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Abstract: A new reaction is described catalyzed by Zeise’s dimer that allows for ring opening of
1,2-cyclopropanated sugars witb-nucleophiles to give Z-branched carbohydrates. A number Of
nucleophiles can participate in the ring opening including alcohols, phenols, and water. A wide range of alcohols
has been employed giving@-branched glycosides ranging from simple methyl glycosides to more complex
disaccharides. A very high diastereoselectivity is obtained at the newly formed C-1 stereocenteglyiduside,
favored by the anomeric effect, is always the major product in the ring opening with alcohols regardless of the
stereochemistry of the starting cyclopropane. When electron-rich phenols are emplo@etuakeophiles,
rearrangement to the glycosyl arene has been observed. In general, the ring opening occurs readily with
unsubstituted sugar cyclopropanes to giv€-gaethyl carbohydrates. However, cyclopropanes with ester or
alkyl substituents are significantly less reactive and some even completely inert to ring opening. When the
ring opening is carried out with Pd{PhCN) catalyst, a Ferrier-type rearrangement occurs, giving
2,3-unsaturated glycosides containing &-2ikyl substituent.

Introduction including effective enantioselective methddRelief of the ring
strain in cyclopropanes provides a driving force for many
different ring-opening reactiorfsCyclopropanations have re-
cently been extended to carbohydrates where several methods
have been developed for stereocontrolled cyclopropanation of
glycals? In general, zinc-mediated cyclopropanation under
]modified Simmons-Smith conditions takes place from the same
face of the glycal double bond as the C-3 substittfewhile
cyclopropanation with metal carbenes or dihalocarbenes occurs
from the opposite facE. These 1,2-cyclopropanated sugars have
peen shown to undergo ring opening to giveCbranched
sugars when subjected to solvolysis in the presence of a
stoichiometric amount of mercuf¢ strong acid2bor halo-
nium ionsi%12 |n addition, ring opening under Mitsunobu
conditions has also been reported in a special Edse/e

(1) Chapleur, Y.; Chieen, F. InPreparatve Carbohydrate Chemistty  reasoned that a catalytic ring-opening procedure could be
Hanessian, S.. Ed.: Marcel Dekker: New York, 1997; pp -2DG2. y g-op gp

C-Branched sugars occur widely in nature and have been the
focus of intense studies in carbohydrate chemistry. Many
antibiotics containC-branched sugars as the glycosidic com-
ponents, and they have also been identified as structural
subunits in many other natural produétsAs a result,C-
branched sugars have often been used for total synthesis o
natural products* and carbohydrate mimetiésHowever, C-
branched sugars constitute some of the most difficult carbohy-
drates to prepare in a stereocontrolled fashibim addition,
many procedures use toxic reagents such as mercury and tin o
strongly basic organolithium and Grignard reagents.

Cyclopropanes are versatile functional groups in organic
synthesis and can be prepared by a variety of procedures
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(2) Fraser-Reid, B.; Burgey, C. S.; Vollerthun, jisaisssimiiaan1 998 reaction between a transition metal and a cyclopropane is due
70, 285. Fraser-Reid, fiaamiSingamiie 1996 29, 57. Hanessian, Sotal to an interaction between a vacant orbital on the metal and the
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Scheme % Chart 1
— e e BnO
v« Bnow BnO nsn& Bno&d
1 2 5 7 8
OBn BRO Me Table 1. Ring Opening with Simple Alcohots
PtCI
Bno/&% _b> /%; 2 . B%(gg&g\‘ Cyclo-  Alcohol
BnO 4 OBn Entry propane (ROH) Product #  Yield (o/p ratio)
3 -
wB=12 13 MeOH  BnO— Me 9 82% (21/1)
e R e L R S (I s
2Clz, 1t, 23% or 3.7% [Pt(eH4)Cl2]2, ’ 2, 1, 99%. 3 3 tBuOH OR M 53%(9/1)
o-orbital of the C—C_: bond, thel latter possessing higforbital MeOH  Bno OBN 12 67% (only a)
character. In particular, platihnum has been shown to react AlVLOH Me 13 84% (24/1)
effectively with cyclopropanes to form platinacyclobutanes e BNO 9 0°
which are usually fairly stable and can be isolat&However, BnOH or 4 74%(only o)
if the cyclopropane contains an oxy substituent, platinum has MeOH OR 15 90% (8/1)
been shown teatalyzering opening and subsequent rearrange- Me o] .
o . Allyl-OH 5.0 16 96% (12/1)
ment reactions? Especially the Pt(Il)-catalyzed rearrangement BrOH ) .
of alkoxy and siloxy cyclopropanes into allylic ethers is n Me 17 92%(10/1)
noteworthy4°c\We anticipated that a 1,2-cyclopropanated sugar BnO
would undergo a similar rearrangement. In fact, when we treated | 10 7 MeOH o o 18 80%(7/1)
racemic cyclopropang with Zeise’s dimer [Pt(gH4)Cl;]2, we " 7 BnOH  BnO or 19 97% (5/1)
obtained olefin2 as the only product (Scheme 1). However, Me
when we carried out the same reaction mglucal-derived BnO  0Bn .
cyclopropane3, we did not observe any of the corresponding 128  Alyl-OH o 20 80% (711)
exocyclic olefin, but instead benzyl glycosidewas isolated 13 8 BnOH  BnO 2 87% (71)
. -~ . Me v OR
as the major product. This is presumably formed by reaction of

the intermediate platinacyclobutane with benzyl alcohol which

decomposition. Indeed, when the reaction was repeated with
benzyl alcohol added from the beginningC2branched gly-
coside4 was obtained in 95% yield. This constitutes a new
method for stereocontrolled preparation o€zZbranched gly-
cosides and to the best of our knowledge the first example of
a Pt-catalyzed ring opening of a cyclopropane with Gn

a All reactions were carried out in GBI, at ambient temperature
might have been released during the reaction due to somewith 3.7% [Pt(GH4)Cl2]> and 2 equiv of the alcohol.

