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Abstract: A facile method for the synthesis of 1,2-orthoesters oEinetica”y controlled process, whereas soft nucleophiles
carbohydrates in ionic liquid [bomim]Rks describea. The method uch as alcohols and phenols add at C-4/5 in a thermody-

described herein is simpler, eco-friendly and avoids the addition 8RMIC process. The latter has been utilized in the glycosi-

quaternary ammonium salts as promoters. dation reaction. A schematic representation of the process
Key words: ionic liquid, 1,2-orthoesters, carbohydrates, egcosy'IS shown in SCh(_eme 1. 1,2-Orthoesters have also been
bromides, quaternary ammonium salts used as a protecting group for C-1/2 hydroxyl grddps.
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Technologies based on ionic liquids have become an i e H é\_z-l £ o
portant area over the last few yehEfforts are going on 5o > (;:;LR = \—g’t *
0" R

to make use of the property of ionic liquids to replace tr o_ ¢

conventional organic solvents used in organic chemistr R “oR dioxolenium ion trigkalenium jon
Reports indicate that ionic liquids can coordinate witl )

polar molecules very wéland in effect this will serve in l softNu J hiard ™
solubilizing the organic compounds in ionic liquids. -0 OR

When it comes to polar organic molecules, pre-emine \o )0 BnO 0

are the carbohydratésThere has been a resurgence ¢ ;ﬁ o/‘ﬂg” B Soorn”

interest in carbohydrate chemistry in recent years, mair

due to the current developments in glycobiolbgihe orthoester 1.2-trans glycoside
common solvents used in carbohydrate chemistry such@geme 1

DMF, pyridine, methanol, etc. cause serious environmen-

tal problems. An efficient and eco-friendly solvent as .
substitute for these solvents is a topic of current interei[_Z-Orthoesters are usually prepared by the reaction of

lonic liquids have been used for the acetylation of séga&rracetylated or perbenzoylated glycosyl bromi.des with
and glycosyl trichloroacetamidates are known to rea cohol in the presence of a quaternary ammoniurf? salt

. . 7 A A
smoothly in presence of trimethylsilyl triflate in ionic°' silver triflaté and a base, usuatiyn-collidine or 2,6

L . : ; : lutidine or with alcohol and potassium fluoritfeThey
liquid leading to glycosides and disaccharifles. can also be prepared by the reaction of 1-hydroxy sugars

Cyclic orthoesters are valuable intermediates for a varigfyth tetramethyle-chloro enamine and alcohol in pres-
of synthetic transformatiorfsin synthetic carbohydrate ence of triethylaminé® It is to be noted that in the classi-
chemistry, 1,2-orthoesters have been utilized as glycosiglg method of preparation of orthoesters, the anomeric
donors*® and a number of reports is available on the usgomide is refluxed with alcohol in the presence of 2,6-lu-
of 1,2-orthoesters of carbohydrates in oligosaccharigi@ine in dry dichloromethane for five da$¥ The
synthesis. Among various 1,2-orthoesters of carbgnodified method which involves the use of tetrabutylam-
hydratesn-pentenyl orthoesters (NPOES) sugars have monjum iodide also involves use of dry dichloromethane
received much attention. Fraser-Reid and co-workegpd refluxing for 24 hours. The major disadvantages of
have extensively utilized-pentenyl orthoesters (NPOES)photh methods are the use of dry dichloromethane, longer

as glycosyl donors in the synthesis of oligosaccharides faction time and cumbersome work-up to remove the
biological importancé? Upon treatment with a Lewis ac- dissolved salts.

id, they are converted into highly stabilized ambident di-

oxolenium ions. The oxonium ions undergo reaction wit" OBz
nucleophiles at either C-2 or C-4/5 depending on the n OBz o
ture of the nucleophil&. Hard nucleophiles such as silyl 0 i B20 o gy
enol ethers, cuprates and titanium enolates add at C-2 832, - o_ %
OBzg, Ph o SN
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Scheme2 Reagents and conditions: i) alcohol (1.5 equiv),
2,6-lutidine (2 equiv), [omim]P&r.t., 8 h.
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Herein we report a facile method for the synthesis of 1,2able2 Synthesis of 1,2-Orthoesters of Galactose in lonic Li
orthoesters of carbohydrates from the corresponding ar~ B, OBz

) . AR . . 0
meric bromides in ionic liquid [bmim]RFwithout any OBz OBz N
promoter. Q R-OH
—————> Bz0
0 2,6-lutidine o
OBz

