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The linking mode between sugar units in biopolymers such as polysaccharides or
oligonucleotides has recently gained increased attention. For example, neutral analogues
of phosphodiester linkages have been designed to produce modified DNA fragments® or
nucleic acid mimics with promising properties in the control of gene expression.’ A
recenrit focus has been directed towards neutral and achiral linkers like ethylene glycol,
propoxy" or longer alkyl chains’ but also the simple methylene group.’ In the latter case,
the methylene linker was part of a formacetal moiety.

We have been interested in a general method that could easily be used for the
spanning of acid-sensitive common carbohydrate moieties such as sugar acetonides, to

form methylene-linked duplicates bearing new and diverse application prospects.

sugar -OH ——» sugar-O-CH, - O - sugar
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The methods commonly used for the synthesis of carbohydrate formacetals are
either based on a classical acid-catalyzed condensation of formaldehyde,’ on the use of
DMSO/NBS® or DMSO/bromine’ systems or on alkaline procedures involving the

condensation of the alcoholate with methylene dihalides."

In the latter method, phase-
transfer catalysis was applied to produce formacetals of a few glycosides.""”> However
successful this technique may have proven in other hands, it appeared to us somewhat
less reproducible than expected, probably because of the highly critical experimental
conditions prescribed.

We thus turned towards alternative methods that would be easier to perform and
more widely applicable while respecting the pre-existent acetal protections in the starting
materials. The sugar templates involved in the present study are the diacetonide
derivatives of D-galactose, D-fructose, L-sorbose, D-glucose, and a dioxolane-protected
methyl -D-riboside."”

Transacetalisation from dimethoxymethane - which formed methylene-linked
dimers when applied to trimethanol alkanes'™ - led to a mixture of products in the case of
acetonide protected sugars.

When applying strict monitoring of the reaction process however, the preparation

was successful in the case of two formacetal dimers:

diacetone o

o ‘\\l o W O
o/ : : °>< (l
(HCHO),, TsOH oj:/\["’ g
m.s. 3A, CgHg S
38°C, 7h 07 A
- the D-galacto duplicate 1, [a]p -61° (CH,Clp), in 68% yield"”
- the D-fructo duplicate 2, mp 104 °C, [a]p -20° (CH,Cly), in 80% yield."
When applied to other similarly protected sugars in the D-gluco, D-ribo and L-
sorbo series, the same protocol resulted in extensive degradation. Further trials using
either the DMSO/NBS method" or PTC techniques also led to disappointing results.

Finally we devised a convenient procedure for the synthesis of formacetal dimers 1-

5 under plain basic conditions : treatment of the protected sugars with dibromomethane
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and potassium hydroxide in DMSO at room temperature’’ afforded the formacetal dimers
1-5:

- the D-galacto 1 and D-fructo 2 duplicates in 68 and 72% yield, respectively;

- the L-sorbo duplicate 3, mp 139-40 °C, [a]p -34° (CH,Cl,), in 63% yield;

- the D-gluco duplicate 4, mp 86 °C, [o]p -28° (CH,Cl,), in 90% yield;

- the D-ribo duplicate 5, mp 73-4 °C, [a]p -81° (CH,Cly), in 60% yield.

o——
o 0— -0~
° " o \ Arer OE
o 0 |ou, \\\ N 0 |10 QO CH,
+o 'o/l’ 2 ° of o ot~
2 2
1 ( D-galacto) 2 (D-fructo) 3 (L-sorbo)
~o
Y A0 k(_‘i?»o"“
0 [ )( CH, S o,
-0 0 O\/O
2 2
4 (D-glllCO) 5 ( D-ribo)

Thus, the use of cheap potassium hydroxide in DMSO allowed the synthesis of
methylene-linked carbohydrate bolaform-type duplicates and the reaction was applicable
to acid-sensitive compounds such as acetal protected sugars.