failed to open the cyclopropane in the presence of Zeise's dimer,
and only benzyl glycosidé or unreacted cyclopropargwas
isolated from these experiments. As a result, the following
studies were carried out with different cyclopropanated sugars
and alcohol nucleophiles at ambient temperature in@HThe

nucleophile. Herein, we report a detailed study on the scope amount of Zeise’s dimer could be lowered to 1 mol % in gram-
and limitations of this new transformatidhWe demonstrate ~ scale experiments. However, to be able to weigh out accurate
that the ring opening can take place with a variety of sugar amounts of catalyst on a smaller scale, the 3.7 mol % used in
cyclopropanes and a range@fnucleophiles including alcohols, = Scheme 1 was maintained throughout these studies.
phenols, and water. To probe the stereochemical outcome of the ring opening,
we first sought to investigate the reaction with some simple
alcohols. Hence, cyclopropan@and5—8 (Chart 1) were ring-
Cyclopropane Ring Opening with Simple Alcohols.Ad- opened in the presence of methyl, allyl, benzyl tent-butyl
ditional experiments revealed that the reaction between cyclo- alcohol to give 2€-methyl glycosides9—21 (Table 1). The
propane3 and benzyl alcohol was best carried out in a weakly Structures of theo- and g-anomers were verified by their
coordinating solvent such as GEl; or toluene while THF gave ~ Jc-1,4-1 coupling constants: witlc—1,4-1(a-anomer) always
slower conversion and MeCN or DMF almost no reaction at being about 10 Hz larger thai—1 1-1(8-anomer):° In the cases
all. Coordination also played an important role for the choice Where thea- and -anomers could not be separated, tHf
of catalyst. Platinum catalysts containing more tightly bound ratio was determined frofH NMR by measuring the doublets
ligands than in Zeise’s dimer gave either slower conversion (e.g., from the 2C-methyl groups. The results in Table 1 show that
PtCL(PhCNY) or no reaction at all (e.g., Pt&MeCN),, PtCh- the ring opening proceeds well with the simple alcohols. High
(COD), and PtGAPPh),). A variety of other metal catalysts  Yields were generally obtained with methyl, allyl, and benzyl
including PdC}(PPh),, Pd(PPh)s, [Ru(COXCl3]2, and [Rh- alcohol whiletert-butyl alcohol gave a more moderate yield
(CO)CI], also failed to open the cyclopropane. However, when (entry 3). The diastereoselectivity at the newly formed C-1
Zeise's dimer was replaced by the electrophilic palladium stereocenter was very high in all cases, strongly favoring the
catalyst PAG(PhCNY) a Ferrier-type rearrangement occurred 0-glycoside, regardless of the stereochemistry of the starting
(vide infra). A variety of other nucleophiles including thiophe- cyclopropane. The selectivity is particularly high for cyclopro-
nol, benzoic acid, benzylamine, aniline, and diethyl malonate panes3, 5, and 6 which give products where the anomeric
substituent in ther-glycosides is trans to the @-methyl group
(entries 19). This is in accordance with the halonium ion
mediated solvolysis reaction where cycloprop&nbas been

(16) Bock, K.; Pedersen, 1®74 293.

Results and Discussion

(13) Jennings, P. W.; Johnson, L. ERakteig 1994 94, 2241.

(14) (a) Hoberg, J. O.; Jennings, P. sassssieiigc! 996 15, 3902.
(b) lkura, K.; Ryu, I.; Kambe, N.; Sonoda, iy 992
114, 1520. (c) Doyle, M. P.; van Leusen, 1982 47,5326.

(15) Beyer, J.; Madsen, o d 998 120, 12137.
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Pt-Catalyzed Ring Opening of 1,2-Cyclopropanated Sugars

Table 2. Ring Opening with Watér
Entry Cyclopropane Product # Yield
BnO a,
Bno OBn
2 5 &—» 23 47%
BnO
3 7 B”&\\x 24 60%
BnO OBn
4 8 &\&‘ 25 41%
aAll reactions were carmed out in THF at 60C with 3.7%

[Pt(CH4)Cl;]2 and 2 equiv of water.

shown to given-glycosides exclusivel{?2123For cyclopropanes
7 and 8 the platinum-catalyzed ring opening still givesgly-
cosides in good selectivity (entries-103). This is on the other
hand in contrast to the halonium ion mediated solvolysis where
7 gives mostly-glycoside product¥?@122As a result, the
stereochemical outcome of the platinum-catalyzed ring opening
seems to be largely dictated by the anomeric efféthe results
in Table 1 are in keeping with what is often observed in normal
O-glycosylation reactions in a weakly coordinating solvent when
a nonparticipating group is present at C-2. Here mannosyl and
rhamnosyl donors generally give highesselectivity in glyco-
sylations than the corresponding galactosyl donors which again
give slightly highera-selectivity than the glucosyl dono¥.
However, in conventionaD-glycoside synthesis, competitive
reaction with water is a serious problem if rigorously anhydrous
conditions are not maintained. Surprisingly, no side product
arising from ring opening with water has been observed in the
examples in Table 1. In fact, when the reaction was carried out
in CH.CI; or toluene with 2 equiv of water no ring opening
occurred but instead the catalyst “blacked out”. Zeise’s dimer
and its precursor Zeise’s salt are both known to react with water
upon heating to produce metallic platinum, acetaldehyde, and
hydrogen chloridé?

