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A flexible synthetic access to six-membered - and p-iminosugar C-glycosides is reported starting from the easily available 6-azido-6-deoxy-2,3,4-
tri-O-benzyl-p-glucopyranose precursor. This methodology involves a highly diastereoselective tandem ring enlargement/alkylation and a
stereocontrolled ring contraction. It allows an efficient synthesis of iminosugar C-glycosides displaying structural diversity at both C-1 and C-6.

Iminosugars, sugar analogs in which the endocyclic
oxygen has been replaced by nitrogen, constitute a major
class of sugar mimetics.! Their promising therapeutic
potential® is illustrated by the approval of Glyset® and
Zavesca® (Figure 1) for the treatment of type II diabetes
and Gaucher disease respectively. Moving the alkyl chain
from the endocyclic nitrogen to the pseudoanomeric carbon
leads to another class of important iminosugars, the imino-
sugar C-glycosides which can be seen as glycoconjugates
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with a stable substituent at the C-1 position (Figure 1).
Iminosugar C-glycosides are usually more potent and
selective compared to the more synthetically accessible
iminoalditols, an improved efficacy which can be attributed
in part to a better location of the alkyl chain.’ The main
challenge associated with iminosugar C-glycosides is cur-
rently the design of efficient and general routes enabling
introduction of structural diversity from advanced synthons
to accelerate the discovery of biologically relevant mole-
cules. Ideally such routes would require introduction of
additional substituents on a late stage intermediate. Most of
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the reported synthetic strategies are based either on the
formation of the C1—N or C5—N bond through intramo-
lecular reductive amination or on the late formation of the
C1—CHj;R bond through the use of an electrophilic imino-
sugar donor (Figure 1).°
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Figure 1. Structures of Glyset and Zavesca and general strate-
gies to access iminosugar C-glycosides.

The intermolecular approach, inspired from the syn-
thetic strategies developed in the field of C-glycosides,
appears as the best strategy for late stage diversification.
It has been less explored due to the difficult generation of
stable electrophilic iminosugars. Piperidinose donors have
been developed by J ohnson,’ Vasella,® and Schmidt,” and
nucleophilic addition to the endocyclic C=N bond of a six-
membered iminosugar-derived cyclic imine or nitrone has
been reported by Davis'® and Vasella'! respectively. These
elegant routes focus on introduction of various substitu-
ents at C-1 but usually do not allow decoration at other
positions of the piperidine ring. Such modification could
be of interest to increase their biological potency and/or
selectivity. One exception is the SAWU strategy developed
by Overkleeft which enables the synthesis of a library of
iminosugar C-glycosides displaying diversity both at C-1
and at the endocyclic nitrogen.'? Introduction of structural
diversity at both C-1 and C-6 has not been developed
despite the fact that it should give rise to novel sugar
mimetics with enhanced potency through hydrophobic
interaction with protein residue side chains. Our interest
in the synthesis'® and skeletal rearrangement'* of seven-
membered iminosugars prompted us to combine both
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aspects to develop a new powerful strategy toward piper-
idine iminosugar C-glycosides based on the alkylation
of a seven-membered electrophilic iminosugar and its
subsequent ring isomerization. This approach should al-
low tuning of the substituents at C-1 and C-6. We have
previously disclosed the synthesis of seven-membered imi-
nosugar homologues of glycosidase inhibitor noeuromycin
starting from a sugar-based azidolactol 1 and exploiting a
Staudinger/aza-Wittig ring expansion.'> Since this transfor-
mation proceeds by a two-step reduction, trapping of the
intermediate seven-membered imine by an organometallic
species instead of hydride should allow selective functiona-
lization at the C-7 position. Subsequent azepane ring iso-
merization through 3-OH group activation should provide
the corresponding six-membered iminosugar C-glycosides
displaying structural diversity at C-6 (Scheme 1).

Scheme 1. New Strategy Developed Herein to Access Iminosu-
gar C-Glycosides
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Initial attempts using triphenylphosphine and starting
from azidolactol 1, easily available from methyl
glucopyranoside,'® failed to furnish the pure imine 2 in
good yield. More encouraging results were obtained by
switching to the polymer-bound triphenylphosphine. After
optimization of the reaction conditions, a major product
was isolated in 62% yield and assigned to the bicyclic N,O-
acetal 3'” by NMR (signals at 5.06 and 88.7 ppm in the 'H
and "*C NMR spectra respectively for the hemiaminal
moiety). [t results from the trapping of the transient seven-
membered imine 2 by the free 3-OH group (Scheme 2).
This electrophilic bicycle can be seen as a stable form of
2 allowing introduction of hydrophobic groups at C-7
through organometallic addition. The reactivity of N,O-
acetals with organometallics is well-documented'® but has
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been unexplored with [5,6] bicyclic systems.'® The one-pot
Staudinger/aza-Wittig/alkylation of 1 was thus studied
screening various conditions and organometallics to gen-
erate the corresponding C-7 alkyl azepanes 4 (Scheme 2).

