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Abstract

D-Galactose diethyl dithioacetal can be oxidized with m-chloroperoxybenzoic acid to produce the previously
described highly crystalline bis(ethylsulfone), the structure of which has now been confirmed by nuclear magnetic
resonance spectroscopy and X-ray crystallography. © 1999 Elsevier Science Ltd. All rights reserved.
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Carbohydrate-derived  dithioacetals are
among the most useful acyclic derivatives in
terms of their utility in characterization and
synthesis [1]. The MacDonald—Fischer chain
degradation process relies upon an exhaustive
oxidation of the dithioacetal group, followed
by base-promoted cleavage of the bis(sulfone)
group via a retro-aldol type reaction [2], and
complements other chain descent processes
such as the Wohl degradation.

The effects of oxidation on carbohydrate
dithioacetals have been investigated in depth
by, amongst others, Zinner and Falk [3]. Later
Hough and Taylor [4] observed that the out-
come of exhaustive oxidation to the bis(sul-
fone) state is dependent upon the structure of
the sugar involved. Zinner and Falk initially
isolated the pentahydroxy bis(ethylsulfone) 2
(Scheme 1) after oxidizing D-galactose diethyl
dithioacetal (1) using hydrogen peroxide and
ammonium molybdate at 0°C. However,
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Hough and Taylor later repeated this experi-
ment and claimed that 2 converts to pyran 4
upon recrystallization, where 4 was the
product of a sequence involving elimination of
water from 2 to generate a ketene dithioacetal
bis(sulfone) 3. Highly electron-deficient alkene
3 is subsequently trapped in a 6-exo-trig type
cyclization to afford 4 (Scheme 1). Although
these later workers discovered that the oxida-
tion outcome depends greatly on dithioacetal
structure, in the aldohexose series the diethyl
dithioacetals of D-mannose, D-glucose, and
D-galactose were each found to undergo the
oxidation—elimination—cyclization sequence,
resulting in C-glycosyl bis(ethylsulfones) iso-
lated in the pyran forms [4].

These earlier reports appeared before the
routine application of nuclear magnetic reso-
nance spectroscopy in carbohydrate chem-
istry, and the possibility of a ring closure from
O-5, to form a furan ring, could not be com-
pletely discounted. We were interested in us-
ing sugar-derived bis(sulfones) in C-glycoside
synthesis and therefore required more rigor-
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ous proof of the structure of several of these
C-glycosyl bis(sulfones). We have now oxi-
dized dithioacetal 1 and analyzed the crys-
talline product by NMR spectroscopy and
X-ray diffraction in order to confirm the ear-
lier results of Hough and Taylor.

Oxidation of 1 using excess m-chloroperox-
ybenzoic acid (m-CPBA) in dioxane without
external cooling resulted in a highly exother-
mic reaction. After stirring for 24 h and filtra-
tion of the precipitate, crystallization of the
residue from ethanol resulted in a crystalline
solid that was suitable for X-ray diffraction
analysis.

The solid, mp 180185 °C', showed ten sig-
nals in its *C spectrum, the methylene car-
bons of the exocyclic bis(ethylsulfone) group
appearing at 50.31 and 51.59 ppm, i.e., signifi-
cantly downfield of the methylene carbons in
the starting dithioacetal 1 (25.3 and 25.9
ppm). The 'H NMR spectrum, taken in
Me,SO-d,, showed signals for a total of 20
protons, including the OH groups. Upon the
addition of a drop of D,O, the four most
downfield signals (4.82-5.05 ppm) disap-
peared, and these were therefore assigned to
the OH groups on the pyran ring (4.82, 4.97,
5.05 ppm) and the acidic proton a to the two
sulfone groups (4.95 ppm). The ring protons
were assigned with the help of a COSY exper-

" Hough and Richardson [4] have reported several melting
points for 4, the most recent being 193—-195 °C, and claimed
the value changes with such factors as the method used and
the rate of heating the sample. The melting point reported
herein is for a homogenous sample that was heated very
slowly to its melting point.

iment as follows. With the acidic proton on
the bis(ethylsulfonyl)methyl group established
at 4.95 ppm, the adjacent proton on C-2 (see
Fig. 1 for numbering scheme) appeared at
4.46 ppm (J=1.5, 10.2 Hz). The multiplet at
4.23 ppm was assigned to the proton at C-3,
and the multiplet at 3.75 ppm to the proton at
C-4. The remaining ring protons were part of
a seven-hydrogen multiplet that included the
methylene signals from the bis(ethylsulfonyl)
groups. It should be noted that the large
coupling between H-2—H-3 (10.2 Hz) strongly
supports the 'C, pyran structure of 4 pro-
posed by Hough and Taylor. The *C, form
would have a much smaller coupling for these
protons as the dihedral angle would approach
90°.

