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Cross-metathesis reactions of o-1-C-allyl-1-deoxynojirimycin derivatives 7a,b and various functionalized alkenes mediated by Grubbs’s catalyst
3 are reported. The reactions showed reasonable to very good yields and excellent E/Z selectivity. This methodology allows the efficient and
convergent synthesis of iminosugar C-glycosides with a great degree of structural diversity in the aglycone, opening the way to a variety of
new glycoconjugate mimetics of biological interest.

Iminosugars form probably the most fascinating class of disorders. First successes are being recordédiutyl-1-
carbohydrate mimetics reported so far. Historically, they are deoxynojirimycin has recently been approved by the EMEA
best known for their role as powerful glycosidase inhibifors, (European Agency for the Evaluation of Medicinal Products)
but more recently, the scope of their biological activities has for the treatment of type 1 Gaucher disease, a severe
been extended to the inhibition of various carbohydrate- lysosomal disordet.New exciting applications are being
processing enzymes such as glycosyltransfetames nu- uncovered. For examplay-alkyliminosugars have been
cleoside phosphorylasésince these enzymes are involved found to reversibly induce infertility in male mice, opening
in a number of fundamental biological processes, iminosugarsthe way to a nonhormonal approach to male contraceftion.
have recently entered the clinical field for assessment of their Considering the high potential of “azasugars” for drug
therapeutic potential in a wide range of disedsies]uding discovery, general and efficient approaches to stable deriva-
viral infection, tumor metastasis, and lysosomal storage tives such as iminosugaf-glycosides are still needed to
facilitate the exploration of new biological targets and the
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finding of more selective/potent inhibitors. Recently, we using 4 equiv of CAN in a two-phase system (THRN!?
reported a general strategy for the practical synthesis ofin 35—50% yield to furnish the iminosug&a (Scheme 1).
nojirimycin C-glycosides and analogues bearing an olefinic  This unsatisfactory process prompted us to find a new
group at C-1 (Scheme I)Starting from these advanced protective group for the endocyclic amine that could be
selectively removed in the presence of benzyloxy groups and
that would be resistant to the strongly acidic conditions
needed for the cleavage of the acetal functioho achieve

this aim, we applied successfully our initial synthetic
strategy to the 2-naphthalenemethyl (NAPprotected imine

Scheme 1

10 steps AcO

BnO obtained from4 instead of the correspondiniy-benzyl
R'g"/; ACO = derivative (Scheme 2). Condensation of aldehgdebtained
CAN (4 eq.) Acg"o N Mes=NNTMes Scheme 2
o e G 7 steps o} ab
THF/H;0 A0~ “ I}’CY3 Ph L-sorbose —»p —
35-50% 2a 3 64% o= OBn n=176%
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intermediates, we investigated olefin cross-metathesis

c,de f
powerful methodology to a wide range of functionalized H — AcQ  ——
iminosugar-based building blocks. These extended glyco- NAP” . OBn n=175% n=186%
mimetics can be further transformed into neoglycoconjugates < ) n=068% n=0 83%
mimicking glycoproteins, glycolipids, and sugar nucleotides, n=13a
as well as into dendrimers. n=0 Sb

. . de > 98%
Although ruthenium-carbene catalysts have been widely
used in carbohydrate chemistry for ring-closing metathesis, BrO
there are relatively few examples of selective cross-meta- gorh Ao NZ
thesis!® Taking into account the concomitant self-metathesis 7=CHO n=1 95% BnO s
reactions, the number of unproductive catalytic pathways, Z=Troc n=1 95% CHF

n

and the reversibility of all reactions involved, selective cross-
metathesis of two complex alkene derivatives containing
various functional groups represents a great challenge in
organic synthesis. In the case of iminosugars, an additional
issue is the presence of the endocyclic amino function that *Reagents and conditions: (a) NAP1.05 equiv), CHCI,

; molecular sieves, 4C, 2 h. (b) AllMgBr or vinyIMgBr (3 equiv),
could det?ntlally cf:elate t'?.e tmetE[aI ce;nt(;:r anc:c thus form ether, 0 to 20C. 24 h. (c) TEA/HO (9/1). 30 h. (d) NaBKCN (4
unproductive complexes. First attempts to perform cross- ¢ i) "AcOH (1 equiv), MeOH, 30 h. () A@ (6 equiv), Py, 5 h.

