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Abstract: A series of 6-mono-, di-, and trifluoro analogs of S-phenyl 2,3,4-tri-O-benzyl-b- or L-thiorham-
nopyranoside has been synthesized and used as donors in glycosylation reactions, with activation by the
1-benzenesulfinyl piperidine/triflic anhydride system. The stereochemical outcome of the glycosylation
reactions was found to depend on the electron-withdrawing capability of the disarming substituent at the
6-position, i.e., on the number of fluorine atoms present. The results are explained with regard to the
increased stability of the glycosyl triflates, shown to be intermediates in the reaction by low-temperature
1H NMR experiments, with increased fluorine content.

Introduction Scheme 1. Mechanism of Glycosylation

B-Linked rhamnopyranosides, important structural units of PO POO@ o POO@
many naturally occurring oligosaccharides, especially bacterial ;‘//\% j)@ f'j)/
capsular polysaccharidéspnstitute important synthetic targets. X X /X@
Consequently, methods of stereoselecfivdhamnopyranosyl- Covalent cip ssIP
ation are greatly desired. Similar lemannopyranosylatiofr,* \ doner J |
stereocontrolleg-rhamnopyranosylation is challenging due to e PO
the simultaneous occurrence of the anomeric effect and steric PO ¥ j%
repulsion between the axial C-2 substituent on the rhamnosyl ﬁngR o~
donor and the approaching nucleophile, both favoring the OR

B-glycosides a-glycosides

formation of theo-isomer. In a broader sense, the stereoselective

construction of such 1,2-cis glycosylic linkages depends on a selectivity observed in 4,6-benzylidene-directed glycosyla-

number of factors which influence the equilibrium between the tions on going from highlys-selective mannopyranositié?

proposed intermediates of the reaction: covalent donors anddonors to thea-selective glucopyranoside don#t&216 is

ion pairs, contact (CIP) or solvent separated (SSIP) (Schemeattributed to a shift in the equilibria toward the covalent donor

1)5¢ in the manno series, largely due to the compression of the O2
B-Selectivity results from the attack on the covalent triflate  c2—C3-03 torsion angle on going from the covalent glycosyl

or the associated CIP, whereasselectivity arises from attack triflate to the oxacarbenium ion, as compared to the relaxation

on the SSIP. Destabilization of the oxacarbenium ion results in of this torsion angle in the gluco seri€s8The problem of the

a diminished concentration of the SSIP and, therefore, in chemical synthesis of-rhamnosides parallels that of the

increasedS-selectivity. For instance, the striking difference in  5-mannosides but is indisputably more difficult, owing to the
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Scheme 2.  Effect of the C5—C6 Conformation directed away from the electron-deficient center of the oxa-
-8 carbenium ion, thereby destabilizing this key glycosyl transfer
oH = 5 45 intermediate, whereas in tlyg and gt conformers, this dipole

+3 +3 H HO= ® is gauche to the developing positive charge, making the
O\® %@3 %& oxacarbenium ion more stabieThird, the S-directing effect
of electron-withdrawing groups at the 5-position is displayed
99 ot tg in the synthesis ob-mannuronic acid oligomers, where thio-
more stable less stable mannuronic acid ester donors were shown to give excellent
OH B-selectivities®
g HO Accordingly, we set out to probe 6-mono-, di-, and trifluoro-
O &0 %2\ substituted rhamnopyranosides as donors in glycosylation reac-
tions, foreseeing an improvement in tfieselectivity caused
X X X by the destabilization of the intermediate oxacarbenium ion by
99 gt '9 the presence of the strongly electron-withdrawing substituent(s)
more reactive less reactive at the 6-position and the consequent shift of the key equilibria

(Scheme 1) toward the covalent donor. Furthermore, fluorine-
6-deoxy functionality. In effect, the absence of the electron- sypstituted carbohydrates have been a topic of interest for many
withdrawing C-O bond at C6 influences the equilibrium  years3440owing to the fact that fluorine, strategically positioned
between the intermediates of the reaction and, therefore,in target molecules, may greatly modify their chemical and
impinges directly on the reaction mechanism. Furthermore, the piological properties and biological activity. Moreover, the

use of disarming 4,&-benzylidene-protected dond¥$}1%-22 excellent NMR properties ofF labels allow the detection of
as in our recent solution to theé-mannosylation problem, is  the position, conversion, or other interactions of the labeled
not possible because of the deoxy nature of the system. compounds by in vivo or in vitré% NMR measurementd; 45

Cognizant of the8-directing effect of disarming, nonpartici-  The fluorine atom can mimic either a hydrogen atom or a
pating substituents at the 2-positi&h? as well as of the 3,4-  hydroxyl group and thus can turn a substrate into an inhibitor
O-carbonate grouin homogeneous rhamnosylation reactions, of a critical enzyme, improve stability of a drug, and/or protect
we were drawn to the potential influence of the substituents at crucial bonds from hydrolytic cleavag®.Thus, fluorinated
the 6-position on the selectivity of the rhamnosylation reaction. carbohydrates can be used as cores in the development of drugs
Indeed, several examples of the directing effect of electron- against viral infections and canc¥r40:46-48 as well as to probe
withdrawing groups at the 6-position on glycosylation reactions biochemical processé$For example, the ability of the electron-
have been reported in the literatdfe®! First, in their studies  withdrawing fluorine substituents to decelerate a particular
of the influence of the reactant structure on galactopyranosyl- reaction is used in the elucidation of enzyme mechanisms or in
ation with galactosyl sulfonates, Schuerch and co-workers the inhibition of a process of interest. Thus, a fluorine substituent
reported a remarkably highrselectivity in the methanolysis of  in the carbohydrate moiety of thelofarabing a medicine
6-O-(N-phenylcarbamoyl)-2,3,4-tiG-benzylp-galactopyrano-  marketed for the treatment of leukenifancreases the hydro-
syl triflate?®29 and, more generally, a noticeable enhancement |ytic stability of the drug by disfavoring positive charge
in B-selectivity on going from less to more electron-withdrawing - development on the anomeric carbon, required for the hydrolytic
protective groups at the 6-position of 2,3,4@benzylo- cleavage of nucleosidé8. Similarly, the mechanism-based
galactopyranose derivativésSecond, the well-known deacti-  fluorinated glycoside inhibitors designed by Withers and co-

vating effect of 4,60-acetal protecting groups on glycosyl worker$!-52 for identification of the active site residues of
transfers and hydrolyses, utilized, for example, in @:6-

benzylidene-directed-mannopyranosylation reactiofisi? was (gg) Eenglilg, /3'3 Aé Eﬁdﬁ' gargﬁhﬁg s%hznksliioz%emggl 38, 195-285.
demonstrated not to be wholly “torsional disarmaméhtSbut (38) Teuchiya. T Ad. Catbohycr. Chem. Biocher0d0 48, 91277.

in part to be an electronic effect, associated with locking-C5  (37) 3?(?7)(' K.; Albert, M.; Ortner, J.; Paul, B. Gurr. Org. Chem1999 3, 287—
C6 in thetg conformation (Scheme 2§.In the tg conformer,  (38) Miethchen, RJ. Fluorine Chem2004 125 895-901.

i i i i (39) Isanbor, C.; O’'Hagan, Ol. Fluorine Chem2006 127, 303—319.
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“retaining” glysosidases, function through destabilization of the

fluorine-containing building block for the introduction of the

putative oxacarbenium intermediate of the studied enzymatic trifluoromethyl moiety into the arabinose precursor (Scheme

reaction by the electron-withdrawing fluorine substitugnt3

Similar characteristics are to be expected from the 6-mono-,

5). The trifluoromethyl analog of anrhamnopyranoside donor
was selected as target on account of the low cost and availability

di-, and trifluoro-substituted rhamnopyranosides, thereby making of L-arabinose. Thus, derivativé® was converted t&@ and9
them candidates for inhibitors of glycoside processing enzymes,by a two-step, one-pot protocol, starting with TBAF-catalyzed

in addition to potentiap-selective rhamnosyl donors.
Results

Preparation of Donors. Preparation of the-monofluoro
donor3 was straightforward and followed the protocol outlined
in Scheme 3, starting from the known 1,2,3,4-ted-@&cetyl-
6-deoxy-6-fluorag8-n-mannopyranost, > easily available through
the reaction of 1,2,3,4-teti@-acetyl3-b-mannopyranoseéwith
N,N-diethylaminosulfur trifluoride (DASTY* and proceeding
via the intermediacy of the corresponding@iacety! thiogly-
coside2.

Scheme 3. Synthesis of a Monofluoro Donor

£~ OAc BF3-Et,0 F~ OAc
REaNY R
Kco OAC phsH, CH,Cl, * ACO SPh
1 20,8, 91%
(/B = 3.8/1)
OAc i) NaOMe, MeOH F OBn
AcO - BgoO, Q
Ko i) BnBr, NaH, DMF  BnO
20, SPh 3,82% SPh
(2 steps)

The difluoro derivatives was synthesized in a similar manner
by deoxofluorination with DAST, following conversion of the
6-OH group of the mannopyranoside derivati¢e® to the
corresponding aldehy&e(Scheme 4). One-pot hydrolysis of
the anomeric OMe group and acetylation of the pyranose in
acidic media® followed by Lewis acid-promoted substitution
with thiophenol, gavé as a mixture ofx andj isomers, easily
separable by means of chromatography.

Scheme 4. Synthesis of a Difluoro Donor

HO OBn
O
Ba&&lﬁ

4 OM

F
F Ogn
B0

i) DMSO, (COCl),,
EtsN, CH,Cl,

o 1) DAST, CH,Cl,

5, 20% OMe
(2 steps)

F
F OBn
é 0
B SPh

60,8, 85%
(/B = 3/1)

i) H,SOy4, AcOH, Ac,O

ii) PhSH, TMSOTH,
Py, CHzclz

In this proof of principle studyp-mannose was selected as
a precursor for the synthesis of the mono- and difluoromethyl
analogs3 and6 in view of its low cost and availability and the
rapid access to the target donors. The trifluorinated ddr2or
required the development of an entirely different strategy, in
which the RuppertPrakash reagetftwas utilized as a suitable

(54) Khan, S. H.; Jain, R. K.; Abbas, S. A.; Matta, K.Carbohydr. Res199Q
198 259-273.

(55) Reynolds, D. D.; Evans, W. lJ. Am. Chem. Sod.94Q 62, 66—69.

(56) Mikkelsen, L. M.; Krintel, S. L.; Jimenez-Barbero, J.; SkrydstrupJT.
Org. Chem.2002 67, 6297-6308.

