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ABSTRACT

Simple analogues of the dialdehyde formed by periodate oxidation of benzyl
B-L-arabinopyranoside have been prepared Oxydiacetaldehyde may be condensed
with one or two moles of substituted thiosemicarbazides, whereas N-aryliminodi-
acetaldehydes give only bis(thiosemicarbazones) The oxidation of N-arylpyrrolidine-
3,4-diols with one equivalent of periodate 1s straightforward if electron-attracting
aromatic substituents are present, but, otherwise, some cleavage of N-C bonds 1n
the pyrrolhidine ring can be demonstrated The crystalline hemialdal, 2,6-dihydroxy-4-
phenylmorpholine, was 1solated The rates of conversion of some o-functionally-
substituted thiosemicarbazones into glyoxal derivatives have been compared

INTRODUCTION AND DISCUSSION

In a recent study' of the structure of the thiosemicarbazide derivatives of
periodate-oxidised polysaccharides, one of us used, as model compounds the oxidation
products of some simple sugars The mode of action of certain hydrazides on these
monosaccharide derivatives was determined, and one group of products, from benzyl
B-L-arabinopyranoside?, proved to have the cychic structure 1 This led us to examune
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still simpler dialdehydes of comparable structure, derived, respectively, from 1,4-
anhydroerythntol (2) and the pyrrohdine glycols (3), and we now report on the
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reactions of these oxo-compounds with thiosemicarbazides Some preliminary work
with the dialdehydes 5 and 6 was carried out earlier®

Oxydiacetaldehyde (4) was first prepared, as the bis-acetal, by means of a
conventional ether synthesis* Periodate oxidation of the approprate glycol 2 is
more convement Klosterman and Smith® compared the rate of consumption of this
reagent by the cis- and rrans-isomers, but i1sclated neither the dialdehyde nor any
derivative The oxidation product has since been used® to prepare the oxygen analogue
of Y-pelletierine

We have obtaned bis(thiosemicarbazones) 10 and 11 1n 80-95% yield by using
the appropriate 4-substituted thiosemicarbazide The yield of 4-methylthiosemi-
carbazone (9) was somewhat lower due to its water-solubility In the presence of
water, this compound exists as a monohydrate, which evidently has the cyclic struc-
ture (12), since the u v absorption spectrum has a maximum at 246-247 nm, and not
at 270 nm which 1s characteristic of C=N 1n this context! The p-dioxane 12 can
be dehydrated readily to the bis(thiosemicarbazone)

When one equivalent of thiosemicarbazide was used, the expected analogues
(13-17) of the benzyl p-L-arabimnopyranoside derivative 1 were obtained mn yields

o N
16 R=Pr OH
17 R= CH»Ph R N on
HO li: OH HOo” o OH
18

NH CS NFR 18 R=H
20R=C!
1BR=H 21 R=MeO
14 R=Me

15 R=CH,CH,OH

of 40-80% Like the other singly-bonded compounds 12 and 1, these morpholines
showed maximal absorption at 242 +4 nm They could be converted readily into
the bis(thiosemicarbazones), e g , compound 9, by treatment with a second equivalent
of the same thiosemucarbazide Treatment with a different thiosemicarbazide led to
disproportionation, we were thus unable to obtain “mixed” compounds similar
to those having high anti-tumour activity derived from pyruvaldehyde?

The benzyloxy dialdehyde obtamed from benzyl f-L-arabmopyranoside gave
only cychic products (1) whether one or two equivalents of thiosemicarbazide were
used! Fresh attempts to obtain a bis(thiosemicarbazone) from this dialdehyde, under
the conditions used to prepare compounds 9-11, gave ntractable products Whether
this difference in behaviour of the benzyloxy dialdehyde from the simple analogue 41s
due to steric or electronuc effectsisnot yetclear Inthe case of the sulphur compound 5,
we have so far been able to prepare only bis-derivatives analogous to compound 9,
even with equimolecular amounts of dialdehyde and thiosemicarbazide?