Cyclopropane Ring Opening with Water. A number of
experiments were carried out to find conditions that would allow

J. Am. Chem. Soc., Vol. 122, No. 435000

Chart 2
HO BnO
BnO o] HO o]
BnO BnO
BnO OMe BnO OMe
26 27
% i l Me MeO
OMe
Table 3. Ring Opening with Monosaccharides
Cyclo- Mono-
Entry propane saccharide Product Yield
BnO Me
BnO O
BnO
1 3 26 65%
BnO
BnO
32 (only @) BnO
BnO
BnO
2 3 27 50%
nO
33 (only o)
e 0"/Bno
3 6 26 Bnom 65%
Bro BnO
34 (onIy o)
BnO
BnO o]
BnO
4 7 26 Me*O 77%
BnO
BnO
35(a/p=71) BnO4

=I
a All reactions were carried out in GBI, at ambient temperature
with 3.7% [Pt(GH,4)Cl;]; and 2 equiv of the monosaccharide.

in the same way as in Scheme 1 from some slight decomposition
and release of benzyl alcohol.
Cyclopropane Ring Opening with Monosaccharides and

the catalyst to react with the cyclopropane before it reacted with Phenols.The ring-opening reaction makes it possible to view
water. It was soon realized that an important factor was to keepthe 1,2-cyclopropanated sugars as special glycosyl donors.
a low water concentration. This was achieved by adding water Therefore, it was decided also to investigate the reaction with
in portions during the course of the reaction. In addition, THF some more complex nucleophiles (Chart 2). Reacting cyclo-
proved to be the best solvent for these experiments with water propanes3, 6, and7 with monosaccharide?6 and27 gave rise
and 60°C seemed to be the optimum reaction temperature. to 2-C-branched disaccharid88—35in acceptable yields (Table
Therefore, cyclopropane; 5, 7, and8 could be ring-opened  3). The yields were slightly lower than the yields with the simple
to give hemiacetal@2—25 (Table 2). The yields were generally  primary alcohols in Table 1. In fact, in one experiment (entry
lower than the yields when the simple alcohols in Table 1 were 2) benzyl glycosidel was isolated in 12% yield as a significant
used as nucleophiles. The major byproducts observed werebyproduct. However, the diastereoselectivity follows the same
dimers of 22—25 and benzyl glycosided, 14, 19, and 21 trend as observed before, giving theglycoside as the major
Hemiacetals of 2-deoxy sugars are fairly acid labile and known or the only product. Disaccharid&2—35 can be viewed as

to dimerize easily® The benzyl glycosides are probably formed special carbohydrate mimetics where the 2-hydroxy group has
been replaced by a hydrophobic methyl group.

Extending the reaction to phenols as nucleophiles gave rise
to O-glycosides and glycosyl arenes (pherGAglycosides)
depending on the substituents on the aromatic ring (Table 4).
Reacting cyclopropangwith phenol 8) or p-methoxyphenol
(29) gave phenylO-glycosides36 and 37, respectively, in
acceptable yields and excellemtselectivity. However, when

(17) Juaristi, E.; Cuevas, G:he Anomeric EffectCRC Press: Boca
Raton, 1995.

(18) Schmidt, R_R.; Kinz
50, 21. Paulsen, gl982 21, 155.

(19) Chatt, J.; Searle, M. |igaksammaain 1957 5, 210. Smidt, J.; Hafner,
W.; Jira, R.; Sedimeier, J.; Sieber, R jtRuger, R.; Kojer, H iiifiiiintuaaim.
1959 71, 176.

(20) Hanessian, JIINIEGEGEGEGEGEGEGGE 1066 21, 143.
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Table 4. Ring Opening of3 with Phenol3 Scheme 2
Entry Phenol Product #  Yield (o/p ratio) BnO0— o BrO— o
OBn a OBn y+OBn
BnO Me ofp =41
1 28 BE‘?& 36 64% (21/1) 40 ‘COEt 41— CO:Et
<)
BnO Me OBn BnO
BnO o o) o]
2 29 En& 37 53% (only «) Bno— b Bros o
(0] OMe 42 43 "CO EtnB(n )
CO,Et 2EU(EN)
BnO Me
BnO o HO OM o
3 30 BRO e 38 29% (only B) Rz OBn Rs a R'=0Bn R2=H, R® = Me
R Of -1 b: RT=H, R2 = OBn, R® = Me
OMe BnO . ¢:R'=OBn, R? = H, R3 = Ph
BnO—  Me o 4 ?
BnO 0 d: R'=H, R2= OBn, R3= Ph
4 A BnO 39 51% (1/1) y
OMe (a) 3.7% [Pt(GH4)Cl3]2, BnOH, toluene, 70C, 1.5 h, 75%. (b)
3.7% [Pt(GH.)Cl;]», BnOH, toluene, 85C, 14 h.
MeO OMe
a All reactions were carried out in GBI, at ambient temperature Scheme 3
with 3.7% [Pt(GH,)Cl]. and 2 equiv of the phenol. OBn OBn
BnO © ; BnO 0
the phenol was further substituted with electrondonating groups BnO 67% — "OBn
as in30and31, glycosyl arene88 and39 were obtained. These 3 45 Me B
are presumably formed by a Fries-type rearrangement of the op=7n
intermediateO-aryl gl_ycosidez.l In the reactions with methoxy- BnO OB BrO _OBn
phenols29—31 (entries 2-4), about 16-15% of benzyl gly- o) a 0
coside4 was also obtained as a byproduct. This follows the BnO 309 =g
general trend observed so far. When a p@enucleophile is 5 46 Ve :
used, some decomposition of the cyclopropanated sugar will only «
occur with release of benzyl alcohol which is then a better
nucleophile in the ring-opening reaction. BnO BnO OB’,:Ae
Ring Opening of Substituted CyclopropanesCarboalkoxy- BnO Q o]
substituted cyclopropanes can be prepared by reaction of the Me
glycal with ethyl diazoacetate by Rh(OA)atalysis!! These 47 OBn 43 OBn

were less reactive toward ring opening than the unsubstituted

a(a) 10% PAGKPhCN), BnOH, CHCly, rt.

cyclopropanes, and it was necessary to use toluene at elevated
temperature to get the reaction to proceed. Hereby, furanoses4d, The exo/endo selectivity varied from 2/1 to 5/1. However,
cyclopropane40 was reacted with benzyl alcohol to produce ring opening of these cyclopropanes with benzyl alcohol in
2-C-branched benzyl furanosidél as a 4/1c/f mixture. refluxing toluene turned out to be very difficult and gave either
Although thea-anomer is still the dominating product, théj no conversion or only very little benzyl glycoside product. In
ratio is lower than that observed for the unsubstituted pyranose aqdition, when ring-opened benzyl glycosides could be isolated,
cyclopropanes in Tables 1 and 3. The ring opening®fould  they turned out to be a mixture of six- and seven-membered
also be performed with methanol, but unfortunately in this case sugars. This shows that for the substituted cyclopropddes
some transesterification with the ethyl ester did occur. This the platinum-catalyzed ring opening is not regioselective for
transesterification turned out to be a major problem when the cyclopropane bond 1 but is also capable of breaking bond 2
ring opening was carried out on pyranose ester substituted(scheme 2). In view of these results, no further experiments

cyclopropane42. This is even less reactive than furanose
cyclopropane40, and the higher reaction temperature caused
significant transesterification, giving3 as a mixture of benzyl
and ethyl glycoside as well as ethyl and benzyl ester.

