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ABSTRACT

The benzothazoline (1, R' = R* = H) formed by the reaction of p-galactose
with o-aminobenzenethiol gives bis[e-(a-D-galactoiuranosylamino)benzenethiol]-
mercury(11) (2, R = H) on treatment with mercury(11) acetate 1n reflu aung acetic acid
O-Acetylation of the cnelate cccurs smoothly, and demercaration of the product with
hydrogen sulphide gives the thiol (3, R! = Ac, R? = R? = H) which, with catalytic
acid or when kept 1n chloroform solution, isomerises to the thiazoline compound
(1, R' = Ac, R?*=H) Under mild acetylaung conditions. this product (and the
starting matenal) gives diastereoisomeric 2.3,4,5,6-penta-acetates (1. R' = R* = Ac),
but appreciable reversion to thiol occurs with acyl chlondes, with the consequence
that thioesters (3, R' = R* = Ac, R*=H, R' = Ac, R* = Bz, R¥ = H) were major
products The value of the tetraester (I, R' = Ac, R* = H) as a means of obtaining
galactose denivatives specifically modified at C-4 15 therefore Limited

INTRODUCTION

The reaction undergone by free sugars and o-aminobenzeneth:ol 1s potenuaily
complex, since the amino and thio groups may condense with the sugar carbonyl
group te give two diastereoisomeric benzothiazolines, or the amino group or the thiol
function may pair with a sugar hydroxyl group to condense 10 give glycosylamines or
I-thioglycosides. respectinely With the additional possibilities of furanoid or
pyranoid structures, «- or ff-anomeric configurations, and the formation of an tmine,
there are eleven tautomeric forms for a condensation product In an earher report?,
we confirmed that, in keeping with several rclated reagents”, o-aminobenzenethtol
gives the heterocychic products with acyclic carbohydrate moieties, and that the
benzothiazolines formed from p-glucose react with mercury(Il) 10ns to give a discrete
glycosylamine chelate from which various acetylated compounds were obtained. The
present work examines related compounds in the D-galacto series, with a view to
assessing thewr possible value as intermediates through which galactose derivatives
modified at C-4 could be obtained.
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From p-galactose and o-aminobenzenethiol, the known condensation product?
was obtained n tugh y.eld. and by mild acetylation with aceuc anhydride in pynidine
followed by hydrolysis, 2,3.4.5,6-penta-0O-acetyl-D-galactose was produced therefrom
From this evidence, it 1s concluded that the imual product was a mixture of diastereo-
isomeric benzothiazoliges (1, R' = R? = H), and that no tautomeric change occurred
prior to esterfication (Evidence i1s given below to support this assumption.) Treat-
ment of these mmwal products with mercury(ll) acetate gave a discrete chelate
(2, R = H} 1n quanutanve yield, and this> was acetylated smoothly to afford a readily
handled octa-acetate (2, R = Ac) from which, by use of hydrogen sulphide, the thiol
(3, R' = Ac, R = R? = H) was obtained. This compound was identified by 1ts weak
S-H stretching absorption at 2700 cm ™ !, and by an exchangeable SH singlet at t 7.15
10 11s amr spectrum. Mild acetylation gave the thioacetate (3, R!' =R? = Ac,
R? = H) in high yield, which showed C=0 stretching® at 1690 cm ™!, gave an S-acety|
3-proton resonance at t 7 60, and gave a strong mass-spectral nolecular 1on (snufe 497).
Intense fragments with mfe 331 (M-~NHC,H,SAc)* and 251 (M—CH,0Ac
CHOAc—OAc— CH,CQ)™ were observed. The latter 1on established the furanoid
charecter of all compounds 2 and 3. 1a confirmation of this concluston, less-intense
tcns at mje 3532 (M —-CH,0Ac.CHOAc)" and 293 (M—CH.OAc CHOAc—
OAc)™ were also found® No fragments for corresponding degradauions of the
pvranosyl 1somer were found in the mass spectrum Benzoylation of the thiol
(3, R' = Ac, R? = R* = H) gave the thiobenzoate, which was charactertsed by n m r.
raethods and by tne presence of an appropriate C=0 stretching frequency* in the
mnfrared (1690 cm™"') Further acetvlation of the thioacetate (3, R' =R* = Ac,
R? = H) with sod:um acetate 1o hot acetic anhydnde gave a hexa-acetyl derivative
(3, R' =R*=R?* = Ac) with a typical N-acetyl resonance (r 8 36) and carbonyl-
stretching frequency* (1670 cm™ ') The unexpected mutarotation of this compound
was not examined further.