Iminodiacetaldehyde has been known as the hydrate (18) for many years® The
bis-acetals of the N-methyl and N-benzyl compounds were prepared later®, but no
attempt to make N-aryl compounds was recorded until recently?® Since anilinoacetal-
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dehyde 1s much less stable than its alkylamino counterparts'®, some trouble was
anticipated 1n attempts to oxidise the glycols 19-21. However, when compound 19
was oxidised and treated with 2 equivalents of 4-methylthiosemicarbazide mn the
presence of acetic acid, the analysis figures for the product, although difficult to
reproduce, were always approximately correct, and the yield of product was good,
indicating that the reaction was, on the whole, proceeding as desired® The situation
required clarification, and the first step was to study, 1n greater detail, the oxidation
of pyrrohidine glycols

A cs-'? and a trans-series'® of these has been prepared, but the method of
Roberts and Ross'* 1s more convenient, and we used 1t to make the three cis-glycols
19-21 We found that milder conditions (10 min at 0-3°) than intherto® used were
quite adequate for the oxidation, although even then the reaction between compound 6
and 4-methylthiosemicarbazide led to inconsistent analytical results However, on
changing the reagent from 4-methylthiosemicarbazide to hydroxylamine, we were
able to 1solate the dioximes 22-24 1n 69, 93, and 46% yields, respectively, without

25 R=Q , R'=Me

OR
/CHz CH=NOH 22R=H a N/ <o

R N 23R=Cl \ : 26 R=R=H
OH

NCHp CH=NOH 24R = MeO

any difficulty From these results, it appears that the oxidation of the p-chloro
compound proceeds as desired under these conditions, whereas, as the aromatic
substituent becomes more electron-repelling 1in character, other centres 1n the pyr-
rolidine 3 are vulnerable to attack, giving rise to increasing proportions of by-pro-
ducts Smce the pure dioximes are readily obtained, the contaminating hydroxylamine
derivatives of those by-products are evidently more easily eliminated by fractional
crystallisation than are the corresponding thiosemicarbazide derivatives

As well as at the glycol grouping, periodate could attack compound 3 in two
ways Like other oxidaats, 1t converts arylamines into highly-coloured products of the
quinonemmine type''® In the special case where the amine 1s a 3-arylamino-1,2-
glycol and excess periodate 1s present, cleavage readily proceeds beyond breaking
of the glycol linkage, and the intermediate a-arylaminoaldehyde 1s further oxidised!*?
The presence of electron-attracting substituents retards the first type of oxidation,
but not the second*! It now appears that, when one equivalent of periodate 1s used,
an electron-attracting substituent will inhibit the second type of oxidation, but that
with other or no substituents this can still proceed to varying degrees We assume
that, with this limited amount of periodate at the temperature employed, non-
specific oxidation of the arylamine function does not take place to any significant
extent, since no dark colours were observed Co-products arising from the second
type of oxidation were 1dentified mn the case of compounds 19 and 21 and are dis-
cussed below.

The oxidation product from the p-chloro compound crystallised readily from
methanol and proved to have a methyl glycoside type of structure (25) It could be
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1solated 1n 63% yield When a methanolic solution of the unsubstituted compound 19
was treated with aqueous periodate in the usual way, a syrupy product always resulted
However, the inverse mode of addition permitted the use of a smaller proportion of
methanol i the reaction muxture, and the product was crystalline It proved to be
compound 26, but the yield, after recrystallisation, was poor Although, in general,
we prefer to add the periodate solution to these glycols, the yield of dioxime 22 was
independent of the mode of addition

Having established that the periodate oxidation took the desired course, within
Iimits, we returned to the study of thiosemicarbazone formation U v -momnitoring
provided a key to the problem of 1solating pure compounds The most readily
accessible dialdehyde, 7, reacted with 4-methylthiosemicarbazide more satisfactorily
m the absence of acetic acid, even though several days were required for separation of
the product Successive fractions were examined spectroscopically and, since all
had an absorption maximum at 270 nm, characteristic of thiosemicarbazones, they
were combined and recrystallised to give compound 28 without any difficulty

