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Abstract: The solvolytic reaction of 1,2-O-isopropylidene-3,6-di-O-(p-toluene-
sulphonyl)-a-D-glucofuranose (2), as well as that of 6-chloro-6-deoxy-1,2-O-
-isopropylidene-3-O-(p-toluenesulphonyl)-a-D-glucofuranose (3), in the pre-
sence of potassium thioacetate unexpectedly gave the 6-S-acetyl-5-O-acetyl
derivative 5 as the main reaction product. A possible mechanism of these
transformations was postulated whereby the main role was ascribed to a
neighbouring group participation process, involving hydrogen thio-orthoester
formation as an intermediate. The regiospecific monosubstitution of the 6-tosyloxy
group in compound 2 was successfully achieved with potassium thioacetate, in
presence of 2,3-benzo-15-crown-5 as a catalyst. The corresponding 6-S-acetyl
derivative 7 was obtained representing a possible intermediate in the mentioned
solvolytic reactions. Compound 7 was shown to be very reactive, since it fully
transformed into the corresponding mercaptan 8 in the presence of silica gel. This
transformation occurred via the same thio-orthoester 7a as in the mentioned solvo-
lytic reactions of furanoses 2 and 3. The synthesized compounds are key inter-
mediates in the planned synthesis of selected natural products and their analogues.

Keywords: solvolysis; tosyloxy leaving group; thiosugars; neighbouring group
participation; thio-orthoester.

INTRODUCTION

Heap and Owen reported! in 1970, that 1,2-O-isopropylidene-3,6-di-O-(p-
-toluenesulphonyl)-a-D-allofuranose (la, Fig. 1) on treatment with potassium
thiobenzoate in boiling ethanol (followed by benzoylation of the crude reaction
products), gave the expected 6-S-benzoyl-5-O-benzoyl derivative 1b accom-
panied by a 3,6-epithio by-product 1c. The formation of the side product was
attributed to a rearrangement of the benzoyl group from the sulphur at C-6 to the
oxygen at C-5, followed by nucleophillic attack on C-3 by the liberated thiol
group at C-6. Although a silica gel catalyzed migration of acetyl groups from the
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sulphur atom at C-3 to an oxygen atom at the C-6 position (via a six-membered
thio-orthoester intermediate) has already been described,? no literature example
of a similar process including terminal S-acetyl group, and a five-membered
intermediate, has yet to be reported.
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Fig. 1. Structures of compounds 1a—c.

The main goal of this work was the synthesis, as well as a study of the
chemical behaviour of 6-thio-D-glucofuranose derivative 7 (Fig. 2) in order to
obtain additional chemical evidence for the S—O acetyl migration process from
sulphur at C-6 to oxygen at C-5. The further goal of this work involves the pre-
paration of some new 6-thio-D-glucose derivatives that could represent conve-
nient intermediates in the future synthesis of some biologically active com-
pounds, such as biotin-like molecules,3 and nucleoside analogues with modified
sugar moieties.4

1R=0H,R'=H R 5R=SAc,R' = Ac
2R=0Ts,R'=H <0 6R=0H,R"=Ac
- 12 R'O - 1_
3R=CIL,R'=H o 7R=SAc,R'=H
4R =0Ts,R' = Ac TsO 8R=SH,R"=Ac

Fig. 2. Structures of furanosides 1-8.

EXPERIMENTAL
General methods

Melting points were determined on a Buchi SMP 20 apparatus and are not corrected.
Optical rotations were measured on an automatic polarimeter Polamat A (Karl Zeiss, Jena,
Germany), at room temperature in chloroform solutions. The IR spectra were recorded on a
Perkin Elmer 457 spectrophotometer and the wavenumbers are given in cm'l. The NMR
spectra were recorded on a Bruker AC 250 E instrument in deuterochloroform and the chem-
ical shifts (d) are expressed in ppm values downfield from TMS. Low resolution mass spectra
were taken on VG-7035 spectrometer (at 70 eV) and positions of fragments are given in m/e
values. Thin-layer chromatography (TLC) was performed on DC Alufolien Kieselgel 60 F,s4
(Merck, Darmstadt, Germany). Short column chromatography was realised using Kieselgel 60
(0.063-0.200 mm). All extracts were dried over anhydrous Na,SO,.