(57) Vidil, C.; Morere, A.; Garcia, M.; Barragan, V.; Hamdaoui, B.; Rochefort,
H.; Montero, J.-L.Eur. J. Org. Chem1999 447-450.
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nucleophilic addition of CETMS to the aldehydé&!62followed

by the cleavage of the intermediate TMS ether. The undesired
diastereomeB failed to undergo Mitsunobu inversi&¥#f4 but

was successfully transformed ® by a method involving
displacement of the derived triflate with nitrite ani#mn’°
2-Naphthyl-methylation o8, followed by the removal of the
trityl group in acidic media, gavé0.

Scheme 5. Synthesis of a Trifluoro Donor

F F
0 F——F F——F
OBn i) CF3TMS, HO OH
oo cat. TBAF, THF OBn + OBn
BnO ii) 1eq TBAF, THF BnO BnO
oTr BnO BnO
OTr OTr
7 8, 42% 9, 43%
i) Tf,0, Py, CH,Cl,
i) NaNO,, 18-crown-6,
DMF
56% (2 steps)
F
F—TF
i) DMSO, (COCl),,
i) NapBr, NaH, DMF ONap EtsN, CH,Cl, 2
9 OBn -
ii) HCI, dioxane,A BnO i) DDQ,
BnO MeOH/CH2C|2
OH
10, 88% (2 steps)
SPh
OH i) CF3C(NPh)CI E.C7T~0
Bn53c (] K,CO3, acetone BnO2
BnO
BnO  opn ii) PhSH, TMSOTY, nY oBn
DCM
11, 53 % (2 steps) 12a, 9% (2 steps)
(/B =13/1) 128, 56% (2 steps)

Differential protection ofL0 in this manner allows potential
difficulties related to the increase of the furanose content as
the methyl group is replaced with the trifluoromethyl group,

(58) Vaghefi, M. M.; Bernacki, R. J.; Dalley, N. K.; Wilson, B. E.; Robins, R.
K. J. Med. Chem1987 30, 1383-1391.
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4463.
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Table 1. Variable-Temperature 'H NMR Experiments Table 2. Glycosylation of the Donor 3
BSP, TTBP, Tf,0, CD,CI K
w{L&N SPh 2 e % 9 acceptor product o/B ratio”
-60 °%C— ... Decomp. OTf (vield, %)
Donor Triflate o)

d ifl 5 d o 0"

onor triflate ui, ppm  decomp. T, 0. BnO 00 o 2.3/1 (88)
OC HO. b BnO o X
F
o1 78" 6 0% 19 OX
3 Bro 6.05(0) -10t00
OBn
13 OTf HO, BnO
)(O BnO
F Q;o )(
1.2/1 (84
F OBn 0\~ ) g\\ 84
6 BnO 6.06 0to+10
© % © e X
OTf 17

OMe
OMe
oTf OBn
HO\&()? BnO o
Fﬁﬁ&# 6.03(s) +10tort. q 3 &w ?\7 1/1.6 (84)
x XO

15 18 21

) ) ] aDetermined fromH NMR spectrum of the crude reaction mixture.
known to occur in the-fucose serie%? to be avoided. Swern P Total isolated yield.

oxidation, followed by oxidative cleavage of the 2-methylnaph-
thyl ether gavell predominantly as thew-isomer. Obvious

routes for the conversion of the pyranose derivafileo the acceptor product o/P ratio”
donor 12 via reaction of the anomeric hydroxyl group with (vield, %)"

tributylphosphine and sulfur nucleophiles (e.g., diphenyl di- )(:g_?\
O.

Table 3. Glycosylation of the Donor 6a.

sulfide), or via acetylation ol 1 followed by the Lewis acid- Bnoﬁm

promoted reaction with thiophenol, failed. This is presumably BnO 1/2.3 (80)
due to the strong electron-withdrawing nature of the; CF o

substituent at the 5-position, diminishing the nucleophilicity of
the hydroxyl group or, in the case of the acetate, prohibiting its

. S . . . HO. OBn
effective activation with the Lewis acid. Therefore, pyranose o Bénoo
derivative 11 was treated withN-phenyltrifluoroacetimidoyl )( Q "
chloride’ to give the more reactivis-phenyltrifluoroacetimidate 1/3.0 (76)
derivative!?~77 which was instantly converted to donti with ~
thiophenol under Lewis acid-catalyzed conditions. 17
Investigation of the Key Intermediates. Variable-temper-
ature’H NMR experiments were conducted for don8;ba, Bnok OB”
and12f, in which activation was performed by the BSROf Bno&% BnO 1/1.8 (68)
couple in CDQCI, (Table 1). )
OMe
25
Bu
g N" N a . " ' .
Ph—S~N M Determined from'H NMR spectrum of the crude reaction mixture.
By b Total isolated yield.
TTBP Glycosylation ReactionsIn light of the results obtained from
In all three cases, the thioglycosides followed the typical the low-temperature NMR experiments, the glycosylation reac-
pattern previously observed in our laboraté?y3.2578.7%lean tions (Tables 24) were performed by the following modus

activation at—60 °C directly gave putative glycosyl triflate operandi: donors were first activated-a60 °C by the BSP/

intermediates, which underwent decomposition on warming. 1120 couple in the presence of TTBP, the solution of the
Interestingly, the stability of the observed intermedidtgsl4, acceptor was then added, and the reaction mixture was allowed

and15 exhibited a direct correlation with the number of fluorine 0 warm slowly to room temperature. The assignment of the
substituents at the 6-position. Thus, the decompositioh3of

iti (72) Yu, B.; Tao, H.Tetrahedron Lett2001, 42, 2405-2407.
was completfed by 0C, whereas thtoa decomposition M4 and 73) Yu_ B.: Tao, H.J. Org. Chem2002 67, 9099-9102.
15required higher temperatures10 °C and room temperature, ~ (74) Sun, J.; Han, X.: Yu, BCarbohydr. Res2003 338 827—833.
respectively) (75) Zhang, Z.; Yu, BJ. Org. Chem2003 68, 6309-6313.

. (76) Li, M.; Han, X.; Yu, B.J. Org. Chem2003 68, 6842-6845.
(77) Peng W.; Sun J.; Lin, F.; Han, X.; Yu, Bynlett2004 259-262.
(71) Tamura, K.; Mizukami, H.; Maeda, K.; Watanabe, H.; UneyamaJK. (78) Crich, D.; Sun, SJ. Am. Chem. Sod.997 119 1121711223.
) C

Org. Chem.1993 58, 32—35. (79) Crich, D.; Jayalath, Rl. Org. Chem2005 70, 7252-7259.
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Table 4. Glycosylation of the Donor 124

acceptor product o/p ratio

(yield, %)*

><0
(¢}
o . 1/5.3° (50)
HO. o Bn03 (0)
oX B"O OBn
16 26
HO,
(0]
)( 59707
Q, BnO
%ﬁ X% o3 &3
8

BnO. BnO
Q 0 O
Eﬁ’(&ﬁ 5 Swsn% 1/1.2 (69)
BO e BRO {gn " ome

aTotal isolated yield® Determined fromH NMR spectrum of the crude
reaction mixture.

stereochemistry of the so-formed glycosidic products was made
on the basis of the magnitude of tRéc; 1 coupling con-
stants?0.81

Glycosylation of the monofluoro don@proceeded in good
yield, but poor selectivity. In all but one case, a preference for
the a- over S-isomer was observed (Table 2). A significant
change in selectivity was detected going to the difluoro
thioglycoside donobe., with which the desireg@-isomer was
the major product of the glycosylation reactions, reaching a
maximum of 3/15/a with a primary alcohol as acceptor (Table
3). A further improvement if-selectivity was observed going
from the difluoro donor6a to the trifluoro analogl2g, with
the exception of glycosylation of accep&i for which thea/f
ratio was only 1/1.2 (Table 4).

The formation of significant amounts of the pyranose
byproductl1 was observed in coupling reactions with trifluoro
donor 126, which led us to examine further glycosylation
reactions under the modified conditions. Thigf was activated

—60 °C by the BSP/T{O couple in the presence of TTBP,
followed by addition of the acceptor, and the reaction mixture
was maintained at-60 °C for an extended period of time (18
h or, for the accepto2, 24 h) before it was quenched.
Application of this modified procedure gave a significant
improvement in the yield and selectivity for the reaction of donor
126 with acceptorl6 (Table 5) and decreased the amount of
the byproductll in the majority of cases.

To further probe the effect of the fluorine substituent(s) at
the 6-position, glycosylation reactions with the analogous
nonfluorinated substrates, the rhamn80)#2 and mannopyra-
noside derivatives3(l),83 were examined for comparison. The
results of these coupling reactions under the original conditions
with the acceptoll6 are presented in Table 6 (entries 1 and 2)
along with pertinent literature examples (entries 3 and 4), in

Table 5. Glycosylations under the Modified Conditions

donor/ product o/p ratio
acceptor (yield, %)”
BnO °
B o@&f 231
3116 nos o 0. S/17(78)
o
BnO
salte e 1/2.2° (78)
)(O
%1 o
b
12B/16 F.C7~0 o 5 1/8.6” (87)
BnO §<
BnO OBn o
26
FaC
Bno3 2
12p/17 BnO 0 1/6.3 (83)
OMe
0
FsC Oﬁ\?
12618 Bnolr O} 1/3.7" (67)
BnO OBn )Q
29
BnO o
FaC7=0 0&@‘ 1/1.3 (70)
12p/22 BnO"> BnO BnO
BnO OBn OMe

28

aTotal isolated yield? Determined froniH NMR spectrum of the crude
reaction mixture.

which preactivation of donor82%* or 33!® was performed at
—78°C. In accordance with the general pattern, each of these
donors showed a high preference for the formation-tihked
products.

Deprotection of DisaccharidesIn order to ascertain whether
or not introduction of the fluorine atoms into rhamnopyranosides
in this manner complicates deprotection, disaccha@8s278,

286, and298 were submitted to the transformations described
in Scheme 6. Hydrogenolysis @Bf proceeded efficiently and
resulted in a quantitative yield 6.

Cleavage of the acetonide protecting grotfpfllowed by
the hydrogenolysis over Pd(O}l)enabled37 and 38 to be
obtained from26f and 293, respectively. Hydrogenolysis of
the benzyl ethers il27# was uneventful and gav&9 in
guantitative yield.

Discussion

It is evident that introduction of fluorine atoms at the
6-position of the rhamnopyranoside donor enhancegtke-

(80) Bock, K.; Pedersen, @. Chem. Soc., Perkin Tran974 2, 293-297.

(81) Duus, J. O.; Gotfredsen, C. H.; Bock, &hem. Re. 200Q 100, 4589—
4614.

(82) Furukawa, J.-l.; Kobayashi, S.; Nomizu, M.; Nishi,
Tetrahedron Lett200Q 41, 3453-3457.

N.; Sakairi, N.
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(83) Charbonnier, F.; Penades,EBur. J. Org. Chem2004 3650-3656.

(84) Choi, T. J.; Baek, J. Y.; Jeon, H. B.; Kim, K. Betrahedron Lett2006
47, 9191-9194.

