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ABSTRACT

Rhodium and copper acyl nitrenoids are likely intermediates in amidoglycosylation reactions of allal 3-carbamates. Iodine(III)-mediated nitrenoid
formation, interaction of this species with the glycal enol ether π-system, and highly â-stereoselective glycosylation occur in a one-pot
process that requires no additional Lewis acid activation.

Directed nitrogen insertion reactions offer exciting op-
portunities for substrate control of chemo-, regio-, and
stereoselectivity in carbon-nitrogen bond formation. In
applying this strategy to the synthesis of 2-amino sugars from
glycal precursors,1 we initially investigated photochemical
reactions of azidoformate1 (eq 1).2 Although conversion to

products3 was achieved, the highly reactive nature of the
intermediate acyl nitrene hampered the process, prompting
us to consider a metallanitrene as the reactive nitrogen
fragment. While transition metal carbenoids generated from

R-diazocarbonyl compounds have been intensively investi-
gated in reactions such as C-H insertion and CdC addition,3

the corresponding acyl nitrenoids have received much less
attention.4 Their formation is complicated by the possibility
of Curtius-type rearrangement and by the resistance of acyl
azides to metal-promoted decomposition. As a result, sulfonyl
nitrenoids have predominated for nitrogen atom transfer.5

The use of acyl nitrenoids offers a valuable synthetic
complement by facilitating intramolecular reactions, and in
many cases theN-acylated products will be more readily
manipulated than the corresponding sulfonamides.

We now communicate realization of intramolecular ni-
trogen atom delivery, apparently via rhodium and copper acyl
nitrenoids, in amidoglycosylation reactions of allal carbam-
ates 2 and 5. Iodine(III)-mediated nitrenoid formation,
interaction of this species with the enol etherπ-system, and
highly stereoselective glycosylation occur in a one-pot proc-
ess (eq 1) that requires no additional Lewis acid activation.
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A recent report described the use of iodobenzene diacetate,
PhI(OAc)2, and catalytic dirhodium(II) carboxylates in acyl
nitrenoid generation from primary carbamates, leading to
intramolecular C-H insertion.4e Application of these condi-
tions to carbamate26 provided an anomeric mixture7 of
2-amido glycosyl acetates4 (Table 1, entries 1 and 2). In

the absence of Rh(II) catalyst, the starting carbamate was
recovered unchanged. Mindful of separate reports detailing
(1) the use of PhI(OAc)2 in acid-promoted reactions with
glycals8 and (2) the Lewis acidic properties of Rh(II)
carboxylates,9 we also verified that a model glycal, tri-O-
acetyl-D-glucal, failed to react with PhI(OAc)2 in the presence
of Rh2(OAc)4. These results were consistent with reaction
of 2 via a rhodium-complexed nitrene rather than through
initial activation of the glycal CdC unit by the iodine(III)
reagent.

Alcohols could be included in the reaction mixture, leading
directly to glycosides3, but acetates4 also formed, even
when up to 5 equiv of the alcohol was present (Table 1,
entries 3 and 4). Notably, only theâ-C1 stereochemistry7

was observed in products3, while the acetates4 were
substantially enriched in theâ-anomer. The glycosyl acetates
were not intermediates in the formation of glycosides3;
submission of isolated4 to the reaction conditions with
2-propanol neither yielded glycosylated product3b nor
altered the anomeric composition of the recovered acetates.

A large excess of alcohol suppressed formation of the
glycosyl acetates4, leading to isolation ofâ-2-amido
allopyranosides3b-d in good yields (Table 1, entries 5-7).
Remarkably, the glycosyl acceptor did not interfere with
events leading to C2-N bond formation.10

To curtail the amount of alcohol required, we turned to
iodosobenzene (PhIdO)11 to form the presumed imino-
iodinane intermediate (vide infra). Indeed, rhodium(II)
catalysis provided amidoglycosylation, using iodosobenzene
in place of PhI(OAc)2 (Table 2, entries 1-5). Under these

conditions, much smaller amounts of glycosyl acceptor were
required to realize synthetically useful yields for the tandem
amidation-glycosylation process. While 5 equiv of acceptor
were typically employed to boost yields, most of the surplus
could be recovered upon chromatography. For example, all
but 1.5 equiv of ribose-derived secondary alcohol8 was
recovered after reaction with carbamate2. In various
instances we isolated trace amounts of theR-products,
confirming the extremely high level ofâ-selectivity in the
glycosylation.

(6) For preparation of2 and5 see Supporting Information.
(7) See Supporting Information for details of anomeric stereoassignments.
(8) Shi, L.; Kim, Y.-J.; Gin, D. Y.J. Am. Chem. Soc.2001,123, 6939.
(9) Doyle, M. P.; Phillips, I. M.; Hu, W.J. Am. Chem. Soc.2001,123,

5366.