Attempted partial tosylation? of compound 1. Preparation of 6-chloro-6-deoxy-1,2-O-isopro-
pylidene-3-O-(p-toluenesulphonyl)-o-D-glucofuranose (3)

A solution of compound 13 (3.87 g, 10.11 mmol) and p-toluenesulphonyl chloride

(4.33 g, 22.79 mmol) in a mixture of dry pyridine (40 mL) and chloroform (40 mL) was
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stirred at 40 °C for 96 h. The reaction mixture was then diluted with dichloromethane (30 mL)
and poured onto ice (50 g) and 1:1 aqueous HCI (50 mL). The organic phase was separated
and the aqueous solution was extracted with dichloromethane (30 mL). The combined organic
solutions were washed with water (to pH 6—7), dried and evaporated, to give a mixture of two
main products.

After chromatographic separation on a silica gel column (4:1 cyclohexane/Me,CO)
ditosylate 2 (0.57 g, 11 %) was first isolated as an amorphous solid, [a]p? = —10.9 (c 2.2,
CHCls; Lit.5 [a]p = —4.9, 1it.6 [a]p = —24.2). The characterization data for this fraction are
given in the Supplementary material to this paper

The less mobile fraction containing 6-chloro-6-deoxy derivative 3 (0.49 g, 12 %) was
isolated as a colourless syrup, [a]p?® = —13.4 (c 1.9; lit.” [a]p = —14.1, ¢ 1.9). Spectral (IR,
NMR and LRMS) and analytical data of the thus obtained sample 3 were in good agreement
with those reported previously.”

Unreacted starting compound 1 was recovered in 20 % yield.
1,2-O-Isopropylidene-3, 6-di-O-(p-toluenesulphonyl)-a-D-glucofuranose (2)

A solution of compound 13 (0.77 g, 2.06 mmol) and p-toluenesulphonyl chloride (0.78 g,
4.09 mmol) in dry pyridine (15 mL) was left at —18 °C for 48 h. The reaction mixture was
then poured onto ice (30 g) acidified with 1:1 aqueous HCI (50 mL) and the resulting sus-
pension extracted with dichloromethane (3x20 mL). The extract was washed with water (to
pH 6-7) dried and evaporated whereupon crude compound 2 remained as a colourless syrup.
After chromatographic purification on a column of silica gel (49:1 CH,Cl,/Me,CO) pure pro-
duct 2 was obtained (1.03 g, 95 %) as an amorphous solid, [a]p23 = —11.1 (c 2.4, CHCl;). The
spectral data (IR, NMR and LRMS) of this product were identical to those recorded for
fraction 1 obtained in the previous procedure for the preparation of compound 2.
5-O-Acetyl-1,2-O-isopropylidene-3, 6-di-O-(p-toluenesulphonyl)-o-D-glucofuranose (4)

A solution of compound 2 (0.54 g, 1.02 mmol) and acetic anhydride (1 mL, 10.58 mmol)
in dry pyridine (5 mL) was left at room temperature for 24 h. The reaction mixture was poured
into 4:1 aqueous HCI1 (30 mL) and the resulting emulsion was extracted with dichloromethane
(3x10 mL). The extract was washed with water (to pH 6-7), dried and evaporated, to leave
crude 4 as a pale yellow oil. After chromatographic purification on a column of silica gel
(19:1 toluene/EtOAc) pure product 4 was obtained (0.42 g, 72 %) as a colourless oil, [a]p2 =
=—26.03 (c 0.9, CHCl;). The characterization data for 4 are given in the Supplementary mat-
erial.
5-O-Acetyl-6-S-acetyl-1,2-O-isopropylidene-3-O-(p-toluenesulphonyl)-6-thio-a-D-glucofura-
nose (5)

