate Without ascorbate 

5 
21 
44 
89 

1.3 
4.0 
8.1 

11.4 
46.2a 

1.7 
3.7 
5.7 
8.9 

44.4a 

a Calculated value. 

Controls without enzyme produced no glucose during 48 hrs. The 

of glucosinolase/hr. (cf. for sinigrin, 22-29 mmoles/ml. of activated 

glucosinolase/hr.). 

Susceptibility of nitrophenyl ^-thioglucosides to enzymolvsis. 

£-Nitrophenyl ^3 -D-l-thioglucoside (0.050 g., monohydrate) in 5 ml. of 

0.2 M phosphate buffer, pH 6.7, was treated with myrosin (1 ml.) at 

room temperature. A color change was noticeable in 10 min. After 

24 hrs. an aliquot was assayed for unaltered glucoside as described 

under rate studies. The consumption of glucoside was 56% and paper 

chromatograms indicated glucose. Controls, one without enzyme, the 

other with enzyme denatured by heat, were examined and no glucose was 

detected. Like treatment of 2,4-dinitrophenyl ^-D-l-thioglucoside 

(hemihydrate, 0.0865 g.) for 24 hrs. resulted in complete consumption 

of the glucoside and the apparent formation of glucose. Controls gave 

negative tests for glucose. 

Rate studies with mustard flour. A stock solution of 4-nitro- 

phenyl ^-D-l-thioglucoside monohydrate (6.77 mg./ml.) was prepared in 

0.1 M phosphate buffer, pH 6.7. Yellow mustard flour (5.0 mg.) was 

average zero-order rate obtained 
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added to 5 ml. of solution. At intervals 1-ml. aliquots were removed, 

acidified with 0^2 ml. of 1 N hydrochloric acid and centrifuged. The 

supernatant was extracted with ether, which was washed with dilute acid. 

The combined aqueous phases were neutralized with bicarbonate to pH 5, 

diluted to 50 ml. and analyzed spectrophotometrically for unreacted 

glucoside. 

The same procedure was applied to 2,4-dinitrophenyl ^-D-l-thio- 

glucoside hemihydrate (7.74 mg./ml.). Experiments with added ascorbic 

acid (5.0 mg.) were also performed. The rates were estimated from the 

slopes of plots of consumed glucoside against time. Controls showed 

no reaction of glucoside with ascorbic acid alone and no interference 

from ascorbate in the spectrophotometric assay (85-90% recovery). 

The results are tabulated. 

Time (hrs.) Unconsumed 4-Nitrophenyl Thioglucoside ( 

Without Ascorbate With ascorbate 

0 
8 

24 
48 
72 

91 
87 
87 
74 
71 

91 
87 
74 
61 
56 

Time (hrs.) Unconsumed 2,4-Dinitrophenyl Thioglucoside 

Without ascorbate With ascorbate 

0 
1 
5 
7 

22 

104 
104 
85 
77 
51 

104 
99 
68 
54 
15 
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Rate (^Cmol.es/mg. of flour/hr.) at £a. 30° 

Without ascorbate With ascorbate 

4-Nitrophenyl f3 -thioglucoside 0-06 0.14 

2,4-l)initrophenyl ^-thioglucoside 0.7 1.4 

The uncatalyzed rate for sinalbin (0.003-0.01 M) was 3-4 ^moles/mg. 

of flour/hr.; with 0.003 JH ascorbate, 300 ^moles/mg. of flour/hr. 

Reaction of 2,4-dinitrophenvl /?-D-l-thioglucopyranoside and 

glucosinolase. 2.4-Dinitrophenyl -D-l-thioglucopyranoside hemi- 

hydrate (29.1 mg.) in 5 ml. of 0.1 M phosphate buffer, pH 6.7, was 

treated with 3 mg. of sodium ascorbate and 0.2 ml. of a twofold 

dilution of standard glucosinolase at ca. 23°. Aliquots were removed 

at intervals and the amounts of unaltered glucoside were assayed as 

described previously. An experiment was conducted with similar con¬ 

ditions save that the vitamin was omitted. The results are tabulated. 

Time (hrs.) Unconsumed 2,4-Dinitrophenyl Thioglucoside 

With ascorbate Without ascorbate 

^4moles pinoles 

0 78 80 
4 62 64 

24 20 40 

initial rate of cleavage with or without, ascorbate was 

40 ^moles/ml. of enzyme/hr. (cf. for sinigrin, 22-29 mmoles/ml , 

of activated glucosinolase/hr.). 
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