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ABSTRACT
0 NH,
O._OMe HO )l O _,OMe I O _OMe
l J, — L L
X HO™ “0OBn HO™ “NH,
OBn OBn OH
X=0Bn, N3 L-iduronic acid neosamine B

The syn-selective addition of organozinc compoundsto 4 o-epoxypyranosides (4 a-EPs), generated from methyl  f8-p-glucoside or aminoglucoside,
provides an efficient route to pyranosides with o-L-ido configurations, including  L-iduronic acid, neosamine B, and higher monosaccharide
derivatives.

Unsaturated pyranosides such as glycals are used extensively The efficient formation ofx-C-glycosides viagn-selective

in carbohydrate and natural products synth&€ime wide- ring openings ofr-epoxyglycals has been achieved with mild
spread application involves the formation of epoxyglycals organometallic reagents having a significant Lewis acid
by stereoselective addition of dimethyldioxirane (DMDO), character, namely, those derived from alumiritfiboron®
which can be employed as glycosyl donor in the synthesis titanium; zirconium? or zinc? Syndelivery of the nucleo-

of O- andC-glycosideg. 4-Deoxypentenosides (4-DPs) bear phile is assumed to proceed by coordination and simultaneous
a strong structural homology to glycals but retain a stereo- activation of the epoxide by the metal center. Although many
genic anomeric center. The reactivity profile of 4-DPs is of these reagents are likely to be useful fymselective
similar to that of glycals but is somewhat more selective addition to 4-EP$? organozinc halides (RZnX) are most
with respect to stereocontrol. 4-DPs can be epoxidized by appealing with respect to atom efficiency and functional

DMDO in a highly facioselective mannéf, and 43- group compatibility and can be generated by several different
epoxypyranosides (AEPs) can underganti-selective ({2) methodg1!
ring opening to generate novel pyranosides with aaitro 4a-EPs 6 and 7 were derived in good yields from

configuration® 4a-Epoxypyranosides (4o-EPs), which can S-methylp-glucosidel andf-methylb-glucosaminoside,
also be obtained with high stereoselectivitghould be (5) (@) Rainier, J. D.. Cox, J. NOrg. Lett. 2000, 2, 27072700, (b)

equally valuable as precursors itepyranosides. Here We  ajwein, S. P.; Cox, J. M.; Howard, B. E.; Johnson, W. B.; Rainier, J. D.

demonstrate the utility of organozinc reagents &ym- Tet(%a;hBed_rlonZSO%;ISSé1997[—)2(2?9" her. P. Bynlett1099. 137134
. . . . . . ailey, J. M.; Craig, D.; Gallagher, P. Bynlett , - .

se_lectlve ring opening ofdEPs into pyranosides with an (7) Parrish, J. D; Little, R. DOrg. Lett. 2002, 4, 1439—1442.

L-ido configuration. (8) Wipf, P.; Pierce, J. G.; Zhuang, Mrg. Lett.2005,7, 483—485.
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respectively, using an oxidatierdecarboxylative elimination
sequencél® Phthalimide 4 was transformed into azido
derivative 5 by diazo transfer onto the intermediate free
amine'? DMDO oxidations of 4-DP$8—5 were carried out
at —55 °C to produce 4-EPs6—8 with 10:1 o/ stereo-
selectivity and in quantitative yield (Scheme*IJhe 4o-
EPs could be stored at20 °C for several months without
concern for decomposition.

Scheme 1. Synthesis of d-Epoxypyranosidés

OH 1. TEMPO,
0. _OMe NaOCIl,0°C O. _OMe DMDO,-55°C O. .OMe
2. DMFDNpA, (quantitative, & _ .,
HO R DMF, 200 °C R 10:1 o) R
OBn OBn
1: R=0Bn 1. en, BUOH, 100°C 3: R = OBn (76%) 6:R=0Bn
2: R = NPhth 2. TfN3, CuSOq, ’: 4: R = NPhth (62%) 7: R = NPhth
70% MeOH 5: R = N3 (78%) 8:R=Nj3

aSelected abbreviations: DMDO= dimethyldioxirane;
DMFDNpA = dimethylformamide dineopentyl acetal; en
ethylenediamine; Phtl= phthalimide; TEMPO= tetramethyl-
piperidine oxide; TfN = triflyl azide.

The most reliablesynadditions were produced by generat-
ing RZnX species via the transmetallation of organolithium

or Grignard reagents (see Supporting Information). System-

atic examination of reaction conditions revealed that the
presence of excess ZnBsignificantly improved the ef-
ficiency of addition (Table 1); adducts were produced in high
yields using 2 equiv of RZnBr, whereas stronger Lewis acids
such as Zn(OTf)or BR—EtLO were often incompatible with
the epoxide. Furthermore, allyltrimethylsilane and other
electron-rich olefins tended to react poorly with-EPs in

the presence of Lewis acids, in contrast to their efficacy as
nucleophiles irC-glycoside synthesis. These studies suggest

Table 1. Selected Conditions fosyn Addition of 2-Furylzinc
Halides to 4-Epoxypyranosid€ in the Presence of ZnX

N\ /A
0., 0.