TABLE I
ULTRAVIOLET SPECTRAL DATA
Compound 2max (nm) log emax
1
13 2382 413
14 241 415
15 2386 413
16 243% 413
17 2440 414
12 246-247b 438
27 270¢ 4 64
28 270-271¢ 464
29 269-270¢ 4 59
31 244-245¢ 452
32 242¢ 454

SIn water ’In 95% ethanol ¢The compound (ca 30 mg) was dissolved in 2-methoxyethanol
(20-30 m1l) and diluted with 95% ethanol

CH; CH=N NH CS NHMe
/ 2 / 7\
R N\ AN O N NH CO NHz
CH, CH=N NH-CS NHMe
27 R=H 30

28 R=Ci
29 R=MeO

The reaction with the oxidation products from the other two pyrrohidine glycols
was more complex Under the same conditions as used above, a series of fractions
was obtamned frem the unsubstituted compound 19, these all melted 1n tne same region,
but differed spectroscopically. Only the first fraction, which had an absorption
maximum at 270 nm, proved to be compound 27 Successive, further fractions had
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increasing proportions of material with maximal absorption at 243-247 nm, as
shown i Fig 1 This 1s discussed later

A S
Elcrn

1000

500

! : géo * " * ' 3100 nm
Fig 1 Ultraviolet spectra of the first four fractions (4-D) of product ansing from the reaction of
4-methylthiosernicarbazide with periodate-oxidised 19 (————, A4, , B, ————— N
C,and— — — —+— _ D)

Treaiment of the p-anisyl derivative 21 with periodate, followed by 4-methyl-
thiosemicarbazide, as before gave a product which showed no significant absorption
at 270 nm, but had a peak at 242 nm However, when the reaction with the thio-
semicarbazide was carried out in the presence of water, the small amount of thio-
semicarbazone (29) formed, with approprniate absorption at 270 nm, separated
together with the principal product The less-soluble thiosemicarbazone was 1solated
readily by fractional crystallisation

The yields of bis(4-methylthiosemicarbazones) obtamed from the oxidation
products of the three glycols paralleled the yields of the dioximes This provided
further evidence that the p-chlorophenyl compound (20) was attacked by one equiva-
lent of periodate at the glycol grouping, with a high degree of specificity. The hem-
acetal (25) was next treated with one equivalent of 4-methylthiosemicarbazide under
the condrtions used to prepare the cyclic derivative 14 in the oxygen series The only
isolated product, however, was the bis(4-methylthiosemicarbazone) (28) The
dialdehyde (7) thus differs from the oxygen compound (4) and 1ts benzyloxy derivative
Wolff and Marburg® obtained a cyclic derivative formulated as structure 30 from the
N-unsubstituted iminodialdehyde hydrate (18) and semicarbazide, although phenyl-
hydrazine gave the normal bis-compound

Some confirmation of the course of periodate oxidation of the pyrrohidine
glycols was provided by the secondary products which sometimes crystallised follow-
mg treatment with thiosemicarbazides These had uv. maxima characteristic of
thiosemucarbazide (C-N) as distinct from thiosemucarbazone (C=N). Fig 2 shows
the spectra of the punfied co-product from oxidised 19 and 4-propylthiosemicarbazide

Carbohyd Res , 7 (1968) 299-310



304 V C BARRY, J E MCCORMICK, R. S MCELHINNEY

and of the bis(thuosemicarbazone) 27, Analysis figures obtained from several samples
of two co-products were very consistent and fitted best a structure comprising one
arylamine and two thiosemicarbazide residues, together with two carbon atoms
Some 1ndication of a simlar loss of two carbons of the original pyrrolidine ring had
also been obtamed earlier® Molecular-weight determunation precluded a dimeric
formula, and of the possible structures accommodating these features, 31 and 32 seemed
the most reasonable A similar ortho-derivative (33) has been described previously!>