(10) With ethanol or methanol, some of the PhI(OAc)2 was consumed
in oxidation of the alcohol. In the latter case, formaldehyde was trapped,
forming theN-hydroxymethyl derivative of3d, which was inseparable from
3d but could be removed as itstert-butyl carbonate. See Supporting
Information for details.

(11) While this reagent lacked efficacy in the Du Bois C-H insertion
chemistry,4e its use in inter- and intramolecular aziridination reactions of
sulfonamides with Cu(I) or Cu(II) has been described: Dauban, P.; Sanière,
L.; Tarrade, A.; Dodd, R. H.J. Am. Chem. Soc.2001,123, 7707.

Table 1. Rhodium-Catalyzed Amidoglycosylation with
PhI(OAc)2

a Typical reaction conditions: PhI(OAc)2 (1.5 equiv), MgO (5 equiv),
CH2Cl2, 40 °C, 18-24 h.b Only theâ-products were observed.c Isolated
yield after silica gel chromatography.d Anomeric ratio determined by1H
NMR analysis of the glycosyl acetates mixture.e Additional PhI(OAc)2
(0.7-1.0 equiv) was added.f Combined yield for a 3.2:1 mixture of3d
and itsN-hydroxymethyl derivative.

Table 2. Use of PhIdO in Rh- and Cu-catalyzed
Amidoglycosylations

a Typical reaction conditions: ROH (5 equiv), PhIdO (1.8-2.0 equiv),
4 Å molecular sieves, CH2Cl2, 23°C, 18-25 h. b Catalysts: A, Rh2(OAc)4;
B, Cu(MeCN)4PF6; C, Cu(acac)2. c Isolated yield after silica gel chroma-
tography. Where the C1-C2 oxidative cleavage byproduct (see14, Scheme
1) was inseparable, the reported yield has been corrected on the basis of
1H NMR integration.d Ratio based on isolated yields of the separated
anomers.e C1-C2 cleavage byproduct (13%) was isolated separately.f 12:
1 mixture with C1-C2 cleavage byroduct.g Obtained with freshly prepared
PhIdO. 17:1 mixture with C1-C2 cleavage byroduct.h 20:1 mixture with
C1-C2 cleavage byroduct.i Acetonitrile solvent, 1-3 h. j 28:1 mixture with
C1-C2 cleavage byroduct.
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Metal nitrenoid-mediated amidoglycosylation was also
feasible starting from either Cu(I) or Cu(II) sources (Table
2, entries 6-8). Although yields in this particular application
were lower with copper catalysis, the possibility of using
copper ions with asymmetric ligands12 offers clear opportuni-
ties for enantioselective reactions of acyl nitrenoids.

In the absence of catalyst, treatment of carbamate2 with
iodosobenzene and 2-propanol provided a small quantity
(16% yield) ofâ-isopropyl-2-amido allopyranoside3b, along
with recovery of unreacted carbamate (38%). This much less
efficient process is attributable to reaction of the glycal
double bond with either the iminoiodinane or the derived
nitrene.13

A plausible mechanistic scenario for the metal-catalyzed
amidoglycosylation process is outlined in Scheme 1. Forma-

tion of iminoiodinane10 in the presence of molecular sieves
is consistent with the work of Dauban and Dodd on copper
nitrenoids originating from in situ iodine(III) oxidation of
sulfonamides.11 Catalyst-promoted loss of iodobenzene from
10 would lead to metallanitrene11,14 and reaction with the
glycal double bond provides metal-aziridine complex12.15

Internal acetate transfer in12would yield4-R. The presence
of alcohols may dissociate the metal from complex12, low-

ering the proportion ofR-acetoxy product in the PhI(OAc)2-
mediated reactions (compare, for example, entries 1 and 3,
Table 1). External nucleophilic opening of the aziridine, in
either its metal-complexed (12) or metal-free form, would
account for the highly stereoselective glycosylation to3 or
4-â.

We detected small quantities of formate ester byproducts
14 (Scheme 1), corresponding to oxidative cleavage of the
C1-C2 bond (Table 2, entries 3-5, 8). Use of fresh
iodosobenzene16 decreased the amount of oxidative cleavage.
Iodosobenzene disproportionates to iodobenzene and PhIO2,17

and this iodine(V) species may provide the side reaction,
possibly as indicated in Scheme 1 for the conversion of12
to 14.18

In summary, rhodium- and copper-catalyzed amidoglyco-
sylation of alcohols occurs readily from allal 3-carbamates
in the presence of iodosobenzene. Sequential C2-N bond
formation andâ-selective glycosylation may take place via
a metal-complexed glycosyl aziridine. Further mechanistic
investigations and application of acyl nitrenoid methodology
to other glycal scaffolds19 and to natural products synthesis
are underway.
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