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C yclopropanated C arbohydrates, E poxytriflate Pyranosides,
M etyl M eth ylth iom ethyl Sulfoxide
The reaction o f 4 -0 -tr ifly l-2 -3 -a n h y d ro p y ra n o sid e s with m etyl m eth ylthiom eth yl sulfoxide
in the presence o f n-B uL i or N aH affords 3,4-cyclop rop anated pyranosides via triflate substi
tution and su bseq uent intram olecular ep o x id e opening.

1. Introduction
Stereospecifically cyclopropanated sugar deriva
tives are not only interesting from their biological
point of view, but they can also serve as templates
for the synthesis of natural products using the
chiron approach [1]. The previous successes in the
synthesis of a num ber of cyclopropanated sugar
derivatives via diplacement of the triflyl group [2 ]
promoted us to investigate a similar reaction with
a carbanion derived from methyl m ethylthio
methyl sulfoxide [3] for the synthesis of 2,3-cyclopropanated dimethyl m ercaptal sulfoxide sugars.
2. Results and Discussion
For the reaction of benzyl 2,3-anhydro-4 -Otriflyl-a-D-ribopyranoside (2) and benzyl 2,3- anhydro-4-O-trifly-ß-L-ribopyranoside
(3)
with
methyl methylthiomethyl sulfoxide ( 1 ), two types
of procedures were employed: a) A fter treating 1
with NaH (3 -4 equivalents) at 0 °C in THF, a pre
cooled solution of 2 and 3 respectively, in THF
was added dropwise using a double-ended needle
and the resulting mixture was stirred for several
hrs at 0 °C and gradually warmed to room tem per
ature (M ethod A), b) 2 and 3 respectively, dis
solved in a THF/HM PA 5:1 mixture, were sub
jected to react with 3 - 4 equivalents of the
carbanion, formed by the addition of /i-BuLi to 1
(M ethod B). In each case, a diastereom eric mix
ture of the cyclopropanated sugar derivatives 4
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and 5 were obtained from 2 and 3 respectively, in
a 1:1 ratio in 70% and 71% total yield (Scheme
1). As observed in similar cases [2], apparently the
formed substitution products 2a and 3a are further
alkylated by the trans-oriented oxirane ring. In
fact, all attem pts to isolate 2a and 3a failed. The
products 4 and 5 were isolated by column chrom a
tography and the diasteriomeric mixtures sepa
rated by plate chromatography using a 1:2 mixture
of m ethylene chloride and ethyl acetate. The two
different conformations ()H! and 'Ho can be safely
assigned to the compounds 4a, 4b and 5a, 5b,
based on the chemical shifts of H-l and the H )-2
coupling constants. In the case of compounds 4a
and 4b, H-l resonates at 6 = 4.80 and 4.82 ppm,
while in the case of 5a and 5b the chemical shifts
are d = 4.14 and 4.18 ppm. The coupling constants
J\ 2 - 4.2 and 4.3 Hz in 4a and 4b respectively,
indicate the equatorial axial relationship between
H -l and 2, suggesting a "H, conformation for
these compounds. In 5a and 5b. the coupling con
stants J\ 2 - 7.2 and 7.3 Hz respectvely, give evi
dence for the diaxial orientation of H -l with H-2,
and therefore the adoption of a !H 0 conformation
has to be assumed.
Regarding the conversion of methyl dimethyl
mercaptal sulfoxide compounds to cyclic ketones
by different hydrolysis conditions, reported in the
literature [4], we tried to hydrolyze the cyclopro
panated products into cyclopropanone derivatives,
however without any positive results. When 4 was
subjected to hydrolysis with cupric chloride dihy
drate in 1,2-dimethoxyethane [3b] at room tem 
perature for several hours, also no reaction took
place, but when it was refluxed for 5 min, a new

© 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung 4.0 Lizenz.

D

This work has been digitalized and published in 2013 by Verlag Zeitschrift
für Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution
4.0 International License.

