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Abstract: The reaction of tri-O-acetyl-D-glucal with silyl nucleo-
philes, alcohols and thiols was effectively promoted by a catalytic
amount of zirconium(lV) chloride to produce the corresponding
pseudoglycals via Ferrier rearrangement.
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The acid-catalyzed allylic rearrangement of glycalsin the
presence of nucleophiles is known as Ferrier rearrange-
ment,* which is widely employed to obtain 2,3-unsaturat-
ed glycosides (pseudoglycals). Pseudoglycals are
valuable intermediates in the synthesis of glycopeptides,
uronic acids, nucleosides and oligosaccharides’ and also
constitute the structural units of several antibiotics.® These
arevery important class of compounds dueto the presence
of double bond between C(2) and C(3), which may be eas-
ily modified, for instance, by hydroxylation, hydrogena-
tion, epoxidation and aminohydroxylation. A variety of
acid catalysts are employed to promote the Ferrier glyco-
sylation which include strong acids such as BF;-Et,0,*
SnCl,,° DDQ,® TMSOTf,” NIS;2 LiBF,,° trichloroacetim-
idate,’® montmorillonite K-10,** FeCl;,*2 InCl,, InBr,,**
Sc(OTf),, 1 Yb(OTf),,6 Dy(OTf),,Y 1,8 CAN,* BiCl,,2°
ZnCl,?! and others.?? All of these while offering some ad-
vantages, also suffer from disadvantagesin terms of yield,
reaction time, temperature, selectivity, cost of the reagent
and use of alarge amount of reagent or catalyst. Further-
more, some of these catalysts are used for either C-glyco-
sylation with silyl nucleophiles or O- and S-glycosylation
with alcohols and thiol s respectively and afew of them are
utilized for C-, O- and S-glycosylation in their individual
reports. However, the wider acceptability of these re-
agents has not been demonstrated so far. Hence, the devel -
opment of new reagents that leads to a potentially general
and convenient procedures for this transformation is still
of interest.

In continuation of our interest in exploring the utility of
zirconium(1V) chloride (ZrCl,) asaLewis acid catalyst,”
herein wewish to report amild and efficient general meth-
od for the glycosylation of tri-O-acetyl-D-glucal with silyl
nucleophiles, alcohols and thiolsin CH;CN using a cata-
lytic amount of ZrCl, (10 mol%) for the first time
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(Scheme 1). Thereaction proceeds smoothly at room tem-
perature and the products are obtained in good yields and
in short reaction times.

ACO 0 ZrCly (10mol%)  aco O wNu
]+ NuxX ———— P
ACO" CHACN, 1. . ACO"

OAc

Nu=H, R, OR, SR; X =H, SiMe3
R =alkyl, aryl

Scheme 1

The results are summarized in Table 1, which reveal the
scope and generality of thisreagent system with respect to
various nucleophiles. Initially, we examined the reaction
of glucal with silyl nucleophilesto get the C-glycosylation
products. In the first case, the treatment of 3,4,6-tri-O-
acetyl-D-glucal with alyl trimethylsilane in the presence
of 10 mol% ZrCl, at room temperature led to the forma-
tion of 2,3-unsaturated allyl glycoside in 94% yield with
high a-selectivity (entry 1). Similarly, the reaction of the
same glycal with trimethylsilyl azide and trimethylsilyl
cyanide gave the corresponding glycosyl azide and cya
nide in 86% and 85% yields, respectively (entry 2 and 3).
The present protocol also behaved well with Et;SiH to
give the corresponding pseudoglycal in 93% yield within
5 minutes (entry 4). Interestingly, phenyl (trimethylsi-
lyl)acetylene reacted smoothly to afford the correspond-
ing alkynyl C-glycoside as a-anomer in 88% yield (entry
5). This success encouraged us to extend the generality of
the reaction to other nucleophiles. The glycosylation of
tri-O-acetyl-D-glucal with primary, secondary, alyl, ben-
zyl and propargy! alcohols under the present reaction con-
ditions furnished the corresponding 2,3-unsaturated
glycopyranosidesin high yields with a-anomer asthe ma-
jor product (entries 6-10). The versatility of this protocol
was furthermore illustrated by making thioglycosides
with thiophenol and ethane thiol (entries 11 and 12). The
a-anomer was obtained as a major product in each reac-
tion, the structure of which was characterized by spectro-
scopic data.

In conclusion, an efficient and stereosel ective Ferrier gly-
cosylation has been developed to produce structurally di-
verse C-, O- and S-glycopyranosides in the presence of a
catalytic amount of ZrCl,. The advantages of this protocol
such as mild reaction conditions, shorter reaction times,
simple experimental workup procedure and high yields of
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the desired products are worthy of mention and make this
method an attractive and useful addition to the present
known methods.