AY
o< N ' Rel ¢ A

The acyclic nature of the penta-acetate (1, R! = R? = Ac) was readily de-
terminable by n.mr methods (Table I) Thus, the C-6 protons showed typical
characteristics of the AB part of an ABX spectrum, and all the other chain protons
resonated as overlapping multiplets between 74 3 and 5.1, while the aryl resonances
appeared as one complex multiplet between t 3.1 and 3 6. These chemucal skifts for
carbohydrate protons are in good agreement with expectations based on the spectrum
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of palactitol hesa-acetate® and aldein do-p-galactose penta-acetate (see Table 1). and
the observed coupling constants (J5 s 7 5., J, o 4: J, o- 11 3 Hz) are also 1n agreement
with values observed for these model compounds. On the other hand, the furanoid
compounds 2 (R =Ac, 3(R'=Ac, R*=R*=H), 3 (R'=R*=Ac, R*=H), and
3 (R'=Ac, R?=Bz. R*=H) all showed quite different and common spectral
features The H-6 resonances were merged and the resultant broad singlets also
immcorporated tbe H-d signals (z 3 9) the H-1 resonances were clearly visible near 7 5 3
as broadened triplets (J, ; 8, Jyy.y & Hz) which raduced to doublets on deuterium
exchange of the nitrogen-bonded protons, the H-2, H-3, and H-3 resonances were
unresolved berween 4.3 and 49, and the phenvl signals were resolved 1mto two
multiplets centred at 28 and 33 [In the case of the peracetyl derivative (3, R' =
R* = R* = Ac), however, H-1 and the phenyl protons were deshielded, and resonated
anomalously at 405 (J, , 8 Hz) and © 252 (s5), respectinely] These features are
conststent with espectations based on the characteristics of the soectrum of 2,3,5,6-
tetra- 0-acetyl-B-p-galactofuranosyl fluonde’ (H-6, 565. H-6°, 580, H-4, 551,
H-2,3,5, 4.58—1 92) On the above bases, thereforz, 1t was readily possible o charac-
terise compounds of this series as havine acyclic or furanacid carbohydrate com-
ponents

Although 15 relatine insolubidity might have accounted for the 1solation of the
intsal compound 1n the benzothiazoline form (1, R = R? = H), it was considered
probable that thi> was the thermodynamically favoured product, and therefore that
the thiol (3, R! = Ac, R? = R? = H) would 1somerise nto the teira-O-acetylthiazoline
(1, R'=Ac, R* =H) under equilibraung condiions A chloroform solution of
compound 3 (R! = A¢, R? = R3 = H) was thus allowed 10 stand n the presence of a
catalytic amount of toluene-p-sulphonic actd N mr examinauion showed that the
thiol resonance {7 7 10) slowly disappeared and that the spectrum aitered concurrently
from the * furanoid type™ (two aromatic proton multiplets, discrete H-1 triplet at 7 5 3,
combined H-4,6,6" resonances at 7 3 9) to the ~benzothiazoline type™ (one aromau:z
multiplet, unresolved H-2.3.5 resonances, resolved quartets for H-6,£") Relatne 10
the spectrum of compound 1 (R' = R” = Ac). there was a one-proton signal near
7 6 (H-4) 1n place of that near r4 8§, which was expected on the grounds that the
deshielding ester function was absent from C-4 In addition, however, a doublet
(49 Hz) at 3 new low-field position (z 4 3) was observed and 1s assigned to H-3 because
of the large coupling constant® The nature of the cause cf thrs des>hueldng 1s not
koown, bur is presumably a consequence of the proton’s existence 1n a deshielding
zone of one of the meighbouring aceryl-carbonvl groups Whatever the cause, it 1s not
general: 1n a geometrically comparable case, the H-1 and H-3 resonances of 1,3,4,6-
tetra-O-acetyl-x-D-glucose (t 3 82, 1.75) are not deshielded with respect to those of
1.2,3,4,6-penta-O-acetyl-a-D-glucose® (1 3.7, 4 5) As with the acyclic penta-acetats
(I. R' =R? = Ac), the N-H resonance of the hvdrozy compourd (1. R!' = Ac.
R*? = H) occurred at hugh field relanve to those for the furanoid compounds (Table 1)