Our studies were initiated with the reaction of perbenzoyBZ

ated glucopyranosyl bromide with 4-penten-1-ol in pres Br [bmim]PFe Ph><OOR
ence of 2,6-lutidine in ionic liquid [bmim]RF The

reaction proceeded smoothly at room temperature (8 *9 Alcohol (R-OH) Yield (%)
affording the glucose pentenyl orthoester in 80% vyield A~ OH 75
(Scheme 2). The product was separated from the reaction

mixture by extraction with diethyl ether, followed by pu-2 _A~_OH 68
rification by silica gel column chromatography (if need; \sopropanal 69

ed). The water and diethyl ether insoluble ionic liquid was
washed with water followed by diethyl ether, dried ir# Isooctanol 82
vacuo and reused. Similar results were obtained witf . o . .

. : i Icohol (1.5 equiv), 2,6-lutidine (2 equiv), [omim]pF.t., 8 h.
various other alcohols and the results obtained with glu- (1.5 equi) (2 equiv). 1 I
copyranosyl bromide are summarized in Table 1.

Tablel Synthesis of 1,2-Orthoesters of Glucose in lonic Liquid Table3  Synthesis of 1,2-Orthoesters of Mannose in lonic Liuid

0Bz OBz Ph

0Bz BzO OR
_0 R-OH BzO — BzO -0 R-OH Bz0 o
BzO — " = "0 ——— » BzO .0 O
BzO 2,6-lutidine o BzO 2,6-lutidine B20
OBz b [bmim]PF, Ph><OOR Br  [bmimIPFs
- i 0,
No Alcohol (R-OH) Yield (%) No Alcohol (R-OH) Yield (%)
AN~ -OH
1 AL 802 1 o 70
2 OH 90
e
2 /\/OH 642 =
3 /\OH 5ga 3 Isopropanol 59
a Alcohol (1.5 equiv), 2,6-lutidine (2 equiv), [bomim]RF.t., 8 h.
4 1-Butanol 60
5 Isopropanol 52
6 Isooctanol 7Y Experimental
7 Benzyl alcohol 59 A Typical Experimental Procedurefor 3,4,6-Tribenzoyl
Glucose Pentenyl Orthoester 8
a Alcohol (1.5 equiv), 2,6-lutidine (2 equiv), [omim]RF.t., 8 h. 2,3,4,6-Tetra®@-benzoylea-D-glucopyranosylbromide (0.20 g, 0.30

P Alcohol (1.5 equiv), 2,6-lutidine (2 equiv), [bmim]RR@5 °C, 3h.  mmol) was dissolved in ionic liquid [bmim]RE2 mL). 2,6-Luti-
dine (0.07 mL, 0.60 mmol) was added to it followed by 4-penten-1-

. — . . ol (0.05 mL, 0.46 mmol). The reaction mixture was stirred at r.t. for
To establish the feasibility of this reaction as a genergly The reaction mixture was extracted withCEtdried over

method for the synthesis of 1,2-orthoesters, we have CagS0, and the solvent was evaporated off completely. The crude
ried out the preparation of galactose and mannose ortisample on purification by silica gel column chromatography afford-
esters and the results are summarized in Table 2 eaftthe pure substance as a viscous liquid (0.16 g, 80%).

Table 3.

The results show that the present method can be usedAaknowledgment

th.e synthesis of 1,2—orthpesters of carbohydrate_s wit &8s thanks Council of Scientific and Industrial Research, New
wide range of alcohols. Since quaternary ammonium Saggni for Junior Research fellowship. We thank Council of Scienti-

are not used in the reactidhe work-up of the reaction is fic and Industrial Research, New Delhi (Task Force Project on
very simple and the ionic liquid can be reused by washi@jobally Competitive Chemicals, Processes and Products COR-
with water and diethyl ether followed by drying in vacuo9003) and Department of Science and Technology, New Delhi (NO:
In conclusion, we have developed a facile and eco-frieng®/S1/0C-38/2003) for financial assistance.

ly method for the synthesis of 1,2-orthoesters of carbo-

hydrates in ionic liquid [obmim]Pf The method is much

simpler and the solvent can be reused any number of

times.

Synlett 2005, No. 6, 997-999 © Thieme Stuttgart - New York

Downloaded by: Florida State University Libraries. Copyrighted material.