Reaction of Tri-O-acetyl-D-glucal with C, O and S-Nucleophiles,

General Procedure

To astirred solution of the 3,4,6-tri-O-acetyl-D-glucal (0.272 g, 1
mmol) in CH5CN (10 mL), were added nucleophile (1.1 mmol) fol-
lowed by ZrCl, (10 mol%) and the reaction mixture was stirred at
r.t. for the given time (see Table 1). After completion of the reac-
tion, the solvent was evaporated in vacuo, extracted with EtOAc,
washed with 10% aq NaHCO, and brine solution. The combined or-
ganic layers were dried (N&,SO,) and evaporated to give the corre-

Tablel ZrCl,-Catalyzed Glycosylation of Tri-O-acetyl-D-glucal

sponding pseudoglycal, which was purified by column
chromatography.

Spectral data (Entry 6)
[a]lp +77.6 (c =1, CHCIy).
IR (neat): 2949, 1740, 1368, 1229, 1037, 698 cm ™.

H NMR (400 MHz, CDCly): § = 7.3-7.26 (m, 2 H), 7.2-7.18 (m, 3
H), 5.87 (dd, J = 20.8, 10.3 Hz, 2 H,), 5.3 (d, J = 8.4 Hz, 1 H), 5.02
(br s, 1 H), 4.26-4.22 (m, 1 H), 4.16-4.09 (m, 2 H), 3.83-3.77 (m,
1H), 3.55-3.49 (M, 1 H), 271 (t, J = 7.2 Hz, 2 H), 2.09 (s, 3 H),
2.04 (s, 3H), 1.98-1.93 (m, 2 H).

13C NMR (100 MHz, CDCl,): § =170.7,170.2, 141.7, 129.0, 128.4
(4 C), 127.9, 125.9, 94.5, 68.2, 66.9, 65.3, 63.2, 32.4, 31.3, 21.0,
20.7.

HRMS (ESI): m/z calcd for CgH,,04: 348.1573; found: 348.1640.

Entry Nu-X Time (min) Pseudoglycal Yield (%)2 Ratio (a/p)°
0. > 14a .
1 Me;sit N 3 Aco/\O’” ol 94 201
AcO™ NF
i 14a .
2 Me;SiN, 8 o ,\ont N, 86 6:1
AcO™ 7
3 Me,SiCN 10 O ~CN g5lda 4:1
AcO
AcO Z
4 Et,SiH 5 0 931 -
AcO/\Q
AN N
5 Me;Si—==—Ph 8 = Ph 88l a
Aco/\©"‘
AON NF
6 et 5 Aco/\]io;[r()\("’)}])h 92 12:1
AcO NF
7 8 O ~O_Ph 892t 9:1
AcO’
Ph/LOH U T
AcO
13d .
8 \/\OH 5 ACO/\@"O\/\ 90 12:1
AcO" Z
9 S 6 - O/\[o;r.ovph 9413 10:1
AcO™ Z
10 = 6 Z 91% 81
OH Aco/\EO;r-o\//
ACO\‘. Z
11 PhSH 4 SPh 862 7.1
AcO/\Q’
AcO™ Z
12 EtSH 5 g715c 6:1

O. SEt
AcO/\Ej
AcO" Z

a]solated yield are as pure anomeric mixtures after purification. The literature references are given for known products.
b The a:p ratio was determined by integration of the anomeric protonsin *H NMR spectra.

Synthesis 2004, No. 6, 834-836 © Thieme Stuttgart - New York

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



836 G. Smitha, Ch. S. Reddy SHORT PAPER
References (11) (a) Toshima, K.; Miyamoto, N.; Matsuo, G.; Nakata, M.;
i Matsumura, S. Chem. Commun. 1996, 1379.

(1) (8 Ferrier, R. J,; Prasad, N. J. Chem. Soc. C 1969, 570. (b) Shanmugasundaram, B.; Bose, A. K .; Balasubramanian,
(b) For arecent review on the Ferrier rearrangement, see: K. K. Tetrahedron Lett. 2002, 43, 6795.

Ferrier, R. J. Topics Curr. Chem. 2001, 215, 153. (c) For (12) Masson, C.; Soto, J.; Bessodes, M. Synlett 2000, 1281.
review on glycosidation, see: Toshima, K.; Tatsuta, K. (13) (a) Babu, B. S.; Balasubramanian, K. K. Tetrahedron Lett.
Chem. Rev. 1993, 93, 1503. 2000, 41, 1271. (b) Yadav, J. S.; Reddy, B. V. S.; Raman, J.