(85) Lemieux, R. U.; Hendriks, K. B.; Stick, R. V.; James, K.Am. Chem.
Soc.1975 97, 4056-4062.
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Table 6. Glycosylation Reactions with Rhamno- and
Mannopyranoside Donors

donor activation product o/ ratio
conditions (yield, %)”
>(O
SPh o~ o
BnoB 7 Q BSP/T1,0, . OWO N 7.6/1° (74)
n 0 n
OBn -60°C B0 gn 0 ¢
30 34
o
0B . {
39 10" BSP/TH,0, %80 o 10.1/1° (79)
80 0 Boo
-60 °C BnO o. 5
S
a O 35 0
BnO— op 0.
Bno o  PhSeOTf, sno&&‘ o
(\( ;8¢ 0 (83)*
5 35 03(
BnO~ ogn
0 O.
BS?&&A\ TH,0, BnO OX o only
an's

Bno
0 78°C  BoxHQ = \©
BnO o
HO 5

o]
33

aTotal isolated yield® Determined fromtH NMR spectrum of the crude
reaction mixture.

Scheme 6. Deprotection of Trifluororhamnopyranosides

HO
iy  FiC o} 0
285 PYC H2(50ps) OW Ho’%
OHOMe

MeOH/EtOAC HO oH
36, 100%

HO
i) CF3COOH, H,0 o
26p o : FsC7~0 HOO&Q
ii) PA(OH),/C, H, (50 psi) HOW OH“OH
MeOH/EtOAC HO &n
37, 90% (2 steps)
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MeOH/EtOAC HO oy OH
38, 84% (2 steps)
o]
Pd(OH),/C, H, (50 psi) wE3SZQ7 ™0 o
i HO
MeOH/EtOAc OH o
o
39, 100%

lectivity of the rhamnosylation reaction. This is in agreement

with the hypothesis of the dependence of the stereochemical
outcome of the glycosylation reaction on the nature of the

as compared to oxygen and obvious steric factors. Poor
selectivity in the glycosylation of acceptd® with difluoro and
trifluoro donors 6a. and 128, as compared with the good
pB-selectivity in reactions with acceptotks, 17, and 18, is
attributable to the sterically hindered nature of this acceptor and
the stereochemical matching/mismatching phenoméh@n.

The effect of the electron-withdrawing group at the 6-position
on the stability of the covalent triflate was further demonstrated
by low-temperaturéH NMR experiments, in which decomposi-
tion temperatures increase with the number of fluorine atoms
at C6. Surprisingly, introduction of the disarming substiuents
to the rhamnosyl donors did not significantly influence the
activation step (Table 1): in all cases putative glycosyl triflate
intermediates were obtained from all thioglycosyl donors within
minutes upon treatment with the BSP/Dfpair at—60 °C.

Experimental Section

General. Unless otherwise noted, reactions were conducted under
an inert atmosphere of argon or nitrogen. A, 3C, and'°F spectra
were recorded in CDGJ except for the spectra of the compourds
37, and38 where CROD was used as a solvent. AfF spectra were
referenced to CFGI

General Procedure for Variable-Temperature 'H NMR Experi-
ments. A solution of 3, 6a, or 128 (0.02 to 0.05 mmol, 1 equiv) in
CD.Cl; (1 g) containing BSP (1 equiv) and TTBP (2 equiv) was placed
into an NMR tube and cooled te60 °C in the NMR probe. The first
H spectrum was obtained, then the sample was quickly removed from
the probe and kept cool in&60 °C acetone/dry ice bath during the
addition of TEO (1.1 equiv). The sample was returned to the NMR
probe, and théH spectrum was recorded again. The temperature was
increased by 10C increments every 10 min, arith NMR spectra
were acquired at each temperature.

General Coupling Protocol (Method A). To a stirred solution of
donor3, 6a, or 128 (1 equiv) in CHCI, (~0.03 M), containing BSP
(1 equiv), TTBP (2 equiv), and activate3 A powdered molecular
sieves, TO (1.1 equiv) was added at60 °C. The reaction mixture
was stirred for 5 min at this temperature, and solution of acce@or
17, 18, or 22 (1.2 equiv) in CHCI, (~0.09 M) was added dropwise.
The reaction mixture was stirred for an additional 2 min at this
temperature, then slowly warmed to room temperature, filtered, washed
(saturated aq NaHG{) dried (NaS0Qy), and concentrated. The crude
was filtered through a pad of silica gel (with ethyl acetate as an eluent)
and chromatographed using SiO

General Coupling Protocol (Method B). To a stirred solution of
donor3, 6a, or 128 (1 equiv) in CHCI, (~0.03 M), containing BSP
(1 equiv), TTBP (2 equiv), and activate3 A powdered molecular
sieves, T§O (1.1 equiv) were added at60 °C. The reaction mixture
was stirred for 5 min at this temperature, and solution of acceptor (1.2
equiv) in CHCI, (~0.09 M) was added dropwise. The reaction mixture
was stirred for an additional 18 h (for acceptd® 17, and 18) or
24 h (for22) at —60 to —65 °C, then filtered, washed (saturated aq
NaHCQ), dried (NaSQy), and concentrated. The crude reaction mixture
was filtered through a pad of silica gel (with ethyl acetate as an eluent)
and chromatographed using SiO
2,3,4-Tri-O-benzyl-6-fluoro-o.-p-rhamnopyranosyl-(1—3)-1,2:5,6-
O-iso-propylidene-a-p-glucofuranose (19) and 2,3,4-Tri-O-ben-

substituents at the 6-position, their influence on the stability of ;v & fiyoro-g-p-rhamnopyranosyl-(1—3)-1,2:5,6-di0-isopropylidene-
the intermediate oxacarbenuim ion and, consequently, on theq.p-glucofuranose (18). Prepared by method A or method B (18 h

key equilibria (Scheme 1). The/a ratio of the disaccharide

at—60 to—65 °C) from 3 (50 mg, 0.092 mmol) andl6 (29 mg, 0.113

products increases going from nonfluorinated substrates tommol). Purification by radial chromatography (Si(hexanes to 1/4

monofluoro donoB to difluoro donor6e, and further to trifluoro
donor12f. The increase in formation of th&linked products

with the monofluro donor as compared to the mannopyranoside

ethyl acetate/hexanes) ga¥éa (41 mg, 64%, method A or 36 mg,

(86) Fraser-Reid, B.; Lopez, J. C.; Gomez, A. M.; Uriel Eir. J. Org. Chem.
2004 1387-1395.

donor can be attributed to the higher electronegativity of fluorine (87) Crich, D.; Patel, MCarbohydr. Res2006 341, 1467-1475.

J. AM. CHEM. SOC. = VOL. 129, NO. 38, 2007 11761



ARTICLES

Crich and Vinogradova

57%, method B) and98 (15 mg, 24%, method A or 13 mg, 21%,
method B).19%x: [a]?% +11.6 € 0.55, CHC}); *H NMR (501 MHz)
0 7.28-7.41 (m, 15H), 5.80 (d) = 3.5 Hz, 1H), 5.26 (dJ = 1.3 Hz,
1H), 4.97 (dJ = 10.6 Hz, 1H), 4.76 (d) = 12.5 Hz, 1H), 4.524.76
(m, 7H), 4.27 (s, 1H), 4.084.13 (m, 1H), 3.984.07 (m, 4H), 3.85
(dd,J = 9.4, 2.9 Hz, 1H), 3.723.82 (m, 2H), 1.49 (s, 3H), 1.41 (s,
3H), 1.34 (s, 3H), 1.29 (s, 3H}*C NMR (126 MHz)d 138.2, 138.04,

21a and218 (51 mg, 84%0/f = 1/1.6).21a: [a]?% +42.9 € 0.21,
CHCL); 'H NMR (501 MHz) & 7.26-7.40 (m, 15H), 4.97 (dJ =
10.6 Hz, 1H), 4.86 (dJ = 1.3 Hz, 1H), 4.49-4.82 (m, 8H), 4.11 (t)
= 9.8 Hz, 1H), 4.04 (dJ = 5.7 Hz, 1H), 3.954.06 (m, 1H), 3.93
(dd,J = 7.2, 5.8 Hz, 1H), 3.86 (dd] = 9.4, 3.0 Hz, 1H), 3.73 (dd]
= 2.8, 1.8 Hz, 1H), 3.463.55 (m, 1H), 3.33 (s, 3H), 3.29 (dd,=
10.1, 7.5 Hz, 1H), 1.50 (s, 3H), 1.27 (s, 3H), 1.00J&; 6.2 Hz, 3H);

138.00, 128.6, 128.4, 128.2, 128.0, 127.9, 127.8, 127.73, 127.70, 112.113C NMR (126 MHz)6 138.5, 138.4, 138.1, 128.5, 128.2, 128.1, 127.9,

109.5, 105.240c = 182.6 Hz), 98.840cy = 172.5 Hz), 83.8, 82.3 (d,
J=172.9 Hz), 81.4, 80.3, 79.5, 75.5, 73.9, 73.7Xe 6.5 Hz), 72.5,
72.4, 72.11, 72.09 (d] = 18.5 Hz), 67.8, 27.0, 26.9, 26.2, 25%F
(282 MHz) & —233.8 (td,J = 47.7, 26.7 Hz, 1F); FABHRMS calcd
for CaHaFNaOy [M + NaJ*, 717.3051; found, 717.304198: [a]?%
—41.9 € 0.32, CHC}); 'H NMR (501 MHz) 6 7.39-7.42 (m, 2H),
7.27-7.36 (m, 13H), 5.91 (dJ = 3.3 Hz, 1H), 4.93 (dJ = 10.6 Hz,
1H), 4.88 (dJ = 12.1 Hz, 1H), 4.77 (dJ = 12.1 Hz, 1H), 4.42-4.67
(m, 8H), 4.31-4.33 (m, 1H), 4.284.29 (m, 1H), 4.13 (t) = 7.5 Hz,
1H), 4.03-4.07 (m, 1H), 3.89 (t) = 9.5 Hz, 1H), 3.84-3.87 (m, 1H),
3.52-3.55 (m, 1H), 3.46-3.49 (m, 1H), 1.50 (s, 3H), 1.43 (s, 3H),
1.32 (s, 3H), 1.31 (s, 3HJ3C NMR (126 MHz) 138.3, 138.0, 128.53,

