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Abstract: This article describes an efficient synthesis of a potent trehalase inhibitor, 1,1'-N-linked
pseudodisaccharide 1 (consisting of two valienamines), in 14 steps with an overall yield of 12% and a first
synthesis of 2 (consisting of two 2-epi-valienamines) in 15 steps with an overall yield of 24% from (—)-
quinic acid. The synthesis involves a stereospecific palladium-catalyzed coupling reaction between an allylic
amine and an allylic chloride as the crucial step. The acetonide blocking groups were shown to be the best
hydroxyl protecting groups, compatible with the palladium-catalyzed allylic amination reaction that afforded
high yields of the 1,1'-N-linked pseudodisaccharides with a minimum amount of an elimination diene side
product.

Introduction synthesis from |)-quinic acid 3 have already produced
validamine’ valiolamine and its diastereomérsalienamine,
and 2epivalienaminé.

The present article further demonstrates the versatility of this

avenue in the facile syntheses of "i\tlinked pseudodisac-

The chemotherapeutic potential of sugar-mimic glycosidase
inhibitorst as antidiabetic, anticancer, and antiviral agents has
been recognized and has stimulated demand for these com-

pounds Valienaminé is a natural amino pseudomonosaccharide charidesl and2, involving a stereospecific palladium-catalyzed

and an important component of the poweréub-glucosidase . . : : . .
- . - . . coupling reaction of an allylic chloride with an amine as the
inhibitor acarbose. Acarbose, an oral-active antidiabetic medi- key step

cine# contains three monosaccharides and one valienamine unit
linked togetheP.In view of acarbose bioactivity, 1'-N-linked

pseudodisaccharidds(consisting of two valienamines) arid

(consisting of two 2epi-valienamines) are required for inves- Hob "N Hob "N b e Q
tigation as glycosidase inhibitors. Furthermore, thesé&N;1

linked pseudodisaccharides resemble trehalose (1,&-bis- Z-ephValienamine
glucose) structurally and therefore are potential trehalase
inhibitors! Indeed,1 was shown to be a strong inhibitor g€
3.85x 1078 M) against trehalas&The total synthesis df had

been reported by Ogawa et &ktarting from a racemic Diels

Alder (furan-acrylic acid) cycloadduct and involving an epoxide
opening with an amine as the key coupling step that proceeded
with poor regioselectivity. On the other hand, no synthesi of
has been published. Our endeavors in amino pseudosugar

Valienamine 1,1-bis-Valienamine 1
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Scheme 1. Syntheses of Allylic Chloride 13 and Protected Table 1. Coupling Reactions Using Allylic Chlorides and Amine
Valienamine 152 with Other Protecting Groups
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12R=0H -0 /AL Ny —= /o iNH aReagents and conditions: Pd(dba/MPP, CHCN, 50°C.
o o . , . :
0)14< °>15< Palladium-catalyzed coupling reactiéwof allylic choride13

with aminel5using TMPP® as the ligand proceeded smoothly

* Reagents and conditions: (a) Three steps, 62%, see ref 10; (b) DIBALH, o4 oy temperature, affording the desired pseudodisaccharide

THF, 0°C, 78%; (c) 2 equiv of BzCl, pyridine, DMAP, room temperature,

95%; (d) RuC4, NalOy, EtOAC/CHCN/H,O (3:3:1, VAviv), 3 min, O°C, 16in 78% yield and the undesired dieh@in 15% yield. Other

94%; (e) 1 equiv of BzCl, pyridine, DMAP, room temperature, 99%; () protecting groups (acetate, carbamate, and MOM) at C-2, which
SOCL), pyridine, CHCI,, 0°C to room temperature, 85%; (g) TFA, QEl,, i i i i i

H20. room temperature. 93%: (h) TBSOTH Bt CHoCl. —78 °C: () are sho(:/vn in TabI(_e 1, were exam_lne_d but gave inferior yields
K»COs, MeOH, room temperature; () 2,2-dimethoxypropapeTsOH, (42—57%) c_)f the.dlsacchandes with |ncrea§ed amount; of the
CH,Cly, room temperature, 65% from step h; (k) TBAF, THF, room corresponding diene (2438%). The acetonide group ih5
temperature, 90%; (I) PRhCCLy, reflux, 83%; (m) MsCl, BN, CH,Cl,, 0 induced the least steric hindrance and hence gave the best yield