£x10 4

at}

B ('

% L L ] [l [3 13
250 300 nm
Fig 2 Ultraviolet spectra of 27 (———————) and 31 ( )
NH NH CS NHR' NH NH CS OF CHz CH=N NH CS5 NH
-~ % ~ t e 2
R NH CHz-CH Mezc\ s
\NH NH CS NHR NH NH CS Ogt \CHz CH=N NH CS NHa
31 R=H,R'=Pr 33 34

32 R=MeO, R'=Me

Glyoxal bis(2,4-dimitrophenylhydrazone) was formed readily on treatment of
compounds 31 and 32 with 2,4-dinitrophenylhydrazine sulphate, in yields of the
same order as afforded by the a-arylaminoaldehyde derivative 27 The appropriate
glyoxal bis(thiosemicarbazone) was obtamned by acid hydrolysis of compounds 31
and 32, although in neither case could the intermediate arylammoacetaldehyde
tluosemicarbazone be 1solated

It 1s thus evident that the 1,2-bond 1n the pyrrolidines 3 may be at least as
susceptible to attack by periodate as the 3,4-bond, even with cis-hydroxyl groups
The degree of specificity 1s deternuned by the substituent 1n the benzene ring

The ethers 12-14 and 1 ail afforded glyoxal bis(2,4-diutrophenylhydrazone)
1n better yields than the amines 27, 31, and 32, asi1sshown in Table IV The sulphide 34,
n which the hetero atom 1s less electronegative, leading to almost completely covalent
bonds with the flanking carbon atoms, behaved quite differently Here the product
was thiodiacetaldehyde bis(2,4-dimtrophenylhydrazone) The reaction of 2,4-di-
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mtrophenylhydrazine with several «-functionally-substituted aldehydes has been
described 1n the literature!®, but no comparative data on the oxidation of derivatives
of these compounds could be found

Further investigation of the chemistry of the dialdehydes referred to in this
paper 1s in progress

EXPERIMENTAL

Melting poimnts are corrected. Solutions were concentrated under diminished
pressure below 40° For recrystallisation, solutions of compounds were not heated
above 70°

Preparation of aqueous oxydacetaldehyde (4) — 1,4-Anhydroerythritol'”
(2 08 g, 20 mmoles), dissolved in water (30 ml), was added with stirring to a solution
of sodium metaperiodate (4 28 g, 20 mmoles) 1n water (150 ml), and the mixture was
kept (24 h) in the dark at room temperature The consumption of periodate was
shown'® to be 0 98 mole/mole Iodate and excess periodate were precipitated from
the resulting solution of oxydiacetaldehyde by the addition of barmum chloride
dihydrate (2 96 g) in water (48 ml) The mixture was neutralised (BaCO;) and filtered
through Celite, the insoluble material being washed with water (3 x 6 ml) Banum
1ons were removed by usmg potasstum sulphate (1 86 g) 1n water (60 ml), and the
resulting precipitate was separated and washed with water (3 X 6 ml) The solution of
oxydiacetaldehyde was deiomised by treatment (3 h) with Amberhite MB-1 (50 g).
The resin was removed by filtration through Celite and washed with water (3 x 100 ml)
This delomusation was unnecessary in the preparation of water-insoluble derivatives

Water -soluble 3,5-dihydroxy-4-thioureidomorpholines (See Table II) — Aqueous
oxydiacetaldehyde, after deiomisation with Amberlite MB-1, was treated with an
equimolecular amount of the appropriate thiosemicarbazide (in solution), and the
resulting mixture was evaporated to dryness The addition and evaporation of several
portions of methanol left a solid residue which, on recrystallisation, afforded the
colourless, water-soluble 3,5-dihydroxy-4-thioureiddomorpholine