128.48, 128.3, 128.22, 128.17, 128.0, 127.8, 127.7, 127.6, 112.0, 108.6

105.0 {Jcn = 182.6 Hz), 99.9%0cH = 155.3 Hz), 83.1, 82.23 (d, =
172.9 Hz), 82.17, 81.2, 80.6, 75.3, 75.1 Jd+ 18.5 Hz), 74.2, 74.1,
73.6 (d,J = 6.5 Hz), 73.2, 71.8, 66.1, 26.8, 26.6, 26.4, 25°%; (282
MHz) 6 —232.3 (td,J = 47.3, 23.7 Hz, 1F); FABHRMS calcd for
CsgHs7FNaOy [M + NaJt, 717.3051; found, 717.3033.
2,3,4-Tri-O-benzyl-6-fluoro-a-p-rhamnopyranosyl-(1—6)-1,2:3,4-
di-O-iso-propylidene-a-p-galactopyranose (2@) and 2,3,4-Tri-O-
benzyl-6-fluoro-f-b-rhamnopyranosyl-(1—6)-1,2:3,4-di-O-isopro-
pylidene-a-p-galactopyranose (2f3). Prepared by method A frord
(50 mg, 0.092 mmol) and7 (29 mg, 0.113 mmol). Purification by

radial chromatography (SiOhexanes to 1/4 ethyl acetate/hexanes) gave

200 (28 mg, 43%) an@QB (28 mg, 43%)200: [o]3' —10.2 € 0.58,
CHCly); 'H NMR (400 MHz) & 7.27-7.40 (m, 15H), 5.52 (dJ = 5.0
Hz, 1H), 4.99 (dJ = 1.6 Hz, 1H), 4.95 (dJ = 10.8 Hz, 1H), 4.5%
4.78 (m, 8H), 4.32 (ddJ = 5.0, 2.4 Hz, 1H), 4.16 (dd) = 8.0, 1.8
Hz, 1H), 3.90-4.03 (m, 3H), 3.83 (ddj = 2.9, 1.9 Hz, 1H), 3.73

3.81 (m, 2H), 3.66:3.72 (m, 1H), 1.51 (s, 3H), 1.44 (s, 3H), 1.34 (s,

3H), 1.33 (s, 3H)23C NMR (101 MHz)d 138.4, 138.3, 138.2, 128.44,

127.8,127.7,127.6, 109.1, 9983d = 171.4 Hz), 98.0%0c = 166.2
Hz), 82.2 (d,J = 172.0 Hz), 80.3, 80.1, 75.9, 75.5, 73.9 (&= 5.6
Hz), 73.8, 72.9, 72.4, 71.1 (d,= 18.5 Hz), 64.7, 54.9, 28.1, 26.4,
17.2;%% (282 MHz)o —236.6 (td,J = 48.3, 30.9 Hz, 1F); FABHRMS
calcd for G7HisFNaQy [M + NaJt, 675.2945; found, 675.29321f:
[a]®5 —71.2 € 0.16, CHCY); H NMR (501 MHz) 6 7.41—7.45 (m,
2H), 7.25-7.36 (m, 13H), 4.9%£4.98 (m, 3H), 4.87 (s, 1H), 4.78 (4,
=12.5 Hz, 1H), 4.66 (dJ = 3.7 Hz, 1H), 4.58 (d) = 10.8 Hz, 1H),
4.56 (d,J = 3.7 Hz, 1H), 4.53 (dJ = 11.9 Hz, 1H), 4.44 (dJ = 11.7
Hz, 1H), 4.14 (ddJ = 7.2, 5.7 Hz, 1H), 4.09 (dJ = 5.5 Hz, 1H),
3.95 (d,J = 3.1 Hz, 1H), 3.85 (tJ = 9.5 Hz, 1H), 3.68-3.73 (m,
1H), 3.61-3.68 (m, 1H), 3.57 (ddJ = 9.3, 3.0 Hz, 1H), 3.463.48
(m, 1H), 3.39 (s, 3H), 1.48 (s, 3H), 1.35 @= 6.2 Hz, 3H), 1.32 (s,
3H); 13%C NMR (126 MHz)6 138.8, 138.2, 138.1, 128.5, 128.4, 128.2,
128.1, 127.9, 127.7, 127.6, 127.5, 109.4, 9938{(= 157.2 Hz), 97.9
({Jcn = 168.3 Hz), 82.44 (d) = 173.9 Hz), 82.38, 78.5, 77.8, 76.1,
75.2, 75.0 (dJ = 18.5 Hz), 74.00, 73.97, 73.9 (d,= 7.4 Hz), 71.3,
64.3, 54.9, 27.8, 26.5, 17.%F (282 MHz)6 —231.9 (td,J = 47.7,
23.7 Hz, 1F); FABHRMS calcd for £H4sFNaQ [M + Na]t, 675.2945;
found, 675.2921.
2,3,4-Tri-O-benzyl-6,6-difluoro-o.-p-rhamnopyranosyl-(1—3)-1,2:
5,6-di-O-iso-propylidene-a-b-glucofuranose (2&) and 2,3,4-Tri-O-
benzyl-6,6-difluoro#-b-rhamnopyranosyl-(1—3)-1,2:5,6-di-O-iso-
propylidene-o.-b-glucofuranose (2#). Prepared by method A from
60 (50 mg, 0.089 mmol) and6 (28 mg, 0.107 mmol) or by method
B (18 h at—60 to —65 °C) from 23a (25 mg, 0.044 mmol) andl6 (14
mg, 0.054 mmol). Purification by radial chromatography (Si@xanes
to 1/4 ethyl acetate/hexanes) ga2@ (17 mg, 26%, method A or 8
mg, 25%, method B) an#3f (34 mg, 54%, method A or 17 mg, 53%
method B).23a:: [a]? +2.7 (€ 0.26, CHCY); *H NMR (500 MHz) &

128.35, 128.1, 127.9, 127.8, 127.64, 127.62, 127.56, 109.4, 108.6, 97.6-28-7.39 (M, 15H), 6.01 () = 54.4 Hz, 1H), 5.80 (d) = 3.7 Hz,

(Men = 169.4 Hz), 96.3%0ch = 178.3 Hz), 82.3 (dJ = 173.2 Hz),
80.0, 75.3, 74.4, 73.8 (d = 6.6 Hz), 72.5, 72.1, 71.4 (0, = 17.7
Hz), 71.0, 70.7, 70.6, 65.7, 65.4, 26.1, 26.0, 24.9, 28/6(282 MHz)
0 —234.2 (td,J = 47.5, 27.9 Hz, 1F); FABHRMS calcd forz@Hsr-
FNaQp [M + NaJ*, 717.3051; found, 717.304208: [o]?* —78.4
(c 0.62, CHCH); *H NMR (400 MHz) 6 7.48-7.53 (m, 2H), 7.22
7.36 (m, 13H), 5.60 (dJ = 5.0 Hz, 1H), 5.02 (dJ = 12.4 Hz, 1H),
4.98 (d,J=10.8 Hz, 1H), 4.92 (dJ = 12.4 Hz, 1H), 4.70 (dJ = 3.2
Hz, 1H), 4.56-4.65 (m, 3H), 4.49 (s, 1H), 4.45 (d,= 12.0 Hz, 1H),
4.31-4.36 (m, 2H), 4.19-4.25 (m, 2H), 4.16-4.14 (m, 1H), 4.02 (d,
J= 2.9 Hz, 1H), 3.92 (tJ = 9.6 Hz, 1H), 3.62 (ddJ = 10.7, 8.5 Hz,
1H), 3.49 (ddJ = 9.4, 3.0 Hz, 1H), 3.363.48 (m, 1H), 1.49 (s, 3H),
1.45 (s, 3H), 1.34 (s, 3H), 1.33 (s, 3HJC NMR (101 MHz)6 138.4,

1H), 5.29 (d,J = 1.7 Hz, 1H), 4.94 (dJ = 10.5 Hz, 1H), 4.74 (dJ
=12.3 Hz, 1H), 4.64 (dJ = 12.5 Hz, 1H), 4.63 (dJ = 10.6 Hz, 1H),
4.53-4.59 (m, 3H), 4.26 (dJ = 1.8 Hz, 1H), 3.99-4.12 (m, 5H),
3.78-3.87 (m, 2H), 3.76 (tJ = 2.4 Hz, 1H), 1.49 (s, 3H), 1.41 (s,
3H), 1.33 (s, 3H), 1.29 (s, 3H)*C NMR ¢ 138.0, 137.8, 137.7, 128.6,
128.44, 128.42, 128.2, 128.1, 127.8, 127.7, 113.9 &, 244.1 Hz),
112.1, 109.4, 105.2Jcn = 182.6 Hz), 99.0%0cH = 172.5 Hz), 83.6,
81.3, 81.0, 79.0, 75.4, 73.7, 73.6, 72.5, 72.4, 72.1, 71.2+,20.4
Hz), 67.8, 26.9, 26.8, 26.1, 25.6F (471 MHz)6 —132.9 (dddJ =
285.0, 54.0, 9.4 Hz, 1F);133.8 (dddJ = 285.0, 54.3, 15.0 Hz, 1F);
ESIHRMS calcd for GoHasF2NaQio [M + NaJt, 735.2957, found,
735.2947236: [0]? —52.8 € 0.07, CHCA); H NMR (501 MHz)
7.25-7.40 (m, 15H), 6.09 (td) = 54.7, 3.1 Hz, 1H), 5.85 (d] = 3.7

138.2, 137.9, 128.8, 128.44, 128.35, 128.2, 128.1, 127.8, 127.6, 127.5Hz, 1H), 4.82 (dJ = 10.8 Hz, 1H), 4.80 (dJ = 12.1 Hz, 1H), 4.72

109.6, 108.8, 102.4cy = 155.1 Hz), 96.4%0cy = 179.9 Hz), 82.2
(d, J = 173.9 Hz), 81.6, 75.3, 74.8 (d,= 18.4 Hz), 73.7, 73.5 (]

(d,J=12.1 Hz, 1H), 4.624.68 (m, 2H), 4.58 (dJ = 11.9 Hz, 1H),
4.52 (d,J = 11.9 Hz, 1H), 4.45 (dJ = 3.9 Hz, 1H), 4.39 (g) = 6.0

=7.4Hz), 72.4,71.6, 71.0, 70.8, 70.5, 70.0, 68.0, 26.04, 25.99, 25.1, Hz, 1H), 4.29 (d,) = 2.9 Hz, 1H), 4.24-4.27 (m, 1H), 3.98-4.07 (m,

24.4;YF (282 MHz)6 —232.7 (tdJ = 47.5, 24.8 Hz, 1F); FABHRMS
calcd for GoH47FNaOp [M + NaJ*, 717.3051; found, 717.3064.
Methyl 2,3,4-Tri- O-benzyl-6-fluoro-a-b-rhamnopyranosyl-(1—4)-
2,3-O-iso-propylidene-a-L-rhamnopyranoside (2k) and Methyl
2,3,4-Tri-O-benzyl-6-fluoro-#-p-rhamnopyranosyl-(1—4)-2,3-O-iso-
propylidene-a-L-rhamnopyranoside (2J8). Prepared fron8 (50 mg,
0.092 mmol) andL8 (25 mg, 0.113 mmol) by method A. Purification

by radial chromatography (Siohexanes to 1/4 ethyl acetate/hexanes),

3H), 3.88 (ddJ = 2.6, 1.7 Hz, 1H), 3.573.64 (m, 2H), 1.49 (s, 3H),
1.42 (s, 3H), 1.29 (s, 3H), 1.28 (s, 3HJC NMR 6 138.1, 137.9, 137.6,

