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ABSTRACT

1. (NH4)2Ce(NOg)e
o 2. Hy, PAIC o
22 -48% NHAc
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Radical addition —reduction —acetylation is the simple three-step sequence for the synthesis of branched-chain glycosamines 3 from glycals 1

and nitromethane (2). The intermediary formed 2-
disaccharides.

C-nitromethyl-pyranosides are valuable precursors for the synthesis of C-2 branched

Glycosamines represent important biomolecules, which havecosaminesl from 2-uloses require many stepsThe best
been discussed as potential drugs for the treatment ofapproach until now is Chmielewski’'s [2 2] cycloaddition
arthritis! In the N-acetylated or -sulfated form they are to glycals, which affords the-gluco andp-galactoconfig-
constituents of the naturally occurring polysaccharides éhitin ured products in moderate yiel#s.

and heparif.More recently, glycosamine analogs have been Herein we describe a convenient and general two-step
investigated as promising candidates for enzyme inhibttion. entry into branched-chain glycosamirielsy radical addition
Attractive structures are C-2 branched glycosamineghich of nitromethane %) to glycals3 and subsequent reduction.
have been incorporated into unnatural sialic aéids. The new method is applicable to hexoses, pentoses, and di-

However, very few synthetic procedures for preparing such

analogsdl exist in the literature. The epoxide opening of 2,3-

anhydropyranosides by nitrile containing reagents and sub-

sequent reduction is not always applicable for their con-
struction, due to the formation of the wrong regioisorher.

In contrast, the selective syntheses of C-2 branched gly-
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saccharides, and provides 2-deoxy-hitromethyl-pyrano-
sides 4 as intermediates, which allow access to further
functionalized carbohydrate 2-C-analogs.

Cerium(lV) ammonium nitrate (CAN) is a versatile one-
electron oxidant for radical generation with manifold uses
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in organic synthesis that were summarized in a recent G

review? We developed the first €C bond formation with
this reagent in carbohydrate chemistry, with a special

Table 1. Addition of Nitromethane Z) to Various Glycals

emphasis on the addition of malonates to glyéalslore

recently, we became interested in the reaction of other CH
acidic substraté and the transformation of the addition
products'? However, two adjacent acceptor groups were
essential in the precursors, for the radical generation with
CAN under mild conditions.

The synthesis of the branched-chain glycosamites
required the addition of nitromethan®)( which reacts with
cerium(lV) ammonium nitrate (CAN) much slower than
dimethyl malonate or other nitroalkan®$. Furthermore,
applications of nitroalkyl radicals in carbohydrate chemistry
were hitherto unknown. Therefore, we first optimized the
conditions for the reaction of nitromethar® (ith thegluco
configured glycals3a and 3b (Table 1, entries 1—6). No
conversion of tri-O-acetyb-glucal (3a) was observed with
the conventional CAN protocol (method A), even with 10
equiv of the CH acidic precursor (entry 1).

In contrast, tri-O-benzyb-glucal (3b) afforded decom-
position products under such conditions (entry 4), due to
undesired deprotections and Ferrier rearrangeméfitsere-
fore, we added sodium hydrogen carbonate to the reaction
mixture (method B), which was advantageous for the addition
of malonated? but no conversion was observed (entries 2
and 5). Thus, stronger bases for the deprotonation of nitro-
methane?) were required, since the corresponding nitronate
anion is oxidized by cerium(IV) ammonium nitrate (CAN)
much fastet3 Best conditions were found with 10 equiv of
nitromethane Z), 2 equiv of KOH, and 4 equiv of CAN
(method C). Although tri@-acetylp-glucal (3a) underwent
deprotection, the benzylated glu@ reacted smoothly at
0 °C. Finally, the 2-deoxy-2-C-nitromethyl-pyranosidés
were isolated in 71% yield in analytically pure form (entry
6, Supporting Information). The diastereoselectivity of the
addition of nitromethane was clearly in favor of the equatorial
attack @luco/manno5:1), but somewhat lower than the
corresponding reaction of malonategucdmanno6:1)1?
This result can be rationalized by the sterically less demand-
ing nitroalkyl in comparison to malonyl radicals.