Procedure A. A suspension containing compound 2 (0.88 g, 1.67 mmol), potassium thio-
acetate (0.47 g, 4.12 mmol) and ethyl methyl ketone (20 mL) was stirred at reflux tempera-
ture, under a nitrogen atmosphere, for 1 h. The reaction mixture was poured into water (100
mL) and the resulting emulsion was extracted with dichloromethane (3%x20 mL). The extract
was dried and evaporated, to give crude 5 as a brown oil. After chromatographic purification
on a silica gel column (4:1 cyclohexane/Me,CO), pure product S5 was obtained (0.6 g, 76 %)
as a bright yellow solid. On recrystallization from dichloromethane/hexane, an analytical
sample of 5 was obtained as transparent needles, m.p.: 106-108 °C, [a]p® = —48.9 (¢ 0.65,
CHCIy). The characterization data for 5 are given in the Supplementary material.
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Procedure B. By using an analogous procedure as described above, compound 3 (0.36 g,
0.92 mmol) and potassium thioacetate (0.21 g, 1.84 mmol), after stirring in boiling ethyl
methyl ketone (10 mL) for 1.5 h, afforded the same thioacetate S in a yield of 44 %.

Procedure C. A suspension of compound 3 (0.24 g, 0.62 mmol) and potassium thioace-
tate (0.2 g; 1.75 mmol) in ethyl methyl ketone (5 mL) was refluxed under a nitrogen atmo-
sphere for 2 h. Reaction mixture was diluted with dichloromethane (5 mL) and filtered. The
precipitate was washed with dichloromethane (3%3 mL) and the combined extracts were dried
and evaporated. The remaining brown oil was chromatographed on a silica gel column (4:1
cyclohexane/Me,CO) to give pure product 5 in a yield of 85 %. Compound 5 thus prepared
was identical with products obtained according to procedures A and B.

Solvolysis of compound 2 in 95 % aqueous ethyl methyl ketone

A suspension containing compound 2 (0.4 g; 0.76 mmol) and potassium thioacetate (0.17
g, 1.5 mmol) in 95 % aqueous ethyl methyl ketone (12.5 mL) was refluxed under a nitrogen
atmosphere for 2 h. The reaction mixture was poured into cold water and the resulting sus-
pension was extracted with chloroform (5x10 mL). The extract was dried and evaporated to
give a mixture of two products. After chromatographic separation on a silica gel column (4:1
cyclohexane/ Me,CO), a less polar component (Ry= 0.48) was isolated in a yield of 50 %. The
physical constants as well as the spectral data of this material were in excellent agreement
with those obtained for compound 5. The less mobile fraction (R¢= 0.19) containing the alco-
hol 6 was isolated in a form of colourless syrup (0.11 g, 35 %). The characterization data for 6
are given in the Supplementary material.
5-O-Acetyl-1,2-O-isopropylidene-6-thio-3-O-(p-toluenesulphonyl)-a-D-glucofuranose (8)

A solution of compound 2 (0.57 g, 1.08 mmol), 2,3-benzo-15-crown-5 (0.3 g, 1.16
mmol) and potassium thioacetate (0.13 g, 1.14 mmol) in dry N,N-dimethylformamide (12 mL)
was left at room temperature for 24 h. The reaction mixture was then poured into 5 % aqueous
NaCl (20 mL) and extracted with chloroform. The extract was washed successively with sat-
urated NaCl (4x25 mL) and water (4x25 mL), dried and evaporated. The crude intermediate 7
was obtained in the form of a pale yellow oil (0.38 g, 82 %). IR (film): 3300 (OH), 1680
(C=0, SAc), 1370 (as. S=0, Ts), 1200-1180 (sym. S=O, Ts). Due to its instability, compound
7 was used in the next step without any further purification. A suspension containing com-
pound 7 (0.12 g, 0.28 mmol) and silica gel (1.2 g, particle size 0.2-0.5 mm) in dry benzene
(12 mL) was stirred at room temperature for 7 h. Reaction mixture was evaporated and rem-
aining solid was chromatographed on a column of silica gel (toluene). Pure product 8 was
isolated as a colourless crystalline solid (0.088 g, 74 %). An analytical sample of 8 obtained
after recrystallization from ethanol showed a m.p. of 109-110 °C.