128.6, 128.5, 128.4, 128.2, 128.13, 128.09, 128.06, 127.82, 127.79,

127.5,113.8 (t) = 244.1 Hz), 112.0, 108.7, 105.8¢y = 182.6 Hz),
99.3 (Jcn = 157.4 Hz), 82.9, 81.3, 80.8, 79.6, 74.5, 74.2)(t 22.7
Hz), 73.7,73.6, 72.8, 72.2, 66.4, 26.8, 26.7, 26.3, 280(471 MHz)
0 —129.5 (dd,J = 287.9, 51.8 Hz, 1F);-131.2 (dd,J = 287.9, 54.8
Hz, 1F); ESIHRMS calcd for gHssF2NaOy [M + Na]t, 735.2957;

followed by HPLC (SiQ, hexanes to 1/4 ethyl acetate/hexanes) gave found, 735.2952.
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2,3,4-Tri-O-benzyl-6,6-difluoro-o-b-rhamnopyranosyl-(1—6)-1,2:
3,4-di-O-iso-propylidene-o-p-galactopyranose (24) and 2,3,4-Tri-
O-benzyl-6,6-difluoro#-p-rhamnopyranosyl-(1—6)-1,2:3,4-diO-
isopropylidene-o-p-galactopyranose (28). Prepared by method A
from 6a. (50 mg, 0.089 mmol) andi7 (28 mg, 0.107 mmol). Purification
by radial chromatography (Sgohexanes to 1/4 ethyl acetate/hexanes)
gave24a (12 mg, 19%) an®@4B (36 mg, 57%)24a: [0]?% —9.3
0.20, CHCY); *H NMR (501 MHz) 6 7.25-7.39 (m, 15H), 5.97 (&)
= 54.5 Hz, 1H), 5.53 (dJ = 5.0 Hz, 1H), 5.04 (dJ = 1.7 Hz, 1H),
4.92 (d,J = 10.6 Hz, 1H), 4.74 (dJ = 12.5 Hz, 1H), 4.70 (dJ =
12.5 Hz, 1H), 4.59-4.64 (m, 2H), 4.58 (s, 2H), 4.32 (dd= 5.0, 2.5
Hz, 1H), 4.15 (ddJ = 7.9, 1.8 Hz, 1H), 4.05 () = 9.6 Hz, 1H),
3.94-3.98 (m, 1H), 3.92 (ddJ = 9.3, 3.0 Hz, 1H), 3.843.91 (m,
1H), 3.76-3.82 (m, 2H), 3.69 (ddJ = 10.8, 6.1 Hz, 1H), 1.51 (s,
3H), 1.43 (s, 3H), 1.33 (s, 6H}*C NMR (126 MHz)d 138.2, 138.1,

3H), 3.32-3.39 (m, 1H), 3.29 (ddJ = 9.0, 2.9 Hz, 1H);"*C NMR ¢

139.3, 138.6, 138.3, 138.1, 137.8, 128.5, 128.44, 128.41, 128.14, 128.07,

127.97, 127.95, 127.9, 127.84, 127.81, 127.75, 127.5, 127.4, 127.3,

114.3 (t,J = 244.6 Hz), 100.7%0cy = 157.6 Hz); 98.3%JcH = 165.6

Hz), 81.3, 80.0, 79.5, 77.6, 75.4, 74.9, 74.4, 73.92, 73.8b{,22.7

Hz), 73.6, 72.5, 73.4 (d] = 2.8 Hz), 71.8, 69.6, 68.8, 55.8F (471

MHz) 6 —128.8 (dddJ = 286.5, 54.0, 13.7 Hz, 1F)-131.6 (dddJ

= 286.5, 54.9, 8.8 Hz, 1F); ESIHRMS calcd fogsHssF-NaOio [M +

Na]*, 939.3896; found, 939.3923.
2,3,4-Tri-O-benzyl-6,6,6-trifluoro-o.-L-rhamnopyranosyl-(1—3)-

1,2:5,6-di-O-isopropylidene-a-p-glucofuranose (2@) and 2,3,4-Tri-

O-benzyl-6,6,6-trifluoro-f-L-rhamnopyranosyl-(1—3)-1,2:5,6-diO-

isopropylidene-a-p-glucofuranose (2(). Prepared by method A or

method B (18 h at-60 to —65 °C) from 126 (25 mg, 0.043 mmol)

and 16 (14 mg, 0.052 mmol). Purification by radial chromatography

138.0,128.5,128.4, 128.1, 127.90, 127.87, 127,73, 127.68, 127.5, 114.0Si0,, hexanes to 3/17 ethyl acetate/hexanes) @8ee(3 mg, 10%,

(t, J= 243.6 Hz), 109.5, 108.7, 97.5)¢x = 170.0 Hz), 96.40ch =
180.0 Hz), 79.6, 75.2, 74.1, 73.8, 72.5, 72.2, 71.0, 70.7, 70.98t,
19.9 Hz), 70.55, 65.9, 65.3, 26.1, 26.0, 25.0, 24%; (471 MHz) 6
—133.2 (dddJ = 285.0, 54.0, 9.4 Hz, 1F);134.5 (dddJ = 285.0,
54.0, 16.6 Hz, 1F); ESIHRMS calcd forsélssFNaOio [M + NaJ*,
735.2957; found, 735.294248: [a]*> —95.2 € 0.65, CHC}); H
NMR (501 MHz) ¢ 7.48-7.51 (m, 2H), 7.237.35 (m, 13H), 6.02
(td,J =54.4, 1.9 Hz, 1H), 5.59 (d] = 5.0 Hz, 1H), 4.99 (dJ = 12.3
Hz, 1H), 4.92 (dJ = 10.6 Hz, 1H), 4.88 (dJ = 12.3 Hz, 1H), 4.66-
4.63 (m, 1H), 4.63 (dJ = 10.8 Hz, 1H), 4.56 (s, 1H), 4.48 (d,=
11.9 Hz, 1H), 4.36 (dJ = 11.9 Hz, 1H), 4.334.35 (m, 1H), 4.23
(dd,J = 8.0, 1.7 Hz, 1H), 4.19 (dd] = 10.8, 2.4 Hz, 1H), 4.164.13
(m, 1H), 4.04 (tJ = 9.0 Hz, 1H), 4.01 (dJ = 2.6 Hz, 1H), 3.64 (dd,
J=10.8, 8.3 Hz, 1H), 3.563.58 (m, 2H), 1.48 (s, 3H), 1.45 (s, 3H),
1.34 (s, 3H), 1.32 (s, 3H}3C NMR (126 MHz)d 138.4, 137.9, 137.8,

method A), 266, and 110, (combined yield 16 mg266/1la.f =
1/0.42,263 40%, 1108 17%, method A) or only26a. (3 mg, 10%,
method B) and268 (24 mg, 77%, method BR6o: white solid; mp
100-102 °C; [a]*®; —42.0 € 0.20, CHC}); *H NMR (400 MHz) 6
7.24-7.40 (m, 15H), 5.77 (dJ = 3.7 Hz, 1H), 4.87 (s, 1H), 4.85 (d,
J = 2.9 Hz, 1H), 4.82 (s, 1H), 4.624.69 (m, 4H), 4.524.62 (m,
1H), 4.31 (d,J = 2.9 Hz, 1H), 4.15 (dJ = 3.7 Hz, 1H), 4.02-4.12
(m, 4H), 3.89-3.95 (m, 1H), 3.78 (ddJ = 9.2, 3.1 Hz, 1H), 3.67
3.69 (m, 1H), 1.49 (s, 3H), 1.36 (s, 3H), 1.30 (s, 3H), 1.23 (s, 319);
NMR (101 MHz) 6 138.1, 138.0, 137.9, 128.5, 128.4, 128.2, 128.1,
127.9, 127.78, 127.76, 124.3 (§= 280.9 Hz), 112.1, 109.6, 105.3
(3w = 182.6 Hz), 95.7 YJcn = 170.0 Hz), 81.7, 80.8, 79.0, 77.0,
74.9, 745, 73.8, 73.3 72.9, 71.9, 69.8 Jo5= 30.2 Hz), 67.9, 26.8,
26.6, 26.2, 24.9F (376 MHz) —74.6 (d,J = 6.3 Hz, 3F); ESIHRMS
calcd for GoHasFsNaOw [M + NaJ, 735.2863; found, 735.2855.

128.7,128.5, 128.4, 128.3, 128.1, 127.9, 127.71, 127.66, 127.6, 113.9268: white solid; mp 87-89 °C; [a]*% +30.5 € 0.80, CHCH); H

(t, J=244.2 Hz), 109.6, 108.8, 102.8)¢y = 157.4 Hz), 96.4%0cy =
180.0 Hz), 80.7, 75.0, 74.0 @,= 21.8 Hz), 73.63, 76.57, 72.3, 71.5,
71.3, 70.8, 70.5, 70.1, 68.0, 26.1, 26.0, 25.1, 2%#R;(471 MHz) 6
—131.1 (dddJ = 286.5, 54.6, 15.7 Hz, 1F);132.2 (ddd,J = 286.5,
54.3, 15.2 Hz, 1F); ESIHRMS calcd forséssF2NaOio [M + Na]t,
735.2957; found, 735.2953.