°C to room temperature; (n) Ld\ DMF, reflux, 80% from step m; (0)

PPh, NHs(aq), pyridine, room temperature, 90%. of pseudodisaccharid&6. The formation of the diene side

product 17 is attributable tos-hydride syn-eliminatioR? a

Scheme 2. Synthesis of 1,1"-bis-Valienamine 1¢ rationalization supported by the absence of diene in the coupling
RO RO SR °>< reaction of28 (no synhydride). The R)-configuration of the
134152 R'obwﬂn--QOR' + Cgo N-linkage in16 was confirmed by an X-ray analysis, and thus
d or OR' o><""o the allylic substitution reaction occurred with retention of

o[ BRRERRECER: g configuration of the allylic chloring. Acidic hydrqusis the_n
o 1R=R=H afforded the target molecule 1;M-linked pseudodisaccharide
18R=R=Ac 1,616 which was also characterized as its octaacet&teThe

“ Reagents and conditions: (a) Pd(dbdMPP, EtN, CHCN, room — gpecific rotation andH- and3C NMR spectral data of8 are
temperature, 78%; (b) TFA, GEl,, H,O, room temperature, 93%; (c) in agreement with those in the literatifre

Ac,0, pyridine, DMAP, room temperature, 89%.
) . ) - The route to 1,this-2epivalienamine? is shown in Schemes
carbonyl groups ir4 afforded diol5, which was esterified to 3 gnd 4. Our previous wofkhas indicated that<)-quinic acid

dibenzoate6. Stereoselective flash dihydroxylatidnof the 3 could be converted into alkeri®in five steps. Benzoylation
alkene_|n6 was controlled by the allyli@-benzoate, affording 4 19 afforded dieste0, which was dihydroxylated to give
the a-diol 7. a-diol 21. Regioselective esterification @fL furnished triben-

Regioselective benzoylation of the more reactive secondary ,5te 22 which underwent dehydration according to our
alcphol in 8 according to our pr'otoc?ﬂ prod.uced. alkgné), protocoP2 to give alkene23. Deacetalization of aceta?3
which was hydrolyzed to form didlO. Selective silylation of afforded diol 24, which reacted with Viehe's saftto form

the allylic alcohol in10 followed by debenzoylation and then .o ocarbamat@s. Debenzoylation of5 furnished triol 26,
acetonation of the liberated tetraol afforded diacetal silyl ether ;'\ hich the 4.6-diol was acetalized to give 4Bacetonide

11in good overall yield. The silyl group il was removed to 27. The carbamate group was removed with DIBALH, and the
give allyl alcohol12, which was converted into allylic chloride resulting diol was acetalized to give diacetonid. The
13. On the other handl2 was mesylated, and the resulting '

mesylate was displaced with LiNo give allylic azide14.12 (14) (a) Trost, B. M.: Cossy, d. Am Chem Soc 1982 104 6881-6882. (b)
Stauding€'® reduction of the azide functionality it4 furnished Geri¢, J. P.; Balabane, MTetrahedron Lett1983 24, 2745-2748. (c)

i i i g 12 Heumann, A.; Reglier, M. Tetrahedron1995 51, 975-1015. (d) Kim, K.
the desired COUp“ng partner aIIyllc amidé. S.; Choi, S. O.; Park, J. M.; Lee, Y. J.; Kim, J. Fetrahedron: Asymmetry
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Scheme 3. Syntheses of Allylic Chloride 28 and Protected
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Table 2. Inhibitory Activities (ICsp) of 1 and 2 against
a-Glucosidase (Baker's Yeast) and Trehalase (Rat Intestine)?@

trehalase

0.017x 10°6M
>1000x 1075 M

o-glucosidase

79x 10%M
400x 10°6M

compoundl
compound?