In later exp~riments, the thiol was isomernsed simply by kespmng 1t 1n chloro-
form solution or by warming it in this solvent, and the resultinz benzothiazoline gave
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the penta-acetate (1. R' = R?=Ac) on treatment with acetic anhydnde in pyridine
However, benzoylation with benzoyl chlonde did not give the analogous 4-benzoate
(1, R! = Ac, R? = Bz), but a mmxture of products 1 which the major component was
the thiobenzoate (3, R' = Ac, R? = Bz, R3 = H) identical to the product of direct
esterification of the thiol (3. R* = Ac, R? = R3 = H). The i1somerisation of the thiol
was thus reversed prior to benzoylation Differences in the detailed action of acylating
agents have been recogmised before®, and preferential esterifications are dependent on
such factors as solvent!®. Therefore, 1n order to further examine esterifications in this
sertes, the hydroxy tautomer (I, R' = Ac, R? = H) was acetylated by using acetyl
chloride, a muxture was obtained, contaming ~ 60% of the thioacetaic which was
readily recognised by its characternisuc S-acetyl resonance at v 7.60 For compound
1(R'=Ac, R?=H) to be of value in the preparation of 4-O-modified galactoses,
therefore, mild reagents which do not affect the delicate tautomeric state of the
molecule must be applied A re-esamination of the acetic anhydride acetylation
showed that 3% of thioacetate was formed together with the acetate, and thus this
reagent substanually esterifies withoi t causing rearrangement

Atterapts to obtain the 4-ulose from the thiol (3, R! = Ac, R?* = R? = H) and
the alcohol (1, R! = Ac, R* = H) with methyl sulphoxide and acei’c anhydnide were
unsuccessful From the former, the thioacetate (3, 'R'=R? = Ac, R?*=H) was
1solated 1n hugh yield, and the latter also gave appreciable proporuons cf this product
No evidence for hetone formation was obtained.

Triplets for the H-1 resonances of the furanoid compounds 2 (R = Ac) and
3(R'=Ac,R?=R*=H,R'=R2=Ac,R*=H, R'=Ac, R*=Bz, R*=H) all
integrated for one proton and mdicated that each was enant.omerically pure, which
shows that the furanoid nng-closure step (1, R' = R* = H—+2, R = H) was stereo-
specific. This behaviour can be accounted for by invoking the intermedracy of the
muno-species 4, which would be expected 1o ring close under kinetic control to give
an a-anomeric product’'. Consistent with this are the high, positive, opucal rotations
for all the furanosyi compounds (except the thiol, see below), and the J, , values of
7 Hz, but it 1s recognised that none of this evidence established the point defimtively
Although 1t 1s not clear why the thiol (fx]y — 18~) should show anomalous optical
rotation, 1t can be noted that the pD-gluco-thiol was similarly exceptional®, and 1t 1s
suggested that, 1n chloroform, an intramolecular hydrogen-bonding pattern 1s
established between sulphur and nitrogen, which coafers churality on the nutrogen and
leads to the unexpected property Although the thiol (3, R! =Ac, R2=R?*=H)
decomposed when kept in hydroxylic solvents, it clearly was dextrorotatory ntially,
which supports the hypothesis

The benzothiazohne (1, R = R' = H) was expected 10 comprise a mixture of
diastereoisomers; 10 keeping with this, the dernived penta-acetate was readily frac-
tonated by preparative t.l.c. into two isomeric components which gave the same mass
spectra (excepi for 1on ntensities), containing strong molecular (M)* and (M -2}~
ons, the latter presumably deriving from the thiazole analogue (see below). The
1somers had opposite signs for their optical rotauon and also showed circular
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dichroism mauma of opposite sign at 290 am; the 1somer having the positive
maumum 15 assigned the R-configuration at C-112.