RESULTS AND DISCUSSION

An attempted synthesis of compound 2 (Fig. 1) according to a literature
procedure resulted in obtaining a complex reaction mixture of several products,
whereby 3,6-ditosylate 2 was obtained in a small yield (11 %). The unexpected 6-
chloro-6-deoxy derivative 3 was also isolated in a yield of 12 %, while unreacted
starting material 1 was recovered in 20 % yield.

In order to achieve a better yield of 2, a partial tosylation of 1 was studied
under carefully controlled reaction conditions. Thus a reaction of diol 1 with
tosyl chloride in dry pyridine at —18 °C, for 48 h, afforded compound 2 in a yield
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of 95 %. However, the most efficient method for the preparation of 3 remains the
procedure previously developed in our laboratory.”

Evidence that the acetyl group from the sulphur at C-6 might migrate to the
oxygen at C-5 unexpectedly came from initial experiments directed towards the
preparation of compound 7. Namely, in attempting to perform a regiospecific 8
monosubstitution of ditosylate 2 with thioacetate anion (KSAc, EtCOMe, reflux,
1 h), the corresponding 5,6-di-O-acetyl derivative 5 was unexpectedly obtained
as the main reaction product in a yield of 76 %. Under analogous reaction condi-
tions, 6-chloro-6-deoxy derivative 3 reacted after 1.5 h to give the same diacetate
5 in a yield of 44 %. However, in the reaction of compound 2 with potassium
thioacetate in aqueous ethyl methyl ketone (5 % of water, reflux, 2 h), in addition
to 6-thioacetate 5 (50 %), alcohol 6 was unexpectedly obtained in a yield of 35 %.

A possible mechanism of the mentioned transformations was postulated,
whereupon the main role was ascribed to a neighbouring group participation pro-
cess, involving the formation of the hydrogen thio-orthoester 7a in the first step
(Scheme 1).

a

X—8 N a,~ :Nu
\s 40 0 KSAc, EtCOMe Oﬁ/ﬁs 6 Me>(<3?\6 Ve
3 - s

HO 2"’O>< reflux Me o 54 O ”f\\(l)\) o (ONQ
TsO nos b P

X=0TsorCl 7 7a

_%a path b | silica gel
¥

TsO
5 Nu = SAc 7b 8
6 Nu = OH

Scheme 1. Possible mechanism for the formation of compounds 5, 6 and 8.

First step of postulated mechanism involves an SN2 replacement of the
leaving group from C-6 by thioacetate anion, whereupon the corresponding 6
thioacetate 7 is formed as a key intermediate. The next steps involve successive
hydrogen thio-orthoester 7a formation (by a nucleophilic addition of the C 5 hyd-
roxyl group across the 6-thioacetate carbonyl function), followed by a subsequent
attack of an external nucleophile (AcS™ or water) at the C-6 position of inter-
mediate 7a affording thioacetate 7b, readily hydrolyzable®.® into the final
products 5 or 6.
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In order to provide additional proof for the proposed mechanism, the next
stage of the work was directed towards an independent synthesis of the pos-
tulated intermediate 7. Namely, the main goal of such a study was to test the pos-
sibility of using thioacetate 7 as a substrate in other reactions occurring via a
thio-orthoester intermediate of the type 7a.

Regiospecific monosubstitution of the 6-tosyloxy group in compound 2 was
successfully achieved with potassium thioacetate in N,N-dimethylformamide, at
room temperature, in the presence of 2,3-benzo-15-crown-5 ether as a catalyst.
The corresponding 6-S-acetyl derivative 7 was obtained as a possible intermedi-
ate in the mentioned S—O acetyl migration reaction. Compound 7 was shown to
be rather reactive since it transforms into the corresponding mercaptan 8 in
presence of silica gel.2 This smooth transformation represents additional proof
that both S—O acetyl migration reactions occur via the same hydrogen thio-ortho-
ester intermediate 7a.

To the best of our knowledge, a process involving S—O acetyl migration
from C-6 to C-5 via a five-membered thio-orthoester of the type 7a has not
hitherto been described in the literature.

