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Abstract. One pot Swern oxidation-sodium borohydride reduction of
1,2-O-isopropylidenefuranose derivatives having the p-gluco or p-
xylo configurations led to the corresponding sterecisomers resulting
from the stereoselective inversion of C-3. This method is a simple
adaptation to the traditional procedure that consists in quenching the
Swern oxidation at -60 °C with a mixture of H,O/EtOH (1:4), in
which NaBH, is dissolved. Thus, the inversion of the configuration at
C-3 of 1,2-O-isopropylidenefuranose derivatives is accomplished in
yields up to 98%.

Keywords: Inversion of the configuration, Swern oxidation-sodium
borohydride reduction in one pot.

Resumen. La reaccién de oxidacién de Swern-reduccién con borohi-
druro de sodio en un solo paso de los derivados de 1,2-O-isopropili-
denofuranosa con configuracion p-gluco o p-xilo, producen sus este-
reoisémeros correspondientes, los cuales provienen de la inversion
estereoselectiva del C-3. Este método es una adaptacion al procedi-
miento tradicional de oxidacion de Swern, en donde al término de la
reaccion se adiciona una mezcla de H,O/EtOH (1:4) a -60 °C, en la
cual se disuelve NaBH,. Asi, la inversion de la configuracion del C-3
en los derivados de 1,2-O-isopropylidenofuranosa se logra en rendi-
mientos hasta del 98%.

Palabras clave: Inversion de configuracion, Oxidacion de Swern-
reduccion borohidruro de sodio, un solo paso.

Introduction

The 1,2:5,6-di-O-isopropylidene-o-D-glucofuranose 1 and the
1,2:5,6-di-O-isopropylidene-a-p-allofuranose 2 (and its
respective sugar derivatives), are diastereomerically different
only at C-3. The excessive price of 2 compared to 1 is not jus-
tificable [1]. Obviously this concerns to organic chemists, and
motivates them to develop efficient protocols to synthesize the
compound 2 from the compound 1.

Classic Mitsunobu procedure [2], may represent a conve-
nient alternative, due to the use of strong carboxylic acids,
which is favorable for the effective inversion of the configura-
tion of sterically congested alcohols, including carbohydrates
and nucleosides [3]. Unfortunately, Mitsunobu method
requires two separate steps, and due to the formation of at
least two by products, a rigorous purification by column chro-
matography is needed, and sometimes the yields are low.

Another convenient strategy for the inversion of the con-
figuration at C-3 consists also in two separate steps: oxidation
and reduction by a stereoselective manner [4]. The first step is
generally achieved by the use of oxidative systems like
DMSO/ACzo [5], RUCI3XH20/Na|O4 [6], DMSO/P205 [7],
PDC/Ac,0 [8] and PCC [9]. The stereoselective reduction is
performed with NaBH, in either water or alcoholic solution
[4,6,9d].

Although both procedures above mentioned have been
widely applied, and good yields are observed; the simplifica-
tion of this two protocols in one-stage with only one final

extraction, with or without purification by column chromatog-
raphy could represent an important advantage over the tradi-
tional procedures [9,10].

In this regard, this work describes an efficient and an
easy method for the inversion of the configuration at C-3 of
chiral alcohols derived from 1,2-O-isopropylidenefuranoses
by using an adapted Swern oxidation-sodium borohydride
reduction in just one pot. It is important to mention that simi-
lar records have been reported, however, in all of them, an
extraction process between the oxidation and reduction steps
is required; besides, purification by column chromatographic
is also required [9,10].

Results and Discussion

It is well-known that the classic Swern procedure [11] is car-
ried out at low temperature and anhydrous conditions. Then,
the only possibility to perform this reaction in one pot fashion
is during the quenching stage. Thus, with the addition of sodi-
um borohydride dissolved in a mixture of ethanol/water at low
temperatures, the quenching of the reaction followed by the
respective ketone reduction should proceed nicely.

Recently, it has been reported that the yields of the Swern
oxidation is considerably improved if the quenching step is
performed at temperatures below to -50 °C [12]. Thus, in
accordance with this report, and considering the stereoselec-
tive reduction of the C-3 ketone derived from 1,2:5,6-di-O-
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Scheme 1. Classic Swern oxidation-sodium borohydride reduction in
two steps procedure.

isopropylidene-o.-p-glucofuranose 1 with sodium borohydride
under polar protic solvents [4,13], we add such a reagent
ethanol/water to the reaction mixture in order to carry out the
quenching of the Swern reaction, as well as the stereoselective
reduction of the respective ketone in just one pot. So that, the
inversion of configuration at C-3 of 1,2-O-isopropylidenefura-
nose derivatives is accomplished.

The 1,2:5,6-di-O-isopropylidene-o.-p-glucofuranose 1
was selected to carried out our preliminary assays. Following
the classic Swern oxidation protocol [11], and subsequent
treatment of the corresponding ketone with NaBHj, in ethanol
at -40 °C; the 1,2:5,6-di-O-isopropylidene-o-p-allofuranose 2
was obtained in 86% (after purification by column chromatog-
raphy), see Scheme 1.