Next we investigated the partial and selective hydrolysis of the acetals in order to
regenerate some free hydroxyl groups in the formacetal dimers. Selective hydrolysis of
the §,6-O-isopropylidene acetal in glucofuranose derivatives is a well-known process™*
which could also be successfully applied to the D-gluco duplicate 4. Selective removal of

both 5,6-0-acetonides in 4 was indeed attained using a 0.03 N H,SO, / MeOH solution

at room temperature under TLC monitoring (7 h for ca. 96 % conversion) to afford in

74% yield syrupy tetraol 6, [olp -79° (CH,Cly); "C NMR 3 91.4; 'H NMR § 4.86 (s)
(formacetal moiety), along with 13% of the readily separable syrupy diol 7, [a]p -118°
(CH,Cly).” Under more acidic conditions or over a longer period of time, the reaction led

to a mixture of polyols.



07:59 23 January 2011

Downl oaded At:

1512 GRAS ET AL.

(T o o

Ho o HO o. &
o O 5 /u,, 3
HO )( CH, ji?wo o= 0 <__2\ H,
o v Y o,,(,
2 0 o ><
6 7 8

When treated for 0.5 h at rt with 0.27 N H,SO4 / MeOH, the L-sotbo duplicate 3
also underwent a clean selective hydrolysis to yield (81%) syrupy tetraol 8, [ +4°
(CH,Cl,); "C NMR & 94.8; 'H NMR & 4.79 (s) (formacetal moiety), along with traces of

the intermediate diol.
'H and 1*C NMR data for duplicates (in CDCly).

H-1 H-2 H-3 H-4 H-5 H-6a H-6b CH,(OR),
Jia2 B2 134 J4s Ts5a Jsasb 50
C-1 C-2 C-3 C-4 C-5 C-6 Cc7

d,5.53 dd, 431 dd,4.60 dd;4.25 m, 3.97 dd,3.79 dd, 3.67 5,4.75

1 52 2.1 7.8 1.8 57 104 7.0
94 707°  705* 667 712 663 . - 91.9
m, 371 - 4,446 dd,459 dd,423  dd,393 bd,373 5,478
2 26 79 18 13.0
612 1026 700° 711 703 689 - 95.7
5, 3.67 - 5,454 4,431 m4ll  dd, 406 bd 400 s, 4.82
3 22 20 130
604 973 842 722 733 612 - . 956
4,589 d,459 4,428 dd, 415 m432  dd 410 dd, 400 5,486
4 3.2 3.2 75 6.3 8.3 5.7
1053 831 388 811 726 612 - 92.9
5,500 4,450 bd,465 m434 24 31'843 - - 5.4.75
5.3 6.6 Sb:dd,357
Tols7  si4 oy s 80
: : : ; 69.0
4,584 4,448 4,433 dd,408 m 396 m382 m365 5486
6 3.8 26 9.8
1058 821 787 797 68.1 642 - 91.4
g &3 - 443 m420 m409  m393 m393 5479
612 1125 82 762 809 6.2 - 94.8

a. Assignments may have to be reversed.
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In contrast, duplicates 1 and 5 underwent selective cleavage of the inter-glycosidic
methylene acetal bridge, thus giving back the protected corresponding monosaccharides.
Finally, the various acetal functions of the D-fructo derivative 2 showed almost similar
hydrolysis rates : no selectivity could be attained under miscellaneous experimental
conditions.

The present study provides information about the relative stabilities towards acidic
conditions of the acetals involved. The acyclic methylene acetal is more stable than the
isopropylidene acetal formed from a primary and a secondary hydroxy! group, regardless
of the ring-size - 1,3-dioxolane or 1,3-dioxane - as shown by the selective cleavage in
duplicates 3 and 4.

Depending on the sugar series they belong to and the protective array they bear,
those formacetal dimers can subsequently be selectively derivatized to partially protected
polyhydroxylated systems with a view to designing structures with diversified potential

applications.
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