aActivity of a-glucosidase was assayed usipenitrophenyl a-p-
glucoside (1 mM final concentration) as the substrate in 50 mM sodium
phosphate buffer pH 6.7 at 30C for 30 min. Enzyme activity was
quantitated by measuring the absorbance at 405 nm. Trehalase activity was
assayed using trehalose (40 mM final concentration) in 100 mM potassium
phosphate buffer pH 6.3 at 3T for 30 min. Glucose concentrations were
determined by the glucose oxidase/peroxidase method.

reaction occurred with retention of configuration of the allylic
chloride 28. Deprotection of32 furnished the target molecule

2 for the first time in 92% yield. The structure and stereochem-
istry of 2 were assigned from the COSY and NOESY spectra
and the stereochemistry at C-1 and C-2 from the coupling

aReagents and conditions: (a) Five steps, 63%, see ref 8b; (b) 2 equivConstants ;> = 7.3; Jo.3 = 2.4 Hz).

of BzCl, DMAP, pyridine, 0°C to room temperature, 90%; (c) Os®IMO,
acetone/HO (4:1), room temperature, 99%; (d) 1 equiv of BzCl, DMAP,
pyridine, 0°C to room temperature, 98%; (e) SQQbyridine, CHCly, 0
°C to room temperature, 92%; (f) TFA,2B, CHCl,, room temperature,
98%; (g) (CH)2NT = CCLCI~ (Viehe's salt), EfN, CH,Cly, reflux, 88%;
(h) K2COs, MeOH, room temperature, 85%; (i) 2,2-dimethoxypropane,
p-TsOH, acetone, room temperature, 89%; (j) DIBALH, THR@to room
temperature; (k) 2,2-dimethoxypropapel sOH, acetone, room temperature,
79% from step j; (I) SOG| EtsN, CHyClp, 0 °C; (m) LiN3, DMF, room
temperature, 64% from step I; (n) €03, MeOH, room temperature; (0)
2,2-dimethoxypropang-TsOH, acetone, room temperature, 87% from step
n; (p) PPR, NHz(ag) pyridine, 99%.

Scheme 4. Synthesis of 1,1'-bis-2-epi-Valienamine 22

O Q9 HO HO, OH
>< b H Q b H Q
O N -.|o>< HO!" anNine IOH
0_0 o] HO  OH OH
>
32 2

aReagents and conditions: (a) Pd(dha)MPP, CHCN, E&N, room
temperature, 94%; (b) TFA, 4@, CHCl,, room temperature, 92%.

28 + 31

structure and stereochemistry28 were confirmed by an X-ray
analysis.

Toward the construction of its coupling partner, d2dlwas
converted into the corresponding cyclic sulfite, which then was
ring-opened with lithium azide to form allylic azid@9.
Debenzoylation 029 followed by acetonation gave diacetonide
30, which underwent Staudinger reactiéo give amine31L

Palladium-catalyzed coupling reactiéof allylic choride28
with amine 31 afforded 1,1-N-linked pseudodisaccharidg?
in trans-orientation of NH-1, and OR-2 is evident from the
coupling constants){ ; = 6.6;J, 3= 2.1 Hz). Thus, the coupling
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Preliminary biological evaluation of and 2 afforded their
inhibitory activities againsti-glucosidase and trehalase and are
shown in Table 2. 1,1bis-Valienaminel (with configurations
at C-1 to C-4 that resemble thosedrglucose) is demonstrated
to be a moderate-glucosidase inhibitor but a potent trehalase
inhibitor, whereas2 (with configurations at C-1 to C-4 that
resemble those irp-mannose) is demonstrated to be an
insignificant inhibitor, indicating not only the structural but the
subtle configurational importance of glycosidase inhibitors. The
detailed biological evaluation dfand2 toward these and other
glycosidases are under investigation and will be reported
elsewhere.

Conclusion

An enantiospecific synthesis of 1;his-valienaminel and a
first synthesis of 1,'tbis-2-epivalienamine2 were achieved in
14 and 15 steps from~)-quinic acid3 with overall yields of
12 and 24%, respectively. Intense research for the production
of other 1,1-N-linked pseudodisaccharides for biological evalu-
ation according to this avenue is in progress.
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