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Fused 1,3-oxazolidine-2-thiones on Ketohexose Backbones: Functional
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Abstract: 1,3-Oxazolidine-2-thiones fused to ketohexose backbone were prepared from 1-O-, 1-N- or 1-S-
derivatives in reasonable yields. Spontaneous ring closure leads to spiro-tricyclic unexpected aminal and

amide structures.
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1,3-Oxazolidine-2-thiones (OZT) based on carbohydrate
templates are not so common structures - the main reason
being that integrating such a cyclic thionocarbamate function
in a saccharidic backbone is usually not a trivial operation
[1]. Two major routes for the synthesis of carbohydrate OZT
have previously been developed, involving either direct
participation of the anomeric centre or preliminary
replacement of one hydroxyl by an amino group. The latter
approach implies nitrogen introduction, commonly through
nucleophilic displacement and subsequent formation of the
cyclic thionocarbamate by cooperative reaction of a cis-
configurated vicinal hydroxyl group with thiophosgene
under basic conditions [2]. In contrast, the first approach
involving the anomeric site is the oldest and also a more

appeared from earlier studies that direct reaction on free
aldoses usually leads to furano structures with a perfect
anomeric control, owing to the configuration of the
neighbouring hydroxyl group [4]. We have initiated in recent
years a re-examination of OZT formation at the anomeric site
of carbohydrates aimed in particular at preparing nucleoside
analogues or ketohexose mimics as inhibitors of GLUTS - a
D-fructose specific transmembrane transporter [5].
Complementary interest emerged when considering the
number of possible structures 1-5 issued from the reaction of
a ketohexose like L-sorbose with thiocyanic acid (Scheme
1). We have thus explored controlled elaborations for each
structure and the possibilities of selective formation [6].
Moreover, ketohexose structures showing the most

S
J( OH
ST, oL\
3 >:S
o OH on 1 HOY 0
HO p OH OH
OH
—_—
HO : OH spiro S fused
=~ KSCN,
OH HCL, H,0 N—4 o O
s, 0 e} e NH
L-sorbose HO ‘ HO 4 \A
2 S o7 =8
OH HO
S
OH OH HN/Z<
. (6]
acyclic NS
5
OH OH

Scheme 1. Seven isomeric compounds can be obtained from L-sorbose.

straightforward one, only making use of KSCN under acidic
conditions (in situ formation of thiocyanic acid) [3]. It
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interesting inhibitory effects on GLUTS transport of D-
fructose called for functionalisation on the C-1 position [5b].

With a view to elaborating biochemical tools useful in
studying GLUTS properties, we have therefore tested some
chemical modifications of this neopentylic position [7].
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Scheme 2. i- KSCN, HCI, H,O. ii- acetone, cat. H,SOj,. iii- TBDMSCI, imidazole, DMF. iv- (Boc),0, pyridine. v- TBAF, THF. vi- Garegg

conditions: imidazole, Ph;P, I,, toluene.

Two approaches, either involving a post- or a pre-
functionalisation, could be explored. The post-
functionalisation was studied on the L-sorbo derivative 6,
easily available in two steps from L-sorbose in 50% overall

Table 1. 1-0-Alkylated OZT
carbohydrate alkyl group R alkylation OZT formation
D-fructose allyl 12a 100% 14a 64%
benzyl 12b 94% 14b 71%
CH,CH(OMe), 12¢ 90% 14¢ 61%
CH,CO,Me 12d 85% 16 40%
L-sorbose allyl 13a 94% 15a 65%
benzyl 13b 96% 15b 81%
CH,CH(OMe), 13¢ 75% 15¢ 45%*
CH,CO,Me 13d 90% 17 47%P
ortho-xylylene 13e 100% 15e 97%
meta-xylylene 13f 100% 151 98%

a- yield for a three-step sequence after acetylation.
b- yield for a three-step sequence after isopropylidenation.

yield [5b]. A first attempt to selectively modify the C-1
position was undertaken through O-silylation then N-Boc
protection on the OZT; unexpectedly however, selective
deprotection of the TBDMS group resulted into migration of
the Boc protection from the OZT nitrogen to O-1
(compound 7). Direct functionalisation and regioselective
halogenation through Mitsunobu reaction failed [8], while
Garegg conditions [9] resulted in a mixture of the iodide 8
and the unexpected 1-deoxy derivative 9 in 35% and 33%
yield, respectively.

As the post-functionalisation of OZT appeared somewhat
deficient, the second approach was then considered much
more attractive. We have previously taken advantage of pre-
functionalisation in the selective preparation of ketohexose-
fused OZT. O-1-Alkylation of ketohexoses can readily be
achieved via a two-step sequence : di-O-isopropylidene
formation to yield 10 [10] or 11 [11], then O-alkylation
giving 12 or 13 in good yields (see Table 1).