The successful method C was applied to other benzyl
glycals 3c-g, which are easily available on a large séale.
Thus, tri-O-benzylp-galactal 8c) afforded the 2-deoxy-2-
C-nitromethyl-pyranosidedc in similar yields and stereo-
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3a—g
entry method® nitromethyl pyranoside 4°
OAC OAC No
2
ACO O 2(10 equ1v) AcO o+ AO ofo)
AcO MeOH AcO ACO
gluco-4a manno-4a  QOMe
1 method A no conversion
2 method B no conversion
3 method C deprotection
OBn OBn
OBn ) NO,
Bnoﬁo) 2 (10equiv) gpo Q e 0
BnO >  MeOH BnO ® Bno
3b LY gluco-4b ? manno-4b  OMe
4 method A decomposition
5 method B no conversion
6 method C 59% 12%
OBn i CBn_ogn OBn OBn
OBn 2 (10 equiv) NO,
‘ﬁo} method C %o . 0
_— Me
7 BnO = MeOH BnO 0 BnO
3c 0°C galacto-a¢ (55%) talo-4c (10%) OMe
2 (10 equiv) NO,
BnO Q_  methodC  BnO Q + BnO 0
o 2
3d 0°C xylo-4d (28%) lyxo-4d (20%) OMe
2 (10 equiv) o o
0, method C OMe BnO
BnO
9 " = MeOH W”Oz * NgMe
0°C Bro 90BN BnO 2
BO 3¢ arabino-4e (31%) ribo-4e (8%)
Bno%
BnO
OB
OBn "
BnO Q,
BnO . BnO
BrO OBn 2 (10 equiv) malto-4f (58%) —NO2
I} O method C
BrOA— MeOH
10 3f
BnO
BnO NOZ
epl-malto-4f (1 2%)  OMe
OBn_op,
© 8 CBn
BnO o Q
BnO BnO OMe
OBn
o5 0B 210 equiv) lacto-4g (59%) Oz
BnO Oﬁo) method C N
11 B0 B0 “hoon
3g 0°C OBn_oBn 0B
o "NO,
BnO 0 -0
BnO BnO
epi-lacto-4g (9%)  OMe

aMethod A: 4 equiv CAN. Method B: 4 equiv CAN, 4 equiv NaHGO
Method C: 2 equiv KOH, then 4 equiv CAN, MeOH, °C. ° Yields of
isolated products after column chromatography.
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selectivities (Table 1, entry 7). The produdts, 4f, and4g
were obtained in almost identical diastereomeric ratios
(entries 6, 10, and 11), since the unsaturated rings have
always thegluco configuration. In contrast, for tharabino
isomer3ethe 2-deoxy-2c-nitromethyl-pyranosidarabino

4e was the main product (entry 9), due to thgeudoaxial
O-benzyl group in the 3-position. Thianti attack of the