. O._OMe ZnX O._OMe
o

QNPhth ZnX, 78 °C to rt HO“‘@NPhth

OBn OBn

7 (10:1 i) 10a

entry furylZnX (equiv) ZnX, (equiv) yield (%)?

1 2 ZnCly (2) 41
2 2 ZnCly (5) 60
3 4 ZnCl; (2) 64
4 10 ZnCl; (2) 76
5 2 ZnBrs (0) 56
6 2 ZnBr; (2) 67
7 2 ZnBr; (5) 83

a Preparation of 2-furylzinc halide in THF: (i) furan;BuLi, THF, —78
°C, 30 min; (ii) ZnX, THF, 0°C, 30 min. Epoxid& was added as a GBI,
solution at—78°C, warmed to 0C, and then stirred for 2 h while warming
to rt. P Isolated yields.
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that ZnBr promotessyn addition by forming an active
complex with RZnBr (see below), rather than by direct
activation of the epoxide. The activation of organometallic
reagents by Lewis acids has been well documented over the
years!3

©IR—HzZn—Br---ZnBr,

The addition of RZnX species toc4EPs 6, 7, and 8
proceeded with high selectivitgynanti > 20:1) for a variety
of sp- and spcarbon nucleophiles, producing the corre-
sponding_-idopyranoside derivatives in good to high yields
(Table 2). For example, 4a-EB was converted into
L-idopyranoside9a in 84% isolated yield, accompanied by
a small amount ofinti adduct and a product derived from
the minor 45-EP isomer (<5% combined yield¥o-EP6
also reacted efficiently with activatedsparbon nucleophiles
such as allylzinc bromide (entry 7) but was less receptive to
additions with (Z)-alkenylzinc agents (entries 10 and 13).
These derivatives could be obtained with higher overall yields
by partial hydrogenation of the corresponding alkynyl
derivatives.

Several of thesynadducts in Table 2 were examined as
intermediates for preparingidopyranosides with natural or
unnatural configurations. In particular, we were interested
to develop novel routes toiduronic acid, a vital component
of heparin and heparan sulfdfe;neosamine B, a 2,6-
diaminopyranoside witb-ido configuration found in several
aminoglycoside antibiotic¥, and higher monosaccharides
with structural analogy to sialic acid and other biologically
active congeners:'8 Syntheses of these sugars typically
involve manipulation of acyclic intermediates, either for
epimerization of the C5 stereocenter in the casesidéironic
acid and neosamine 8% or for chain extension at the
reducing end in the case of higher monosacchafritiédn
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37, 6029—-6033.
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s comparison, 4-EPs enable the stereoselective installation of

Table 2. synAdditions to 4-Epoxypyranoside§—g& carbon fragments at C5 with retention of the pyranose ring
OMe and anomeric configuration.

0._OMe R, O
o RZNX (2 eq)”
x HOTY X ——

OBn OBn . . . .
0 X<0B Scheme 2. Synthesis of -lduronic Acid and Neosamine B
6: X =0Bn : =0Bn .
7 = Nbhih 10: X = NPHth Methyl Glycosides
8: X =Ns 11: X =Nj o
14 o\k"" o OMe oy 7e°c | . 0 ome
entry RZnX prep method® product yield® . , R ’
HO" “oBn  MeS HO" “OBn
/ 1 OBn OBn
1 O\ A 9a 84% %
o~ znBr 10a 83% % 12 (73%)
NHBn NHR
OMe 1. Og; Mess OMe Ha PAOH. L, _o._oMe
2 @\ A 9b 4% [IJ/ 2. BaNH q AGOH, ACOH, 80°C
2, . ot K
s~ “znBr 10b 83% HO" nastion HO' RO NHR
OR
_ 11e 13 (66%) ACOH; — 14: R=H
3 / \ c 9c 69% Acy0, py 15: R = Ac (52%)
S\ ZnBr 10¢c 82%
4 @\ B od 80% L-Iduronic acid methyl glycosid&2 was prepared in 73%
_— 10d 83% yield from 2-furyl adduct9a by ozonolysis with MeS
workup (Scheme 2). Neosamine B methyl glycosidevas
%e 69% derived in 3 steps from1e(the C5 vinyl adduct of ¢-EP
S > zn8r B 10e 74% derivative 8) by ozonolysis, reductive amination, and hy-
11e 58%

drogenation, and fully characterized as peracetate

. A of 77%
6 = zngr 10f 74% I

Scheme 3. Addition of Mono- and Dialkylzinc Species to
4o-Epoxypyranosid®

7 Nz B 9g 73% Ph
Ph
TBS OMe see below OMe
c Sh 60%
8 = ~ZnBr "'OBn HO™ “0Bn HO™ “OBn
OBn OBn
TBS
A 9i 79% PhCH,CH,ZnBl
9 X 2 ensn <10% 52%
ZnBr ZnBr, ?
Ph(CH,CHo),2Zn 43% 24%
10 " ZnBr c 9j 37%¢ . : o
Ph (77%)° aEpoxide 6 added as a C}Tl, solution at —78 °C to

PhCHCH,ZnBr (4 equiv) and ZnByr (3 equiv) in THF, slowly
warmed to—30 °C, and then stirred for 12 h at30 °C. PEpoxide

11 Ph~2~2mmr C 9k 66% 6 added at-78 °C to (PhCHCH,),Zn (4 equiv) in THF, slowly
warmed to—30 °C, and then stirred fo4 h at 0°C.

