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ABSTRACT

Partial benzoylation of L-rhammnono-1,4~lactone (1) gave

2,5-di-0~benzoyl-L-rhamnono-174-lactone (2) as the main product.

In similar conditions, D-mannono-~1,4~lactone (3) gave preferentially
2,5,6-tri-0-~benzoyl-D-mannono-1,4-lactone (4). 2,3,5,6-Tetra-0-
benzoyl- (5) and 3,6~di-O-benzoyl-D-mannono-1,4~lactone (6) were
isolated in low yield from the reaction mixture. The structures of
the partially benzoylated compounds 2, 4 and 6 were assigned on the
basis of spectroscopic data.

INTRODUCTION

In previous papersl—5 we have described the
benzoylation of L-rhamnono-1,5- and 1,4-lactones to
give, depending gn the experimental conditions, either
the perbenzoate or elimination products, which were
used as starting materials for the synthesis of dideoxy-
and trideoxysugars.

We now report the partial benzoylation of L-rhamno-
no-1,4-lacteone (1) and D-mannono-1,4-lactone (g; to
obtain in good yield 3-unsubstituted derivatives useful as

intermediates for the preparation of ketosugars, amino-

167
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sugars and disaccharides.

CH,0Ra
° RLO—-H
OR; OR;
0]
Rs w:o
Hs 2 QF
1 R1=R2=R3=H 3 R1=R2=R3=R4=H
3 R1=R3=Bz; R2=H i R1=R3=R4=Bz; R2=H
7 R1=R2=R3=Bz 5 R1=R2=R3=R4=Bz
E R1=R3=H; R2=R4=BZ

RESULTS AND DISCUSSION

In our studies on the benzoylation of aldonolactones,
we have found that L-rhamnono-1,4-lactone (1), under
controlled conditio;s, gave crystalline 2,5-di-0-
benzoyl-L-rhamnono-1,4-lactone (2) in 48% yield. 1In
order to determine the applicability of this reaction,
D-mannono-1,4-lactone (3), bearing the same relative
configuration as 1, was benzoylated under similar
conditions. From the reaction mixture, 2,5,6~tri~O-
benzoyl—g-mannono—l,4-lactone (i) was isolated by
column chromatography as the major product (60%).

The perbenzoate 5 was also obtained and 3,6-di-0-
benzoyl-D-mannono-1,4-lactone (6) was crystallized

in very low yield from a mixture of di-O-benzoyl-deriva-
tives.

The isolation of 2 and 4, respectively, as the main
products, would indicate that the 3-0OH group is hindered

for benzoylation. No studies on the selective acylation of
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five-membered rings and particularly aldono-1,4-lactones,
have been reported. 1In hexopyranoses, the 4-0H group
proved to be the least reactive, and this fact was
attributed to gauche interactions with the 5-benzoyloxy-
methyl group and the 2-0O-benzoyl group.6

lH NMR data, D-mannono-1l,4-lact-

On the basis of
one (3) appears to exist largely In the 3E (D) -conform-
ation in pyridine solution,7 and the 3-OH group would
show gauche interactions with both the 2-OH group and
the bulky substituent on C-4. Aalthough no conformational
studies have been carried out on free g—rhamnono-l,4—
lactone (l), one can assume similar interactions due to
the same relative configuration in both compounds.

The structure of 2 was assigned by comparison of
its 1H NMR spectrum with that of 2,3,5-tri-C-benzoyl~
L-rhamnono-1, 4-lactone (z_).4 Both spectra were per-
formed in DMSO-d;, and the chemical shifts and coupling
constants observed are shown in Table 1. An upfield
shift of 0.57, 1.53 and 0,39 p.p.m., respectively, was
observed for H-2, H-3 and H-4, whereas H-5 was only
slightly displaced. On deuteration, the H-3 signal in
the spectrum of 2 was simplified, and the doublet at
§ 6,15 corresponding to the hydroxylic proton dis-
appeared.