The synthesized 6-thio-D-glucofuranose derivatives represent possible inter-
mediates in a planned synthesis of (+)-biotin-like compounds3 and novel nucleo-
side analogues with modified sugar segments.4

CONCLUSIONS

Solvolytic reaction of 1,2-O-isopropylidene-3,6-di-O-(p-toluenesulphonyl)-
-a-D-glucofuranose (2), in the presence of potassium thioacetate, and/or
2,3-benzo-15-crown-5 as a catalyst, was studied in order to obtain 6-thio deri-
vatives 5, 7 and 8, as possible intermediates in the synthesis of biologically active
compounds. A possible mechanism of these transformations has been postulated
whereby the main role was ascribed to a neighbouring group participation pro-
cess, involving hydrogen thio-orthoester formation.

SUPPLEMENTARY MATERIAL

Analytical and spectral data are available electronically at the pages of journal website:
http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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U3BOJ
S—-O AHETWJI IPEMEIITARE KO JEPUBATA 6-THUO-D-IJIYKO3E

BEJIMMUP [TIOTICABUH'?, MUPJAHA TIOTICABHH' u AYIIIAH MUJbKOBUR'
! Newapmman 3a xemujy, Suoxemujy u 3awinuiiy wusoiine cpequne, IIpupogro—maiieMaimuuky Gaxyniiei,

Yuusepsuitiewi y Hosom Cagy, Tpi Hocuitieja Odpagosuha 3, 21000 Hosu Cag u ZCpacxa axagemuja HayKa u
ymetmnocwmiu, Knes Muxajnosa 35, 11000 Beoipag

[Tpu conBonusu 1,2-0O-usonponunupen-3,6-nu-0-(p-ToayeHcyndoHun)-a-D-rmykodypa-
HOo3e (2), OBHOCHO 6-X10p0-6-neokcu-3-0-(p-TonyeHcyndoHwn)-a-D-rnykodypaHose (3) y
INPHCYCTBY KaJIMjyM-THOALleTaTa, HEOYEKHBAHO je noOujeH 6-S-aneTmn-5-0O-alueTun JepuBar 5
Kao I[VIaBHM peakUMOHHW NPOU3BOA. IlocTynupaH je MexaHHu3aM NOMEHYTHX TpaHcdopMauyja,
Ipy 4emy je omnydyjyha ynora npunucasa napTauunanuju cycefse C-5 XUOpPOKCUIHE IPYIIE,
y3 (opMHUpame THO-OPTOECTApCKOT HHTepMenujepa 7a. PervocenexkThBHA CYINCTUTYLHja 6-
TO3WJIOKCH IPYIIE jefHbenha 2 YCIEUHO je 0CTBapeHa PEaKUHjoM Ca KalujyM-THOaLleTaTOM y
npucyctBy 2,3-DeH30-15-kpyHe-5 Kao Kartanusatopa. IIpw Tome je mobujeH 6-S-ametun
IepuBat 7 KOju NpelncTas/ba MOTyhu UHTEpMEIUjep Y IOMEHYTUM peaklidjaMa COBOU3e 2 U
3. Jenumeme 7 Cce MOKa3al0 BEOMa PEAKTHBHUM, jEp C€ Yy NPHUCYCTBY CHIHKa-Tesa MOTIYHO
TpaHcdopmulle y oroBapajyhu 6-mepkanrto-mepusar 8. OBa peakiudja Takohe Teue mpeko
THO-OpPTOECTpa 7a, KOjU je MOCTYJIMpaHW HHTEpMefUjep U Y HNOMEHYTUM COJIBOTUTHUYKHM
peaxuujama dypaHo3a 2 u 3. CUHTETH30BaHA jeNUbemha MPeCTaB/bajy BaXKHe HHTepMeIujepe
y IUIaHWPaHUM CHHTEe3aMa OfladpaHuX MPUPOSHUX IPOU3BOZA U BUXOBUX aHalora.

(ITpummeno 11. aBrycra, npuxsaheno 11. centembpa 2018)
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