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-C-galacto -Pyranosides with CHF and CF , substitutes for the glycosidic oxygen were prepared through a four-step sequence starting from
a central 1-thio-1,2- O-isopropylidene acetal alcohol and different  a-fluoro- and a,a-difluoro acids. The key step in the synthesis is the
oxocarbenium cyclization of an intermediate enol ether-thioacetal to a C1-substituted glycal.

ExactC-glycoside=2, analogues oD-glycosidesl in which are likely to be less accurate mimetics in cases where the
the glycosidic oxygen is replaced by a methylene moiety, glycosidic oxygen acts as a hydrogen bond acceptor. Recep-
have attracted attention as hydrolytically stable mimetics tor binding could also be adversely affected by the greater
of their parentO-glycosides (Figure 13.However, the flexibility of C-glycosides with respect to the intersaccharide
bonds3~5 Against this backdrop, we were interested in

s C-glycosides such a and4 with one or two fluorines on

HO _OH HO _OH (1) ForC-glycoside reviews: Postema, M. H. D:Glycoside Synthesis
g ;o o MY CRC Press: Boca Raton, Fl, 1995. Levy, D. E.; TangTke Synthesis of
Ho Og HO R C-Glycosides; Pergamon: Oxford, 1995. Beau, J.-M.; GallagheFpop.
OH OH H Curr. Chem.1997,187, 1-54. Togo, H.; He, W.; Waki, Y.; Yokoyama,
1 O-galactoside 2 CH, linked -galactoside M. Synlett 1998 700-717. Du, Y.; Linhardt, R. J.; Vlahov, J. R.
Tetrahedronl998,54, 9913—-9959. Postema, M. H. D.; Piper, J. L.; Betts,
HO _OH HO _OH R. L. Synthesi2005, 1345—1358. Yuan, X.; Linhardt, R. Gurr. Top.
o o Y o o [ Med. Chem?2005,5, 1393—1430. Levy, D. E. IiThe Organic Chemistry
on FR o R of Sugars; Levy, D. E., Flgedi, P., Eds.; CRC Press/Taylor & Francis: Boca
. ) Raton, 2005; p 269348.
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properties of fluorine, such structures may function as closer Scheme 1
mimetics of O-glycosides, compared to the unsubstituted o oraDeS o omaoes o orsoes
methylene analogués.In this context, the CFmoiety has X 1o X >g o)/i: X
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been considered an electronic isostere of oxygen. However, 1, HoocTER Loy Loy
the generality of this tenet has been questioned, and it has 5 BXY=HF.FE TXY=HF, FFF 8X/Y = HFF, FIF
been suggested that the CHF group may be a closer isopolar 0
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anomeric carbon substituent could also have a pronounced
influence on the conformational behavior about the intersac-
charide torsiond! This situation is analogous to distortion

of the natural conformation of the sugar residue in nucleo-

sides by introduction of a 2-fluoro substituéAtThus,  ethers, via an oxocarbenium ion cyclization. Precursors such
C-glycosides with one or two fluorine substituents on the 358 could be assembled in a convergent fashion through an
pseudoanomeric carbon are potentially useful mechanisticesterification—methylenation sequence starting from the
probes for interrogation of carbohydrate recognition. Herein 1-thio-1,2-O-isopropylidene alcohéland different mono-

OH Y
10 X/Y = H/F, F/F 9 X/Y =H/F, FIF

we describe the synthesis of such fluorinafe@-galacto-  or difluoroacids6. Because the original methodology was
sides. _ _ _ applied to systems which did not contain an electronegative
An obvious strategy foC-glycosides such a3and4 is substituent in the eventual pseudoglycosidic position, there

the reaction of alcohol and keto derivatives with fluorinating \as some concern that the presence of one or more fluorine
agents? Although several methodologies to synthesize these sypstituents in this location could have deleterious effects
precursors have been developetthe fluorination of such 4t different stages in the synthetic sequence, in particular,
highly substituted substrates can be problematic. A conver-gn the oxocarbenium ion cyclization (1.8~ 9).25 A second

gent approach in which fluorine is introduced in simpler jssue that had to be addressed was synthesis of more complex
precursors is potentially more general, and in this context, examples of the fluorinated acid precursérs

we envisaged a variation of our previously reportd Acid precursors6, for several biologically interesting
glycoside synthesi&.Accordingly, a fluorinatedC-glycoside C-glycolipids?® C-disaccharide¥;'®and benzylicC-glyco-

such as10 may be obtained from the stereoselective gided? were required (Table 1). The monofluoride acid
hydroboration—oxidation of the Cl-substituted gala@al  precursors were used as a mixture of enantiomeric or
(Scheme 1). The latter is expected from the thioacetal-enol giastereomeric fluorides, with the anticipation that the
E o wher®- and Coalveosides bind it corresponding epimeric fluor@-glycosides would be chro-
corgfc)Jrn”?eztings sv)i(t?\n:gs%evgt t%rthe ii?ersacgc%g?isdleetcs)rsi:)nns: IrI]Esplin%rsea?,t‘l. F.;matoqr""‘phic""'IIy separable. 2-Fluorohexanoic &t was
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Table 1. Synthesis of Fluor€C-Glycosides