The spectra for compounds 4 and 5, recorded in
chloroform-d, showed similar upfield shifts for H-2,

H-3 and H-4 in 4, which resulted in the superposition

of the H-2 and H-5 signals, and the H-3, H-4 and H-6,6'
signals, respectively (Table 1). When the spectrum

was measured in DMSO—gg, better resolution was achieved,
and upon deuteration the signa: assigned to H-3 was
simplified.

Compound 6 has two free hydroxyl groups and was
characterized as 3,6—di—9—benzoyl—Q-mannono—l,4—lactone
by 1its lH NMR spectrum (Table 1). In comparison
with 5, the more shielded hydrogens are H-2 and H-5
(As 1.31 and 1.72 p.p.m., respectively), while H-3,



"HE °P .ONQ peppe U3lTm

unijosds 243 03 spuodssrzoo AFTOTEAT3[nw Teubrs oyl o *P-WIOIOIOTYD Ul *q - 9DP-0SWA ul ‘e

£°6 fHO
(HOT ‘w)z-g-€°L (0*€) (0°9) _
H OT3IewoIy (u)8 p-p'¥ (wyz*y (wyg*'p-p'v (bB)go*9 (P)98- ¥ @
(HOoZ 'w)z*8-T°L (0*%1-) (0°'s'0°¢) (0°6) (s ) (0°9) _
H oIjewoay Yty (b)gz*s (o)z6°g (bysz-¢ (b)gz-9 (P)LT*9 qS
25 o-p=HO €-H
ZE*9 :HO
(HGT ‘w)z* 8-¢€°L (0°zt-) (0°6'0°2) (0°8) (s°¢) (s°%) _
g orjewoav  (byrs vy (Pigety  (w)oL's  (P)szis Byt (PIVOUO oV
8°€ :HO
(HGT ‘W)z 8-£°L (0°v) -
H oT3ewoxy (W)T°5-9°¥% (w)9s "G (W) T*6-9°¢ (P)¥L"§ qv
4 p—
2y o-c=HO'E€-H,
G1°9 :HO
(HOT ‘w)z°8-%°L (0°9) (0°8) (0°¢) (0°9) _
H OT3RWOIV p(PISP' T  (Wezy's  (B)es’y ,(bysity  (P)0079 "4
(HGT ‘wW)T1°8-€°L (0°9) (0°8) (0°¢€) (z-9) _
H OT3PWOIY p(P)os T (w)9G°g (byrz-s (b)gz 9 (P)Ls 9 ol
4 r 1 * I ')
(9 wmv ~ (+9 mmum Spy (S whv v mmv € va
I3Y30 19-H 9-H G-H p-H £~H Z-H punodwo)

‘7 pue 9’y ‘7 spunodwod Fo (zg’r) siuezsuo) buridnop pue s3ITUS TEROTWSYD  YWN Hy

T dT149YL

1102 Alenuer €z 9¢:ZT @I Ppapeo |uwog



12: 36 23 January 2011

Downl oaded At:

L~RHAMNONO~ AND D-MANNONO~1,4~LACTONE 171

H-6 and H-6' showed only small shifts.
If we compare the coupling constants for compourds
4, 5 and 6 (Table 1) with those reported for D~mannono-

1,4—lactone,7

we can assign the same conformational
equilibrium for the benzoylated products. The larger
value observed for J3,4 in 4 and 5 should indicate

scme contribution of the Eg B—conformation8 which accords
with the fact that in the free lactones intramolecular
hydrogen bonding between the 2-0H and the lactocne
carbonyl takes part in the stabilization of the favored

conformation.9

This additional stabilization is no
longer possible in the protected compounds 4 and 5 but
still operates in 6, adding further evidence for its
bearing a free 2-0OH group.