Fig. 1. ORTEP-type [5] representation of 4. Selected bond
lengths (A) and bond angles (°): C(1)-C(2) = 1.527(3), C(2)—
C(3) = 1.535(3), C(3)-C(4) =1.523(3), C(4)-C(5) =1.515(3),
C(5)-C(6) = 1.500(3), O(6)-C(6) =1.439(3), O(6)-C(2) =
1.420(3) A; C(1)-C(2)-C(3) =113.9(2), S()-C(1)-S(2) =
113.42(14)°.
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Crystal data summary and refinement results for 4

Structural formula
Formula weight
Color
Crystal Size (mm)
Space group
Unit cell dimensions
a (A)
b (A)
¢ (A)
£
V (A%)
VA
Dcalc. (g/CIn3)c
4 (Cu K,) (A)
p# (mm~")
0 Range for data collection (°)
Limiting indices

Reflections collected
Independent reflections
Number of parameters
Refinement method

Hydrogen atom positions
Final R indices [/>2a(I)]

Final R indices (all data)
Goodness-of-fit on F?

Absolute structure parameter
Extinction coefficient

C1oH505S,
332.38

colorless
0.38x0.23x0.18
P2, (No. 4)

10.0985(5)
5.8282(3)
12.8031(5)
104.224(3)
730.44(6)
2

1.511

1.54178

3.637

3.56-57.15

—11<h<l1],
—5<k<6, —13<i/<13
2253

1916 (R, =0.0192)

262

Full-matrix least-squares
on F?

Refined
R(F)*=10.0263,
WwR,(F?)®=0.0722
R(F)*=10.0264,
WwR,(F?)®=0.0724
1.041

0.018(14)

0.0194(12)

Largest difference peak and hole 0.206 and —0.233

e A9

o Ry(F) = Z||F.|— |F.J|/Z|F,| with F,>4.00(F).

Y WRL(F?) = [Z[w(F2— F2)?)/Z[w(F2)?]]'? with F,>4.00(F),
and w—!'=g*(F,)*+(WP)*+ TP, where P = (max(F2,0)+

2F2)/3, W=0.0561, and T = 0.05.

The small coupling constant for the exo-
cyclic bis(sulfone) proton (1.5 Hz) suggests
that the bis(sulfone) group is oriented such
that the H-1-C-1-C-2—-H-2 dihedral angle is
close to 90°. This might be expected, as the
electron-rich sulfone groups would orient
themselves to point away from the endocyclic
oxygen in 4, thus minimizing any electrostatic
interactions. This is supported by the crystal
structure of 4 (Fig. 1), which shows this to be
the case in the solid state.

The X-ray diffraction study (Fig. 1, Tables
1 and 2) clearly showed the crystalline product
to indeed be the pyran proposed by Hough
and Taylor. The compound exists in the solid
state in the 'C, conformation as predicted [4]
in order for the bulky bis(ethylsulfone) group
to be equatorial.

Table 2
Atomic coordinates (x10%)* and equivalent isotropic dis-
placement parameters (A x 10°) for 4

Atom  x ¥ z Uy ®
s(1) 3267(1) 756(1) 1816(1)  35(1)
S(2) 630(1) 3074(1) 2012(1)  37(1)
0(3) 7522)  —1939(4) 3962(1)  41(1)
04) 3090(2) —1806(3) 5777(1) 41(1)
0(5) 1900(2) 4049(3) 592002)  43(1)
0(6) 3048(2) 3006(3) 4140(1)  36(1)
o(7) 1253(2) 4992(3) 16152)  53(1)
0(8) ~93(2) 3525(4) 2823(1)  50(1)
0(9) 41402)  —1087(3) 23132)  50(1)
0(10) 2583(2) 554(4) 699(1)  51(1)
c() 1926(2) 905(5) 25432)  32(1)
Q) 2482(2) 839(4) 37652)  31(1)
6) 1417(2) 146(4)  4380(2)  30(1)
C4) 2096(2) —5(4) 5580(2) 29(1)
cG5) 2843(2) 2213(4) 59572)  31(1)
C(6) 3774(2) 2873(5) 5256(2)  31(1)
c) Z503(3) 1703(6) 922(2)  51(1)
c@’)  —1291(3) —261(7) 12473)  66(1)
c) 4221(3) 3331(6) 20262)  47(1)
C(10) 5261(5) 3342(10)  1371(4)  81(1)