Xy OTBDPS )( OTBDF'S o OTBOPS o OTBDPSY
P iorii X O ,,, oriv X Y vi )( o %s
o
HOOC” "R — o , ANy T © R
6a-h SPh OH
7a-h 8a-h 9a-h 10a-h

(i) 6a-f, h + 5, DCC, DMAP, CgHg; (i) 6g + 5, 2,4,6-trichlorobenzoyl chloride; Et;N, THF then 5, DMAP, toluene; (i) Tebbe
reagent; (iv) Takai reagent; (v) MeOTf, DTBMP, CH,Cl,, MS 4A; (vi) BH;. Me,S, THF; then Na,O,

6a-h 7a-h (%) 8a-h (%) 9a-h (%) 10a-h (%)*
OTBDPS
H F o
M X BN
HOOC 7a (95) 8a (83) 9a (73) o
6a OH
(RF10aX=H,Y = F
(s}10aX=F y=H 7O
OTBDPS
H F (CHg)y3CHs XO o y (CHg)13CHg
HOOCX/K(CHQ)HCHS 7b (95) 8b (95) 9b (80) o (CHy)1aCHa
6b OH
(RA10bX=H, Y=F o
(S10bX=F, Y =H
BnC
A O om XO OTZD)F(’SY o
HOOC omn  Tc (86) 8c (80) 9¢ (71) 5 OBn
6c OBn OH OBn

OBn

(AF10eX=H,Y=F o

(S)}10c X =F, Y=H

BnO
et oor"  7d (68) 8d (77) 9d (83) O8n

OBn

bd R)-10dX=H,Y=F 63)
WoF (S-10d X =F, Y = H
Hooc)<©
ge 7e (78) 8e (00) - -
OTBDPS
FOF o OFUF
HOOCM 7t (85) 8t (55) of (81) o
6f OH
8n0
OTBDPS
o OTBDPS
HOOC&OBH 79 (76) 89 (63) 9g (82) X oTBOPS
OBn OBn
69 OBn
X e
HOOC XO .
7h (92) 8h (50) 9h (75) AN
6h oH
10h (75)

* Note the change in priorities of the carbon substituents attached to fluorinated carb@d rielative to10a—c.

noacetat@®?* followed by hydrogenation and hydrolysis 12%2 was subjected to a cross metathesis with allyltrimeth-
steps (Scheme 2). This protocol was also usedlfdout is ylsilane under an atmosphere of ethylene to gh&?®
not applicable to fluoroacids such &g, which contain a  Treatment of the mixture of allylsilands3 with Selectfluor
3-alkoxy substituent. Fddd, the fluorination of an allylsilane  provided an approximately 1:1 mixture of diastereomeric
precursor was explored.The known carbohydrate alkene allylic fluorides, which was processed 6al via a standard
oxidative sequence. Known difluoridedf and 6h were
(21) Reynolds, G. A.; Hauser, C. Drganic Syntheses; Wiley: New  gbtained by treatment of the ketoester precursors with
York, 1963; Collect. Vol. IV, pp 7_08710. Purrington, S. T.; Woodard, D. DAST 27 This procedure not ccessful for the more
L. J. Org. Chem1990,55, 3423—3424. pr ure was su

(22) Wong, C.-H.; Moris-Varas, F.; Hung, S.-C.; Marron, T. G.; Lin, complex carbohydrate difluoridég. Therefore, using a
C.-C.; Gong, K. W.; Weitz-Schmidt, G. Am. Chem. So¢997, 119, 8152-

8158.
(23) Sano, S.; Ando, T.; Yokoyama, K.; Nagao, ¥ynlett1998, 777— (25) Thibaudeau, S.; Gouverneur, @rg. Lett. 2003,5, 4891—-4893.
779. Bargiggia, F.; Dos Santos, S.; Piva3ynthesi2002 427-437. Moon, (26) Chen, G.; Schmieg, J.; Tsuji, M.; Franck, R. @tg. Lett.2004,6,
H. R.; Kim, H. O.; Jeong, L. SI. Chem. Soc., Perkin Trans2002 1800~ 4077-4080.
1804. Sano, S.; Saito, K.; Nagao, Yetrahedron Lett2003,44, 3987— (27) For6f: Dubowchik, G. M.; Padilla, L.; Edinger, K.; Firestone, R.
3990. Suzuki, Y.; Sato, MTetrahedron Lett2004,45, 1679—1681. A. J. Org. Chem 1996, 61, 4676—4684. Foh: Middleton, W. J.;
(24) For a related Julia procedure: Zajc, B.; Kake(O#g. Lett.2006, Bingham, E. M.J. Org. Chem1980,45, 2883—2887. Hagele, G.; Haas,
8, 4457—4460. A. J. Fluorine Chem1996,76, 15-19.
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Scheme 2. Synthesis of Fluorinated Acids