Compound 2 shows similar coupling constant values
as those reported for the perbenzoate 1,4 indicating
a favored E3 (L)-conformation,

The 13C NMR chemical shift assignments for the
benzoylated aldonolactones 2, 4, 5 and-6 were
substantiated by selective decoupling experiments and
are shown in Table 2 together with data for compound 7
included for comparison. As we already reported,lo
C-4 was more deshielded than the other saturated carbons.
The debenzoylated carbon atom in 2 and 4 (C-3) showed a
negligible shift. This fact can be explained taking
into account that the upfield shift observed for the

11 is cancelled

n=carbon on deacyiation of cyclohexanols

out by the downfield shift caused by less steric hindrance.

On the other hand, the B~carbon atoms {(C-2 and C-4)

suffered a downfield shift ranging from 1,47 to 1.85 p.p.n.
If we compare the 13c NMR spectrum of € with that

of 5, the debenzoylated carbons, C-2 and C-5, showed only

slight variation (0.61 and 0.60 p.p.m., respectively),

while the B~carbon atoms were shifted downfield (4.25
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TABLE 2

13C NMR Chemical shifts of Compounds 2, 4, 5, 6 and 7

Compound c-1 c-2 c-3 c-4 C-5 c-6
72 169.53 69,58 68.79  79.89  67.33  17.51
22k - 71.31 68.47 81.46 67.45 17.46
52 168.83  69.31 68.51  75.26 67.93 62,60
q4asb -- 70.78  68.53  77.11  68.19  62.75
&° 175.84  69.92  72.76  77.20 67.33  66.43

a. In chloroform~d. b. In the recording conditions
carbonyl carbons were not observed. c¢. In DMSO-dg.

0 T

.p.m. for C-3; 1,94 p.p.m. for C-4 and 3.83 p.p.m. for
6

).
These are the first studies on 13CNMR spectra

of partially benzoylated aldonolactones, but a similar
behavior has been reported for partially acetylated
Q—glucopyranoses12 and g—rhamnoses.l3

The isolation of 6 is not contradictory with the fact
that the 3-OH group is the less reactive. This compound
was crystallized in very low yield (4.6%) from a mixture
of dibenzoylated products with similar mobility in TLC,
which was not further analysed. The very good yields

obtained for 2 and 4 make them potentially useful inter-

mediates,
EXPERIMENTAL

General procedures. The instrumentation used has
been described previously.4 TLC was performed on
Silica Gel G (Merck). The following solvent systems
were used: (a) benzene-ethyl acetate (19:1); (b)
chloroform-methanol (19:1). Detection was effected

with iodine vapor. GLC was performed with glass
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columns (180 x 0.2 cm) packed with 2.5% SE-30 on

Chrom W {(AW/DMCS 80-100 mesh) with nitrogen at a flow-
rate of 28 mL/min; T1280°C; Td 280°C. Trimethyl-
silyl derivatives were prepared with hexamethyl-

disilazane and trimethylchlorosilane.14

L-rhamnono-
l,4-lactone and D-mannono-1l,4~lactone were obtained
by bromine oxidation of L-rhamnose and D-mannose,

respectively.ls'16

2,5-Di-O-benzoyl-L-rhamnono-1,4-lactone (2).

L-rhamnono-1,4-lactone (1, 0.5 g) was dissolved in
2 mL of anhydrous pyridine,and 0.9 mL of freshly
distilled benzoyl chloride was addeddropwise with
external cooling. The solution was shaken for two
hours at room temperature, poured into 30 mL of ice-
water and treated as previously descri}aed.l-4 TLC
of the reaction mixture showed a main product
(R¢ 0.54, solvent a) and a minor one (Rf 0.73,
solvent a), which were separated by column chroma-
tography on Silica Gel H (Merck) using benzene with
increasing concentrations of ethyl acetate as eluent.
The product of greater mobility was characterized as
2,3,5-tri~0-benzoyl-L-rhamnono-1,4-lactone (_7_)4
(0.200 g, 13.7%).

