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spiroketals. The reported method represents a green synthetic one-pot procedure for novel [6,6]-,
[5,6]-, and [5,5]-spiroketals of sugars.
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Sugars
The spiroketal moiety represents a privileged substructure since o/ f\n
it can be found in many simple or complex natural products char- M4/ © OH
acterized by important and assorted biological properties, from s
n=1,

antibiotic to anticancer. Some examples are talaromycins,' aver-
mectins,” spongistatin 1,> and milbemycins.* Although a wide ar- Figure 1. Spiroketals oxidized at C-2.
ray of ring sizes are possible, the most abundant motifs in Nature
are [6,6]-, [6,5]-, and [5,5]-spiroketals. Accordingly, extensive
investigation on the achievement of spiroketal derivatives is con-
tinuously active and, in addition to the classical route based on

BnO
acid-catalyzed ring closure of oxo diols,” many other elegant strat- /o\ ngoﬁ&\ Bno
egies® and asymmetric syntheses’ have been developed. Some ap- BuLi B0, ° Bno Q
proaches are based on the use of sugars as chiral synthons.® \THF’ 0°C BnO-A= /O\
However, there are few synthetic strategies for spiroketals oxi- A ] OH
dized at the 2-position (Fig. 1). ﬂ 50" (60%/0)
Here, the use of sugar-furan based synthesis for novel spiroke- L~ o '
tals of monosaccharides is reported. oH Q y
The strategy is based on the easy oxidability of the furan ring Br. B0~ 4 o BnO® Y J
which provides a simple entry to 1,4-dienones. These compounds m BnO  OBn
can be utilized for a large number of structural elaborations. For in- 0 BnOZbOBn 5;2/
stance, oxidation of 2-(a-hydroxyalkyl)furans by m-CPBA or other -?|-'|BFUL-i78 oG (58 %)
oxidizing agents, known as Achmatowicz reaction, leads to the Li ’ OH O
synthetically useful pyran core through an intramolecular cycliza- R 2b W
tion of the corresponding enediones.’ o  THF,-78°C Bnand BN 0o
1,4-Diketones can also be obtained by reaction of furans with
singlet oxygen followed by reduction,'® which represents a (58‘:%)

- Scheme 1. Synthesis of furans 1a-c.
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stereoselective one-pot method for these versatile functionalized
compounds.'’ Recently, the use of 1,4-diketones so obtained pro-
vided simple procedures for novel pyridazine'?'* and pyrazoline'®
C-nucleosides, spirocyclic C-nucleosides,'* and new functionalized
exo-glycals.'® The procedure has also been used in the synthesis of
spiro compounds starting from hydroxyalkylfurans.5¢

Here, the two-step reaction has been applied to sugar furans
1a-c having a hemiketal function (Scheme 1).

Furans 1a-c were synthetized as shown in Scheme 1. Sugar lac-
tones 2a,b were obtained by Swern oxidation of the corresponding
protected hemiacetals,'” commercially available, and were used as
glycosyl donors toward 2-furyllithium, for 1a,b and 3-furyllithium
for 1c. Furan 1a was obtained as a-anomer of a pyranoside struc-
ture,'® while the novel furyl ketoses 1b,c were found and isolated
as open ketone forms.

The dye-sensitized photooxygenation of 1a, followed by reduc-
tion, was carried out at —60 °C'” and led almost quantitatively to a
diasteromeric mixture of the new chiral [6,6]-spiroketals 5a and 6a

BnO ;
BnO \> 1.702,-60°C BnO BnO
BnO o 2.EtS,-60°C_ B0 , 8o

1a
10,
-60°C T
BnO - BnO
o)
BnO O Lod| Ets -s0°c BnO X
BnO P o —_— BnO
OH BnO OH(I
3 4 |
a a o

Scheme 2. Photooxygenation of 1a and reduction of the endoperoxide 3a.

Table 1
One-pot procedure for spiroketals
0 OHC
N . i =
ST b whe oI
R/‘-(n) 0™ oH Entries 1,2 Entry3 R 0" “OH
n=1,2

i-1.10,, -60 °C, CH,Cly; 2. Et,S (1.2 equiv.), -60 °C.
iz 1. 105, 460 °C, CH,Cly; 2. Et,S (1.2 equiv.), -60 °C; 3. SiOy, r.t.

