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ABSTRACT
AcO o I Rhodium(l) catalyst ACO O WAr
R ArB(OH), R
o o
R =0Ac,H

A new method for the formation of C-glycosides has been developed employing a cationic rhodium(l)-catalyzed 1,4-addition of arylboronic
acids to enones derived from glycals. The reaction is stereoselective for the a-anomer and is highly dependent on the nature of the rhodium
catalyst.

C-Glycosides aneC-nucleosides are interesting carbohydrate reactions of a suitable 1-vinylstannane or boronic acid have
congeners ofO-glycosides andN-nucleosides that are also been reportedAn interesting example of a palladium-
resistant to enzymatic cleavaySeveralC-nucleosides and  catalyzedC-glycosidation oftert-butylphenyle-O-A2-gly-
C-glycosides possess potent antibacterial, antiviral, and copyranoside with various arylmagnesium bromides has been
antitumor activity? For example, several halogenated benz- reported by Sinou and co-workeéY\n approach that we
imidazole C-nucleosides are known to be active against were particularly interested in investigating involved the
human cytomegalovirus. palladium(ll)-mediated arylation of acetylated enones derived
While the importance of-glycosides is evident from their  from glycals® This reaction proceeded by the addition of
range of biological activities, methods for their preparation he o-arylpalladium complex to the enone double bond but
are quite limited. Typically they have been synthesized by ya5 limited to simple phenyl substitution. We therefore
the addition of an appropriate organometallic reagent to a go,,4ht a more general methodology allowing for the addition

carbohydrate lactone to form a he;:wiketal that could be of various substituted aryl groups. To this end, we felt that
subsequently reduced to the_c_ycllc et Aﬂternaﬂve!y they the rhodium(l)-catalyzed addition of arylboronic acids to
have been made by the addition of organometallics such as

Grignards, stannanes, and organomecurials to 1-halo sugar acyclic and cyclic enones reported by Miyatiraould
alkyl and acylsilanes to glucals, or 1,2-anhydro-sugars ands.prOVIde a suitable means for introducingCa-aryl group

. . . into the pyranose ring.
electron-rich aromatics to glycosyl dondr€ross-coupling Py 9
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The enonel was synthesized by direct oxidation of tri- || GG

O-acetylb-glucal with [hydroxy(tosyloxy)-iodo]benzerfe.
Using the conditions reported by Miyaura, we attempted a perivatives to Enond
rhodium-catalyzed 1,4-addition of phenylboronic acid. Un-

Table 1. Rhodium(l)-Catalyzed 1,4-Addition of Boronic Acid

fortunately, reaction ofl with Rh(acac)(@Hs). in the eniry boronic acid O%:,{;zjide
presence of phosphine ligands such as R- and S-BINAP, 1
dppf, and others did not lead to 1,4-addition products. A B(OH). OMe
series of other rhodium(l) catalysts were tried, including Rh- AcO o) ©/
(PPh)3Cl, Rh(bicyclo[2.2.1]heptadiene-dppb Band Rb- p
Cly(bicyclo[2.2.1]heptadieng)but were unsuccessful. Also, OMe AcO 0
conventional Lewis acid catalysts such as;8Et, SnCl, 3
and TMSOTf failed to give any 1,4-addition product. (81%)
However, this problem could be overcome by the use of the 2 Cl
cationic rhodium complex Rh(cofBF,. To our delight, when B(OH), AcO~ O @
enonel was heated with phenylboronic acid in the presence Ac;g)
of Rh(cod} BF, in dioxane/water at 100C, a 76% yield of 0
the 1,4-addition produ@ was obtained (Scheme 1). cl 4
(50%)
3
Scheme 1. Rhodium(])-Catalyzed 1,4-Addition of HaC B(OH). AcO o @
Phenylboronic Acid to Enoné @ ACO" CHj
PhB(OH), 0
ACO o.  Rh()(cod);BFs (5mol %)  AcO 0. +Ph (57 )
' Re
o Dioxane/H,O AcO™ 4 __Ph
! 100°C, 4 hr o __B(OH), ACO\E‘?“J
1 76% 2 @ﬂ AcO”
(0]
6
The 'H and3C NMR revealed the presence of a single (66%)

anomer that was assigned tieonfiguration at the anomeric
center. This assignment was based on'théNMR data of
2 that was reported in the literatufdt was shown thag
adopts &Cy(D) conformation bearing two bulky groups in  similar arguments for the phenyl derivati2ethe configu-
equatorial positions and the phenyl group in an axial position ration at the anomeric center in each case.is
at the anomeric center. On the basis of this conformation, The 1,4-addition reaction could be applied to other enones
the coupling constant for the anomeric proton (5.52 ppm) is that are derived from glycals. The acetylated enchesd
small g2 = 5.2 Hz) as the result of an axiabquatorial 8 were synthesized by the oxidation of 2,4,6@racetyl-
coupling, consistent with an axial aryl group. In addition, b-galactal and 3,6-dB-acetyl-4-deoxys-glucal}! respec-
the 13C NMR revealed an upfield shift of the C-5 carbon tively, with [hydroxy(tosyloxy)-iodoJbenzene. Addition of
(<75 ppm) that is indicative of a 1,8ans relationship of phenylboronic acid using the general procedure gave the 1,4-
substituent8 The lack of epimerization at C-4 and the axial ~ addition products9 and 10 in yields of 70% and 75%,
axial relationship of H4 and H5 in compoun®@ was respectively (Scheme 2).
confirmed by the doublet at 5.28 ppm with a large coupling
constant Js5 = 10.1 Hz).

