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Ramberg - Bicklund Approaches to the
Synthesis of C-Linked Disaccharides™*

Frank K. Griffin, Duncan E. Paterson, and
Richard J. K. Taylor*

C-Disaccharides have attracted considerable interest,!"
particularly in view of their hydrolytic stability and potential
enzyme inhibitory properties. Since the first synthesis of a
carba-disaccharide by Sinay and Rouzaud in 1983, a number
of synthetic methodologies have been developed for the
preparation of this class of compounds.['*l Recent work in our
laboratory has focussed on the use of the Ramberg — Backlund
rearrangementl of S-glycoside dioxides as the key step in the
formation of di-, tri-, and tetra-substituted exo-glycals,!
which are useful intermediates for the preparation of more
elaborate C-glycosides.’><l Scheme 1a illustrates this ap-
proach with a glucose-derived sulfone: The Meyers variantl®!
of the Ramberg — Bédcklund rearrangement is used to convert
the sulfone directly into the corresponding exo-glycal without
competing 1,2-glycal formation. We have now applied this
methodology to the construction of C-linked disaccharides
from readily prepared S-linked precursors. The general
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Scheme 1. The use of the Ramberg—Bécklund rearrangement for the
synthesis of an exo-glycal and its possible extension to C-disaccharide
synthesis. Bn = benzyl, FGI = functional group interconversion.

approach is outlined in Scheme 1b: Our initial objective was
to employ this methodology to prepare C-disaccharides (n=
0) and higher homologues. We then envisaged the extension
of this chemistry to provide a more general route to a range of
C-linked disaccharides. Herein we report the successful

OBn
(0] SO,Me
o ‘o
BnOY OBn KOH, CCl,,
OBn 1BUOH, H,0
OBn OBn

2%

a) 9-BBN
b) H,0,, NaOH
—_—

94%!0101

Bno™" 8no™"

“0Bn

KOH, ccl,,

55%

H,, Pd(OH),/C

OR

BUOH, H,0

utilization of this approach for the synthesis of C-trehalose,
a higher homologue of C-trehalose, and methyl C-gentiobio-
side.

Our first target was a carba-analogue of trehalose, a
member of a family of disaccharides in which carbohydrate
residues are linked together through their anomeric centers.
C-Trehaloses have been prepared by the groups of Martin*¥
and Kishi,” and recently Schmidt and Patro have reported the
synthesis of novel trehalose analogues with a functionalized
linking carbon atom.[®] Our strategy (Scheme 2) required the
initial preparation of sulfone 7. This was readily obtained from
the protected thioglucose 1°! and iodomethyl C-glucoside 6.
Iodide 6 was prepared from the corresponding alcohol 5,
which was obtained by the stereoselective hydroboration (9-
BBN) and oxidation of exo-glycal 4.9 The exo-methylenic
compound 4 was prepared from sulfone 2 using our Ram-
berg - Bicklund procedurel™ or by the methylenation of
tetra-O-benzyl-D-gluconolactone (3) using [Cp,TiMe,] '
The two monosaccharides 1 and 6 were coupled in an efficient
thioetherification process, and the resulting S-linked disac-
charide was oxidized to the requisite sulfone 7 in 90 % yield
over the two steps.

We were delighted to find that the Ramberg—Bécklund
rearrangement of sulfone 7 proceeded under standard(®!
Meyers conditions and that no products arising from fj-
elimination were observed. Enol ether 8 was obtained in a
moderate, but unoptimized, 48 % yield, predominantly as the

OH OBn |
PPhy,
Im, I, o
81% .,
BnOW ‘OBn
OBn
6
a) K,CO,
OBn ) mcPBA
90%
‘OBn
BnO\_
i _,0Bn
OBn o
s™ “0Bn
o . 0, OBn
BnO™ ‘OBn
OBn 7
_/OR
AsOR 9R=H ——
o Ac,0, Py
o » 69% (2 steps}
W ‘'OR 10R=Ac «-—-——
OR

Scheme 2. Synthesis of C-trehalose. 9-BBN =9-borabicyclo[3.3.1]nonane, Im =imidazole, mCPBA = meta-chloroper-

oxybenzoic acid, Py = pyridine.