metathesis reactions with Grubbs cataly®tysing1 or its (f) DDQ (3 equiv), CHCl/MeOH, 1 h. (g) HCOONa (2.5 equiv),
hydrochloride saltd failed under various experimental PivCl (2.5 equiv), CHCl,, 8 h. (h) TrocCl (1.5 equiv), Py, 2 h.

conditions. The replacement of the endocyclic amine by a \

less coordinating function required finding experimental NAP =~ OO
conditions for the selective and efficient deprotection of the

endocyclic tertiary amine. After various attempts, it was
found that theN-benzyl group inl could be removed by

Z=Troc n=0 93% Z=CHOn=1 Ta

Z=Troc n=1T7b
Z=Troc n=0 7c

in seven steps and 64% vyield fromsorbos€? with
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2, 2971.
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3. (gl)e(cf;eg SARHQ%W CgerIEChlnt Egzooa 4é010900%19 )3 by flash chromatography. The three-step sequence of depro-
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yields and high diastereoselectivities. TNenaphthalene-

methyl protective group was selectively and efficiently 1 p1e 1. Ruthenium-Catalyzed Cross-Metathesis of

removed in the presence of 3 equiv of DBQand the  |mino-C-glycoside7 with Olefin 8 Using 10 Mol %3
resulting secondary amineab were formylateé¢f or

- A, ) Entry 7 8 (eq.) product’ yield
protected with a Troc group to provide iminosugaia 77— (%)
82% vyield for the two steps.

Starting froma-1-C-allyl-1-deoxynojirimycin analogues BO~ ncHo
7ab, the cross-metathesis reaction was first investigated with 1 7a A Cogt Ac&;%\/\ 96°
o,B-unsaturated ester, sulfone and phosphoBatee (Table 8a (3) Ao
1, entries +4). These alkenes were chosen because of the 9
utility of their functions as reagents or chemical intermedi- BoS 2
ates. For exampl&)-amino ester®ab may be regarded as Ao ™
sugar amino acid (SAA) mimics: such compounds are useful 2 7b 2 COEt oo 92
building blocks for the assembly of oligosaccharide- or 8a(3) 7="Troc 9h
peptide-mimetic librarie$? phosphonat®d is an advanced gE 7=H 10
precursor of sugar nucleotide analogues. In a typical experi-
mental procedure, a solution of (0.06 M in dichlo- BOS  NTroc
romethane) was refluxed in the presence e82quiv of8 3 7b 250 Ag%%\/\ 50°
and 5-10 mol % Grubbs catalys8] for 20 h. Under these 8b (3) A~ sopn
conditions, the expected iminosugatsglycosides9a—d 9%
were obtained in 5696% yield and with excellent stereo- BrOS  \iTroc
selectivity, as the K)-stereocisomer was the only product - P Acﬁg%\/\ e
detected by NMR spectroscopy. The lower yields obtained ) -
for compound®c and9d were due to homodimerization of 8c(2) .
7b (9e was isolated in around 25% vyield in both cases).
Iminosugar7b was independently homodimerized to give
efficiently the pseudodisaccharide in 85% yield (entry 7 B 85
5). The cross-metathesis reaction was also performed with
aromatic olefins8d,e. The reaction of7b with 3 equiv of
4-bromostyrene8d led to the formation of the expected
product 9f in 45% vyield together with 52% yield of
homodimer9e Dimerization of the iminosugar moiety could 6 7b /\©\ 45°
be suppressed successfully by using 5 equiv of the aromatic Br
olefin as was shown with 2-vinylnaphthalene (Table 1, entry 84 3)
7). Another powerful application of this methodology is to
provide C-linked pseudoglycolipids or glycopeptitfethat
can be used for the synthesis of biorelevant glycoconjugate 7 7b 90!
mimetics or as building blocks in combinatorial synthéS8is. 8e (5)
The metathesis reaction betwe@h and enantiopure 9g
protected diol8f or oxazolidine8g led to the formation of B0 NTroe
the expected iminosugag-glycosides9h,i in high yields A Aﬁ%
(entries 8 and 9). ThK-Troc protecting group of iminosugar 8 7b o@ 7 o 88"
9b was selectively removed using Zn in AcOH/etieio o

yield the secondary endocyclic amib@that could be further 8 (5) @
functionalized to obtain potential glycosyltransferase inhibi-
B

h
tors on the basis of a bisubstrate conédpable 1, entry AO"O NTroc
2) /\(\o (;BnO
OA t
To further explore the scope and generality of this method, ? 7b B°°N7L 7 o 87
the cross-metathesis reaction was performed withstie 82 (5) BocN