Afier collecuon of the benzothiazolioe (1, R! = R? = H) in the mutial reaction,
a second product was obtamed and characterised as the benzothiazole (§) which has
previously been made by condensation of acetylated D-galactonyl chloride and
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o-aminobenzenethiol followed by deacetylauon of the product!3 Although benzo-
tnjazolines readily undergo this ovidation'*, previous attempts with carbohydrate
derivatives have failled'®. Acetylauon of the owidation product gave the known
penta-acetate, from which the only fully-resolved, 60-NMHz n m r spectrum in the

study was obtained.
EXPERIMENTAL

2-(D-galacte-1,2,3,4 5-Pentahydroxypentyl)benzothiazoline (1, R' = R* = H) —
D-Galactose (30 g) and o-aminobenzenethiol (30 mi) were heated in refluxing acetic
acid (300 m!) for 20 min. On cooling the clear solution. the product (42 g, 88%)
crystaliiced, and recrystallisation from ethanol (x5) gave the benzothiazohne
derivauve, m.p. 189-190°, [a]p, —46° (¢ 09, pyridine). ut.® m p. 191°, [a], —~S5I°
{pynidine).

Anal. Calc for C;,H,,NO:S8-C,502; H,56, N, 49,8, 11.2. Found- C, 50 3,
H,59;N,4.6;S,11.3

2-(D-galacto-1,2,3,4.5-Penta-aceto xy pentrl)benzothiazohine (1, R' = R? = Ac).
— (@) By acetylation of the th:azolmne Acetic anhydride (3.5 mi) was added i0 a
suspension of the benzothiazoline (0.5 g) 1o pyridine (5 ml), the mixture was shaken
for 2 b at room temperature, and the solution was then poured onto ice to give a solid
preduct (075 g, 87%). Recrystallised from cthanoi (x4). 1t had m.p 145-147",
[2lo +49° (¢ 1, ckloroformy; lit.® m p 143-144°, [a]p —5° (pyridine) N m.r data are
gven 1 Table I.
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Anal. Cale for C..H,.NG,,S C, 531 H.54 N.2R8.S,64 Found' C, 53 3.
H, 5.3, N, 2.8, S, 6.7

This crystalline product contained two compocents (t.lc , silica gel. 1% of
methanol 1o chloroform, R 06, 0.4), a sample (0 5 g) fractionated by preparative
t 1 ¢. gave two 1someric solids; the S-isomer (0 17 g). R 06, m.p. 140-146°, [o]p — 16
(¢ 1, chloroform). and the R-isomer (018g), R 04, mp 112-120", [«];, +88"
(c 1, chloroform) (Calc. for C.,H;;NO,;,S M*, 497 1355 Found M*, 497 1355

(b) By acetyiation of the 1earranged thiol (1, R' = Ac, R* = H) The 2,3,5,6-
tetra-acetate (0.2 g) was acetylated with acetic anhydride (4 ml) and pyridine (10 ml)
for 16 h at room temperature. The sold product (0 13 g, 60%, [a]jp +697), which
could not be recrystallised, had an n.m r spectrum identical to that of the product
of direct acetylation of the mmtial benzothiazohine (1, R' = R? = H).