1518

N. K han-W . Voelter • Dimethyl M ercaptal Sulfoxide Pyranoses

1 /N a H o r
1 /n -B u L i
OCHgPh

OCH2P h
CH
/ \
CHsOS
SCHs

Schem e 1. Synthesis o f benzyl 3,4-d ideoxy-(C -dim eth yl m ercaptal su lfoxid e)-m eth ylen e-/3-L -arab in opyranosid e (4)
and benzyl 3,4-d ideoxy-(C -dim eth yl m ercaptal su lfo x id e)-m eth y len e-« -D -a ra b in o p y ra n o sid e (5) from benzyl 2,3anh ydro-4-O -triflyl-a-D -rib opyranosid e (2) and benzyl 2,3-an h yd ro-4-0-trifly-ß -L -rib op yran osid e (3), respectively
and m ethyl m eth ylthio-m ethyl su lfoxid e (1).

product appeared with the rest of starting m ater
ial. A fter continuation of the reaction for another
5 min, the formation of further 5 decomposition
products was observed. Therefore, the reaction
was repeated again and stopped after 5 min. The
product, separated from the starting material on
TLC plates using 10% methanol in ethyl acetate
was identified to be benzyl 3,4-dideoxy-4-C-formyl-tt-D-erythro-pent-3-enopyranoside (6 ). 6 is
probably formed via a cyclopropanone interm edi
ate, followed by rearrangem ent, shows one downfield singlet at d = 9.35 in the ’H NMR spectrum
indicating the presence of the aldehyde group
which is also confirmed by the downfield signal at
ö = 190.3 ppm in 13C NMR spectrum. One more
downfield singlet at d = 6.58 ppm in the 'H-NM R

CH«S

\s

and two signals at d = 177.0 and 145.4 ppm in the
13C NMR spectrum confirm the presence of the
olefinic hydrogen and carbon atoms, respectively.
3. Experimental
Melting points: Büchi 501 capillary melting
point apparatus.- 'H and 13C NMR: Bruker AC
250 in CDC13.- MS: Varian MAT 711.- Elemental
analyses: Perkin-Elm er elemental analyser, model
240.- Optical rotations: Zeiss Polarimeter, model
LEP AZ.- Column chromatography: Merck silica
gel 60 (70-230 mesh).- Thin-layer chrom atogra
phy: Merck precoated silica gel plates ( F 2 5 4 ) .- All
the solvents used were purified by distillation:
TH F was distilled from sodium and benzophenone
and HMPA from calcium hydride under nitrogen.
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Schem e 2. Synthesis of
benzyl 3.4-dideoxy-4-Cform yl-«-D-erythro-pent3-enopyranoside (6) from
benzyl 3,4-dideoxy-(C -dimethyl mercaptal sulfox
ide )-m ethylene-/i-L-arabino-pyranoside (4).
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General m ethods fo r the synthesis o f
cyclopropanated sugar derivatives
M ethod A : 0.17 ml (4 equivalent, 1.7 mmol)
methyl m ethylthiomethyl sulfoxide was treated
with 67.72 mg (4 eq., 1.7 mmol) NaH (60% disper
sion in oil) suspension in T H F (5 ml) at 0 °C under
N2. A fter further stirring of the reaction mixture
at the same tem perature for 20 min, 150 mg (0.42
mmol) of 2 and 3 respectively, dissolved in TH F (5
ml) was added and the reaction mixture gradually
warmed to room tem perature and stirred for 4 -5
hr. A fter completion of the reaction (TLC analy
sis), the reaction mixture was decomposed with 5
ml of a 1:1 mixture of m ethanol/water and ex
tracted with dichlorom ethane. The organic phase
was washed with water, dried over sodium sulfate
and concentrated. The products 4 and 5 respec
tively, were isolated by column chromatography
using a dichlorom ethane/ethyl acetal mixture as
eluent in 70 and 71% % respectively, yield and the
diastereom ers 4a, 4b and 5a, 5b respectively, were
separated in 1:1 ratio on TLC silica gel plates
using 5% methanol/ethyl acetate.
M ethod B: To a solution of 0.17 ml (4 equiva
lent, 1.7 mmol) methyl m ethylthiomethyl sulfoxide
in 5 ml THF, 1.06 ml (1.7 mmol) of a /z-BuLi solu
tion (1.6 M in hexane) was added dropwise at 0 °C
under N 2 and the reaction mixture was stirred for
20 min at the same tem prature, then the pre
viously cooled solution of 150 mg (0.42 mmol) of
2 or 3 dissolved in 0.3 ml HMPA and 5 ml THF,
was added. A fter stirring at 0 °C (TLC analysis),
for 1 hr the resulting mixture was quenched by
adding a saturated ammonium chloride solution
and worked up as described in method A.
B en zyl 3,4-dideo xy-(C -d im eth yl mercaptal
sulfoxide)-m ethylene-ß-L-arabinopyranoside (4)
Isom er 4a: Yield: 48 mg (35%) oil.-'H NMR
(250 MHz, CDC1,): 6 = 7.33-7.26 (m, 5H, A r-//),
4.80 (d, 1H, 7 = 4 .2 Hz, H -l), 4.75 (d, 1H ,7 = 11.7
Hz, OC/ZHPh), 4.51 (d, 1H, ./ = 11.8 Hz,
OCH/ZPh), 4.40 (dd, 1 H ,./ = 12.2 Hz, J = 4.9 Hz,
H-5’), 3.70 (dd, 1H, J =12.6, 2.3 Hz, H-2), 2.53 (s,
3H, SOCH 3), 2.21 (s, 3H, SCH ,), 1.93 (dd, 1H, J =
11.0, 2.2 Hz, H-3), 1.85 (dd, 1H, J = 11.4, 4.9 Hz,
H-4).- 13C NM R (63 MHz, CDC1,): d = 137.5,
128.6-128.0 (Ar-C), 93.8 (C -l), 70.0 (O C H .Ph),
62.7 (C-2), 35.2 (C-7), 24.3 (C-3), 16.1 (C-4), 14.4
(SCH ,) ).- MS(FD): m /z = 328 (M+).
Isom er 4b: Yield: 48 me, (35%) oil.- 'H NMR
(250 MHz, CDCL): d = 7.40-7.30 (m, 5H, A r-//),
4.82 (d, 1H ,./ = 4.3 Hz, H -l), 4.79 (d, 1H, J = 11.7
Hz, OC/ZHPh), 4.55 (d, 1H, J = 11.7 Hz,
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O C H //Ph), 4.34 (dd, 1H, J = 12.7 Hz, H-5’), 4.20
(dd, 1H, J = 12.5, 4.2 Hz. H-5’), 3.50 (dd, 1H, J =
4.1 Hz, H-2), 3.45 (bs, 1H, O H ), 2.72 (s, 3H,
S O C //,), 2.4 (s, 3H, S C //3), 2.16 (t, 1H, J = 1.5 Hz,
H-3), 1.95 (d, 1H, J = 12.8 Hz, H-4).- 13C NMR
(63 MHz, CDCh): d = 137.5, 128.6-128.0 (Ar-C),
93.8 (C -l), 70.0 (O C H ,Ph), 62.7 (C-2), 36.2 (C-7),
24.3 (C-3), 16.1 (C-4), 14.4 (SCH,).- MS(FD):
m /z = 328 (M +).
C |SH 20O 4 S, (328.45)
Calcd
C 54.85
Found C 55.18

