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The combination of bis(pyridinium)iodonium (1) tetrafluo-
roborate (IPyBF,), and hydrogen fluoride pyridine (HF-py)
forms an iodine monofluoride (IF) synthetic equivalent that
can be used in the preparation of partially unprotected
glycosyl fluorides from partially unprotected-pentenyl

glycosides and thioglycosides, thus avoiding the need for

the protection/deprotection steps normally required in that
transformation.

Oligosaccharides are pivotal compounds in many biological
recognition processé€.Consequently considerable research has

been directed toward the development of strategies for glyco-

sylation34 The efficiency of these strategies often relies on the
choice of the glycosyl dondrand the minimization of protect-
ing-group manipulation%.Thioglycosides, n-pentenyl glyco-
sides (NPGs§, and glycosyl fluoride® are reliable glycosyl

Note

deprotection steps in a glycosylation strategy has been
accomplished by the use, among others, of rationally designed
protecting groupS or by regioselective coupling of polyol
glycosyl acceptord? In this context, we believe that the design
of methods that allow the direct exchange of anomeric leaving
groups between partially unprotected sugar building blocks
(glycosyl donors or acceptors) would be uséful.

We have been interested in the study of regioselective
glycosylation strategié® of partially unprotected glycosyl
donors with diol acceptors:18More recently we have described
the use of bis(pyridinium)iodonium (1) tetrafluoroborate (}Py
BF,4)!° for the transformation of NPGs into glycosyl fluorides
(e.g.,1a — 2, Scheme 19 A recent report by Huang and
Winssinge?! on the use of IPyBF, for the transformatiorib
— 2 and for promoting glycosylation of thioglycosides has
prompted us to disclose our own results in this area.

On the basis of the similar reactivity displayed by NPGs and
thioglycosyl donors toward iodonium-based promotérand
our own experience with these dondfswe decided to
investigate: (i) the use of IBBF, as a promoter for glycosy-
lation of NPGs, (ii) the use of IRBBF, for the transformation
of thioglycosides into glycosyl fluorides (e.d.b — 2, Scheme
1), and (iii) the transformation of partially unprotected NPGs
and thioglycosides to glycosyl fluorides. To the best of our
knowledge, no direct method for the transformation of partially

(10) (a) Mootoo, D. R.; Konradsson, P.; Udodong, U.; Fraser-Reid, B.
J. Am. Chem. Sod 988 110, 5583-5584. (b) Fraser-Reid, B.; Wu, Z.;
Udodong, U. E.; Ottosson, H. Org. Chem199Q 55, 6068-6070.

(11) (a) Kanie, O.; Ito, Y.; Ogawa, Td. Am. Chem. Sod994 116,
12073-12074. (b) Kanie, O.; Ito, Y.; Ogawa, Tetrahedron Lett1996
26, 4551.4554. (c) Kanie, O. I@arbohydrates in Chemistry and Biolagy
Ernst, B., Hart, G. W., SinagyP., Eds., Wiley-VCH: Weinheim, 2000; Vol.
1, Chapter 16.

(12) Demchenko, A. V.; De Meo, Qetrahedron Lett2002 43, 8819
8822.

(13) Litjens, R. E. J. N.; van den Bos, L. J.; Cedd. D. C.; Overkleeft,
H. S. van der Marel, G. ACarbohydr. Res2007, 342, 419-429.
(14) Fraser-Reid, B.; Loez, J. C.; Gmez, A. M.; Uriel, C.Eur. J. Org.
em.2004 1387-1395.
(15) (a) Hanessian, S.; Lou, Bhem. Re. 200Q 100, 4443-4463. (b)
Hanessian, S.; Lu, P. P.; Ishida, H.Am. Chem. S0d998 120, 13296~
13330.

(16) Uriel, C.; Agocs, A.; Gmez, A. M.; Ltpez, J. C.; Fraser-Reid, B.

Ch

donors, which can also function as glycosyl acceptors in armed/ org. Lett 2005 7, 4899-4902.

disarmed® and orthogonat (or semi-orthogonal¥ glycosy-
lation strategies. Minimization in the number of protection/

(1) Reuter, G.; Gabius, H. Lell. Mol. Life Sci 1999 55, 368-422.

(2) Varki, A. Glycobiology1993 3, 97—130.

(3) Toshima, K.; Tatsuta, KChem. Re. 1993 93, 1503-1531.