Scheme 2. Synthesis of C-7 Alkyl Azepanes 4a—4e
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Initial experiments, to optimize the reaction conditions,
were performed using allylmagnesium bromide as a nu-
cleophile as it gave the best yield for this transformation.
In a typical procedure, 1 was treated with solid-supported
PPh; at 40 °C in THF overnight and the solution was
filtered through a Celite plug. The crude solution was
concentrated and engaged in the next alkylation step
involving organomagnesium reagents. Reverse addition
of a crude solution of 3 in THF into an excess of Grignard
reagent (10 equiv) in THF, and running the reaction at rt,
gave the best conversion.’’Allyl azepane 4a was obtained
in 58% yield and as a single diastereomer after SiO, flash
column chromatography. Its structure was ascertained by
typical NMR data. The '>C NMR spectrum in CDCl;
displayed five CH signals at 85.5, 82.4, 78.6, 70.0, and 60.5
ppm (C-7), one CH= signal at 135.8 ppm and one CH,=
signal at 117.9 ppm. The "H NMR spectrum in CDCl;
showed a signal at 2.93 ppm for the C-7 proton. Other
Grignard reagents, namely, methyl, ethyl, vinyl, and phe-
nyl magnesium halides, were also reacted leading to the
corresponding C-7 alkyl azepanes 4b—4e in moderate
yields (35—49% yield over two steps) and excellent dia-
stereoselectivities (> 95%) except for the vinyl derivative
(34%). The configuration of the C-7 stereogenic center for
each new azepane was determined by NMR. While the
methyl, ethyl, vinyl azepanes 4b—d displayed a coupling
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872

constant J; 7 close to 0 Hz indicative of a 6,7 cis relative
configuration and an R configuration for the C-7 carbon,
the phenyl and allyl derivatives 4a and 4e displayed a large
Jo7 (8.5 and 9.5 Hz respectively) in agreement with a
6,7 trans relative configuration and a S configuration for
C-7.2" The 6,7 cis relative configuration for 4b—d could be
explained by a mechanism involving an intramolecular
delivery of the nucleophile in an early transition state
(Scheme 2). The rationale for the 3,7 trans configura-
tion of 4a and 4e remains unclear. One notable aspect
of this strategy is that it allows a fast access to 7-C-alkyl-
3.4,5,6-tetrahydroxyazepanes, which have been scarcely
reported,”” and could display potent glycosidase inhibition
and a pharmacological chaperone profile.”* Polyhydroxy-
lated azepanes are useful synthons for generating polysub-
stituted piperidines through ring isomerization.”* This
process is triggered by activation of the free 3-OH group
and displacement by the endocyclic nitrogen which leads to
a transient fused piperidine-aziridinium intermediate. Its
regioselective opening by the released nucleophile at the
methylene carbon leads to a six-membered azacycle, while
attack at the methine carbon gives the corresponding
azepane with retention of configuration at C-3. Applied
to the C-alkyl azepanes, this transformation, which re-
quires an electron-rich nitrogen, should furnish the six-
membered iminosugar C-glycosides displaying structural
diversity at C-6 brought by the incoming nucleophile.
Azepane 4a was chosen as a representative model of the
C-alkyl azepanes synthesized. Its N-benzylation under
mild basic conditions afforded hydroxyazepane 5 (53%
yield over 3 steps from azidolactol 1) which was then
submitted to different OH group activation conditions
(Scheme 3) to introduce several functionalities at C-6
during the ring isomerization process. Mesylation (MsCl,
Et;N, CH,Cl,) of 5 furnished the chlorinated six-mem-
bered iminosugar-C-glycoside 6a (72%). Mitsunobu con-
ditions (PPh;, DEAD, pNO,PhCOOH) applied to 5
yielded the corresponding piperidine 6b in satisfactory
yield (67%) along with some azepane 7b (21%).% Piper-
idine 6a displays a typical Jsg value (5.7 Hz) for a cis
relative configuration between H-5 and H-6 which is in
agreement with a double displacement mechanism during
the skeletal rearrangement. Furthermore, the observed J 3
value (9.7 Hz) confirms the trans relative configuration for
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stants associated with a piperidine motif. It allowed deduction of the C-7
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the C-6/C-7 carbons of azepane 4a. Introduction of the
more biologically relevant fluorine atom which has been
considered as an isostere of an OH group”® was then
investigated. Skeletal rearrangement of cyclic f-aminoal-
cohols with concomitant introduction of fluorine has been
extensively explored to rapidly access fluorinated piper-
idines and pyrrolidines of interest.”” Among the various
fluorinating agents, N,N-diethylaminosulfur trifluoride
(DAST) appears as the most effective reagent to perform
such reactions. When reacted with hydroxyazepane 5, the
expected fluoropiperidine 6¢ (63%) was obtained as the
major product with some minor azepane 7¢ (17%). Final-
ly, introduction of an azido group was investigated as it can
rapidly generate compound libraries through click chemis-
try or reductive amination/peptide coupling starting from
the corresponding amine. Treatment of 5 with diphenylpho-
sphoryl azide (dppa)*® yielded the expected azidopiperidine
6d in modest yield (32%) along with some azidoazepane 7d
(16%). Piperidine 6d was alternatively obtained (52%) from
6a by azide displacement of the chlorine atom (Scheme 3).