(2) (a) Dorgan, B. J; Jackson, R. F. W. Synlett 1996, 859. V.; Niranjan, N.; Kumar, S. K.; Kunwar, A. C. Tetrahedron
(b) Schmidt, R. R.; Angerbauer, R. Carbohydr. Res. 1981, Lett. 2002, 43, 2095. (c) Das, S. K.; Reddy, K. A.; Abbineni,
89, 159. (¢) Schmidt, R. R.; Angerbauer, R. Carbohydr. Res. C.:Roy, J; Rao, K. V. L. N.; Sachwani, R. H.; Igbal, J.
1981, 89, 193. (d) Schmidt, R. R.; Angerbauer, R. Tetrahedron Lett. 2003, 44, 4057. (d) Das, S. K.; Reddy, K.
Carbohydr. Res. 1979, 72, 272. (e) Bracherro, M. P.; A.; Roy, J. Synlett 2003, 1607.

Cabrera, E. F.; Gomez, G. M.; Peredes, L. M. R. Carbohydr. (14) (a) Yadav, J. S.; Reddy, B. V. S. Synthesis 2002, 511.
Res. 1998, 181, 308. (f) Danishefsky, S. J.; Bilodeau, M. T. (b) Yadav, J. S.; Reddy, B. V. S;; Raju, A. K.; Rao, C. V.
Angew. Chem.,, Int. Ed. Engl. 1996, 120, 13515. (g) Liu, Z. Tetrahedron Lett. 2002, 43, 5437.

J. Tetrahedron: Asymmetry 1999, 10, 2119, (15) (a) Yadav, J. S;; Reddy, B. V. S;; Murthy, C. V. S.R;;

(3) Williams, N. R.; Wander, J. D. The Carbohydrates. Kumar, G. M. Synlett 2000, 1450. (b) Yadav, J. S.; Reddy,
Chemistry and Biochemistry; Academic Press: New Y ork, B.V. S, Chand, P. K. Tetrahedron Lett. 2001, 42, 4057.
1980, 761. _ (c) Yadav, J. S.; Reddy, B. V. S.; Geetha, V. Synth.

(4) (a) Descotes, G.; Martin, J.-C. Carbohydr. Res. 1977, 56, Commun. 2003, 33, 717.

168. (b) Klaffke, W.; Pudlo, P.; Springer, D.; Thiem, J. (16) (a) Takhi, M.; Abdel-Rahman, A. A.-H.; Schmidt, R. R.
Liebigs Ann. Chem. 1991, 6, 509. Tetrahedron Lett. 2001, 42, 4053. (b) Takhi, M.; Abdel-

(5) (&) Grynkiewiez, G.; Priebe, W.; Zamojski, A. Carbohydr. Rahman, A. A.-H.; Schmidt, R. R. Synlett 2001, 427.

Res. 1979, 68, 33. (b) Bhate, P.; Horton, D.; Priebe, W. (17) Yadav,J. S.; Reddy, B. V. S.; Reddy, J. S. S. J. Chem. Soc.,
Carbohydr. Res. 1985, 144, 331. Perkin Trans. 1 2002, 2390.

(6) Toshima, K.; Ishizuka, T.; Matsuo, G.; Nakata, M.; (18) Yadav, J. S.; Reddy, B. V. S.; Reo, C. V.; Chand, P. K ;
Konoshita, M. J. Chem. Soc., Chem. Commun. 1993, 704. Prasad, A. R. Synlett 2001, 1638.

(7) (a) Dawe, R. D.; Fraser-Reid, B. J. Chem. Soc., Chem. (19) Pachamuthu, K.; Vankar, Y. D. J. Org. Chem. 2001, 66,
Commun. 1981, 1180. (b) Toshima, K.; Ishizuka, T, 7511
Matsuo, G.; Nakata, M. Tetrahedron Let. 1994, 35, 5673. (20) Swamy, R. N.; Venkateshwarlu, A. Synthesis 2002, 598.

(8) Fraser-Reid, B.; Madsen, R. J. Org. Chem. 1995, 60, 3851. (21) Bettadaiah, B. K.; Srinivas, P. Tetrahedron Lett. 2003, 44,

(9) (a) Babu, B. S.; Balasubramanian, K. K. Tetrahedron Lett. 7257.

1999, 40, 5777. (b) Yadav, J. S.; Reddy, B. V. S,; (22) (a) Yadav, J. S.; Reddy, B. V. S.; Reddy, K. B.;

Chandraiah, L.; Reddy, K. S. Carbohydr. Res. 2001, 332, Satyanarayana, M. Tetrahedron Lett. 2002, 43, 7009.

221 (b) Danishefsky, S.; Kerwin, J. F. J. Org. Chem. 1982, 47,
(210) Schmidt, R. R.; Hoffman, M. Tetrahedron Lett. 1982, 23, 3803. (c) Babu, B. S.; Balasubramanian, K. K. Carbohydr.

400.

Synthesis 2004, No. 6, 834—-836 © Thieme Stuttgart - New Y ork

(23)

Lett. 1999, 3, 339.

(a) Reddy, Ch. S;; Smitha, G.; Chandrasekhar, S.
Tetrahedron Lett. 2003, 44, 4693. (b) Smitha, G.; Reddy,
Ch. S. Tetrahedron 2003, 59, 9571.

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