Methyl 2,3,4-Tri- O-benzyl-6,6-difluoro-o.-p-rhamnopyranosyl-
(1—4)-2,3,6-tri-O-benzyl-a-p-glucopyranoside (2%) and Methyl
2,3,4-Tri-O-benzyl-6,6-difluoro#-p-rhamnopyranosyl-(1—4)-2,3,6-
tri- O-benzyl-a-p-glucopyranoside (28). Prepared by method A from
60 (50 mg, 0.089 mmol) and2 (50 mg, 0.107 mmol). Purification by
radial chromatography (Sielution consecutive plates with hexanes

NMR (500 MHz) 6 7.40-7.45 (m, 2H), 7.277.37 (m, 13H), 5.84 (d,
J=3.5Hz, 1H), 4.88-4.93 (m, 2H), 4.84 (dJ = 12.5 Hz, 1H), 4.76
(d,J = 3.5 Hz, 1H), 4.68 (dJ = 10.1 Hz, 1H), 4.60 (s, 1H), 4.57 (d,
J =117 Hz, 1H), 4.54 (d) = 11.9 Hz, 1H), 4.18 (d) = 2.8 Hz,
1H), 4.15 (tJ = 9.4 Hz, 1H), 4.02-4.10 (m, 2H), 3.93-4.00 (m, 2H),
3.87 (d,J = 2.8 Hz, 1H), 3.7+3.78 (m, 1H), 3.52 (ddJ = 9.4, 2.8
Hz, 1H), 1.49 (s, 3H), 1.37 (s, 3H), 1.31 (s, 3H), 1.21 (s, 3K}
NMR (126 MHz)6 138.2, 137.62, 137.59, 128.5, 128.4, 127.3, 128.24,
128.20, 128.0, 127.9, 127.6, 123.5 (4= 280.2 Hz), 112.0, 109.2,
105.4 £y = 183.5 Hz), 102.60cy = 157.8 Hz), 83.9, 83.3, 81.5,
81.0, 75.5, 74.1, 73.6, 73.23, 73.21 Jq= 30.5 Hz), 72.5, 72.2, 67.9,
26.84, 26.82, 26.1, 25.4%F (471 MHz)d —75.4 (d,J = 6.5 Hz, 3F);

to 1/4 ethyl acetate/hexanes and then with 1/9 to 1/3 diethyl ether/ ESIHRMS calcd for GoHasFsNaOw,o [M + NaJ*, 735.2863; found,

hexanes) gav@sa (22 mg, 27%) an@58 (33 mg, 41%)250: [a]?p
+4.9 (c 0.39, CHCY); 'H NMR (500 MHz) & 7.19-7.38 (m, 28H),
7.11-7.15 (m, 2H), 5.84 () = 54.6 Hz, 1H), 5.32 (dJ = 2.0 Hz,
1H), 5.10 (d,J = 11.7 Hz, 1H), 4.88 (dJ = 10.8 Hz, 1H), 4.67 (dJ
= 12.1 Hz, 1H), 4.53-4.64 (m, 6H), 4.46-4.51 (m, 2H), 4.26 (d) =
12.1 Hz, 1H), 4.21 (dJ = 12.1 Hz, 1H), 4.00 (t] = 9.4 Hz, 1H),
3.80-3.89 (m, 3H), 3.66:3.75 (m, 5H), 3.54 (ddJ = 9.5, 3.5 Hz,
1H), 3.39 (s, 3H)#3C NMR 6 138.8, 138.4, 138.2, 138.0, 137.8, 128.5,

735.2863.
2,3,4-Tri-O-benzyl-6,6,6-trifluoro-a-L-rhamnopyranosyl-(1—6)-
1,2:3,4-di-O-isopropylidene-o-p-galactopyranose (2@) and 2,3,4-
Tri- O-benzyl-6,6,6-trifluoro-#-L-rhamnopyranosyl-(1—6)-1,2:3,4-di-
O-isopropylidene-a-p-galactopyranose (2p). Prepared by method A
or method B (18 h at-60 to —65 °C) from 126 (25 mg, 0.043 mmol)
and 17 (14 mg, 0.052 mmol). Purification by radial chromatography
(SiO,, hexanes to 1/4 ethyl acetate/hexanes) g2ike (4 mg, 11%,

128.4,128.3,128.2, 128.12, 128.06, 128.0, 127.9, 127.8, 127.7, 127.6 method A), 278, and 11a,f (combined yield 24 mg27p/11a.f =

127.5,127.4,127.3, 127.1, 126.6, 114.1(& 244.1 Hz), 100.5%0cy

= 172.7 Hz), 97.7 0cu = 171.3 Hz), 81.4, 79.9, 79.2, 78.2, 75.7,
75.02, 74.97, 73.6, 73.3, 73.2, 72.3, 72.0, 71.4 ¢ 20.4 Hz), 69.7,
69.0, 55.3;1%F (471 MHz)6 —132.2 (ddd,J = 285.0, 53.6, 6.8 Hz,
1F), —133.2 (ddd,) = 285.0, 53.3, 11.5 Hz, 1F); ESIHRMS calcd for
CssHsgFNaOyo [M + NaJ*, 939.3896; found, 939.388258: [o]?%
—26.0 € 0.57, CHCH); 'H NMR (500 MHz) 6 7.20-7.43 (m, 30H),
5.81 (t,J = 54.5 Hz, 1H), 5.06 (d) = 11.0 Hz, 1H), 4.85 (d) = 10.6
Hz, 1H), 4.76-4.82 (m, 4H), 4.59-4.67 (m, 3H), 4.58 (dJ = 12.1
Hz, 1H), 4.44-4.51 (m, 3H), 4.33 (dJ = 12.1 Hz, 1H), 4.02 (t] =
9.0 Hz, 1H), 3.88-3.97 (m, 2H), 3.76:3.74 (m, 1H), 3.68 (dJ = 2.8
Hz, 1H), 3.62 (dd,) = 11.0, 1.8 Hz, 1H), 3.523.57 (m, 2H), 3.40 (s,

1/0.08,27p 72%, 110, 6%, method A) or only27a (4 mg, 11%,
method B) and27f (23 mg, 72%, method BR7a: [a]*% —35.6 €
0.18, CHCH); *H NMR (501 MHz) 8 7.24-7.40 (m, 15H), 5.50 (dJ

= 5.1 Hz, 1H), 4.99 (dJ = 1.1 Hz, 1H), 4.85 (dJ = 10.3 Hz, 1H),
4.72 (s, 2H), 4.66 (d) = 10.3 Hz, 1H), 4.574.61 (m, 3H), 4.32 (dd,
J=5.0, 2.6 Hz, 1H), 4.194.26 (M, 1H), 4.09-4.15 (m, 2H), 3.83
3.93 (m, 3H), 3.80 (ddJ = 2.9, 2.0 Hz, 1H), 3.55 (dd] = 8.8, 5.9
Hz, 1H), 1.51 (s, 3H), 1.42 (s, 3H), 1.33 (s, 3H), 1.29 (s, 31
NMR (126 MHz) 6 138.2, 138.1, 128.4, 128.3, 128.0, 127.9, 127.74,
127.70, 124.4 (g) = 280.2 Hz), 109.5, 108.6, 97.9J¢y = 173.7
Hz), 96.2 {Jcy = 180.0 Hz), 79.1, 75.1, 73.94, 73.87, 72.6, 72.4, 70.7,
70.5, 69.8 (qJ = 29.6 Hz), 66.5, 65.8, 26.2, 25.8, 25.0, 24%; (471
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MHz) 6 —75.8 (d,J = 6.5 Hz, 3F); ESIHRMS calcd for 4gHsFs-
NaOi [M + NaJ*, 753.2863; found, 753.28527f: [0o]*% +29.1 €
0.43, CHCY); 'H NMR (500 MHz) 6 7.44-7.49 (m, 2H), 7.247.35
(m, 13H), 5.52 (dJ = 5.0 Hz, 1H), 4.96 (dJ = 12.5 Hz, 1H), 4.89
(d,J=10.1 Hz, 1H), 4.88 (dJ = 12.3 Hz, 1H), 4.66 (dJ = 9.9 Hz,
1H), 4.59 (ddJ = 8.0, 2.3 Hz, 1H), 4.52 (d) = 11.7 Hz, 1H), 4.484
(s, 1H), 4.479 (dJ = 11.7 Hz, 1H), 4.32 (ddJ = 5.0, 2.4 Hz, 1H),
4.19 (dd,J = 8.1, 1.8 Hz, 1H), 4.13 (t) = 9.4 Hz, 1H), 4.04 (ddd)

= 8.0, 6.2, 1.6 Hz, 1H), 3.98 (dd,= 9.4, 6.0 Hz, 1H), 3.92 (d] =
2.9 Hz, 1H), 3.74 (ddJ = 9.4, 8.4 Hz, 1H), 3.663.73 (m, 1H), 3.52
(dd,J=9.5, 2.9 Hz, 1H), 1.55 (s, 3H), 1.45 (s, 3H), 1.34 (s, 3H), 1.32
(s, 3H);°C NMR (126 MHz)o 138.4, 137.74, 137.67, 128.43, 128.39,
128.3, 128.2, 127.9, 127.8, 127.62, 127.55, 123.6) (g,281.1 Hz),
109.1, 108.6, 102.08cn = 156.5 Hz), 96.2%0cn = 179.6 Hz), 81.4,
75.5, 73.8, 73.7, 73.2 (4) = 30.5 Hz), 72.9, 71.9, 70.7, 70.5, 68.1,
65.6, 26.0, 24.9, 24.4%F (471 MHz)6 —75.3 (d,J = 5.8 Hz, 3F);
ESIHRMS calcd for GeHasFsNaOy, [M + NaJt, 753.2863; found,
753.2835.

Methyl 2,3,4-Tri- O-benzyl-6,6,6-trifluoro-a-L-rhamnopyranosyl-
(1—4)-2,3,6-tri-O-benzyl-a-p-glucopyranoside (2&) and Methyl
2,3,4-Tri-O-benzyl-6,6,6-trifluoro-f-L-rhamnopyranosyl-(1—4)-2,3,6-
tri- O-benzyl-a-p-glucopyranoside (2§). Prepared by method A from
12 (50 mg, 0.086 mmol) and?2 (48 mg, 0.103 mmol) or by method
B (24 h at—60 to—65 °C) from 128 (25 mg, 0.043 mmol) an@?2 (24
mg, 0.052 mmol). Purification by radial chromatography (St@xanes
to 3/17 ethyl acetate/hexanes) ga®@e, 288, and 1106 (combined
yield 56 mg,280/286/11a.f = 1/1.2/0.02 280 31%,284 38%, 110,
<1%, method A or 31 mg280/286/11a.f = 1/1.29/0.41 280 31%,
288 39%, 110, 12%, method B). Analytical samples were obtained
by further purification by radial chromatography (SjQ/7 to 3/17
ethyl acetate/hexanesd8a: [0]*®p —2.7 (€ 1.12, CHCY); *H NMR
(500 MHz) ¢ 7.18-7.37 (m, 30H), 5.23 (dJ = 1.5 Hz, 1H), 4.92 (d,
J=10.5Hz, 1H), 4.84 (d) = 10.3 Hz, 1H), 4.76-4.77 (m, 2H), 4.62
(d, J = 10.3 Hz, 1H), 4.544.58 (m, 6H), 4.52 (dJ = 9.4 Hz, 1H),
4.41 (d,J = 12.1 Hz, 1H), 4.33-4.40 (m, 1H), 4.10 (tJ = 9.4 Hz,
1H), 3.79-3.88 (m, 3H), 3.6%+3.65 (m, 2H), 3.52-3.57 (m, 2H), 3.43
(dd,J=11.1, 3.4 Hz, 1H), 3.35 (s, 3H)*C NMR (126 MHz)¢ 138.3,