(4) (a) Boons, G.-JTetrahedron1996 52, 1095-1121. (b) Davis, B.
G. J. Chem. Soc., Perkin Trans.2D0Q 2137-2160. (c) Demchenko, A.
V. Lett. Org. Chem2005 2, 580-589.

(5) Paulsen, HAngew. Chem., Int. Ed. Endl99Q 29, 823-938.

(6) Baeschlin, D. K.; Green, L. G.; Hahn, M. G.; Hinzen, B.; Ince, S. J.;
Ley, S. V.Tetrahedron Asymmet300Q 11, 173-197.

(7) (a) Garegg, P. Adv. Carbohydr. Chem. Biochert997, 52, 179-
266. (b) Oscarson, S. I8arbohydrates in Chemistry and Biolgggrnst,
B., Hart, G. W., SinayP., Eds.; Wiley-VCH: Weinheim, 2000; Vol. 1, pp
93-116.

(8) (a) Fraser-Reid, B.; Konradsson, P.; Mootoo, D.JRChem. Soc.,
Chem. Commuri988 823-825. (b) Fraser-Reid, B.; Udodong, U. E.; Wu,
Z.; Ottosson, H.; Merrit, J. R.; Rao, C. S.; Roberts, C.; MadsergyRilett
1992 927-942.

(9) (@) Shimizu, M.; Togo, H.; Yokoyama, M5ynthesisl998 799-
822. (b) Toshima, KCarbohydr. Res200Q 327, 15-26. (c) Mukaiyama,
T. Angew. Chem., Int. EQ004 43, 5590-5614.
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SCHEME 1. Transformation of n-Pentenyl Glycosides and TABLE 1. IPy;BF4Mediated Transformation of Thioglycosides to

Thioglycosides into Glycosyl Fluorides
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unprotected thioglycosides, or NPGs, into partially unprotected

Ph (¢ Ph Q)
SPh O

MeO

; MeO F
glycosyl fluorides (e.g.3 — 4) has been reported. In fact, the 16 2 e

standard procedure for such transformation (e3gb — 4,
Scheme 1) would require two additional protection-deprotection
steps (e.g.3— 1 and2 — 4, Scheme 1) since the intermediate glycosylation process (e.@— 6). The first step was to confirm
oxocarbenium iong) could also experience self-condensation that thioglycosides could be transformed into glycosy! fluorides
to yield saccharide(s. under the agency of IBBF,.2!

We first studied the reaction of primary accepBorith NPG Phenyl 1-thioglycoside$1—16 were transformed to glycosyl
7 in the presence of IBBF, and HBR, in CH,Cl, (Scheme 2).  fluorides by the action of IPBF, (see Table 1). HBE BFs-
The reaction furnished disacchariflén 35% yield. However, Et,0, and Yb(OTf} were evaluated as pyridine scavengers, and
the major reaction product was glycosyl fluoritié(60% yield). better yields of glycosyl fluorides were obtained with the system
IPy-BF, is a stable reagent that acts as a mild source of iodonium IPy.BF#/HBF, (Table 1, compare entries-iii). These fluorinat-
ions. In the presence of an acid that neutralizes the supply ofing conditions were then used with substrdt2s 16 and proved
pyridine molecule® IPy,BF, can be contemplated as a synthetic to be compatible with the presence of benzyl, benzteytt-
equivalent of iodine monofluorid®,and thus, the formation of  butyldiphenylsilyl, and benzylidene protecting groups (Table
compoundlO can be explained by the presence of nucleophilic 1, entries +viii).
fluoride that competes with the glycosyl accep®iffor the We next turned our attention to the transformation of partially
oxocarbenium ioR® unprotected NPGs23, 24, and thioglycosides25, 26, to

The formation of compoundO in Scheme 2, suggested that glycosyl fluorides (Table 2). When NPGs containing a secondary
an exchange of anomeric leaving groups could be performedfree OH group were treated with IEBF4 in the presence of
without tampering with the free OH groups in unprotected HBF4in CH.Cl, at—40°C, the major reaction products obtained
NPGs. We then decided to search for reaction conditions thatwere the expected glycosyl fluorides, although a respectable
could induce such transformations on NPGs and thioglycosidesamount of fluoride disaccharides was also obtained (Table 2,
(e.g., 3ab — 4, Scheme 1) without the competing self- entries i,ii). Phenyl 1-thioglycosid@5, containing a primary
6-OH free, furnished upon treatment with HBByF/HBF,
fluoride 31in only 23% yield, the major product of the reaction
being anhydro-derivativ@2 (Table 2, entry iii). The use of