Cyclopropanated sugars containing substituents other than

have been carried out on substituted cyclopropanes.
Ferrier-Type Rearrangement. During the initial studies with
different catalysts, we discovered that when cyclopro@anas
treated with a very electrophilic palladium(ll) catalyst, PgClI
(PhCN}, a novel rearrangement occurred to give 2,3-unsaturated

ester groups are not known. However, we have discovered thatbenzyl glycosidet5 (Scheme 3). The same rearrangement could

zinc-mediated cyclopropanation directed by the 3-benzyloxy

be achieved wittp-galactal-derived cyclopropartealthough

group can be extended to prepare new substituted cyclopropanesn a lower yield due to some decomposition. None of the

In fact, cyclopropanating ti®-benzylo-glucal and p-galactal
with ethylidene iodide and diethyl ziffgave methyl-substituted
cyclopropaneg4aand44b, respectively, while cyclopropana-
ting with phenyldiazomethane and zinc(Il)chloréigave rise
to the corresponding phenyl-substituted cyclopropadesand

(21) Mahling, J.-A.; Schmidt, R. Rayathesi<1993 325.

(22) Kawabata, N.; Nakagawa, T.; Nakao, T.; YamashitalLQrg
1977, 42, 3031.

(23) Goh, S. H.; Closs, L. E.; Closs, G. jinifisigin1969 34, 25.

corresponding benzyl glycosidésand 14 were observed in
these cases. However, in the rearrangement3odbenzyl
glycosidel9 could be isolated as a byproduct in 3% yield. This
is mechanistically very interesting because the configuration at
C-2 in 19 has been inverted as compared to the starting
cyclopropane3. This has never been observed in any of the
ring openings with Zeise’s dimer where the configuration at
C-2 is always retained. The stereochemistry at the anomeric
center in45 and46 was determined after hydrogenation of the
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Scheme 4 Scheme 5
0Bn 37% BnO—  GH.D
BnO 9 [PYC,H)CLL, Bno&&: BnOtbok
BnO BnO OBn
s BnOD, CH,Cl, o VOB b \
94% 52
BnOH - -
o}
o o o 1 0 Bnogﬁwosn
N BHOQ HPACI
Q e pmz‘_’ PtCI, L 53 i
50 -
PH(Il) Pd(ll l
S A
OR OR o] o
H PIC], Eﬁ B“O\Bv\i
i OBn “OB
o cpd-
54 -
double bond to givé7 and48, respectively. The chemistry of o .
cyclopropane €C single bonds often resembles that of BnO P 4/
carbon-carbon double bondsin fact, this palladium-catalyzed Pd(H)

rearrangement is analogous to the acid-induced Ferrier rear- 55 .
rangement of normal glycat$é However, this is the first example
of a similar rearrangement on 1,2-cyclopropanated glycals. It
is very interesting that these seemingly similar platinum(ll) and
palladium(ll) catalysts ring-open the cyclopropanes 10 give ypqerved in mercury(ll)-mediated ring openifgs® Further
vastly different products. reaction byp-hydride elimination affords olefis3 which on
Mechanism for Cyclopropane Ring Opening.To gain some  rehydropalladation gives4.3! Previous studies have shown that
more insight into the mechanism of the platinum-catalyzed ring these glycopyranosides with palladium at C-2 undergo a facile
opening with O-nucleophiles, we carried out a deuterium and unusugb-alkoxy elimination to the corresponding glycafs.
labeling experiment with monodeuterated benzyl alcohol (SchemeThe reaction is probably mediated by coordination between
4). The produc#9was found to be completely monodeuterated palladium and the exocyclic oxygen at C-1 which also prevents
at the 2€-methyl group. This allows us to propose a mechanism a competings-hydride elimination. Therefore55 is formed
where an intermediate platinacyclobutane is formed by oxidative which then by allylic Ferrier rearrangement gives the product.
addition of the cyclopropane to platinum(ll). Platina(lV)- In this reaction palladium(ll) serves as the Lewis &Giét
cyclobutanes have previously been proposed as intermediateg\lthough intermediate glyca5 cannot be observed in these
in rearrangements of electron-rich cyclopropanes with Zeise’s rearrangements, the fact tha® can be isolated from the
dimer!4abHowever, it should also be noted that platina(lV)- rearrangement & supports its existence. It should also be noted
cyclobutanes formed from electron-rich cyclopropanes have that the Ferrier rearrangement generally gives good yields for
never actually been isolated or detected spectroscopically. Thederivatives ofb-glucal while the rearrangement works poorly
best evidence for their formation is a crystal structure on a for derivatives ob-galactal® The exact same result is observed
platinum complex formed after ring opening of an electron- for the rearrangement of cyclopropanated gly&bnd5.
rich cyclopropané® The structure shows that the cyclopropane In conclusion, we have developed a convenient procedure
inserts into platinum at an edge because the configuration atfor platinum-catalyzed ring opening of 1,2-cyclopropanated
the cyclopropyl carbon is retainéélLiterature data on platina-

corner attack® This gives rise to initial formation af-bonded
palladium glycosidé2.2° The sames-bonded metal species is