BrO —OBn 1. (Et0),POCHFCO,EL,
NaH, THF then 11, 68%
OBn
OB 5 H, 10% PO/ALOg,
CHO EtOAc
11 3. 0.2 N NaOH, EtOH,
then
1N HCI, two steps, 60%
BnO ~O0Bn 1. allyl-TMS, Grubbs || cat,
o OBn  CHy=CH,, CH,yCly, 89%
OBn
CH=CHCH4

12

1. (i) Og, CHyClp, =78 °C; (ii) PhaP,
97%

2. NaClO,, NaHPO,.H,0, CHaCN-
H,0, 99%

OBn 1. BrCF,COLEt, Zn,
THF, reflux then 14
CHC y N
OBn OBn 2. AceO, DMAP,
EtOAc, two steps,
14 35%

1. NaOMe, MeCH, 83%

2. m-CPBA, CH.Cl,, aq
NaH,PO4/
NaoHPO,, 74%

1. NaOMe, MeOH then
HClether

2. TMSN,CH, MeOH, mixture
of diast. 52%

3. TBDPSCI, imidazole, DMF,
50°C,
6q (59%) + diast (39%).

OBn

BnO
o OBn
OBn
HOOC
6¢

F

BnO OBn
O 0Bn
—_— OBn
2. SelectfluorTM, CHCN, 80% Xy
F

13
BnC OBn
o OBn
OBn
HOOC "
6d
OAc OBn
EtO,C ~
F°F OBn OBn
15
OH OBn o
Meozcw
F

F OBn OBn

16
BnO - OTBDPS
O OBn
OBn
E
HOCC o
6g

ion cyclizations were promoted with methyl triflate in the
presence of 2,6-dert-butyl-4-methylpyridine (DTBMP) and
freshly activated, powdered molecular sieves. Early experi-
ments suggested that these fluorinated glycal products were
more sensitive to base (than the analogues without fluorine),
and this required attention to the concentration of DTBMP
used. In the event, producda—d and 9g,h were obtained

in generally good yields. The hydroboratieaxidation on

the glycals was performed using borane-dimethyl sulfide
under standard conditions and afforded the desired mono-
and difluoro-C-glycoside40a—d and 10g,h, with no evi-
dence of the diastereomeric hydroboration products. For the
monofluoro compounds, an approximately 1:1 ratio of
chromatographically separable, (R) ar) gpimers were
obtained.

For assignment of the configuration at the fluorinated car-
bon (R)-10awas prepared by repeating tleglycosidation
protocol on enantiomerically pur&)-2-fluorohexanoic acid.
Epimeric fluorides R)-10b/(9-10b and (R-10c/(S-10c
were then tentatively assigned by NMR comparisons with
(R)-104/(9-10a(see Supporting Information)/NOE NMR
data, molecular mechanics and molecular dynamics calcula-
tions were used to assign (R)-18dd (S)-10d

We also examined the H NMR of epimemR)(10aand
(S)-10afor evidence of intramolecualr ©H—F hydrogen
bonding. Interestingly, for solutions in ¢Ds that were
pretreated with alumina, the OH proton iR)(L0aappeared

as a doublet of doublets, whereas the corresponding signal
variation of a known strated, 15, a suitable precursor to  for (§-10awas a doublet, suggesting that hydrogen bonding
69, was first prepared by the reaction of the Reformatsky- was significant in the former but not in the latter. The
like reagent from methyl bromodifluoroacetate and the generality of these observations remains to be evaluated.
known aldehydel4?® This led to a mixture of epimeric In summary, a convergent synthesis/bEC-galactosides
alcohols, from whichl5 was separated and subjected to with one or two fluorine substituents on the pseudoanomeric
epoxidation witmCPBA. Base-mediated cyclization of the substituent has been developed. This method is especially
epoxide mixture provided an approximately 1:1 mixture of appropriate for analogues that contain highly substituted
the desired tetrahydropyran and the epimeric cyclization aglycone segments as, for exampleGrdisaccharides.
product. The difluoroacicdg was obtained after silylation
of the primary alcohol, chromatographic separation, and  Acknowledgment. This investigation was supported by
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protocol was more effectiv®. Ester methylenation was

successfully performed using the Tebbe or Takai reagent,
except for the reaction of the fluorophenylacetage which
yielded an intractable mixturf@:32 The key oxocarbenium
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