4-(3-Benzy lthioureido)-3,5-dihydroxymorpholine (17) — A solution of 4-benzyl-
thiosemicarbazide (543 mg, 3 mmoles) i ethanol (48 ml) was added to aqueous
oxydiacetaldehyde, from 1,4-anhydroerythritol (3 mmoles), and the resulting mixture
was concentrated to ca 10 ml Compound 17 (622 mg, 73%), m p 119-120°, separated
imtially as an o1l The analytical results are given 1n Table 11

Oxidiacetaldehyde bis(4-methylthiosemicarbazone) (9) — Aqueous oOXxy-
diacetaldehyde, from 1,4-anhydroerythntol (12 mmoles), was added to a solution of
4-methylthiosemucarbazide (2 52 g, 24 mmoles) 1n water (42 ml) containing acetic
acid (048 ml) After 2 days at room temperature, the opaque mixture deposited
crystals which were collected Further crops were obtained during the next 5 days
(n all 182g, 55%, after drying at room temperature/18 mm), mp 151 5-155°
Crystallisation from N,N-dimethylformamide-water (3 4) gave colourless plates,
m p 153-154°, which absorbed water (6 6%) 1n a hygrostat (saturated sodium mitrite)
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TABLE I
3,5-DIHYDROX Y-4-THIOUREIDOMORPHOLINES®
Compound M p? Yield Analysis Crystallised from
(degrees) (%)
C H N S
13 Decomposed 79 Found 312 59 220 164 N,N-Dimethylformamide—
gradually > Calc 311 57 218 166 ether(23)
150¢
14 152-153 5 44 Found 351 63 201 153 Methanol
Calc 348 63 203 155
15 131-1315 38 Found 357 64 172 135 Methanol-
Calc- 3545 63 177 135 chloroform (1 12)
16 140-141 5 45 Found 413 71 182 140 Methanol-
Calc 4085 72 179 136 ether(14)
17 130-132 73 Found 509 61 149 115 Chloroform-light

Calc 509 60 148 113 petroleum (bp 40-60°) (1 1)

“These compounds are sensitive to heat PAll melting points were with decomposition “Recrystallised
13, dnied at room temp /18 mm, has m p 99-100° (dec), and contamns 39 6% of N,N-dimethyl-
formamide which 1s removed at 78°/0 01 mm

to yield 3,5-bis(4-methylthiosemicarbazido)-p-dioxane (12), mp 150-153° (Found
C,329;H,61, N, 285, S, 217 CgH,gNgO,S; calc C, 327, H, 61; N, 286,
S, 21 8%) The p-dioxane derivative 12 lost 6 3% by weight (= 1 mole of H,0O/mole)
at room temperature/18 mm over phosphorus pentaoxide to give compound 9

Oxydiacetaldehyde bis(4-propylthiosenucarbazone) (10) — Compound 10 was
prepared by the dropwise addition with stirring, at 13-14°, of aqueous oxydi-
acetaldehyde, from 1,4-anhydroerythritol (3 mmoles), to a solution of 4-propylthio-
semicarbazide (798 mg, 6 mmoles) 1n methanol (25 ml) containing acetic acid (1 2 ml)
The product (784 mg, 79%) m p 138 5-140°, was collected after 18 hours and crystal-
hsed from N,N-dimethylformamide-water (2 3) to give colourless crystals, mp
138-139° (Found C, 437, H, 72, N, 254, S, 196 C,;H,,N,OS, calc C, 434,
H,72,N,253;8S, 19 3%)

Oxydiacetaldehyde bis(4-benzylthiosemicarbazone) (11) — Oxydiacetaldehyde
solution, from 1,4-anhydroerythritol (2 mmoles), was added dropwise with stirring
to a solution of 4-benzylthiosemicarbazide (724 mg, 4 mmoles) 1n a mixture of ethanol
(32 ml) and water (20 ml) containg acetic acid (1 6 ml) The mmitially, oily product 11
(810 mg, 95%) had mp 147-148° Crystallisation from N,N-dimethylformamide-
water (2 1) raised the m p to 155 5-156.5° (Found C, 560, H,58, N, 196, S, 15.1.
C,0H24NgOS, cale C,561,H,56,N, 196, S, 150%)