(IV)cyclobutanes suggest that the platinum®garbono-bonds (28) Blocnigg;g,l(l;/sli 545%-; Siegbahn, P. E. M./ &evall, J.-E. LAD.
are _pmanzed to give platmum(m'nus)_ and carbon(pFﬁsm_ (29) For ring opening of other electron-rich cyclopropanes by palladium-
platinacyclobutan&0the electron donation from the sugar ring  (Il) complexes, see: Park, S.-B.; Cha, J. Gigesgli. 2000 2, 147.
oxygen will further enhance this polarization. As a resbtjs Fujimura, T.; Aoki, S., Nakamura, ipmisiialiain 1991 56, 2809.

beli d h b ial boni . h (30) Barrett, A. G. M.; Tam, \\gninismina@in1997 62, 4653. Kocovsky
elieved to have substantial oxocarbonium ion character asp ."gogI, J.: Pour, M.; Gogoll, A 1994 116, 186.

previously observed for certain palladium speéf@sucleophilic Lambert, J. B.; Chelius, E. C.; Bible, R. H.; Hajdu, i minuimiioc.
attack of theD-nucleophile then gives the glycoside/hemiacetal 1991 113 1331. Coxon, J. M.; Steel, P. J.; Whittington, E sl

R . . . . 199Q 55, 4136.
with thea-anomer dominating according to the anomeric effect. ™ (31)'Fo other examples gi-hydride elimination- rehydropalladation

Reductive elimination frond1 completes the catalytic cycle to  sequences, see: Larock, R. C.; Yum, E.iiabasan1 996 52, 2743.
give theC-branched sugar and regenerating platinum(ll). Larock, R. C.; Leung, W.-Y.; Stolz-Dunn, inminssismssiantt1989 30,

. . 629.
For the palladium-catalyzed Ferrier-type rearrangement, a (32) Bedjeguelal, K.; Bolitt, VV.; Sinou, Ceyleit1 999 762. Bedjeguelal,
different mechanistic pathway is believed to be operating K.; Joseph, L.; Bolitt, V.; Sinou, DTetrahedron Lett.1999 40, 87.

i i i Nguefack, J.-F.; Bolitt, V.; Sinou, Cjiinitimiiin 1997 62, 1341; 6827.
(Scheme 5). Contrary to_platinum(li), previous theoretical (33) For Ferrier rearrangement of 3,4,6®ibenzylo-glucal with

studies suggest that palladium(ll) ring-opens cyclopropanes by gr, ot, into benzyl 4,6-di0-benzyl-2,3-dideoxyx-o-erythro-hex-2-
enopyranoside, see: Descotes, G.; Martin, jufiisitimng 1977, 56,

(24) Ferrier, R NN 1 072 6, 307. 168.
(25) Hoberg, J. O.; Larsen, R. D.; Jennings, P Siasusstelia< 990 (34) When we subjected 3,4,6-tti-benzylp-glucal to Zeise’s dimer or
9, 1334. PdCL(PhCN), we observed in both cases Ferrier rearrangement into benzyl
(26) Ye, Z.; Dimke, M.; Jennings, P. \fiusssuesiaig< 993 12, 1026. 4,6-di-O-benzyl-2,3-dideoxya-p-erythro-hex-2-enopyranoside.
(27) Hii, K. K.; Claridge, T. D. W.; Brown, J. Ml N - (35) Ferrier, R. J.; Prasad, jimiissumiaam @969 570. Ciment, D.

EdaEngl. 1997 36, 984. M.; Ferrier, R. JJ. Chem. Soc. @966 441.
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sugars withO-nucleophiles. The Z-branched glycosides thus  (J = 157.1 Hz). Anal. Calcd for &Hs40s: C, 75.30; H, 7.41. Found:
obtained are formed with very higi-selectivity regardless of ~ C, 75.40; H, 7.40.

the stereochemistry of the starting cyclopropane. In addition,  Allyl 3,4,6-Tri- O-benzyl-2-deoxy-2€-methyl-a-p-mannopyrano-
we have discovered a palladium-catalyzed Ferrier-type rear-Side (10).R =0.48. [o]* +51.5 € 1.0, CHCE). 'H NMR (250 MHz)
rangement of 1,2-cyclopropanated sugars to give 2,3-unsaturateq' 7'39_7'59 (T’ 15H), 5.89 (m, 1H), 5.25 idq,= 17.2, 1.7 Hz,
sugars containing a €-alkyl substituent. All these &-branched H), 5.16 (dq,J = 104, 1.7 Hz, 1H), 4.84 (d] = 10.8 Hz, 1H), 4.76

. . . . . d,J= 1.3 Hz, 1H), 4.67 (d) = 12.2 Hz, 1H), 4.64 (dJ = 11.4 Hz,
sugars are valuable chiral building blocks in synthetic strategies 1H), 4.59 (d j _ 1)1.4 Haz (1f—|) 4.49 (dj _ 1)2.2 Hz (l”,]_D 444 (df]

toward natural products and carbohydrate mimetics. =10.8 Hz, 1H), 4.15 (ddt) = 13.0, 5.1, 1.5 Hz, 1H), 4.06 (m, 1H),
_ . 3.93 (ddt,J = 13.0, 6.1, 1.2 Hz, 1H), 3.793.65 (m, 4H), 2.43 (m,
Experimental Section 1H), 1.09 (d,J = 7.3 Hz, 3H).1%C NMR (62.5 MHz)d: 138.7, 138.5,

138.3, 134.1, 128.3, 128.3, 128.2, 127.9, 127.6, 127.5, 127.5, 127 .4,
127.4,116.9, 101.3)(= 167.2 Hz), 79.7, 74.9, 74.2, 73.3, 71.3, 71.0,
69.1, 67.7, 36.7, 11.2. Anal. Calcd for€30s. C, 76.20; H, 7.43.