2 E.s.d are given in parentheses.
° U, is defined as one third of the trace of the orthogonal-
ized Uj tensor.

In summary, we have repeated the exhaus-
tive oxidation of D-galactose dithioacetal (1)
first studied by Zinner and Falk [3], and then
by Hough and Taylor [4]. Using NMR spec-
troscopy and X-ray diffraction, we have confi-
rmed the original assignment of the pyran
structure of 4 made by Hough. We are now
using compounds related to 4 for the synthesis
of more elaborate C-glycosides.

1. Experimental

General methods.—Melting points were de-
termined on a Mel-Temp apparatus and are
uncorrected. '"H and 'C NMR spectra were
recorded on a Varian Gemini 2000 instrument
at 400 and 100 MHz, respectively, as solutions
in Me,SO-d, with Me,Si as the internal
standard.

2,6- Anhydro- 1,1-bis(ethylsulfonyl)-1-deoxy-
D-talitol (4).—D-Galactose diethyl dithioac-
etal (1, 2.0 g, 6.99 mmol) was dissolved in
warm dioxane (40 mL), then m-CPBA (7.8 g,
~ 65% assay, ~ 30 mmol) was added portion-
wise over 10 min. The mixture became hot
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and was allowed to cool and then stirred for
24 h at room temperature. The resultant pre-
cipitate was filtered, then washed with cold
dioxane and ether. Recrystallization from
ethanol afforded 4 as colorless needles (2.0 g,
86%): mp 180185 °C [4], [«¢]p + 14° (¢, 5.0,
H,0) [lit. [4] + 19° (¢, 2.17, H,0)]; '"H NMR:
o 1.21-126 (6 H, 2xt, J 7.3 Hz, 2x
CH,CH,), 3.40-3.67 (7 H, m, H6,6', 2 x
CH,CH,), 3.75 (1 H, m, H4), 423 (1 H, m,
H-3), 4.46 (1 H, dd, J 1.5 Hz, 10.2, H-2), 4.82
(1 H,d,J7Hz OH), 495 (1 H, d, J 1.5 Hz,
H-1), 4.96 (1 H, d, J 5.6 Hz, OH), 5.05 (1 H,
d, J 3.5 Hz, OH). 3C NMR: ¢ 6.44 (CH,),
7.24 (CH,), 50.32 (CH,), 51.59 (CH,), 65.1
(CH), 69.1 (CH), 70.8 (CH), 71.1 (CH), 73.3
(CH), 79.3 (CH).

X-ray crystal structure of 4 [5]°.— Diffrac-
tion data were collected using Cu K, radiation
(1.54178 A) on a Bruker (i.e., Siemens) P4
diffractometer equipped with a graphite
monochromator. The unit cell constants and
orientation matrix found prior to data collec-
tion were obtained from least-squares refine-
ment of 100 reflections, ranging from 7 to 56°
in 20. A full sphere of intensity data was
collected using 6/260 scans; three check reflec-
tions were collected every 97 reflections to
monitor intensity decay. A total of 2253 reflec-
tions were measured, 1916 of which were inde-
pendent. Reflection data were corrected for
Lorentz-polarization and absorption effects
using the y-scan method. Physical properties
of the crystal and parameters for data collec-
tion are summarized in Table 1.

The structure was solved by direct methods,
and refined by the full-matrix least-squares on
F? technique for all of the data. The structure
determination and refinement, as well as the

2Tables of atomic coordinates, bond lengths and bond
angles have been deposited with the Cambridge Crystallo-
graphic Data Centre. These tables may be obtained, upon
request, from the Director, Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge, CB2 IEZ, UK.

ORTEP-type plot that appears in this paper
were performed using SHELXTL 5.05 [5] on a
Pentium PC. Positions for all non-hydrogen
atoms were refined anisotropically, followed
by isotropic refinement of all hydrogen posi-
tions. Finally, the extinction parameter was
refined. Final refinement converged to R =
0.0264 and wR, =0.0724 for all data. At this
point, the Flack parameter was 0.018 with
e.s.d. 0.014, so that the absolute configuration
was taken as correct. Total parameters refined
were 262, corresponding to 7.3 observations
per parameter. Other refinement details are
given in Table 1. Table 2 gives positional
parameters for non-hydrogen atoms, and Fig.
1 lists selected bond lengths.
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