Conversion of compound 14 mmto compound 12 — The morpholine 14 (207 mg,
1 mmole) and 4-methylthiosemicarbazide (105 mg, 1 mmole) were mixed in water
(10 ml) contaiming acetic acid (0 02 ml) During 7 days, the p-dioxane dertvative 12
(61%) was deposited

cis-4-p-Chlorophenyl-3 4-dikydroxypyrrolidme (20) — wmeso-1,4-Dichloro-
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butane-2,3-diol*® (2862 g, 18 mmoles) and p-chloroaniline (8.04 g, 63 mmoles)
were heated at 150° (1 5h) The product (3.16 g, 82%), m p 146-148°, was collected
after addition of water. Recrystalhsation from benzene yielded colourless needles,
mp 148 5-150° (Found C, 56.7, H,58;ClL 17.1; N, 65 C,,H,,CINO, calc
C, 562; H, 56, Cl, 166, N, 6 6%). The corresponding trans compound’® has
mp 182°

Preparation of phenyliminodiacetaldehydes (6-8) — To the appropriate 1-aryl-
3,4-dihydroxypyrrolidine (6 mmoles) in methanol (100 ml) was added dropwise,
at 0-2° (7-9° 1n the case of 21), 0 IM sodium metaperiodate (60 ml) Precipitated
morganic salts were dissolved by the addition of water (100 ml), and the resulting
phenyliminodiacetaldehyde was extracted immediately with ether (100 ml and
3x50 ml) The extract was washed with saturated brine (40 ml) and dnied (MgSO,),
and the solvent was removed

The crude dialdehyde 7 was crystalline When heated (10 mun, 70°) 1n con-
centrated methanolhic solution, it yielded colourless needles of the cyclic hemiacetal
25 (63%), m p 98-103 5° Recrystallisation from benzene-light petroleum (b p 40-
60°) (5 2) raised the m p to 103 5-106° (Found C, 543, H, 58, Cl, 150, N, 57,
OMe, 128 C,;H,,CINOj calc-C, 542, H, 575, Cl, 146, N, 575, OMe, 12 7%).
The nfrared spectrum of compound 25 had a strong band at 3330 cm~! (OH) and
no absorption 1n the 1700 cm™! region (C=0) Recrystallisation from aqueous
acetone did not convert compound 25 1nto the corresponding hemialdal (¢f Ref 20)

Dioximes (22-24) of phenylimmodiacetaldehydes (See Table IIT) — The dernva-
tives were prepared by the procedure here given for the dioxime (23) of p-chloro-
phenylimimodiacetaldehyde The crude dialdehyde, prepared as above from compound
20 (2 mmoles), was dissolved in methanol (8 ml) and treated with a mixture of
hydroxylamine hydrochlonide (278 mg, 4 mmoles) and sodium acetate trihydrate
(545 mg, 4 mmoles) 1n water (5 ml) The mixture, after 30 min at room temperature,
was concentrated, and the dioxime which separated was recrystallised from aqueous
methanol

TABLE I
DIOXIMES OF PHENYLIMINODIACETALDEHYDES

Dioxime Yiield Mp?@ Analysis
(%) (degrees)

C H cl N

22 69 1375 Found 581 67 202
Calc 580 63 203
23 93 144-145 Found 501 52 149 175
Calc 497 50 147 174
24 46 130-1305 Found 555 64 179
Calc 557 63 177