General Procedures.All NMR spectra were recorded in CDLI
using TMS ¢ = 0) as internal reference féirl NMR spectra and CDGl
— 1 H
(0 = 77.0) for3C NMR spectra. AllR: values were measured in 5/1 Found: C, 75.95: H, 7.72.

hexane/EtOAc. ) . tert-Butyl 3,4,6-Tri- O-benzyl-2-deoxy-2€-methyl-p-mannopyra-
General Procedure for Platinum-Catalyzed Cyclopropane Ring noside (11).R = 0.59. a-Anomer.H NMR (500 MHz) : 7.38—
Opening with Alcohols and PhenolsZeise’s dimet® (21.5 mg, 0.0366 7.15 (m 15H) 5.0(') (dJ =1.2 Hz. 1H), 4.83 (dJ = 10.7 .Hz'lH)
mmol) was dissolved in C¥Cl, (5 mL) under an atmosphere of 4.68 (d J _ lé.l Hz, 1H), 4.64 ((’u o ’11.5 Hz, 1H), 4.56 (’dJ ke
nitrogen. The solution was then transferred by syringe to a flask 115 Hz' 1H), 4.46 (C'iJ _ '12_1 Hz, 1H), 4.43 (ciJ _ 1'0_7 Hz, 1H)
containing the cyclopropane (1.0 mmol) and the alcohol (2.0 mmol). 4.06 (dd’ J= '9.0 5.1 Hz, 1H) 3.9’6 (ddd] =090 59 20 Hz’ 1H5
The mixture was stirred under nitrogen at room temperature for 15 h. 3.80—3.716 (m Zi-l) 3.63' (de’: 10.5. 2.0 Hz iH) '2'22 (m’ 1H),
After removal of the solvent in vacuo, the crude mixture was purified ;5o (s, 9H) 108 ((’ﬂ —73Hy 3H).13é NMR ('125 MHz)d: 1388
by flash chromatography. - andg-glycosides could not be separated, 138.5, i38.é, 128.1, 128.1, 12'7_9’ 127.6, 127.5, 127.4, 127.3, .9’6.4 (

complete NMR data are reported for theanomer (major) while for = 164.0 Hz), 79.7, 74.8, 74.5, 74.4, 73.2, 70.8, 70.7, 69.1, 38.2, 28.4
the S-anomer (minor) the chemical shift and coupling constant for the 11.4 ﬁ.-Anon;er l'sc’: NMR (1'25' MI—]zSé’ 'gé 9 (] " 1501 o Hz) Ar.1a’I 4,
anomeric carbon are reported. Calcd for GoHaOs: C, 76.16; H, 7.99. Found: C, 76.52; H, 7.87.

General Procedure for Platinum-Catalyzed Cyclopropane Ring Tri. O P o o )
Opening with Water. The cyclopropane (500 mg, 1.16 mmol) was Sld'\éliglsfigzg g]i’si n_iz_)élgzdg 2X7y éiggtqﬂ ﬁﬁéi?gg r'anHoZ)
dissolved in THF (4 mL) followed by addition of Zeise’s dimer (25 8. 7.37-7.19 (m, 15H), 4.97 (dj = ’11_7 Hz, 1H), 4.64 (bs, 1H)
mg, 0.0425 mmol) and #D (14 uL, 0.78 mmol). The solution was 4 g2 dJ= 11.9’Hz 1|’_|) 455 (dJ = 11.8 H’Z 1|_’|) 453 (d’,] _
heated under an atmosphere of nitrogen at@@or 24 h during which 1.7 HZ’ 1H), 4.52 (éiJ _ '11.9 Hz, 1H), 4.44 (d’J _ i1.8 Hz, 1H)
time more HO (14 uL) was added after 1 and 2 h, respectively. The 3.96 (t J’: 6.é Hz, 1H), 3.85 (m 2'H) 3;.66 (d,= 6.3 Hz 2H)’ 3.3\,’5
reaction mixture was concentrated and the residue purified by flash (s, 3H)7, 2.27 (m, 17H), 126 (d1=77.4 I—l|z, 3H)llgc NMR ((’32.5 MHz)
chromatography. _ _ 6: 139.1,138.6, 138.1, 128.2, 128.0, 127.5, 127.5, 127.4, 127.2, 127.0,

Tetrahydro-3-methylene-2H-pyran (2). Zeise's dimer (100 mg, 1269 103.70= 171.1 Hz), 76.2, 74.5, 74.0, 73.3, 70.0, 69.6, 69.6,
0.170 mmol) was dissolved during 5 min in @i, (10 mL). 2-Oxa- 54.7, 36.2, 12.4. Anal. Calcd for,@4s.0s. C, 75.30; H, 7.41. Found:
bicyclo[4.1.0]heptanel®” (330 mg, 3.36 mmol) was then added by C, 75.25: H, 7.41.

syringe. The solution was stirred at room temperature for 20 h. The Allyl 3,4,6-Tti- O-benzyl-2-deoxy-2C-methyl-b-talopyranoside (13).
solvent was removed in vacuo and the residue purified by flash R = 0.54.0-Anomer.*H NMR (500 MHz) &: 7.37—-7.21 (m, 15H)
ghrqmatography (pentanefEx 5/1) to afford 243 mg (74%) d as a 5.91 (m, 1H), 5.24 (dq) = 17.2, 1.5 Hz, 1H), 5.16 (dd} = 10.5, 1.5
liquid. *H NMR (250 MHz) 6: 4.7 (m, 2H), 4.03 (s, 2H), 3.73 (M. |17 111 4 96 (@ = 11.8 Hz, 1H), 4.81 (s. 1H), 4.64 (d.— 11.8
2H), 2.32 (t,J = 6.3, 1.1 Hz, 2H), 1.72 (m, 2H}C NMR (625 ;" 113y 455 (dJ = 11.8 Hz, 1H), 4.53 (dJ = 11.3 Hz, 2H), 4.45
MHz) 0: 144.1, 109.1, 72.6, 67.8, 31.6, 28:H NMR data are in  (4'y_"11 8 Hz, 1H), 4.16 (ddt) — 13.0, 5.2, 1.5 Hz, 1H), 4.01 (dt
accordance with literature valugs. J=6.1, 1.5 Hz, 1H), 3.97 (dd] = 13.0, 6.1 Hz, 1H), 3.89 (dd] =