4.84-4.89 (m, 2H), 4.79 (dJ = 12.4 Hz, 1H), 4.74 (d) = 12.4 Hz,
1H), 4.66 (d,J = 10.2 Hz, 1H), 4.61 (d) = 11.7 Hz, 1H), 4.57 (dJ
=11.7 Hz, 1H), 4.15 (tJ = 9.2 Hz, 1H), 3.98-4.11 (m, 3H), 3.79
3.85 (m, 2H), 3.543.62 (m, 1H), 3.483.53 (m, 1H), 3.38 (s, 3H),
1.54 (s, 3H), 1.36 (s, 3H), 1.26 (d,= 6.1 Hz, 3H)}*C NMR (126
MHz) 6 138.1, 138.0, 137.8, 128.4, 128.3, 128.0, 127.8, 127.73, 127.68,
127.6, 124.1 (9] = 280.2 Hz), 109.7, 98.0cn = 167.4 Hz), 97.2
(Yen=175.9 Hz), 79.1, 78.7, 78.3, 76.1, 75.3, 74.3, 73.8, 72.42, 72.36,
70.6 (9,J = 29.6 Hz), 63.6, 54.9, 27.9, 26.4, 1816 (471 MHz)o
—75.8 (d,J = 5.8 Hz, 3F); ESIHRMS calcd for £HasFsNaQy [M +
Na]*, 711.2757; found, 711.27689: [a]% +40.6 € 0.29, CHC});
H NMR (400 MHz) 6 7.40-7.45 (m, 2H), 7.26-7.35 (m, 13H), 4.98
(d, J = 12.6 Hz, 1H), 4.89 (dJ = 9.9 Hz, 1H), 4.83 (s, 1H), 4.81 (d,
J=12.7 Hz, 1H), 4.644.69 (m, 2H), 4.46:4.56 (m, 3H), 4.16-4.16
(m, 2H), 3.92 (dJ = 2.9 Hz, 1H), 3.76-3.79 (m, 2H), 3.54 (dd) =
9.2, 2.9 Hz, 1H), 3.40 (dd1 = 9.7, 7.1 Hz, 1H), 3.37 (s, 3H), 1.47 (s,
3H), 1.30 (s, 3H), 1.28 (d] = 6.3 Hz, 3H);33C NMR (101 MHz)¢
138.3, 137.8, 137.7, 128.4, 128.3, 128.2, 127.9, 127.8, 127.6, 127.5,
123.6 (9,0 = 280.9 Hz), 109.0, 101.2Jcx = 155.2 Hz), 98.4%0c =
167.2 Hz), 83.9, 82.0, 76.2, 75.7, 75.5, 73.9, 73.7, 73.5, 73.1 {9,
30.2 Hz), 71.9, 63.7, 54.9, 28.0, 25.9, 17*% (376 MHz)0 —74.4
(d, J = 6.3 Hz, 3F); ESIHRMS calcd for £Hs3FsNaG; [M + NaJ*,
711.2757; found, 711.2769.
2,3,4-Tri-O-benzyl-o-L-rhamnopyranosyl-(1—3)-1,2:5,6-diO-iso-
propylidene-o-p-glucofuranose (34) and 2,3,4-Tri-O-benzylf-L-
rhamnopyranosyl-(1—3)-1,2:5,6-diO-isopropylidene-a-p-glucofura-
nose (34). Prepared by method A frorB0*? (50 mg, 0.095 mmol)
and 16 (30 mg, 0.115 mmol). Purification by radial chromatography
(SiO,, hexanes to 3/17 ethyl acetate/hexanes) Gaee(42 mg, 65%)
and 348 (6 mg, 10%).34a: [a]Z® —68.1 € 0.80, CHCH); H NMR
(501 MHz) 6 7.25-7.41 (m, 15H), 5.77 (dJ = 3.9 Hz, 1H), 4.93 (d,
J = 11.4 Hz, 1H), 4.86 (dJ = 12.3 Hz, 1H), 4.75 (dJ = 1.5 Hz,
1H), 4.63-4.69 (m, 4H), 4.28 (dJ = 3.1 Hz, 1H), 4.144.19 (m,
2H), 4.05-4.09 (m, 2H), 3.944.01 (m, 1H), 3.90 (dd) = 8.4, 5.9
Hz, 1H), 3.75 (ddJ = 9.2, 3.1 Hz, 1H), 3.69 (dd] = 3.0, 1.9 Hz,
1H), 3.60 (t,J = 9.4 Hz, 1H), 1.49 (s, 3H), 1.38 (s, 3H), 1.31 (s, 3H),
1.28 (s, 3H), 1.28 (dJ = 6.2 Hz, 3H);*3C NMR (126 MHz)0 139.1,

138.11, 138.07, 138.03, 137.97, 137.8, 128.5, 128.4, 128.24, 128.22,138.6, 138.5, 128.64, 128.59, 128.4, 128.04, 127.98, 127.9, 127.8, 127.6,

128.1, 128.0, 127.73, 127.67, 127.5, 127.4, 124.3 (§,281.1 Hz),
97.9 (Jcy = 168.7 Hz), 97.2%0cy = 170.0 Hz), 80.6, 79.8, 78.5, 75.4,
75.2,74.3,74.1, 73.8, 73.6, 73.4, 72.33, 72.31, 70.4 £,29.6 Hz),
69.7, 68.8, 55.3°F (471 MHz)0 —75.8 (d,J = 6.5 Hz, 3F); ESIHRMS
caled for GsHs/F3NaOy [M + Na]t, 957.3802; found, 957.3778.
288: [a]'p +35.3 € 0.85, CHCH); *H NMR (500 MHz)d 7.18-7.42
(m, 28H), 7.1+7.15 (m, 2H), 4.99 (dJ = 11.6 Hz, 1), 4.82 (dJ =
9.9 Hz, 1H), 4.72-4.80 (m, 3H), 4.584.68 (m, 5H), 4.48 (d) =
12.3 Hz, 1H), 4.35 (dJ = 11.6 Hz, 1H), 4.25 (dJ = 11.6 Hz, 1H),
4.22 (d,J = 11.7 Hz, 1H), 4.02 (tJ = 9.5 Hz, 1H), 3.90 (dd,] =
11.0, 2.0 Hz, 1H), 3.87 (] = 9.4 Hz, 1H), 3.76-3.82 (m, 1H), 3.5%
3.61 (m, 5H), 3.45 (s, 3H), 3.14 (dd,= 9.4, 2.8 Hz, 1H)3C NMR

(126 MHz)6 138.7, 138.5, 138.4, 137.88, 137.85, 137.6, 128.5, 128.42,

112.2, 109.4, 105.4cy = 182.7 Hz), 96.1 ey = 168.2 Hz), 82.0,
81.2, 80.5, 80.1, 76.9, 75.5, 75.1, 73.6, 72.8, 72.2, 68.8, 68.0, 27.0,
26.4, 25.5, 17.9; ESIHRMS calcd forsleNaOp [M + Nal*,
699.3145; found, 699.310B48: [a]?% +13.3 € 0.06, CHCY); H

NMR (501 MHz) 6 7.22-7.45 (m, 15H), 5.87 (dJ = 3.5 Hz, 1H),

4.96 (d,J = 10.6 Hz, 1H), 4.91 (dJ = 12.6 Hz, 1H), 4.84 (dJ =

12.6 Hz, 1H), 4.80 (dJ = 3.7 Hz, 1H), 4.66 (dJ = 10.8 Hz, 1H),
4.56 (d,J = 12.0 Hz, 1H), 4.49-4.53 (m, 2H), 4.16 (dJ = 2.6 Hz,

1H), 4.01-4.08 (m, 2H), 3.923.99 (m, 2H), 3.86 (dJ = 2.8 Hz,

1H), 3.62 (t,J = 9.4 Hz, 1H), 3.46 (ddJ = 9.0, 2.6 Hz, 1H), 3.30

3.37 (m, 1H), 1.50 (s, 3H), 1.39 (d,= 6.1 Hz, 3H), 1.37 (s, 3H),
1.31 (s, 3H), 1.21 (s, 3HJ3C NMR (126 MHz)d 138.8, 138.7, 138.4,
128.7,128.6, 128.41, 128.37, 128.0, 127.94, 127.86, 127.8, 112.1, 109.3,

128.39, 128.3, 128.20, 128.15, 128.1, 127.9, 127.73, 127.67, 127.4,105.7 {Jcy = 183.5 Hz), 102.8'0cy = 155.8 Hz), 84.5, 83.0, 82.6,

127.34, 127.29, 123.6 (d, = 281.1 Hz), 102.20cy = 158.3 Hz),
97.7 (Jcy = 165.6 Hz), 82.01, 81.97, 79.8, 76.9, 75.5, 75.4, 73.7, 73.4,
73.1,72.9 (qJ) = 29.6 Hz), 72.8, 71.9, 69.6, 69.3, 55:% (471 MHz)

0 —75.4 (d,J = 5.8 Hz, 3F); ESIHRMS calcd for £gHs7F3NaOyo [M

+ Nal*, 957.3802; found, 957.3787.

Methyl 2,3,4-Tri- O-benzyl-6,6,6-trifluoro-a-L-rhamnopyranosyl-
(1—4)-2,30-isopropylidene-a-L-rhamnopyranoside (2%) and Meth-
yl 2,3,4-Tri-O-benzyl-6,6,6-trifluoro-f-L-rhamnopyranosyl-(1—4)-
2,3-0-isopropylidene-a-L-rhamnopyranoside (29). Prepared from
128 (25 mg, 0.043 mmol) and8 (11 mg, 0.052 mmol) by method B.
Purification by radial chromatography (SiChexanes to 3/17 ethyl
acetate/hexanes) ga26a (5 mg, 15%) 29 (15 mg, 52%), and 1o.8
(1 mg, 4%).2%¢: [a]*® —11.3 € 0.08, CHC}); 'H NMR (400 MHz)
0 7.40-7.45 (m, 2H), 7.29-7.38 (m, 13H), 5.57 (d) = 1.2 Hz, 1H),
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81.4,80.3, 75.7, 74.3, 74.2,72.8, 72.4, 72.1, 68.2, 27.12, 27.09, 26.5,
25.7, 18.3; ESIHRMS calcd for gH4gNaOyo [M + Na]', 699.3145;
found, 699.3122.
2,3,4,6-Tri-O-benzyl-a-p-mannopyranosyl-(+-3)-1,2:5,6-diO-iso-
propylidene-o.-b-glucofuranose (3@) and 2,3,4,6-Tri-O-benzylf-
D-mannopyranosyl-(3—3)-1,2:5,6-diO-isopropylidene-a-p-gluco-
furanose (39). Prepared by method A froi1®3 (50 mg, 0.079 mmol)
and 16 (25 mg, 0.095 mmol). Purification by radial chromatography
(SiO,, hexanes to 1/4 ethyl acetate/hexanes) dibee (44 mg, 71%)
and 356 (5 mg, 8%).35a: [(X]%4 +16.3 € 0.10, CHCY); lit. [o]p
+15.9 € 0.08, CHC});% H NMR (501 MHz) 6 7.21-7.40 (m, 18H),
7.15-7.20 (m, 2H), 5.81 (dJ = 3.5 Hz, 1H), 5.25 (s, 1H), 4.90 (d,