2,3,4,5,6-Penta-O-acet) I-D-galactose — A solution of the acetylated benzo-
thiazoline (0.20 g) in methanol-chloroform (4 ml, 9 1) was added to a solution of
mercury(1l) chlonde (0.2 g) in aqueous methanol (4 ml. 1-1). A vellow-green sohd
formed immedately, and after stirming for 5 min, the solids were removed and the
filtrate was shaken with cbloroform-water (30 mi, 1.1). Afier drving of the organic
phase and evaporation of the solvent, a colourless syrup was obtained whica crystal-
lised spontaneously (0.12 g, 82%) Recrystallised from toluene, the aldebrde had
m p. 124-126°, [¢]p — 18" (¢ 1, ethanol-free chloroform). addition of a drop of ethanol
caused a change'® to +227, it. m p. 121°'7, [a]p — 25" (chloroform)'® N.mr data
are given 1n Table 1

Bis[o-(a-D-galactofuranosy lanuno)benzencthiol lmercury(11) (2, R=H) — The
benzothiazoline (7 g) was dissolved 1n refusing ethanol (1.71), and mercury(ll)
acetate (3.7 g. 0.47 mol equiv.) and acetic acid (5 mi) 1n hot ethanol (500 ml) were
added. On cooling, the chelate (8.9 g, 95%) precipitatea as 2 fine, white solid.
Recrystallised (% 4) from V,A-dimethylformam-de-chloroform, it had m p 182-184°
(dec.), [z]p + 120° (¢ 0.9, pyndine).

Anal. Calc. for C,,H;,HgN,O,.S,. C, 37.3, H, 42 N. 36. S, 83. Found.
C.37.3,H,45,N.36:85,7.5

Bisfo-(2,3,5,6-tetra-O-aceryl-o-D-galactofuranosy lammno)benzenethiol iImercury -
(11) (2, R = Ac). — Acetic anhydnide (160 ml) was added to a solution of the mercury
compound (8 g) 1n pyridine (160 ml), and after 2 h at room temperature, the minture
was poured onto ice to give a pmk solid, which was dissolved 1n boiling ethanol
(300 ml) and heatea with decolourising charcoal. Removal of the charcoal and
concentration of tne solutton to 100 ml caused the precipitation of the product (9.2 g,
81%%) as pale-yellow needles Recrystallised from ethanol (x4). ithad m p 121-124°,
[2]p +306° (¢ 1, chloroform). N.m.r. data are given 1n Table |

Anal. Calc. for Cy,HgHgN,0,4S,. C, 433, H, 43, N. 2.5. 8. 5.9 Found
C, 434, H, 4.5; N, 24, §, 5.i.

0-(2,3,5,6-Tetra-O-acetyl-a-D-galactofuranosi lam:no)benzenetinol (3, R! = Ac,
R? = R3 = H). — Passage of hydrogen sulphide nto a solution of the acetylated
chelate (5.0 g) 1n chloroform (50 mi) for 10 mn caused precipitation of mercury(Il)
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sulphude (1.05g. 100%) Removal of the solid and the solvent gave an almost
colourless syrup which crystalhsed on trituration with ethanol The product (3.95 g,
96%), which could not be recrystallised, had m.p. 69-73°, [a]p — 18° (¢ |, chloroform),
+ 22" (methanol), +63°> (aqueous methanol, 30%), and decomposed when kept 1n
hydroxylic solvenis It was characterised as its S-acatyl dernvative N.mr data are
omven 1 Table |

S- Acetyl-0-(2,3,.5.6-tetra-O-acety!-n-D-galaciofuranosylanuno)benzenetinol (3,
R'= R? = d¢, R®* = H) — Freshly prepared thiol (3 9 g) was dissolved in pyrnidine
(40 ml) and treated with acetic anhydnde (16 ml) for 20 h at room temperature. The
solution was poured onio Ice, the muxture was sturred well before extraction with
chloroform, and the chloroform extract gave a crystalline praduct (4 2 g, 97%) afier
drying and removal of the solvent. Recrystalhised ( x4) from ethanol, 1t had m.p 170-
171°, fo]p +116% {c I, chloroform). N m.r. data are given in Table 1.

Aral Calc for C,,H,,NO,8$-C,531,H,54 N, 28,8, 6.5. Found- C, 53.0:
H,55, N, 28,8, 6.3

N-Acetyl-S-acetyi-0-(2,3,5,6-tetra-O-acetyl-z-p-galactofuranosy lamino)benzene-
thol (3, R' = R* = R® = Ac) — The thioacetate (0.5 g) was heated with sodium
acetate (0 2 g) m refluxing acetic anhydride (3 ml) for 1 h. Isolation of the product in
the usual mannoer, with recrystathisaunn from ethanol, gave the title compound (0 4 g,
749%), m p. 146-147°, [z}, —70° (¢ 0.9, chloroform) The specific rotation changed to
— |” when the chloroform solution was allowed to stand for | h Unchanged product
was then recovered. N.m r. data are given 1a Table 1.