_ Benzyl 3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-D-mannopyrano- 5.2, 3.0 Hz, 1H), 3.86 (m, 1H), 3.68.63 (m, 2H), 2.31 (m, 1H),
side (4). R = 0.51.a-Anomer.*H NMR (250 MHz) 6: 7.38-7.09 1.26 (d,J = 7.4 Hz, 3H).13C NMR (125 MHz)o: 139.2, 138.7, 138.2,
(m, 20H), 4.78 (dJ = 10.8 Hz, 1H), 4.75 (d) = 1.0 Hz, 1H), 463 1342 128.2, 128.0, 127.7, 127.5, 127.5, 127.3, 127.1, 127.0, 117.0,
(d,J=12.0 Hz, 1H), 4.60 (d) = 12.0 Hz, 1H), 4.57 (d) = 11.5 Hz, 101.9 0 = 166.9 Hz), 76.3, 74.7, 74.0, 73.3, 70.1, 69.8, 69.6, 67.8,
1H), 4.49 (d,J = 11.5 Hz, 1H), 4.45 (d) = 12.0 Hz, 1H), 4.40 (dJ 36.3, 12.58-Anomer.13C NMR (125 MHz)d: 101.6 ¢ = 156.4 Hz).
=12.0 Hz, 1H), 4.39 (d) = 10.8 Hz, 1H), 4.01 (dd) = 8.8,5.2Hz,  Apal. Calcd for GiHsOs: C, 76.20; H, 7.43. Found: C, 76.45; H,
1H), 3.75 (m, 1H), 3.70 (M, 2H), 3.61 (dd= 10.6, 1.9 Hz, 1H),2.39 7 40

(m, 1H), 1.02 (d,J = 7.3 Hz, 3H).13C NMR (62.5 MHz)4: 138.7, Benzyl 3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-a-p-talopyrano-
138.5, 138.3, 137.7, 128.3, 128.0, 127.9, 127.7, 127.6, 127.6, 127.5.gjqe (14) R, = 0.62. [1]?% +-34.5 € 2.9, CHCH). 'H NMR (500 MH2)
101.4 0 = 166.9 Hz), 79.8, 75.0, 74.2, 73.4, 715, 71.1, 69.1, 68.9, 5. 736717 (m, 20H), 4.97 () = 11.8 Hz, 1H), 4.85 (5, 1H), 4.71

36.8, 11.3f-Anomer.**C NMR (62.5 MHz)0: 100.40=156.7Hz). (4 j= 12,0 Hz, 1H), 4.64 (dJ = 11.8 Hz, 1H), 4.56 (bd) = 12.0

Anal. Calcd for GsHzgOs: C, 78.04; H, 7.11. Found: C, 77.99; H, Hz, 3H), 4.49 (d,.] = 11.8 Hz, 1H), 4.47 (dJ = 11.8 Hz, 1H), 4.07

7.41. _ (dt, J = 6.3, 1.6 Hz, 1H), 3.93 (ddJ = 5.3, 3.0 Hz, 1H), 3.90 (bs,
Methyl 3,4,6-Tri- O-benzyl-2-deoxy-2€-methyl-b-mannopyrano- 1H), 3.68 (m, 2H), 2.35 (m, 1H), 1.27 (d,= 7.4 Hz, 3H).13C NMR

side (9). R = 0.56.a-Anomer.*H NMR (250 MHz) 6: 7.37-7.14 (62.5 MHz)o: 139.3, 138.8, 138.2, 137.9, 128.3, 128.1, 127.9, 127.7,
(m, 15H), 4.84 (dJ = 10.8 Hz, 1H), 4.66 (d) = 12.2 Hz, 1H), 4.65 1276 127.3, 127.2, 127.1, 102.0 € 163.8 Hz), 76.4, 74.7, 74.1,
(d,J=11.5Hz, 1H), 4.61 (s, 1H), 4.53 (d,= 11.5Hz, 1H), 451 (d, 734, 70.2, 70.1, 69.7, 68.9, 36.3, 12.6. Anal. Calcd fgHg:Os: C,
J=12.2 Hz, 1H), 4.44 (d) = 10.8 Hz, 1H), 3.98 (m, 1H), 3.868.65 78.04: H, 7.11. Found: C, 78.19: H, 7.38.
(m, 4H), f-33 (s, 3H), 2.39 (tg) = 7.3, 1.6 Hz, 1H), 1.08 (= 7.3 Methyl 3,4-Di-O-benzyl-2-deoxy-2€-methyl-L-rhamnopyrano-
127.7,127.6,127.5, 1033 € 171.2 Hz), 79.8, 74.9, 74.2, 73.4, 712, (; "10H). 4.90 (d,) = 10.9 Hz, 1H), 4.62 (d) = 11.5 Hz, 1H), 4.58
71.0, 69.2, 54.6, 36.7, 1l.ﬁ:Anomer.13C NMR (62.5 MHZ)@Z 102.8 (d, J=1009 HZ, 1H), 4.52 (dJ =115 HZ, 1H), 4.49 (bS, 1H), 3.95
, dd,J= 9.3, 5.1 Hz, 1H), 3.68 (m, 1H), 3.28 (= 9.3 Hz, 1H), 3.30
TN Ravez, M. S (
g ) Boag, N. M.; Ravetz, M A998 (s 3H), 2.38 (M, 1H), 1.29 (dl = 6.2 Hz, 3H), 1.06 (dJ = 7.3 Hz,
(37) Friedrich, E. C.; Lewis, E. jaiamiaiain 1990 55, 2491. 3H). 3C NMR (62.5 MHz)d: 138.6, 138.6, 128.2, 128.2, 127.9, 127.8,
(38) Kirmse, W.; Rode, KghgmaeRgr1987 120, 847. 127.5, 127.4, 127.4, 127.3, 102.9 € 165.8 Hz), 80.0, 79.9, 74.9,
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70.8,67.2,54.4,36.7, 18.1, 112Anomer.**C NMR (62.5 MHz)6:
102.6 0 = 154.5 Hz). Anal. Calcd for gH»s04: C, 74.13; H, 7.92.
Found: C, 73.91; H, 8.11.