Acid hydrolysis of the isopropylidene groups affords the
1-O-alkyl L-sorbo or D-fructo intermediates which can be
condensed without purification with thiocyanic acid to yield
efficiently the expected OZT 14 or 15. We have successfully
tested various monoalkylating reagents, as well as bis-
alkylated a,a” dibromo ortho- and meta-xylenes in order to
build up bio-relevant dimeric structures (Table 1, Scheme 3).

We could observe for OZT 14c¢, 15¢, 16 and 17 a very
particular behaviour. Indeed, formation of those OZT
resulted in a spontaneous ring closure between the OZT-
nitrogen site and the aldehyde or ester end of the O-1
appendage of the molecule. In the OZT synthetic process, a
tricyclic structure is formed, displaying complex hemi-
aminal (14¢, 15¢) or lactam (16, 17) moieties (Scheme 3).

Introduction of another heteroatom in place of O-1 was
also experimented. A nitrogen function could be introduced
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Scheme 3. i — NaH, RBr, DMF. ii- TFA-H,0 (7-3). iii- KSCN, HCI, HZO. iv- Ac,0, pyridine. v- acetone, cat. H,SOy.

at C-1 in ketohexose derivatives 10 and 11 through a two- the object of having some comparison with oxygen
step sequence involving Garegg’s iodination conditions, derivatives, the Staudinger reaction was applied to 18 and
then azido nucleophilic displacement with an overall yield of 19. After hydrolysis of the transient iminophosphorane, the

80-85% for both primary azides 18 and 19 (Scheme 4). With resulting 1-amino-L-sorbo derivative was either N,N-
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Scheme 4. i- Ph;P, imidazole, I,, toluene. ii- NaN3;, DMSO, 120°C. iii- Ph3P, THF, H,O. iv- NaH, DMF, BnBr. v- pyridine, BhnOCOCI. vi -
Ph;P, PhCHO, THF, 24h then NaBH;CN, EtOH. vii- TFA-H,0 (7-3). viii- KSCN, HCI, H,0.



50 Letters in Organic Chemistry, 2005, Vol. 2, No. 1

Tatibouet et al.

o ~—SPh «~— SPh
i i O/,,.(—Zf_o ii, i . " e NH
—_— _— H
o)( o)§ S
0 HO
28 30
—SPh «— SPh
; LO/\:E 0 ii, iii wNH
n— >< - -+ HO
o o® O/\Q S
(6] >
AY o)
29 31

Scheme 5. a-(PhS),, (n-Bu);P, toluene, A. b- TFA-H,O (7-3). c- KSCN, HCl, H,O.

dibenzylated to yield 20 or protected with a
benzyloxycarbonyl group to 21 — nearly quantitative yields
were obtained in both cases. Furthermore, the transient
iminophosphorane was also condensed with benzaldehyde to
afford the benzylamino derivative 22 in 76% yield after
reduction. Disappointingly, application of the final two-step
sequence - TFA-H,O (7-3) then KSCN, HCI, H,O - on N-
alkylated amines 20 and 22 or azide 18 did not produce any
OZT. More satisfactory was the case of 21, in which the
benzylcarbamate group proved stable enough to allow the
formation of the L-sorbo configurated OZT 24 in 40%
overall yield. Similarly, the 1-carbamoyl derivative 23 could
be converted in 67% overall yield into the D-fructo
configurated OZT 25.

A C-1 sulfur function was also introduced following a
similar synthetic sequence (Scheme 5). Hata conditions
(diphenyl disulfide, nBu3P in toluene) were applied on di-O-
isopropylidene ketohexoses 10 or 11 : the mild conditions
usually effective for primary alcohols proved insufficient in
those cases, most likely due to steric hindrance associated
with neopentylic situations. Only refluxing of a toluene
solution allowed the nucleophilic substitution to proceed,
producing phenyl sulfides 28 and 29 in 95% and 67% yield
respectively. Application of the final two-step sequence -
TFA-H,O (7-3) then KSCN, HCIl, H,O — resulted into
rewarding 82% yield conversion of both 28 and 29 to
provide L-sorbo and D-fructo configurated OZT 30 and 31.

In summary, fused OZT on keto-hexose backbones can
readily be obtained from 1-O-alkylated derivatives via a
highly selective short sequence giving furano structures
whose anomeric configurations are directed by the 3-OH
group. Moreover, a subsequent spontaneous ring closing
process can occur when electrophilic functions such as
aldehyde or ester are present on the O-1 side chain. The
general process was also successfully applied to C-1
nitrogen- or sulfur-functionalized ketohexose derivatives.
Those simple synthetic sequences open the way to diversely
functionalized and totally defined furano templates which

will be used to claborate ketohexose biomimetics to study
their biological transporters (GLUTs).
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