A variety of boronic acid derivatives can be used, including
electron-donating, vinyl, electron-withdrawing, and sterically

a|solated yields after chromatography.

Scheme 2. Rhodium(l)-Catalyzed 1,4-Addition of
Phenylboronic Acid to Enoneg and8

conjested groups, with isolated yields ranging from modest PhB(OH),
0

to good (Table 1} o AcO o Rh(l)(cod),BF4 (5 mol %)  AcO O._Ph

In all cases, théH and'3C NMR indicated that only one | -
anomer is present (see Supporting Information). Based on R Dioxane/H,0O R

100 °C, 4 hr (o]
(8) Kirschning, A.; Drager, G.; Harders, Synlett1993 289. 7R = OAc 9 R= OAc, 70%
(9) Brakta, M.; Farr, R. N.; Chaguir, B.; Massiot, G.; Lavaud, C.; 8R=H 10R =H, 75%

Anderson, W. R., Jr.; Sinou, D.; Daves, G. D.,drOrg. Chem1993 58,
2992.

(10) General Procedure.A mixture of the enone (0.2 mmol), boronic
acid (0.4 mmol), Rh(l)(codBF4 (0.01 mmol), 0.05 mL of KO, and 1.0
mL of dioxane was heated at reflux for 4 h. After this time, the reaction
mixture was diluted with ethyl acetate (10 mL) and filterd through a pad
of silica gel. The filtrate was concentrated and subjected to silica gel flash
column chromatography using 80% hexanes/20% ethyl actetate as eluant.

In both cases, théH and'3C NMR indicated that a single
anomer is present. The stereochemistrnatias assigned

(11) Greico, P. A.; Speake, J. Detrahedron Lett1998 39, 1275.
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the a. configuration at the anomeric center on the basis of ||| GGG

theH NMR data reported in the literatufdt was reported

that 9 adopts alC4(D) conformation, in which one bulky ATB(OH), + Rh(cod),BF 4
group out of the three is in the axial position. This results in

aJ, 2 larger than that of the corresponding glucal derivative

2 suggesting an axial position for H1. TH& NMR spectra ArRih(cod),

for compounds9 and 10 indicated an upfield shift of the @OAC
C-5 carbon €75 ppm) that is indicative of a 1,8ans IR
relationship of substituents. Also, tAel NMR data for10 ArB(OH)2

is consistent with the.-anomer since thé, ; value is similar

to that of2. If it were thef-anomer, the substituents would

be in equatorial positions, placing the anomeric proton in

an axial position and thus resulting in a larger coupling

constant forJ;,. It is interesting that the reaction is

stereoselective for the-anomer. This had been observed HORh(cod), ACO—N O ar  ACOTN O Af

for the addition of organopalladium reagents to carbohydrate A p - D;gu,nh(wd)z

enones. O~Ah(cod), o
Similar to the catalytic cycle proposed by Miyaura, the

mechanism for the rhodium(l)-catalyzed 1,4-addition of

arylboronic acid derivatives to the carbohydrate enones is Ao < a H,0

shown in Figure Z.Initial transmetalation of the aryl group Xg

from boron to rhodium occurs, which is probably facilitated R

by fluoride anion'? The organometallic species then adds
stereoselectively to the-face of the enone double bond with  Figure 1. Proposed catalytic cycle.
subsequent hydrolysis of the R® bond. Under anhydrous

conditions, a low yield £5%) of the 1,4-addition produ&  reactivity of the double bond and the addition of phosphine
was obtained, suggesting a need feOHPresumably, water  |igands might reduce the cationic nature of the rhodium
serves to protonate the RID bond. It is noteworthy that  catalyst. Oi has reported a similar inhibition with the addition

the use of rhodium(l)(coeDTf as a catalyst did not give  of phosphine ligand for the cationic rhodium-catalyzed

any product. However, when a catalytic amount of KOH is addition of trimethylstannane to benzaldehyéfes.

added to the reaction mixture (11 Cata.lyst/KOH), the reaction In summary, we have reported the first rhodium_cata|yzed
is complete after 15 min of heating at 180. The role of 1 4-addition reaction for the stereoselective synthesis of
hydrOXide could be to facilitate the transmetalaﬁélm,r it C-g|yc05ides_ With the ava||ab|||ty of a number of boronic

could react with the rhodium triflate precatalyst to give acid derivatives, this method could have many useful
HORh(cod) or a combination of both. Fstner and Krause  applications.

observed a similar effect of the base on the rhodium-
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