H 6.14
H 6.04

S 19.52%,
S 19.81%.

Benzyl 3,4-dideoxy-(C-dimethyl mercaptal
sulfoxide)-methylene-a-D-arabinopyranoside (5)
Isomer 5a: Yield: 49 mg (35.5%) oil.- >H NMR
(250 MHz, CDCL): = 7.33-7.25 (m. 5H, A r-//),
4.81 (d, 1H, J = 11.6 Hz, OC/ZHPh), 4.63 (d, 1H,
J = 12.9 Hz, H-5’), 4.46 (d, 1H, J = 11.6 Hz,
OCH/ZPh), 4.20 (dd, 1H, ./ = 12.9, 4.3 Hz, H-5’),
4.14 (d, 1H, J = 7.2 Hz, H -l), 3.42 (dd, 1H, J =7.3,
1.8 Hz, H-2), 2.78 (bs, 1H, OH), 2.35 (s, 3H.
S C //,), 1.95 (dd, 1H, J = 9.6, 2.0 Hz, H-3), 1.82
(ddd, 1H, ./ = 9.7, 3.8 Hz, H-4).- 13C NMR (63
MHz, CDC1,): <5 = 136.8, 128.6-128.2 (Ar-C),
101.8 (C -l), 70.6 (OCTLPh), 65.0 (C-2), 63.0 (C5), 49.0 (C- 6 ), 36.4 (C-7"), 34.8 (C-3), 27.3 (C-4),
17.48 (C- 8 ) ).- MS(FD): m/z = 328 (M +).
Isomer 5b: Yield: 49 mg (35.5%) oil.- 'H NMR
(250 MHz, CDC1,): d = 7.33-7.23 (m, 5H, A r H),
4.84 (d, 1H, J = 11.7 Hz, O C //H P h), 4.50 (d, 1H,
J = 11.7 Hz, OCH/ZPh), 4.18 (d, 1H, ./ = 7.3 Hz,
H -l), 4.14 (dd, 1H. J =10.8, 2.7 Hz, H-5’), 4.20 (d,
1 H ,7 = 12.4 Hz, H-5), 3.70 (dd, 1H, J =7.3, 2.1 Hz,
H-2, D .O exchange), 3.30 (bs, 1H, OH), 2.54 (s,
3H, S O C //,), 2.21 (s, 3H, S C //,), 1.96 (m, 1H, J =
10.2 Hz, J = 2.2 Hz, H-4), 1.82 (dd, 1H, J = 10.6,
4.2 Hz, H-3).- 13C NM R (63 MHz, CDC1,): Ö =
137.1, 128.8-128.0 (Ar-C), 101.5 (C -l), 70.6
(O C H .Ph), 65.7 (C-2), 61.9 (C-5), 48.0 (C- 6 ), 38.7
(C-7), 36.1 (C-3), 26.5 (C-4), 17.2 (SC H ,) ).MS(FD): m/z = 328 (M +).
C15H2o04 S2 (328.45)
Calcd
Found