(26) A related IBr-mediated bromination of thioglycosides has been Conformatlona”y restricted thloglyc.03|d26 prevented the
reported: Kartha, K. P. R.; Field, R. Aetrahedron Lett1997 38, 8233~ formation of the anhydro derivative; however, the sought-for
8236. fluoride 33 was still obtained as the minor reaction product (33%

(24) Barluenga, JPure Appl. Chem1999 71, 431-436.
(25) Barluenga, J.; Campos, P. J.; GdazaJ. M.; Steez, J. L.J. Org.
Chem 1991, 56, 2234-2237.
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TABLE 2. IPy,BF4/HBF,-Mediated Transformation of Partially
Unprotected NPGs and Phenylthioglycosides to Glycosyl Fluorides
in CH 2C|2

TABLE 3. IPy,BF/HF—Pyridine-Mediated Transformation of
Partially Unprotected NPGs and Phenylthioglycosides to Glycosyl
Fluorides, in CHxCl,

Entry Substrate IPygBF4(e_?L;|(\:/)/:|BF4(equ|v) Products (Yield, %) Entry SubstratelezBF“{er(;p:ridine(eun Products (Yield, %)
B> 8 BRO" Ia BnO BnO og !
n
s S [} 2/2 Bno\ {4 BnO i Bro 4 Boo_ N2 BE(RO&L\ F
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23 27 (42%) F BnO -55°C, 10 min (61%) (22%)
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i BnO n F BnQO BnO o
55°C,1h  BnO H BnO BnO
HO HOE  Bno ji BnO / 24, BnO
24 2 @o%)  BIOTT7T0 HOQ '
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HO HO HO
OMe F BT
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(e vii %j\o -40°C, 20 min Q}’io -
SPh
aBFs.ELO was used instead of HBF MeO 37 MeO 42 (94%)
e} Tro
_ ) ) 2/ 10 HO
yield) (Table 2, entry iv), and the major observed compound Y H&&@/SF’“ -45°C, 20 min Meg%
was now disaccharid84 (51% yield) resulting from self- MeO MeO ¢
glycosylation of eithe26 or 33 (vide infra). 38 43 (97%)
From the results outlined in Table 2, several conclusions were  p,~N-0 o sph  3/28 %/%O
drawn: (a) the concentration of nucleophilic fluoride in the ix (o) -45°C. 20 min HO
reaction media is not sufficient to ensure the sole formation of a 82';'0|:
glycosyl fluorides, a tendency even more pronounced when 39 (82%)
primary OHs were present in the molecule (Table 2, compare Ho OBn Ho /OBn
entries i, ii with entries iii, iv), (b) HBE, that has been reported O sph 2/20
as a useful promoter for glycosylation of glycosyl! fluoridés, x BnO Ho -45°C,15min ~ BnO HO
might not be fully compatible with the final glycosyl fluorides, 40 45 (850/':)

and thus, the formation of disaccharides could arise either from

direct glycosyl coupling of the starting thioglycosides or by acid-

catalyzed activation of initially formed glycosyl fluorides.
Along these lines we selected Olah’s Hpyridine com-

plex?®29 as partner to Barluenga’s IEBF, in order to ac-

complish the sought-for transformation. HPyridine complex
could play a dual role as the source of additional nucleophilic
fluoride and as the acid to neutralize the supply of nucleophilic
pyridine. On the other hand, Hfpyridine complex would be
harmless to glycosyl fluorides under our reaction conditions.
_ : 'S O : _ Accordingly, we submitted NPG23, 24, and thioglycosides

O|:§E?)J.022f g}£'bwgrf 25?92"1’\/2252[’3;8?" Nojima, M.; Kerekes, I.; 25, 26, 36—40to the action of IPYBF, (2 equiv)/HF-pyridiné®

(29) HF—pyridine complex has been used as a source of fluoride in the (5—20 equiv) in CHCI, at low temperature-40 to —55 °C).
preparation of glycosyl fluorides: (a) Hayashi, M.; Hashimoto, S.; Noyori, Qur results, outlined in Table 3, showed that partially unpro-
gbk?:sezrg{/vlsﬁt,t éﬁfﬁ ay‘g_\%?]% m(b)L eStthE;eSIZ ﬂsf_‘i%f'&?"g%éf* tected NPGs and thioglycosides can be successfully transformed
W.; Kunz, H.Carbohydr. Res1993 249, 221-241. (d) Palme, M.; Vasella,
A. Hely. Chim. Actal995 78, 959-969. (e) Lee, Y. J.; Lee, B. Y.; Jeon,
H. B.; Kim. K. S. Org. Lett 2006 8, 3971-3974.