Org. Lett, Vol. 10, No. 7, 2008



radicals to functional groups in the 3-position is in accord- || GEGKGTGTGTNNGN

ance with our previous studies with dimethyl malon@te. Scheme 2. Reductions of the Nitromethane Addition Products
The methyl glycosides are formed by CAN oxidation of the 4b—g to the Branched-Chain Glycosamingsand1
add_ucl:t. radical$ to cations6 and trappipg With.the solvent, 0oBn method D: 1. LiAlH,, THF, 65 °C OR
exhibiting excellent 1,2trans selectivity, which can be BnO%OM 2. Ac;0, pyridine Rg%we
. . . . . e
explained by a neighboring effect of the adjacent nitro group B0 NO, method E: 1. Hy (40 bar), Pd/C, NHAc
(Scheme ]_) gluco-4b MeCH, 20 °C
2. Ac,0
method D R =Bn 7b (83%)
Scheme 1. Mechanism for the Formation of the Methyl 0Bn gy OR oRr
Glycosides4 via Radicals5 and Cation$ Q - Q
MeOH ke NgMe "o Ngf ;
0 CAN o) o) 2 C
Bn0>/ -_>Bn0/ ‘—Bnoy / galacto-4c
® N method D R =Bn 7¢ (81%)
5 N0 NO; g O 4 method E R=H 1c(77%)
Oy BnO Q RO 0
Bng%/OMe R;%/OMe
NO, NHAc
xylo-4d
_ ) method D R =Bn 7d (78%)
Pentosesd and 3e gave lower yields (entries 8 and 9), method E R=H 1d(78%)
due to the formation of oxidative side-products. However, o7 oMe 0~ 7™~ OMe
the desirecylo (4d) andarabino(4e) isomers were isolated @\ﬁmz O%KNHAC
in analytically pure form by column chromatography. Finally, BnO br.’ . RO
disaccharide8f and3g reacted smoothly with nitromethane arabmo-te method D R =Bn 7e (82%)
(2) to afford the 2-deoxy-Z-nitromethyl-pyranoside4f and method E R=H 1e(75%)
49 in good yields (Table 1, entries 10 and 11). oen o R
. . BnO
In summary, we could apply CH acidic radical precursors 50 o3n RO or
with only one acceptor group in carbohydrate chemistry for B”OO o —_— ROL Q
the first time. Since benzyl glycal8b—g can be easily BnO NOOMe RO NHiMe
synthesized on a large scale and nitromethane is a very maito-4f : ethod D n=on 7109 ¢
inexpensive reagent, the one-step procedure offers an easy method E =H 1f(71%)
access to Z-nitromethyl substituted hexoses, pentoses and  ogn OBn OR OR
disaccharides in moderate to good yields. The regioselectivity o= RO& :
. .. .y BnO ——
is excellent for all additions, due to the electrophilic character BnO BnO o OMe
of the nitroalkyl radicals and good to high stereoselectivities lactodg NFiAe
were observed. The experimental procedure is very conve- method D R = Bn 7g (80%)
method E R= H g (73%)

nient, since the excess of the radical precursor can be easily
removed by distillation and all products were isolated in
analytically pure form by column chromatography (Support-
ing Information). Finally, the nitro group allows various

further transformations and the 2-deoxy-2-C-nitromethyl-
pyranosidest may serve as precursors for the synthesis of Supporting Information).

C-disaccharide¥ In conclusion, we have developed a rapid two-step entry
To gain access to the required C-2 branched-chain gly- into branched-chain glycosamines from glycals. For the first
cosamined, the nitro group had to be reduced and various time, nitromethane was applied in transition-metal-mediated
methods for this transformation have been described in radical reactions in carbohydrate chemistry; these afforded
literature!’” First we selected the reaction with lithium 5. -deoxy-2-C-nitromethyl-pyranosides in moderate to good
aluminum hydride (method D), which after acetylation yje|ds with high stereoselectivities. The method is applicable
afforded the protected amid&sn good yields (Scheme 2). o hexoses, pentoses, and disaccharides, and the addition
In contrast, catalytic hydrogenation (method E) reduced the products are valuable precursors for the synthesis of C-2
branched disaccharides. Reduction of the nitro group was
(15) (@) Tolstikov, A. G.; Khakhalina, N. V.; Spirikhin, L. \6ynthesis — gccomplished by two different methods that allowed the
o s e o o0 8 755 () Messnood & oAz S direct synthesis of protected or unprotected branched-chain
F.; Pfeiffer, B.; Golsteyn, R.; Prudhomme, Netrahedron Lett2004,45, glycosamines. Future work will focus on various further
4643. (d) Madhusudan, S. K., Agnihotri, G.; Negi, D. S.; Misra, A. K- yransformations of the nitro group, like Henry reactions,

Carbohydr. Res2005, 340, 1373.
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nitro group and cleaved the benzyl protecting groups in the
same step, and the C-2 branched glycosamihesere
isolated in good yields in analytically pure form (Scheme 2,
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which should provide access to a variety of C-2 branched Supporting Information Available: Experimental pro-
saccharides. cedures and full characterization for all new compounds. This
, material is available free of charge via the Internet at
Acknowledgment. This work was generously supported

http://pubs.acs.org.
by the Fonds der Chemischen Industrie and the Deutsche p-/ipubs.acs.org
Forschungsgemeinschaft (Li 556/7-3). OL703062S

1364 Org. Lett, Vol. 10, No. 7, 2008