2940 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

1433-7851/99/3819-2940 $ 17.50+.50/0

Angew. Chem. Int. Ed. 1999, 38, No. 19



COMMUNICATIONS

Z isomer (Z:E =91:9). Catalytic hydrogenation of
8 achieved O-debenzylation and alkene reduction,
and the product 9 was converted into octaacetate
10 to facilitate characterization. All spectroscopic
data were consistent with the production of the
symmetrical j,8-linked disaccharide 10, and also
agreed with published dataPY (e.g. *C NMR
(679 MHz, CDCl;y): 6.=62.4, 689, 71.8, 73.1,
74.3, 75.9; literature valuesPd (90 MHz, CDCl,):
0=062.5,68.9,72.0, 73.2, 74.3, 76.0).

We believe that this methodology offers a rapid,
convergent, and practically simple route to f,5-
(1,1")-carba-disaccharides. In addition, the inter-
mediate enol ether 8 could be elaborated further
(e.g. by hydroboration, epoxidation, or dihydroxy-
lation)P®! prior to deprotection to introduce func-
tionality to the carbon bridge.

This approach is ideally suited to analogue
synthesis simply by variation of the alkylating
agent. Thus, the homologated (1,1')-carba-disac-
charide 15 containing a two-carbon bridge was
readily prepared (Scheme 3). Lactol 11 was con-
verted into mesylate 12 by a straightforward three-
step sequence,? and 12 was then employed with

a) (E10),P(O)CH,CO,Et, NaH OMs
b) LIAIH,

¢) MsCl, Et;N

OBn

66% over 3 steps

BnO™" “OBn

OBn
12
a) 1, K,COy,, 94%
b) Oxone®, 79%
OBn OBn OBn
opn KoM cal o) z
OBn " o 1BUOH, H,0 OBn
- e
57% Bn OBn
= ” OBn
BnO™ OBn 14
OBn
H,, Pd(OH),/C
OR
“OR
OR *
15R=H

Ac,0, Py
53% (2 steps)
-

o™ OR 18R=Ac

OR

Scheme 3. Synthesis of a higher homologue of C-trehalose. Ms=mesyl =methane-
sulfonyl.

thiol 1 in the alkylation/oxidation sequence used

earlier. This produced sulfone 13, which underwent Ram-
berg — Bicklund rearrangement to give exo-glycal 14 as a Z/E
mixture (88:12) in 57% yield (unoptimized). Subsequent
reduction/debenzylation produced the novel, ethylene-
bridged disaccharide 15, which was converted into octaacetate
16 ([alp=—109 (c=0.53, CHCL)) for characterization
purposes. Again, the 'H and *C NMR data were consistent
with the production of the symmetrical 5,5-linked disacchar-
ide, with coincidental absorptions being observed for each
sugar residue.

We next investigated the preparation of the (1,6")-carba-
disaccharide, methyl C-gentiobioside (21).1%1 In view of the
accessibility of the precursors, we explored the Ramberg—
Backlund approach shown in Scheme 4. Whereas in previous
examples the key Ramberg —Bécklund rearrangement utiliz-
ed an S-glycoside-derived sul-
fone, this alternative approach
offered the opportunity to wi-
den the scope of this synthetic
route to C-linked sugars.

With iodide 6 (Scheme 2) in
hand, we required only the

complementary thiol 18. This 17
was obtained from alcohol
17041 by Mitsunobu reaction OR

with thiolacetic acid followed
by deacetylation. Subsequent
coupling of 18 with 6 followed Ro
by oxidation of the resulting

sulfide gave sulfone 19 in high RO™ oR
yield. To our delight, treatment ::RR —H
of sulfone 19 with KOH/ALO4 Acy0, Py

and CBr,F,["! gave the desired 67 2R=Ac

unsaturated C-disaccharide 20
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a) PPhg, DEAD, AcSH
b) MeONa, MeOH

35% over 2 steps

OMe H,, Pd(OH),/C
8 -—
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in 64% yield (Z:E=70:30). This alkene has been prepared
previously by Dondoni et al.’< and hydrogenated to furnish
methyl C-gentiobioside (21). We repeated the hydrogenation
step and then prepared heptaacetate 22, which gave consistent
NMR and optical rotation data ([a]p=+65 (c=0.45,
CHCl,); literature value:P [a], =+63 (c=0.7, CHCL)).