By means of our modified one pot Swern oxidation-sodi-
um borohydride reduction, which basically consists in
quenching the Swern oxidation by the slow addition of NaBH,
dissolved in a mixture of Ethanol/H,0, 4:1 at -60 ~ -40 °C;
then, extraction with CH,CI, and evaporation of the solvent
under reduced pressure, the desired product 2 is obtained in
98% [mp 74-76 °C; [a]p +34.3 (¢ 1, CHCIy); lit [14]. mp 75-
77°C, [o]p +35.1 (c 1, CHCIy)].

Therefore, we proceeded to apply this adapted protocol to
various 1,2-O-isopropylidenefuranose derivatives (3 [15], 5
[16], 7 [18], 9, [20] 11 and 13, Table 1). As is evident from
Table 1, all the inversion products (2 [1], 4 [15], 6 [17], 8

Table 1. One stage and two-steps Swern oxidation-sodium borohydride reduction.
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[19], 10, 12 and 14) were obtained in excellent yields when
the one pot procedure is used. On the contrary, by using the
traditional Swern oxidation [11] and the residue submitted to a
sodium borohydride reduction at -40 °C, the inversion of the
C=0 group at C-3 was achieved in lower yields (about 80%).
However, in all these cases purification by column chro-
matography was needed. In the transformation of 9, 11 and
13 into 10, 12 and 14 respectively, yields were low due to the
formation of some unidentified by products. The results
shown presented in Table 1 indicate that employing this novel
adapted one pot Swern oxidation-sodium borohydride reduc-
tion, yields were very satisfactory in every instance, even in
compounds bearing sensitive functional groups. It is not so if
the traditional method is used.

Conclusion

We have developed an efficient and easy one pot Swern oxi-
dation-sodium borohydride procedure for the inversion of the
C-3 configuration of the 1:2,5:6-O-isopropylidene-a.-p-gluco-
furanose and various 1:2-O-isopropyliden-a-p-xylofuranoses
derivatives. Additionally, this modified procedure might be
applied in green chemistry if is combined with the recently
developed Fluorous Swern Reaction [16].

Experimental
General

Instrumental. NMR studies were carried out with Varian
Mercury 400 and 300 instruments. Internal reference (TMS)
for 1H and 13C. Chemical shifts are stated in parts per million.
COSY and HSQC experiments have been carried out in order
to assign the 'H and 13C spectra in full. High resolution Mass
spectra (El ion mode) were realized on a Jeol JIMS-SX102A
10 Kvolts, and Elemental Analysis at Service de Microanalyse
I.C.S.N.-C.N.R.S.-France. IR were carried out with a SHI-
MADZU FTIR-8400 instrument.

1,2-O-lIsopropylidene-(5-O-mesyl)-a-p-xylofuranose (11).
To a stirred solution of 1,2-O-Isopropylidene-D-xylofuranose
(0.5 g, 2.6 mmol) and triethylamine (0.55 mL, 3.9 mmol) in
dry CH,CI, (20 mL) at 0 °C was added MsCI (0.36 g, 3.1
mmol).dissolved in dry CH,CI, (10 mL). The reaction mixture
was allowed to react for 4 h before to add water (15 mL).
Extraction with ethyl acetate (3 x 60 mL), dried over NaSO,
and concentrated in vacuo gave 11 as colorless oil.
Purification by Flash chromatography yielded 11 as white
crystals, mp 130-131 °C; [o]p - 14.2 (¢ 1, CHCI,); *H NMR
(CDClI;, 400 MHz) & 1.32 (s, 3H), 1.51 (s, 3H), 3.08 (s, 3H),
4.32 (s, 1H), 4.39 (m, 1H), 4.52 (m, 1H), 4.54 (d, 1H, J = 3.2
Hz), 5.95 (d, 1H, J = 3.6 Hz); 3C NMR (CDCl;, 100 MHz) §
26.3, 26.9, 37.6, 66.4, 74.5, 77.8, 85.1, 104.9, 112.2; HRMS
(ED calcd for CoH+:0-S (M+), 268.0617. Found 268.0621.

Silvano Cruz-Gregorio, et al.