aAll melting points were with decomposition ?When the dialdehyde was prepared by the addition ot
glycol to periodate (¢f 26), the yield of compound 22 was 68 5%
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Phenyliminodiacetaldehyde bis(4-methylthiosemicarbazone) (27) — The crude
dialdehyde, from compound 19 (6 mmoles), was treated with a solution of 4-methyl-
thiosemicarbazide (1 26 g, 12 mmoles) 1mn methanol (30 ml). The resulting, almost
colourless solution deposited (overnight) colourless crystals of compound 27 (918 mg,
44%), m p. 154-155° (dec ) More crystalline material separated on subsequent days,
but this showed no ultraviolet absorption maximum in the region (270 nm) charac-
teristic of thiosemicarbazones Recrystallisation of the first fraction from N,N-
dimethylformamide-methanol-water (1 51) raised the mp to 159.5-160° (dec)
(Found C,479,H,63,N,274,S,177 C,,H,;N;S,calc C,479,H,60,N, 279,
S, 182%)

p-Chlorophenyliminodiacetaldehyde bis(4-methylthiosemicarbazone) (28) —
4-Methylthiosemicarbazide (630 mg, 6 mmoles), dissolved i methanol (16 ml),
was added to a solution of the crude dialdehyde, from compound 20 (3 mmoles),
m methanol (10 ml) During the next 5 days, 4 crops of colourless crystals of com-
pound 28 (totalling 816 mg, 70%), mp 163 5-171°, each showing an ultraviolet
absorption peak at 269-270 nm, were collected, the mother liquor gradually became
yellow The combined fractions, on recrystallisation from N,N-dimethylformamide—
methanol-water (14 1), had mp 170 5° (dec) (Found- C, 436, H, 55, Cl, 92,
N, 248, S, 163 C,,H,,CIN,S, calc C, 436, H, 52; Cl, 92; N, 254, S, 16 6%)

p-Amisylinunodiacetaldehyde bis(4-methylthiosemicarbazone) (29) — A solution
of the crude dialdehyde, from compound 21 (4 mmoles), in methanol (24 ml) was
treated with 4-methylthiosemicarbazide (840 mg, 8 mmoles), dissolved in water
(24 mi) The muxture, after 2 h at room temperature, was concentrated The solid
(863 mg) which separated had A, at 243 nm, 1n addition to significant absorption
at 270 nm Crystallisation first from N,N-dimethylformanmide-methanol-water
(1 75) and then from the same solvents (2 10 1) ehminated the material with an
absorption peak at 243 nm and afforded colourless crystals of compound 29 (206 mg,
14%), mp 157° (dec) The analytical sample had mp 158-159° (dec) (Found
C,471,H,63, N, 256, S, 171 C;sH,3N;0S, calc C, 4735, H, 60, N, 257,
S, 168%)

Treatment of compound 25 with 1 equnalent of 4-methylthiosemicarbazide —
The cyclic hemiacetal 25 (243 mg, 1 mmole) and 4-methylthiosemicarbazide (105 mg,
1 mmole) were mixed in methanol (6 8 ml) The solution became dark-red overmght
and deposited colourless crystals of the bis(4-methylthiosemicarbazone) (28) (58 mg,
30%), mp 171° (dec) No further material separated from the mother liquor

Phenyliminodiacetaldehyde henualdal (26) — The pyrrohdime 19 (537 mg,
3 mmoles), in methanol (15 ml), was added dropwise with stirring, at 2-4°, to an
equimolecular amount of 0 IM aqueous sodium metaperiodate The product was
extracted immediately with ether From the washed (saturated brine) and dried
(MgS0O,) extract, after removal of solvent, was obtamned a pink, semi-solid residue
which, on trituration with benzene (8 5 ml), yielded colourless crystals of compound 26
(190mg, 325%), mp 96 5-98°. Recrystallisation from benzene-light petroleum
(b p 40-60°) (2 1) raised the m.p to 100 5-102 5° (Found C, 613, H, 66, N, 7.3
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CioH;3NOjcalc C,615,H,67,N, 72%) The infrared spectrum of compound 26
had a very strong band at 3330 cm™! (OH) and no absorption 1n the 1700 cm ™!
region (C=0)