C 54.85
C 54.84

H 6.14
H 6.47

S 19.52%,
S 19.90%.

B enzyl 3,4-didesoxy-4-C -form yl-a-D -erythropent-3-enopyranoside ( 6 )

150 mg (0.46 mmol) 4 and 77.84 mg (1 equiva
lent, 0.46 mmol) CuCl 2 were refluxed in 5 ml 1,2dim ethoxyethane for 5 min. After cooling the re
action mixture, the solvent was evoporated in
vacuo and the product separated from the starting
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material on TLC plates using the solvent system
10% methanol/ethyl acetate. Yield: 10%, oil.- ’H
NMR (250 MHz, CDCL): d = 9.35 (s, 1H, CZ/O),
7.30-7.25 (m, 5H, A r H), 6.58 (bs, 1H, H-3), 5.30
(d, 1H, J = 4.0 Hz, H -l), 4.75 (d, 1H, J = 11.7 Hz,
O C //H P h), 4.60 (d, 1H, J = 12.6 Hz, H-5), 4.53 (d,
1H, J = 11.6 Hz. O C H f/P h), 4.35 (m, 1H. H-5’),
4.24 (dd. 1H, J = 4.8, 2.7 Hz, H-2).- 13C NMR (63
MHz, CDCl,): d = 190.3 (CHO), 177.0 (C-4), 145.4

[1] S. H anessian , Total Synthesis o f N atural Products:
The C hiron A p p roach . P ergam on Press, N ew York
(1983).
[2j a) M. S. Sh ek han i, F. Latif, A . Fatim a, A . M alik, W.
V oelter, J. C hem . Soc. C hem . C om m un. 1419 (1988);
b) M. S. Sh ek han i, W. V oelter, C h em iker Z eitu n g
113, 1 (1989);
c) A . Fatim a, F. Z am an, M. S. Sh ek han i, A . M alik,
W. V oelter, L iebigs A n n. C hem . 389 (1990);
d) F. Z am an, A . Fatim a. W. V oelter, L iebigs A nn.
C hem . 1101 (1991);
e) F. Z am an, A . Fatim a, A . M alik, W. V oelter, Z.
N aturforsch. 49b, 1435 (1994).

(C-3), 128.7-128.2 (Ar-C), 95.0
(O C H 2Ph), 64.8 (C-2), 57.4 (C-5).

(C -l),

70.3

Acknowledgements
The authors are grateful to the Ministerium für
Wissenschaft und Kunst, Baden-W ürttem berg, for
providing a scholarship to NK. Financial support
by the Fonds der Chemischen Industrie is greatly
acknowledged.

[3] a) K. O gura, G -i. T su ch ihash i, T etrahedron Lett.
3151 (1971);
b) K. O gura, G -i. T su ch ihash i, T etrahedron Lett.
2681 (1972);
c) K. O gura, N. Yahata, K. H ashizum e. K. Tsuyam a,
K. Takahashi, H. Iida, C hem . Lett. 767 (1983).
[4] a) J. L. H errm ann, J. E. R ichm an, R. F. R om an et,
R. H. Schlessinger, Tetrahedron Lett. 3275 (1973);
b) G. Schill, P. R. Jones, Syn thesis 117 (1974);
c) K. O gura, M. Y am ashita, M. Suzuki, G -i. Tsuchihasi, Tetrahedron Lett. 3653 (1974);
d) K. Ogura, M. Y am ashita, G -i. T su ch ihash i, Tetra
hedron Lett. 759 (1976).

N achdruck - auch auszu gsw eise - nur mit schriftlicher G en eh m igu n g des V erlages gestattet
Satz und Druck: A llgäuer Z eitungsverlag G m bH . K em pten