C-vinyl-1-deoxynojirimycin derivativel5 and itsa-epimer o

(15) (a) Xia, J.; Abbas, S. A.; Locke, R. D.; Piskorz, C. F.; Alderfer, J. ag/Z > 20/1.PIsolated yield.c Performed with 5 mol % catalys®

L.; Matta, K. L. Tetrahedron Lett200Q 41, 169. (b) Wright, J. A.; Yu, J.; relative to7a. 9 Dimer 9e (25%) was also isolated.Dimer 9e (52%) was
Spencer, J. BTetrahedron Lett2001, 42, 4033. also isolated’ Performed with 20 mol % cataly8trelative to7b. 9 Zn (30
(16) Bringmann, G.; Ochse, M.; Michel, Metrahedror200Q 56, 581. equiv), EtO/AcOH (2/1), 3 h, 90%.

(17) Gruner, S. A. W,; Locardi, E.; Lohof, E.; Kessler, Bhem. Re.
2002 102, 491.

(18) Dondoni, A.; Marra, AChem. Re. 2009 100, 4395. analogue7c. The fully protecteds-configured iminosugar

ggg Eﬁggve,f?{;ai‘:g%zmac;?rR't;e'”,t\)lF?gﬁnﬁa‘ué..zﬁ%n T. Fukuyama, 1B Was synthesized in seven steps and 30% overall yield

T.J. Am. Chem. So@002 124, 6552. from aldehydet (Scheme 3). Previous studies in our group

Org. Lett.,, Vol. 5, No. 18, 2003 3271



hydrolysis of the isopropylidene group provided the diaste-

Scheme 3 reomerically pure pseudé-b-gluco productl4. N-For-
o o mylation of the endocyclic amine followed by acylation of
oQ a oQ b the hydroxyl groups at C-2 and C-4 afforded the protected
O_i d oBn qu_a;. N oBn E’ B-1-C-vinyl-1-deoxynojirimycin analoguess.
OBn OBn In sharp contrast with findings fax-1-C-allyl-1-deoxy-
4 | 11 nojirimycin analogue§ab, exposure of3-1-C-vinyl deriva-

tive 15 to various olefins §a,c,d,g) using 5-20 mol %
Grubbs catalystd) led to almost complete recovery of the
starting material (less than 5% conversion accordingHo
NMR and mass spectroscopy). In addition, attempts to
perform ruthenium-catalyzed cross-metathesis-&fC-vinyl

de > 98%

derivative 7c with ethyl acrylate 8a) or its self-metathesis
R=allyl 12 74%l f.9 reaction proved to be unsuccessful. These results may be
R=H 13 reasonably explained by greater RO chelation possibili-
80% B0~ _NcHo ties® and increased steric hindrance due to close proximity
éﬁ%% of the reacting alkene and the bulky iminosugar moféty.

In conclusion, we have reported the first example of cross-
15 metathesis reactions with iminosug@rglycosides. The

a Reagents and conditions: (a) AllyINH1.1 equiv), CHCl,, results obtained frorm-l-C—aIIyI-'l-de_o.xynojirimycin ana-
molecular sieves, 4C, 2 h. (b) VinyIMgBr (3 equiv), ether, 0 to  logues7ab demonstrated the simplicity and the power of
20°C, 24 h. (c) Pd(PPju, NDMBA (2.1 equiv), CHCl,, 35°C, cross-metathesis reaction to rapidly generate iminosugar
3 h. (d) TFA/HO (9/1), 36 h. (e) NaBECN (4 equiv), ACOH (1 C-glycosides with a great degree of structural diversity in
equiv), MeOH, 24 h. (f) HCOONa (2.5 equiv), PIvCI (2.5 equiv),  the aglycon moieties. This practical and selective methodol-
CHoClz, 8 h. (9) AcO (6 equiv), Py, 16 h. ogy provides new avenues for the synthesis of glycoconjugate
mimetics of biological interest. Efforts toward this aim are
indicated that the amine function of the sorbofuran®®e  currently in progress in our laboratory.
had to be deprotected before the reductive amination step to
obtain high stereocontrol at C-5. Allylamine was used as a Acknowledgment. Financial support of this study by
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