(27) HBR, BFs-Et;O, and Yb(OTf} have been reported as useful
promoters for glycosylation of glycosyl fluorides. See ref 9c.

(30) The reaction of compoun@y—32 with the system IPyBF4/HBF,
normally yielded a mixture of compounds.
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to glycosyl fluorides. The reaction of NP@8 and24 furnished
glycosyl fluorides27 and29, respectively (Table 3, entriesiii).
The formation of glycosyl fluoride27, however, was ac-
companied by some iodofluorination on theentenyl chain
to give 35 (Table 3, entry i). Compoun85 was undoubtedly
formed by bimolecular fluorination of the cyclopropyliodonium
ion intermediate in the cationic cascade arising from NPGs,
(Table 3, entry i). The amount &5 formed could be reduced
by lowering the amount of HF-pyridine employed (Table 3,
compare entries i and ii). Reaction of thioglycosi@® with
IPy,BF,4 (2 equiv)/HFpyridine (20 equiv),—45 °C, yielded
glycosyl fluoride31 as the major product in 71% yield; however,
a minor amount of anhydro sugar derivatB2(18%), was still
present (Table 3, entry iv). The formation of anhydro sugar
derivatives could be avoided with the incorporation of Ley’s
diacetal protecting groups3? (Table 3, entries +vii). This
reaction could be applied to diols (Table 3, entriesii, ix,x),
and an acid-sensitive trityl protecting group was shown to
survive the reaction conditions (Table 3, entry viii).

In summary, we have shown that WBF, can be used in
combination with HFpyridine to successfully convert partially

JOCNote

0.12 mmol) in dry CHCI, (1 mL) under argon and cooled &a#40

°C was treated with tetrafluoroboric acid (B, 0.12 mmol). After

5 min, a solution of the thioglycoside (0.10 mmol) dissolved in
dry CH,Cl; (2 mL) was added. When all the starting material
disappeared, the reaction mixture was diluted with dichloromethane
(30 mL) and washed with 10% aqueous sodium thiosulphate
containing sodium bicarbonate and water. The organic layer was
dried and concentrated, and the residue was purified by flash
chromatography using hexanethyl acetate mixtures.

General Procedure for the IPywBF/HF.Py-Mediated Trans-
formation of Partially Protected NPGs and Phenyl 1-Thiogly-
cosides to Glycosyl FluoridesA solution of bis(pyridine)iodonium-

() tetrafluoroborate (IP3BF4) (0.2 mmol) in dry CHCI; (3 mL)

was cooled to the appropriate temperature (See Table 3):. HF
pyridine complex (5, 10, or 20 equiv) was then added, and the
resulting solution was stirred for 5 min. A solution of NPG or
phenylthioglycoside (0.1 mmol) in dry GBI, (2 mL) was then
added dropwise. The resulting solution was then stirred at low
temperature (as indicated in Table 3). The reaction was then diluted
with methylene chloride (20 mL), and the resulting solution was
carefully added to an aqueous solution containing Nakl@al
NaS,0s. The resulting layers were separated, and the aqueous layer
was extracted with methylene chloride. The combined organic layers

unprotected NPGs and thioglycosides to glycosyl fluorides. This were washed with saturated aqueous NaCl. The resultant organic
transformation can be useful in block or orthogonal strategies phase was dried over MO, filtered, and concentrated. Purifica-
for oligosaccharide synthesis since it reduces the number oftion by flash chromatography (hexanethyl acetate) afforded the
protection/deprotection steps in the interconversion of glycosyl corresponding glycosy! fluorides.

acceptors.

Experimental Section

General Procedure for the IPy,BFJ/HBF,;-Mediated Trans-
formation of Thioglycosides to Glycosyl Fluorides.A solution
of bis(pyridine)iodonium(l) tetrafluoroborate (IEBF4) (44.6 mg,

(31) (a) Ley, S. V.; Priepke, H. W. M.; Warriner, S. Angew. Chem.,
Int. Ed. Engl.1994 33, 2290-2292. (b) Ley, S. V.; Priepke, H. W. M.
Angew. Chem., Int. Ed. Engl994 33, 2292-2294.

(32) Montchamp, J.-L.; Tian, F.; Hart, M. E.; Frost, J. WOrg. Chem.
1996 61, 3897-3899.
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