Entry  Furyl ketose

BnO BnO
o
BnO Q BnO o 9
BnO g ] BnO s ]
n n
1 0 o 80¢

Spiroketals Yield® (%)

S

1a Y
OH OH
5a 1.5 6a
@
0, 0,
BnO BnO
P OTERC S
0", [¢]
OH OH i
2 1b BnO OBn BnO OBn 68°
5b 17 6b
(1.5 : 1P
OHC OHC
BnO BnO
o/= o/~
3 1¢ 0~ "OH 0"TOH 55
BnO OBn BnO OBn
5¢ 6¢c
1:2

4 Chromatographic yields.

5 Molar ratio at the equilibrium at r.t.

¢ The 'H NMR spectrum showed only the presence of the diastereoisomeric
spiroketals.

(Scheme 2), in a 1:5 molar ratio (Table 1).'® They were in equilib-
rium and, after 48 h in CDCl; solution, the molar ratio was almost
inverted (5a:6a/2:1). Prompt silica gel chromatography allowed a
partial separation of each isomer. The different stereochemistry
at the new hemiacetal center was evidenced carrying out a Swern
oxidation on a mixture of 5a and 6a which quantitatively led to the
sole expected spiroketal derivative 7a (Scheme 3)."°

Noesy experiments allowed to assign the structure 5a with the
(R)-configuration at the new stereocenter (C-2) to the more stable
derivative which was the main product at the equilibrium (Fig. 2).
These experiments also validated the o-configuration at the su-
gar-ring of both spiroketals, that is probably ensured by a ther-
modynamic control since two anomeric effects are in operation
in a diaxial arrangement,?° as previously reported in similar
cases.”!

Theoretical calculations®? performed on both stereoisomers
were in agreement with the experimental data suggesting that spi-
roketal 5a is stabilized by an intramolecular hydrogen bond be-
tween the OH at C-2 and the sugar-ring oxygen, which is not
feasible in isomer 6a.

Starting from the open structure 1b, the procedure afforded the
new spiroketals 5b and 6b (1:7 molar ratio, respectively), probably
through a double cyclization of the corresponding enedione 4b
(Scheme 4). Compounds 5b and 6b were in equilibrium and after
12 h, in solution at r.t., were present in a 1.5:1 molar ratio. Here,
noesy experiments were unsuccessful and the structure of 5b for
the main product at the equilibrium was suggested by theoretical
calculations®??® which found a lower energy for 5b than for 6b of
2.3 kcal/mol. As observed for 5a, the calculated structure for 5b
showed the presence of an intramolecular hydrogen bond between
the OH and the sugar-ring oxygen.

Finally, the procedure was applied to furan 1c and afforded the
o,B-unsaturated compound 4c which had an unsuitable configura-
tion for cyclization. Anyway, silica gel chromatography promoted

5a + 6a
DMSO
Ac,0, r.t
12h
BnO:
(o}
BnO Q
BnO Brg ]
"o
7a 0
(74 %)

Scheme 3. Oxidation of a mixture of 5a and 6a; synthesis of 7a.

Figure 2. Recorded NOE effect in 5a (H-2/H-3').

BnO

o
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Scheme 4. Double cyclization of the enedione 4b.
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Scheme 5. Synthesis of the [5,5]-spiroketals 5¢ and 6c.

an acid-catalyzed isomerization into the right enedione 8c which
quickly cyclized into the new spiroketals 5c¢ and 6c¢ (Scheme 5).

As suggested by theoretical calculations, to the main product
we tentatively assigned the structure (2S)-6¢ which was more sta-
ble than (2R)-5¢ of 2.4 kcal/mol and showed a hydrogen bond be-
tween the OH at C-2 and the oxygen at C-2’ of the sugar ring.?2

In conclusion, the work reports a methodology based on a one-
pot process for the synthesis of new chiral [6,6]-, [5,6]-, and [5,5]-
spiroketals of sugars. The aglycone moiety is highly functionalized,
and susceptible of further manipulations, as evidenced by the pre-
liminary successful Swern oxidation to the novel spiroketal 7a.
This extends the scope of the reaction highlighting the possibility
to construct more complex derivatives containing the spiroketal
moiety inside.
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H-2), 6.19 (dd, J=10.4, 1.2 Hz, 1H, H-4), 6.87 (dd, =104, 1.6 Hz, 1H, H-3),
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(a) Theoretical calculations were carried out by SPARTAN ‘08 Quantum
Mechanics Program. The geometric optimizations (method: HF/3-21G) were
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MMFF-molecular mechanics). Energies were calculated running single points
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