Scheme 3. Ring [somerization of Azepane 5

NaNg DMF,
60°C, 4h

_ dopa, PPhs,  MsCI, EN,
DEAD, THF, CH.Cly

n*”a(_y\/ 3h.rt 1h,0°C BHOL'J/O\/+CI<_}/\B/
6a (72%)

OBn BnO OBn g0 ©OBn
6d (32%) 7d (16%) 7a (not observed)
(52% from 6a) (25% from 6a) Bn
N /
HO “*OBn
BnG  OBn
F Bn 0Bz B
Bn DAST, NO,PhCOOH, 8n n
LA 7 N 7 Gyl Pest, DEAD, b N P N 7
go o T FN OB Tominorc THRB0MN  grotSopn * BZOT N\ OBN
OBn B0 OBn n BnO  OBn
6¢ (63%) 7e (17%) 6b (67%) 7b (21%)

L-Iminosugars are attracting increased interest from the
synthetic community because, while being usually less
potent glycosidase inhibitors than their p-counterparts,
they demonstrate unexpected biological activities includ-
ing pharmacological chaperone behavior.? In this context,
6a—d constitute valuable precursors of new L-iminosugar
C-glycosides. It can be argued that the approach developed
herein is only limited to rL-iminosugar C-glycosides and
misses the most studied p-iminosugar C-glycosides. Dur-
ing the skeletal rearrangement which operates with overall
retention of configuration, the r-identity of the six-
membered iminosugar C-glycosides 6a—d is imposed by the
R configuration of the free 3-OH group in the azepane
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Koike, Y.; Adachi, I.; Yoshihara, A.; Morimoto, K.; Izumori, K.; Kato,
A. Org. Lett. 2011, 13, 4064-4067.
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precursor 5. Accordingly, inversion of the 3-OH group in
azepane 4 should pave the way to p-iminosugar C-glyco-
sides via the same sequence. It requires preliminary deac-
tivation of the endocyclic nitrogen to avoid its anchimeric
assistance and the subsequent ring isomerization. To this
end, 1 was converted into the N-Boc hydroxyazepane 8
(48% over 3 steps). Uneventful inversion of the free OH
group under Mitsunobu conditions (PPh;, DEAD,
pNO,PhCOOH) to afford azepane 9 followed by ester
hydrolysis yielded the diastereomeric and crystalline hy-
droxyazepane 10 (86% yield over two steps) whose crystal
structure was solved (see Supporting Information) firmly
confirming the 3-OH group inversion and the C-7 allyl
group configuration. Removal of the Boc protecting group
with TFA followed by N-benzylation under mild basic
conditions furnished the N-benzyl azepane 11 (82% yield
over two steps) which upon treatment under Mitsunobu
conditions (pNO,PhCOOH, DEAD, PPh;) yielded the
protected piperidine b-iminosugar C-glycoside 12 (77% yield)
along with some azepane 13 (10%) (Scheme 4).

Scheme 4. Synthesis of pD-Iminosugar C-Glycoside 12
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In conclusion, we have developed a flexible strategy
to access both L- and Dp-iminosugar-C-glycosides from
a common and easily available precursor, the 6-azido-6-
deoxy-2,3,4-tri-O-benzyl-p-glucopyranose 1. Our approach
is based on the generation of an electrophilic [5,6] bicyclic N,
O-acetal 3 and exploits the ability of S-hydroxyazepanes
to undergo skeletal rearrangement. This methodology is
powerful as it allows introduction of additional structural
diversity at C-6 leading to fluoro-, chloro-, and azidopi-
peridines. This work highlights the synthetic potential of
polyhydroxylated azepanes. Such an approach appears
general and should, in principle, be applicable to other
glycosides. Work in this direction is in progress.
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