In summary, the Ramberg—Béacklund rearrangement has
been utilized to convert readily available sulfone-linked
saccharides into C-linked disaccharides. This methodology
has been employed to prepare C-trehalose, a higher homo-
logue of C-trehalose, and methyl C-gentiobioside. Thus, (1,1')-
and (1,6')-linked C-disaccharides have been prepared in this
study: We are currently extending this methodology to
prepare (1,4)-linked systems and other C-glycosides of bio-
logical interest.

a) 6, K,CO,
BnO/,,,'

o b) mCPBA

68% over

BnO v OMe  2steps
OBn
18

KOH/AIO,,
CBr,F,, BuOH

~OMe

85% 64%

“0Bn

20 OBn

Scheme 4. Synthesis of methyl C-gentiobioside. DEAD = diethylazodicarboxylate.
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Experimental Section

All new compounds were fully characterized by high-field '"H and *C NMR
spectroscopy and by elemental analysis or high-resolution mass spectrom-
etry.

8: To a stirred mixture of fBuOH (6 mL) and water (1.5 mL) at 60°C was
added powdered KOH (3 g, 53.5 mmol). After the base had dissolved, a
solution of 7 (0.367 g, 0.326 mmol) in CCl, (6 mL) was added, and the
biphasic mixture was stirred at 60°C for 1h. After cooling to room
temperature, the pale yellow mixture was transferred to a separating funnel
and the lower aqueous layer removed. The organic phase was washed with
brine and dried (Na,SO,), and the solvent removed in vacuo. Purification
by column chromatography on silica gel (light petroleum ether/EtOAc/
Et;N 74/25/1) gave alkene 8 (0.167 g, 48 %) as a pale yellow oil. TLC: R;=
0.36 (light petroleum ether/EtOAc 3/1); IR: ¥,,,, (liquid film) = 1687 cm™;
'H NMR (270 MHz, CDCL): 6=5.11 (1H, d, 3/ =87 Hz, vinyl H);
BCNMR (67.9 MHz, CDCl;): 6 =68.7,69.0, 72.1,73.3,73.5,73.8, 74.2, 74.6,
74.9,75.6,719,78.0,78.2,78.7,83.1, 84.6, 86.7,108.5 (C=C—0), 126.9-128.3
(aryl C), 137.8, 138.2, 138.3 (% 2), 138.6, 138.7, 152.6 (C=C—0O); FAB-MS:
mlz: 1081 [M+Na*].
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Charge Transfer and Environment Effects
Responsible for Characteristics of DNA Base
Pairing**

Célia Fonseca Guerra and F. Matthias Bickelhaupt*

Although it is one of the weakest chemical interactions the
hydrogen bond plays a key role in the chemistry of life, being
involved, for example, in various types of self-organization
and molecular recognition. A case in point is the hydrogen
bonds in Watson — Crick base pairs, that is, adenine — thymine
(AT) and guanine —cytosine (GC), that hold together the two
helical chains of nucleotides in DNA and form the basis of the
genetic code. These hydrogen bonds are commonly believed

H H

N N6-H----04 06----H-N4

= 3 -

BN~ NpeHNS ) N/ Npm-Nd )
JNH N= )—NH

o N2-H-----02

H
AT GC

to be predominantly electrostatic phenomena that, as sug-
gested by Gilli et al., are substantially reinforced by reso-
nance in the m-electron system, which makes the proton-
acceptor atom more negative and the proton-donor atom
more positive the so-called resonance-assisted hydrogen
bonding (RAHB).M

Herein we provide evidence from quantum chemical
analyses that challenges this picture and emphasizes the
importance of the charge-transfer nature of and environment
effects on the hydrogen bonds in DNA base pairs. This has led
us to the solution of a hitherto unresolved and significant
discrepancy between experimental® and theoretical®® values
for distances between the proton-donor and proton-acceptor
atoms in AT and GC base pairs. Our evidence is based on a
thorough nonlocal density functional theoretical (DFT)
investigation with the ADF program (at BP86/TZ2P) of
various AT and GC model systems.[* ]

Whereas our base-pairing enthalpies (298 K, BSSE cor-
rected) of —11.8 and —23.8 kcalmol™' for AT and GC,
respectively, are in excellent agreement with gas-phase
experimental values (—12.1 and —21.0 kcalmol "), we still
arrive at the same striking discrepancies with experimental
(X-ray crystal) structures?! that were encountered before in
conventional ab initio (HF) and hybrid DFT (B3LYP)
studies.’] As shown in Figure 1 we find N6—O4 and N1-N3
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