The compound of Rf 0.54 crystallized upon addition
of ethanol (0.550 g, 48.2%);mp 195-197°C;
[OL]EO +13.5°(c 1.0, chloroform). v -11™ 3480 (OH);

1790 (1,4-lactone carbonyl); 1700 cm_1 (benzoate carbonyl)

Tg of the O-trimethylsilyl derivative 6,10 min (T, 230°C).
1H NMR data are shown in Table 1. 13¢ nMR data
are shown in Table 2.

Anal. Calcd for C,. H, 0

20818978 C, 64.86; H, 4.86, Found:
Cc, 64.57; H, 5.07.

2,3,5,6-Tetra-0-benzoyl-D-mannono-1,4-lactone (5).

D-mannono-1,4~lactone (3, 1.0 g) was dissolved in 5.0 mL

of anhydrous pyridine and benzoylated with 4.5 mL of

benzoyl chloride. The mixture was shaken for 2 h at
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room temperature, poured into 100 mL of ice-water and
treated as previously described.1™4 TLC showed
only one product (Rg 0.70, solvent a), which was
purified by treatment with ethanol but could not be
induced to crystallize (3.0 g, 89%). It was characterized
as 2,3,5,6-tetra—gfbenzoyl—g—mannono—l,4—lactone;
(2129 -99.0° (¢ 1.0, chloroform) ; viadol 1800 (1,4-
lactone carbonyl), 1720 cm (benzoate carbonyl).
data are shown in Table 1. 13C NMR data are shown
in Table 2.

Anal. Calcd for C34

Found: C, 68.55; H, 4.40.

In nMR

H26010: C,68.68; H, 4.39.

2,5,6—Tri—O-benzoyl—g-mannono—l,4-lactone (4) .

D-mannono-1,4-lactone (3, 1.0 g) was benzoylated with
7.5 mL of anhydrous pyridine and 2.5 mL of freshly
distilled benzoyl chloride. The solution was shaken

for 2 h at rcoom temperature, poured intc 100 mL of ice-
water and treated as previously described.l'4 TLC

showed a major product of Rf 0.50 (solvent a), together
with two minor ones (Rg 0.70 and R¢ 0.80, solvent a).

The mixture (3.0 g) was separated by column chromatography
on Silica Gel H (Merck) using chloroform-methanol (99:1)
as eluent.

The faster moving component was characterized as
compound 3 (0.83 g, 25%).

The product of Rg¢ 0.50 could be crystallized either
from benzene or methanol (1.65 g, 60%). The melting points
obtained were 88-90°C and 136~138°C, respectively;

(212° -20.0° (c 1.0, chioroform); vN23°1 3400 (om); 1820
(1,4-lactone carbonyl) and 1730 cm - (benzoate carbonyl).
Its O-trimethylsilyl derivative showed T 5.16 min (TC

programmed from 230° to 280°C, 10°C/min). lH NMR

data are shown in Table 1. l3C NMR data are shown
in Table 2.

Anal. Calcd for Cp7H,,09: C, 66.12; H, 4.52. Found:
C, 66.12; H, 4.68.

The last fractions from the column were eluted with
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chloroform-methanol (1:1) and concentrated to a syrup
(0.51 g). Upon addition of ethanol 3,6-di-O-benzoyl-D-
mannono-1,4-lactone (6) crystallized (0.1 g, 4.6%) and
was recrystallized from the same solvent to give mp
204-208°C; [a] 20 +8.7° (¢ 1.0, acetone); vhul®! 3400 (om);
1820 (1,4-lactone carbonyl); 1740 and 1700 em~1 (benzoate
carbonyl). 1Its di-O-trimethylsilyl derivative showed

T, 1.96 min (T, programmed from 230 to 280 °C, 10°C/min).

R
1

H NMR data are shown in Table 1. l3C NMR data
are shown in Table 2.

Anal. Calcd for C20H1808:
Found: C, 62.37: H, 4.95.

c, 62.18: H, 4.70.
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