(88) Hadd, M. J.; Gervay, Larbohydr. Res1999 320, 61—-69.
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=10.5 Hz, 1H), 4.76 (d) = 12.3 Hz, 1H), 4.654.70 (m, 3H), 4.49
4.61 (M, 4H), 4.28 (s, 1H), 3.974.11 (m, 5H), 3.75:3.86 (m, 5H),
1.49 (s, 3H), 1.41 (s, 3H), 1.34 (s, 3H), 1.23 (s, 3HE NMR (126

5H), 3.26 (dd,J = 9.2, 7.9 Hz, 1H)33C NMR (101 MHz)4 125.3 (q,
J = 280.4 Hz), 102.20cy = 162.2 Hz), 102.00cy = 161.8 Hz),
97.7 (Jon = 159.6 Hz, GB), 93.5 Ay = 168.1 Hz. Ga), 86.0, 83.3,

MHz) 6 138.6, 138.50, 138.47, 138.4, 128.63, 128.58, 128.55, 128.4, 77.8, 75.0 (qJ = 29.5 Hz), 74.6, 74.4, 73.0, 72.2, 71.8, 71.7, 71.4,

128.1,128.0, 127.92, 127.86, 127.8, 112.2, 109.5, 10%:h € 182.9

Hz), 99.1 {Jcy = 170.4 Hz), 83.9, 81.6, 80.8, 79.8, 75.5, 75.0, 74.5,

71.3, 67.3, 62.5, 62.4%F (377 MHz)d —75.6 (d,J = 6.3 Hz, 3F),
—75.7 (d,J = 6.3 Hz, 3F); ESIHRMS calcd for gH1gFsNaOy [M +

73.7,72.9,72.8,72.5,72.3,69.5,67.9, 27.14, 27.05, 26.3, 25.8. SpectraNa]*, 403.0828; found, 403.0817.

data recorded in §Ds matched that reported in literatui®354: [o]%%
—41.9 € 0.32, CHC}); *H NMR (501 MHz) ¢ 7.20-7.43 (m, 20H),
5.92 (d,J = 3.7 Hz, 1H), 4.90 (dJ = 12.1 Hz, 1H), 4.89 (dJ = 10.6
Hz, 1H), 4.79 (dJ = 11.9 Hz, 1H), 4.72 (dJ = 11.9 Hz, 1H), 4.55
4.60 (m, 3H), 4.53 (dJ = 11.9 Hz, 1H), 4.49 (s, 1H), 4.454.48 (m,
2H), 4.35 (d,J = 2.9 Hz, 1H), 4.31 (ddJ = 5.1, 3.1 Hz, 1H), 4.10
4.13 (m, 1H), 4.03-4.07 (m, 1H), 3.96 (tJ = 9.5 Hz, 1H), 3.85 (dJ
= 2.8 Hz, 1H), 3.77-3.83 (m, 2H), 3.52 (ddJ = 9.4, 2.9 Hz, 1H),

3.43 (ddd,J = 9.6, 4.7, 2.4 Hz, 1H), 1.50 (s, 3H), 1.39 (s, 3H), 1.31
(s, 3H), 1.22 (s, 3H)3C NMR (126 MHz) o 138.80, 138.75, 138.5,

Methyl 6,6,6-Trifluoro- #-L-rhamnnopyranosyl-(1—4)-o.-L-rham-
nopyranoside (38).A mixture of 294 (10 mg, 0.015 mmol), trifluo-
roacetic acid (1.8 mL), and water (0.2 mL) was stirred for 15 min at
room temperature, and then rapidly concentrated under reduced pressure.
The reaction mixture was filtered through a pad of silica gel (with 3/7
mixture of hexanes/ethyl acetate as an eluent) and concentrated. The
residue was dissolved in MeOH/ethyl acetate (2 mL/1 mL), and Pd-
(OH),/C (50% HO, 15 wt %, 6 mg, 0.004 mmol) was added. The
reaction mixture was shaken overnight in the pressure vessel under an
atmosphere of hydrogen (50 psi) and then concentrated. Purification

138.4,128.64, 128.61, 128.56, 128.4, 128.3, 128.1, 128.0, 127.9, 127.8by column chromatography (Si28/17 to 1/4 MeOH/CHG) gave38

112.2, 108.8, 105.3cH = 182.9 Hz), 99.9%0cy = 154.1 Hz), 83.2,

(5 mg, 84%, two steps). Mp 86C (decomp); §]i¢ —20.9 € 0.23,

82.6, 80.89. 80.85, 76.8, 75.5, 74.9, 74.7, 74.3, 74.0, 73.5, 72.1, 69.6,MeOH); 'H NMR (400 MHz) 6 4.78 (s, 1H), 4.57 (dJ = 1.6 Hz,

66.4, 27.1, 26.9, 26.6, 25.5; ESIHRMS calcd fogls,NaOi; [M +
Na]*, 805.3564; found, 805.3522.
Methyl 6,6,6-Trifluoro- f-L-rhamnnopyranosyl-(1—4)-o-b-glu-

copyranoside (36).A mixture of 284 (16 mg, 0.017 mmol) and Pd/C
(15 wt %, 14 mg, 0.02 mmol) in MeOH/ethyl acetate (1 mL/2 mL)

1H), 3.96 (d,J = 3.1 Hz, 1H), 3.86-3.90 (m, 3H), 3.77 (dd) = 9.1,
3.3 Hz, 1H), 3.63-3.72 (m, 1H), 3.59 (tJ = 9.3 Hz, 1H), 3.53 (dd)
= 8.8, 3.1 Hz, 1H), 3.34 (s, 3H), 1.29 (d= 6.1 Hz, 3H);3C NMR
(126 MHz)6 125.3 (q,J = 280.2 Hz), 102.5{0cy = 158.6 Hz), 102.4
(Nen = 168.7 Hz), 84.8, 74.9 (g} = 29.6 Hz), 74.4, 71.8, 71.5, 70.7,

was shaken overnight in a pressure vessel under an atmosphere 067.9, 67.1, 55.2, 17.9%F (377 MHz)¢6 —75.7 (d,J = 6.3 Hz, 3F);
hydrogen (50 psi). The reaction mixture was filtered twice through a ESIHRMS calcd for GH»1FsNaQy, [M + Na]*, 401.1035; found,

pad of Celite (with MeOH as an eluent) and concentrated to 8é/e

(7 mg, quantitative). d]*% +107.0 ¢ 0.29, MeOH);*H NMR (400
MHz) 6 4.92 (s, 1H), 4.67 (dJ = 3.8 Hz, 1H), 4.01 (dJ = 2.9 Hz,
1H), 3.90-3.97 (m, 1H), 3.84 (1) = 9.5 Hz, 1H), 3.76 (tJ = 9.4 Hz,
1H), 3.66-3.73 (m, 1H), 3.59-3.66 (M, 2H), 3.43-3.50 (m, 2H), 3.37
3.43 (m, 4H);*3C NMR (101 MHz)4, 125.4 (g,J = 280.1 Hz), 102.8
(Wcn = 162.1 Hz), 101.0%0cy = 172.4 Hz), 79.2, 75.0, 74.9 (d,=
29.3 Hz), 74.5, 73.6, 72.1, 71.5, 67.3, 63.2, 58%; (377 MHz) 6
—75.9 (d,J = 6.3 Hz, 3F); ESIHRMS calcd for gH21FsNaOy [M +
NaJ*, 417.0985; found, 417.0983.

6,6,6-Trifluoro- #-L-rhamnopyranosyl-(1—3)-a.,8-p-glucopyra-
nose (37)A mixture of 266 and11o.f4 (40 mg,266/11a.f = 6/1,266

401.1030.

6,6,6-Trifluoro- -L-rhamnnopyranosyl-(1—6)-1,2:3,4-di-O-iso-
propylidene-a-p-galactopyranose (39).A mixture of 276 (13 mg,
0.017 mmol) and Pd(OHIC (50% HO, 15 wt %, 15 mg, 0.01 mmol)
in MeOH/ethyl acetate (1 mL/2 mL) was shaken for 24 h in the pressure
vessel under an atmosphere of hydrogen (50 psi). The reaction mixture
was filtered twice through a pad of Celite (with MeOH and then with
ethyl acetate as an eluent) and concentrated to §®€8 mg,
quantitative). §]% —17.0 € 0.37, CHC}); 'H NMR (500 MHz) ¢
5.52 (d,J = 5.1 Hz, 1H), 4.59-4.65 (m, 2H), 4.33 (ddJ = 5.0, 2.4
Hz, 1H), 4.29 (ddJ = 7.9, 1.5 Hz, 1H), 4.09 (br s, 1H), 3.96€..06
(m, 3H), 3.82 (ddJ = 9.5, 6.8 Hz, 1H), 3.543.68 (m, 2H), 3.24 (br

0.049 mmol), trifluoroacetic acid (1.8 mL), and water (0.2 mL) was s, 3H), 1.52 (s, 3H), 1.45 (s, 3H), 1.35 (s, 3H), 1.33 (s, 3fQ;NMR
stirred for 15 min at room temperature and then rapidly concentrated (126 MHz) 6 123.3 (q,J = 280.6 Hz), 109.5, 108.8, 100.0J¢, =
under reduced pressure. Purification by radial chromatography,(SiO 159.2 Hz), 96.2%0cy = 180.6 Hz), 73.5, 73.4 (¢} = 30.7 Hz), 70.7,

CHCl; to 1/9 MeOH/CHCY), collecting only the more polar fractions,

70.6, 70.5, 69.5, 67.8, 66.9, 65.6, 26.0, 24.8, 2#5;(471 MHz) 6

gave the product as a clear oil (29 mg, 90%). A mixture of the product —75.8 (d,J = 5.8 Hz, 3F); ESIHRMS calcd for fgH,7FsNaOy [M +

and Pd(OHYC (50% HO, 15 wt %, 38 mg, 0.027 mmol) in MeOH/
ethyl acetate (2 mL/1 mL) was shaken for 24 h in a pressure vessel
under an atmosphere of hydrogen (50 psi). The reaction mixture was
filtered twice through a pad of Celite (with MeOH as an eluent),

concentrated, and washed with &, to give 37 (17 mg, 90%, two
steps,a/f ~ 1/1). White solid; mp 142C (decomp); §]*% +55.7 €
0.30, MeOH);*H NMR (500 MHz) 6 5.16 (d,J = 3.7 Hz, 1H, Ha),
5.04 (dd,J = 4.5, 0.6 Hz, 2H), 4.55 (d] = 7.7 Hz, 1H, Hp), 4.04 (d,
J = 3.1 Hz, 2H), 3.92 (t) = 9.2 Hz, 1H), 3.87 (tJ = 9.5 Hz, 2H),
3.84 (dd,J = 11.9, 2.4 Hz, 1H), 3.583.82 (m, 8H), 3.453.53 (m,

Na]*, 483.1454; found, 483.1437.
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