12 JL C 9l 7%

PR “ZnBr Reactions involving unactivated alkylzinc halides and
dialkylzincs did not proceed as smoothly under comparable
f\znl i 03% reaction conditions. For example, phenethylzinc bromide and
13 o ort ~ 73%) diphenethylzinc gave low to fair yields of expected
idopyranosidel6 accompanied by significant amounts of C5
aSee Supporting Information for reaction conditioh#: (i) RH (4 ph.ene.thoxy aQQgctS? (SCh.eme 3)’. an .Indlcatlon of the
equiv), n-BuLi (2 equiv), THF,—78 °C: (ii) ZnBr (7 equiv), THF, 0°C. oxidative sensitivity of alkylzinc speci@sRigorous removal
EE UFIQ_!VI(%B(; gZiqul)E}! Sn?é? gs c‘:a-q(lijii)vén%?c'(fé l(Jii)v)R%( OFEIF(QZI éZ Lﬁs)u“é),’, of oxygen from the reaction mixture did not improve the
(activated p?owdér), THF, 4% < Isolated 2yields(?j 9f formed as agyprc;duct ratio of C- to O-addition products, implying that alkylzincs
(40% vyield).¢ Yield in 2 steps viadf.  Yield in 4 steps viadi.

o]

(22) Katritzky, A. R.; Luo, Z.Heterocycle2001,55, 1467—1474.
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could be oxidized by the 4-EPs or an unidentified byproduct ||| | | N RN R

of the DMDO reaction (Scheme 3.

L-ldopyranosides with C5 alkyl substituents can be pre-
pared with considerable structural diversity and in syntheti-
cally useful yields via thesyn addition of alkenyl groups.
We illustrate this with the stereoselective syntheses of several
octopyranoside derivatives, all withido configuration but
stereochemically divergent at C6 and C7. Compoud@s
and 21 were prepared respectively frotrans-allylic ether
9h andcis-allylic ether18 (via reduction of propargylic ether
9i) by catalytic osmylation, with diastereomeric ratios of 5:1
and 6:1 favoring the desired product (Scheme 4). The
configurations of octopyranosid@® and21 were tentatively
assigned as-threo+-ido and L-erythroi-ido with the
stereochemical relationship of C5 and C6 beamgthroin
each case, according to the empirical rule developed by Kishi
and co-workerd? The stereochemical assignments were

Scheme 4. Stereoselective Synthesis of Octopyranosides with
L-ido Configuratior

Figure 1. Stereochemical assignments of bicyclic lacto@8s-
23. Conformations are drawn to emphasize NOE interactions.

1. TBAF, THF
OTBS 2. Ac,0, py %O
/"'. 0] OMe 3. OSO4, NMO O O OMe
HO“‘QOBn 4.2-MP, CSA o~ o “OBn
OBn 5. KxCOj3, MeOH OBn
6. BAIB, TEMPO
gh 20 (37%)
OTBS
1. TBAF, THF 7L
| 2. Ac,0, py 0
w, O _,OMe 3 0s0,, NMO 0., ~_0._0Me
HO“‘QOBn 4.2-MP, CSA o7 o “OBn
OBn 5. K,CO3, MeOH OBn
6. BAIB, TEMPO
18 (quant. from 9i}) 21 (34%)
1. TBAF, THF
2. BAIB, TEMPO
L 1. OsO4 NMO
“OBn 2. Ac,0, py
OBn OBn
9m (93%) 22 (79%)
NaQCl, py
Q. 1. PhSeSePh :
= O _OMe -
, 2. NaBH4 HOAc
0~ 0O “OBn
OBn
19 (78%) 23 (90%

a Selected abbreviations: BAIB bisacetoxyiodobenzene; CSA
= camphorsulfonic acid; MP= methoxypropene; NMG= mor-
pholineN-oxide; TBS= tert-butyldimethylsilyl; TEMPO= tetra-
methylpiperidinoxy radical.
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confirmed by nuclear Overhauser enhancement (NOE)
measurements (Figure 1). The osmylatiomgf-unsaturated
lactone9m, which was expected to proceed with selectivity
opposite to that 018, yielded a single diastereomer that was
assigned ag-erythro+-ido by NOE analysis of diacetate
22. Compoun®m could also be oxidized stereoselectively
into epoxidel9 by hypochlorite oxidatiot? and converted
cleanly by phenylselenol reducti#ninto 7-deoxyocto-
pyranoside23, whose C6 configuration was assigned to be
L-glyceroby NOE measurements.

In conclusion, ZnBrmediated syn additions to 4o-
epoxypyranosides provide a general and efficient route to
natural and unnaturatidopyranosides.
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