Aral. Calc. for C,,H.oNO,;S-C, 534 H,54.N, 26,5, 5.9 Found: C. 53 2.
H,53:N,27 §,59

2-(D-nalacto-/.2,4,5-Tetra-acetoxy-3-hy droxypenivl)benzothiazoiine (1, R' = Ac,
R*=H) — A soluuon of freshly prepared thiol (0.7 g) in chiloroform (20 ml,
Analar) aas hept at room temperature until the thiol resonance {r 7 1) was no longer
visible This took 10 days, but the reaction could be accelerated by elevation of
temperature (3 h at 707) or by addition of catalyiic acid. (Coatro! experiments
showed that e~aminobenzenethiol was unaliered under these conditions ) Remoral of
the solvent left a glassy residue, [z]p + 28 (¢ 0 3, chloroform), the n.m.r. spectrum of
wnich (Table 1) was consistent with the assigned structure.

S-Benzoyl-0-(2,3.5.6-letra-O-acet) i-x-D-galactofuranosylanuio)benzenethiol (3,
R' = Ac, R* = Bz, R®= H). — (@) By benzoylation of the tlio! The thiol (0.15g)
was treated with benzoyl chloride (0 75 g. 1.5 mol equuv.) 1n pyricine (4 ml) for 16 h
at room temperature. The solution was poured onto ice, and the product was
extracted into chloroform and, after the usual treatment, was obtained as an ail
(017 g, 100%), [2]lp +70' (c I, chloroform) The o m r spectrum was consistent with
expectation (see Table I)

(5) By benzoylation of the rearranged thiol. The rearranged compound (0.7 g)
was ireated, as described above, with benzoyl chioride (033 g, 1.5 mol equiv) In
pyridine (10 ml). The product was 1solated, and a fraction (0 2 g) was purnified by
preparaave tlc. to give a chromatographically purs, syrupy product, [a]lp, + 80"
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(c 1, chloroform) (Calc. for C,;H,oNG,S: M™*, 539 1505 Found M™, 559.1512).

Oxidation of the thiol (3, R' = Ac, R* = R® = H) and alcohol (1, R' = Ac,
R* = H) with methy! sulphoxide—acetic anniydride — The compounds (0 2 g) were
separately treated with methy! sulphowude (3 ml) and acetic anhydride (2 ml) fer 2 h
at room temperature. Extraction with ether and washing and drying of the extracts,
followed by removal of the solvent, gave, 1n the first case, a crystalline residue (0 21 g),
which was recrystallised from ethanol to give the thioacetaie (3. R' = R? = Ac,
R* = H), m.p. 170-171°, the n.m.r spectrum was identical with that of an authentic
sample In the second case, n m.r. spectroscopy mdicated that the thioacetate was
again a substannal product.

2-(p-galacto-1,2.3,4.5-Pental drox\ pentyl benzothiazole. — From the mother
l:quors of the preparation and purnification of the benzothiazoline, the thiazole was
obtamned directly Recrystallised from ethanol, it had m p. 210-214°, [a]p +40°
(c 0.8, pyridine), +53° (¢ 0 6, aqueous ethanol | 1, constant), hi.'® m.p 212-213~,
[x]p +41° (pyridine)

2-(p-galacto-1,2,3,4,5-Penta-acetox) pentvl)benzotinazole — The thiazolz (10 g)
was zcetylated with acetic anhydr:de (25 mi) in pyndine (40 mil) for 16 h at room
temperature. The mixture was poured onto ice to give a solid (5.7 g, 82%). Recrystal-
hised from ethanol (x4), 1t had m.p. 134-135", [2], +46 (c |, chloroform), Iit '?
mp 132-133° {a]lp +46° (chloroform) The n m.r spectrum was identwcal to that
published '® (Table 1)
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