LETTER Synthesis of 1,2-Orthoesters of Carbohydrates in lonic Liquid 999
References (14) Wang, W.; Kong, R. Org. Chem. 1998, 63, 5744.
o . ) (15) Shoda, S.; Moteki, M.; Izumi, R.; Noguchi, Wetrahedron
(1) (a)lonicLiquidsin Synthesis; Wasserscheid, P.; Welton, T., Lett. 2004, 45, 8847.

@

©)

4

®)

(6)
)

®

©

(10)

(11)

(12)

(13)

Eds.; Wiley-VCH: Weinheim2002. (b) Leveque, J. M.;
Luche, J. L.; Pefrier, C.; Roux, R.; Bonrath Gteen Chem.
2002, 357.

1
Recent reviews on ionic liquids: (a) Dupont, J.; de Souza, R.(

F.; Suarez, P. A. Zhem. Rev. 2002, 102, 3667. (b) Zhao,
H.; Malhotra, S. VAldrichimica Acta 2002, 35, 75.

(c) Zhao, D.; Wu, M.; Kou, Y.; Min, BCatal. Today 2002,
74, 157. (d) Olivier-Bourbigou, H.; Magna, I.Mal. Catal.
A.: Chem. 2002, 182-183, 419. (e) Sheldon, RChem.
Commun. 2001, 2399. (f) Gordon, C. MAppl. Catal. A

2001, 222, 101. (g) Earle, M. J.; Seddon, K. Rure Appl.
Chem. 2000, 72, 1391. (h) Wasserseld, P.; Keim, W.
Angew. Chem. Int. Ed. 2000, 39, 3773. (i) Welton, TChem.
Rev. 1999, 99, 2071.

Glycoscience, Chemistry and Chemical Biology, Vol 1-111;
Fraser-Reid, B. F.; Tatsuta, K.; Thiem, J., Eds.; Springer:
Heidelberg2001.

(a) Imperiali, BAcc. Chem. Res. 1997, 30, 452. (b) Kevin,
J. Y.; Carolyn, R. BCurr. Opin. Chem. Biol. 1998, 2, 49.

(c) Bovin, N. V.; Gabius, H. £hem. Soc. Rev. 1995, 24,
413. (d) Rye, P. D.; Bovin, N. \Glycobiology 1997, 7,

179. (e) Sears, P.; Wong, C.4hgew. Chem. Int. Ed. 1999,
38, 2300. (f) Wirczak, Z. Xurr. Med. Chem. 1999, 6, 165.
(g) Carbohydrates in Chemistry and Biology; Ernst, B.;

Hart, G. W.; Sinay, P., Eds.; Wiley-VCH: Weinhei2®00.
(h) Maeder, TSci. Amer. 2002, 287, 24.

Murugesan, S.; Karst, N.; Islam, T.; Wiencek, J. M.;
Linhardt, R. JSynlett 2003, 13, 1283.

Pakulski, ZSynlett 2003, 13, 2074.

Pindur, U. InThe Chemistry of Acid Derivatives, Vol. 2;
Patai, S., Ed.; Wiley: New York992, 967.

(a) Backinowsky, L. V.; Nepogod'ev, S. A.; Shashkov, A.
S.; Kochetkov, N. KCarbohydr. Res. 1985, 138, 41.

(b) Vliegenthart, J. F. GCarbohydr. Res. 1977, 59, 81.

(c) Hatanaka, K.; Kuzahara, B.Carbohydr. Chem. 1985,

4, 333.

(a) Jayaprakash, K. N.; Radhakrishnan, K. V.; Fraser-Reid,
B. Tetrahedron Lett. 2002, 43, 6955. (b) Lu, J.; Fraser-Reid,
B. Org Lett. 2004, 6, 3051. (c) Jayaprakash, K. N.; Fraser-
Reid, B.Synlett 2004, 2, 301.

(a) Jayaprakash, K. N.; Lu, J.; Fraser-ReidiBorg. Med.
Chem. Lett. 2004, 14, 3815. (b) Lu, J.; Jayaprakash, K. N.;
Schlueter, U.; Fraser-Reid, B.Am. Chem. Soc. 2004, 126,
7540.

Pindur, U.; Muller, J.; Flo, C.; Witzel, i&hem. Soc. Rev.
1987, 16, 75.

(a) Gorin, P. A. Xarbohydr. Res. 1982, 101, 12.

(b) Trumtel, M.; Veyriere, A.; Sinay, Hetrahedron Lett.
1989, 30, 2529. (c) Trumtel, M.; Tavecchia, P.; Veyriere,
A.; Sinay, P Carbohydr. Res. 1989, 191, 29.