Secondary products from the reaction of thiosemicarbazides with periodate-
oxudised pyrrolidine glycols — The pyrrolidine (19) (716 mg, 4 mmoles) was oxidised
as described for the preparation of compound 26 The crude product was treated with
4-propylthiosemucarbazide (1 064 g, 8 mmoles), dissolved in methanol (6 ml) From
the resulting solution, colourless crystals (485 mg), m p 142-143 5° (dec ), separated
overnight Two recrystallisations, from (@) N,N-dimethylformamide-methanol-water
(2101) and () N,N-dimethylformamide-methanol (1 5), afforded compound 31
(339 mg, 22%), mp 147-148° (dec) [Found (for different samples) C, 49 2, 496,
503, H,75, 75 74, N, 256, 251, 257, S, 174, 175, 174 C,;gH,yN;S, calc
C, 501, H, 76, N, 2555, S, 16 7%]

When compound 31 (153 mg, 0 4 mmole) was stirred (18 h) in ethanol {6 1 ml)
contamning 2N HCI (0 61 ml), 1t yielded glyoxal bis(4-propylthiosemicarbazone) (11 7
mg, 10%), m p 203 5-208° (dec ), undepressed by an authentic sample. The latter was
made i the usual way and crystallised from aqueous pyridine as yellow crystals, m p
220-221°(dec )(Found C,42 1,H,70,N,296,S8.228 C,,H,,NgS,cale C,417.H,
69,N,292,8.222%)

The pyrrolidine 21 (1 672 g, 8 mmoles) was oxidised as usual, 7 e, by addition
of periodate to the glycol, and the resulting product was treated with a solution of
4-methylthiosemicarbazide (1 68 g, 16 mmoles) in methanol (30 ml) Fractions
[406 mg, m p 128-130° {dec)] and [13 g, mp 135-136 5° (dec )] separated after
17 and 41 h, respectively These, having 4,,,, at ca 242 nm and no sigmificant absorp-
tion at 270 nm, were combined and recrystallised twice from N, N-dimethylformamide—
methanol-water (2 10 1) to give colourless crystals (1 08 g, 38%), mp 132 5-134 5°
(dec ), tentatively assigned the structure 32 [Found (for different samples) C, 41 8§,
417, H, 67, 68, N, 26.7, 269, S, 184, 185; OMe, 11 7%, Mol wt, <450
Cy3H,3N;0S8, calc C, 4365, H, 65, N, 2745, S, 1795, OMe, 8 7%, Mol wt,
357 5] Hydrolysis as above afforded glyoxal bis(4-methylthiosemicarbazone) (15%),
m p 240-241° (dec ), undepressed by an authentic sample, m p 243° (dec)

Treatment of thiosemucarbazide dernatives with 24-dinitrophenyliydrazine
sulphate (DNP) — The derivatives were refluxed (1 5h) with DNP 1n methanol
In each case, orange crystals of glyoxal bis(2,4-dimitrophenylhydrazone), m p 312-
313° (dec ), undepressed by an authentic sample, m p 315-316° (dec), separated

TABLE 1V
YIELDS OF GLYOXAL BIS(2 4-DINITROPHENYLHYDRAZONE) FROM THIOSEMICARBAZIDE DERIVATIVES

Derwative 312 328 270 130 14 128 1bec
Yield (%) 18 95 14 50 45 36 77

“Treated with 2 equivalents of reagent ?Treated with 4 equivalents of reagent ¢R=CSNHPr

Carbohyd Res , 7 (1968) 299-310
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Yields are given in Table IV, When the solution of compound 12 was refluxed for
15 min, the yield of derivative was 9 5%. Similar treatment of the sulphide® 34 for
15 min with 4 equivalents of DNP gave thiodiacetaldehyde bis(2,4-dimitrophenyl-
hydrazone), m p 220-222°, undepressed by an authentic sample (it.*, m p 219-221°),
1n. 46% yield In this case, refluxing for 1 5 h also gave largely the thiodiacetaldehyde
denivative (40% yield, m p 216-223°)
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