1,2-O-lIsopropylidene-(5-N-phtalimidoxy)-a-b-xylofura-
nose (13). To a solution of 1,2-O-Isopropylidene-p-xylofura-
nose (2.3 g, 0.012 mol), N-hydroxy-phthalimide (2.9 g, 0.017
mol) and triphenyl phosphine (3.17 g, 0.012 mol) in dry THF
(150 mL) at 0 °C, was added DTAD (3.6 g, 0.015 mol) drope-
wise. The reaction mixture was stirred for 8 h, at room tem-
perature before to add 100 mL of water. Extraction with ethyl
acetate (3 x 60 mL), dried over NaSO, and concentrated in
vacuo gave 13 as colorless oil. Purification by Flash chro-
matography yielded 13 as white crystals, mp 98-100 °C; [o]p -
42.1 (c 1, EtOH); 'H NMR (CDCls;, 300 MHz) & 1.37 (s, 3H),
1.49 (s, 3H), 1.8 (b, 1H), 4.32 (m, 1H), 4.49 (m, 2H), 4.61 (d,
1H, J = 3.6 Hz), 4.64 (m, 1H), 5.92 (d, 1H, J = 3.6 Hz), 7.75-
7.86 (m, 4H); 13C NMR (CDCls;, 75 MHz) § 26.3, 26.9, 62.3,
74.8, 75.0, 76.6, 84.9, 105.0, 111.8, 123.3, 128.4, 134.1,
163.4. Anal calcd for: C, 57.31%; H, 5.11%. Found: 57.45%;
H, 5.02%.

Swern-reduction in one-stage. To a stirred solution of oxalyl
chloride (5.027 mL, 57.17 mmol) in dry CH,CI, (70 mL) at -
80 °C was added methyl sulfoxide (8.17 mL, 115.25, mmol)
dissolved in dry CH,Cl, (20 mL) dropwise. The reaction mix-
ture was stirred for additional 15 min, and 1,2:5,6-di-O-iso-
propylidene-a-p-glucofuranose 1 (5 g, 19.2 mmol) dissolved
in dry CH,CI, (150 mL) was also added dropwise. The mix-
ture was allowed to react for 90 min at -80 °C and then tri-
ethylamine (20.2 mL, 144.6 mmol) was added dropwise main-
taining the temperature at -70 °C. Finally, the reaction was
quenched by adding NaBH, (1.45 g, 38.75 mmol) dissolved in
a mixture of EtOH/H,0, 4:1 (100 mL). The temperature of the
reaction mixture should keep within -60 to -40 °C. The reaction
mixture was extracted with CH,CI, (3 x 50 mL), dried over
Na,SO, and concentrated in vacuo to give 4.9 g of a white solid
2 (98%, without purification), [mp 74-76 °C; [o]p +34.3 (c 1,
CHCIy); lit[1]. mp 75-77 °C [14], [o]p +35.1 (c 1, CHCIS)].

1,2-O-1sopropylidene-(5-iodo-5-deoxy)-a-D-ribofuranose
(10). White crystals, mp 76-77 °C; [o]p +32.4 (c 1, CHCIy);
'H NMR (CDClg, 400 MHz) § 1.38 (3H, s), 1.57 (s, 3H), 2.40
(d, 1H, J = 10.8 Hz), 3.32-3.38 (m, 1H), 3.52-3.59 (m, 2H),
3.75 (m, 1H), 4.60 (dd, 1H, J = 3.9, 5.1 Hz), 5.80 (d, 1H, J =
3.9 Hz); 13C NMR (CDCls, 100 MHz) § 5.7, 26.4, 26.5, 75.8,
78.8, 103.7, 112.8.; HRMS (EI) calcd for CgHq310, (M+)
299.9859. Found 299.9842.

1,2-O-1sopropylidene-(5-O-mesyl)-a-p-ribofuranose (12).
Colorless oil, [o]p + 56.9 (¢ 1, CHCI,); *H NMR (CDCl5, 400
MHz) 6 1.38 (s, 3H), 1.58 (s, 3H), 3.07 (s, 3H), 3.95 (m, 2H),
430 (d, 1H, J = 4.5 Hz), 4.54 (dd, 1H, J = 12.0, 2.1 Hz), 4.61
(t, 1H,J = 4.2 Hz), 5.8 (d, 1H, J = 3.9 Hz); 13C NMR (CDCl,,
100 MHz) & 26.4, 26.5, 37.5, 67.9, 71.2, 78.0, 78.2, 100.0,
103.9, 113.1; HRMS (EI) calcd for CyH10,S (M+) 268.0617.
Found 268.0611.

1,2-O-1sopropylidene-(5-N-phthalimidoxy)-a-p-ribofura-
nose (14). White crystals, mp 26-28 °C; [a]p +19.6 (c 1,
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CHCI,); 'H NMR (CDClIg, 300 MHz) & 1.36 (s, 3H), 1.56 (s,
3H), 2.51 (d, 1H, J = 6.2 Hz), 4.10 (m, 2H), 4.38 (dd, 1H, J =
12.0, 4.6 Hz), 4.56 (dd, 1H, J = 12.0, 2.1 Hz), 4.63 (t, 1H, J =
4.5 Hz), 7.71-7.91 (m, 4H); 13C NMR (CDCl;, 75 MHz) &
26.5, 26.6, 71.3, 75.7, 78.4, 79.5, 104.2, 112.8, 123.4, 128.9,
134.4, 163.3. Anal calcd for: C, 57.31%; H, 5.11%. Found:
57.62%; H, 5.34%.
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