Lemieux, R. U.; Morgan, A. RCan. J. Chem. 1965, 43,
2199.

(18)

(16) Ernst, B.; Mesmaeker, A. D.; Wagner, B.; Winkler, T.

Tetrahedron Lett. 1990, 31, 6167.

(a) Roberts, C.; Madsen, R.; Fraser-Reidl. Bm. Chem.
Soc. 1995, 117, 1546. (b)Preparative Carbohydrate
Chemistry; Hanessian, S., Ed.; Marcel Dekker, Inc.: New
York, 1997.

Spectral data for some key compounds.

(a) 3,4,6,-Tri-O-benzoyl Glucopyranosyl n-Pentenyl
Orthoester:

R = 0.2926 (25% EtOAc—hexane). IR (neat),,= 3070,
2449, 1740, 1644, 1612, 1460, 1275, 1109, 976, 925, 708
cnt. *H NMR (300 MHz, CDC)): & = 7.24-8.60 (m, 20 H),
6.01 (d, 1 H)=5.2 Hz), 5.84-5.67 (m, 1 H), 5.47 (d, 1 H,
J=8.7Hz),4.97 (d, 1H=15Hz),492(d, 1 H]=1.3
Hz), 4.74 (dd, 1 H) = 3.4, 7.2 Hz), 4.51 (dd, 1 H,= 4.8,
12.0 Hz), 3.29-3.37 (m, 2 H), 2.01-2.09 (m, 2 H), 1.57-1.62
(m, 2 H).13C NMR (75 MHz, CDC)): § = 165.68, 164.95,
164.39, 137.68, 135.51, 133.49, 133.32, 132.80, 129.98,
129.85, 129.68, 129.69, 129.46, 129.14, 129.03, 128.46,
128.33, 128.19, 128.10, 126.28, 121.19, 120.02, 114.97,
97.42,72.08, 69.23, 68.48, 67.42, 63.89, 63.29, 30.10,
28.60.

(b) 3,4,6-Tri-O-benzoyl Galactopyranosyl Allyl
Orthoester:

R = 0.2954 (25% EtOAc—hexane). IR (neat),, = 2917,
2366, 1721, 1452, 1263, 1086, 708 trtH NMR (300
MHz, CDCL): § = 7.35-7.97 (m, 20 H), 6.21 (d, 1 H,
J=5.03 Hz), 5.92-5.80 (m, 1 H), 5.56 (dd, 13+ 4.26,
5.06 Hz),5.12 (d, 2 H,= 10.45 Hz), 4.79 (dd, 1 H,= 7.14,
12.35Hz), 4.64-4.50 (m, 1 H), 4.38 (dd, 10K, 4.93, 10.60
Hz), 3.93 (d, 2 HJ) = 4.87 Hz) 13C NMR (75 MHz, CDCJ):

5 =165.18, 164.91, 164.28, 136.29, 133.78, 133.51, 133.35,
133.13, 129.81, 129.78, 129.73, 129.63, 129.42, 129.11,
128.92, 128.49, 128.35, 128.31, 126.09, 125.98, 120.31,
116.70, 98.55, 98.21, 73.41, 70.09, 68.88, 66.47, 64.96,
62.35, 29.68.

(c) 3,4,6-Tri-O-benzoyl Mannopyranosyl! | sopropyl
Orthoester:

R = 0.2973 (25% EtOAc—hexane). IR (neat),,= 2917,
2849, 2356, 1716, 1458, 1269, 1086triH NMR (300
MHz, CDCL): § = 7.23-8.01 (m, 20 H), 5.74 (d, 1 H,
J=2.98 Hz), 5.62 (dd, 1 H,= 3.64, 9.97 Hz), 5.04 (t, 1 H,
J=3.4 Hz), 4.47 (dd, 1 HI = 3.40, 11.99 Hz), 4.31 (dd, 1
H,J=4.84, 11.97 Hz), 3.73 (m, 1 H), 1.07 (d, 3JH; 6.12
Hz), 1.03 (d, 3 H) = 6.12 Hz) 13C NMR (75 MHz, CDCJ):

5 =165.78, 165.70, 165.03, 145.37, 137.35, 133.36, 133.26,
132.79, 130.11, 129.91, 129.82, 129.23, 129.18, 128.44,
128.41, 128.23, 128.07, 126.61, 124.29, 123.57, 123.03,
119.16, 97.90, 75.73, 72.41, 71.18, 67.35, 66.77, 63.28,
23.51, 23.43.
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