Allyl 3,4-Di- O-benzyl-2-deoxy-2€-methyl-L-rhamnopyranoside
(16). R = 0.58.a-Anomer.*H NMR (500 MHz) o: 7.37-7.25 (m,
10H), 5.91 (m, 1H), 5.27 (dg] = 17.4, 1.4 Hz, 1H), 5.16 (dg] =
10.3, 1.4 Hz, 1H), 4.91 (d] = 10.9 Hz, 1H), 4.65 (s, 1H), 4.64 (d,
=11.5 Hz, 1H), 4.59 (dJ = 10.9 Hz, 1H), 4.55 (dJ = 11.5 Hz, 1H),
4.11 (ddt,J = 12.9, 5.1, 1.3 Hz, 1H), 4.01 (dd,= 9.0, 5.4 Hz, 1H),
3.92 (ddt,J = 12.9, 6.1, 1.3 Hz, 1H), 3.73 (m, 1H), 3.29 §t= 9.3
Hz, 1H), 2.42 (m, 1H), 1.29 (d] = 6.2 Hz, 3H), 1.07 (dJ = 6.2 Hz,
3H).3C NMR (62.5 MHz)d: 138.7, 138.5, 134.1, 128.2, 127.9, 127.5,
127.3, 116.8, 101.Q)(= 166.1 Hz), 80.1, 79.4, 75.0, 70.9, 67.5, 67.5,
36.7,18.1, 11.23-Anomer.3C NMR (62.5 MHz)d: 100.5 0 = 154.7
Hz). Anal. Calcd for GsH3004: C, 75.36; H, 7.91. Found: C, 75.49;
H, 8.16.

Benzyl 3,4-Di-O-benzyl-2-deoxy-2€-methyl-L-rhamnopyranoside
(17). R = 0.67.a-Anomer.'H NMR (250 MHz) 6: 7.37-7.26 (m,
15H), 4.90 (dJ = 10.8 Hz, 1H), 4.67 (dJ = 11.8 Hz, 1H), 4.66 (d,
J=11.8 Hz, 1H), 4.60 (s, 1H), 4.59 (d,= 10.8 Hz, 1H), 4.54 (dJ
= 11.8 Hz, 1H), 4.42 (d) = 11.8 Hz, 1H), 4.03 (dd) = 9.2, 5.2 Hz,
1H), 3.78 (m, 1H), 3.31 (t) = 9.2 Hz, 1H), 2.44 (m, 1H), 1.30 (d,
= 6.2 Hz, 3H), 1.06 (dJ = 7.3 Hz, 3H).13C NMR (62.5 MHz)¢:
138.6, 138.5, 137.7,128.2, 127.9, 127.7, 127.6, 127.5, 127.3, 1D1.2 (
= 165.6 Hz), 80.1, 79.4, 75.0, 70.9, 68.6, 67.6, 36.8, 18.2, 11.2.
B-Anomer.23C NMR (62.5 MHz)d: 100.2 § = 155.9 Hz). Anal. Calcd
for CaeH304: C, 77.75; H, 7.46. Found: C, 77.67; H, 7.36.

Methyl 3,4,6-Tri- O-benzyl-2-deoxy-2€-methyl-b-glucopyrano-
side (18).Rr = 0.41.a-Anomer.H NMR (250 MHz) ¢: 7.35-7.13
(m, 15H), 4.83 (dJ = 11.2 Hz, 1H), 4.79 (dJ = 12.5 Hz, 1H), 4.63
(d,J = 12.5 Hz, 1H), 4.62 (dJ = 11.0 Hz, 1H), 4.55 (dJ = 3.4 Hz,
1H), 4.51 (dJ = 11.3 Hz, 2H), 3.783.58 (m, 5H), 3.32 (s, 3H), 1.92
(m, 1H), 1.03 (dJ = 6.7 Hz, 3H).23C NMR (62.5 MHz)o: 139.7,
138.4, 138.2, 128.3, 127.8, 127.7, 127.6, 102.6-(165.7 Hz), 82.6,
79.5,75.3,74.7,73.5,70.9, 69.0, 54.9, 41.3, 12-Anomer.*C NMR
(125 MHz) 6: 100.2 0 = 160.7 Hz). Anal. Calcd for &H340s: C,
75.30; H, 7.41. Found: C, 75.45; H, 7.28.

Benzyl 3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-D-glucopyranoside
(19). R = 0.53. a-Anomer.'H NMR (500 MHz) ¢: 7.37-7.20 (m,
20H), 4.86 (d,J = 10.9 Hz, 1H), 4.81 (dJ = 10.9 Hz, 1H), 4.78 (d,
J = 3.4 Hz, 1H), 4.70 (d,) = 12.1 Hz, 1H), 4.66 (dJ = 12.1 Hz,
1H), 4.65 (d,J = 10.9 Hz, 1H), 4.53 (dJ = 12.1 Hz, 1H), 4.52 (dJ
=10.9 Hz, 1H), 4.46 (dJ = 12.1 Hz, 1H), 3.87 (m, 1H), 3.76 (dd,
= 10.6, 4.0 Hz, 1H), 3.67 (m, 3H), 1.97 (m, 1H), 1.08 J&= 6.8 Hz,
3H).3C NMR (125 MHz)d: 138.7,138.4, 138.1, 137.9, 128.4, 128.3,
128.3, 127.8, 127.8, 127.7, 127.6, 127.5, 100.2(166.0 Hz), 82.7,
79.5,75.4,74.8,73.5,71.3, 68.9, 68.9, 41.3, J2-&nomer.’*C NMR
(125 MHz) 6: 103.3 0 = 158.0 Hz). Anal. Calcd for gH3gO0s: C,
78.04; H, 7.11. Found: C, 77.80; H, 6.90.

Allyl 3,4,6-Tri- O-benzyl-2-deoxy-2€-methyl-p-galactopyranoside
(20). R = 0.48. a-Anomer.'H NMR (500 MHz) ¢: 7.37-7.21 (m,
15H), 5.87 (m, 1H), 5.25 (dqg] = 10.5, 1.6 Hz, 1H), 5.14 (dq] =
17.2, 1.6 Hz, 1H), 4.89 (d) = 11.6 Hz, 1H), 4.75 (dJ = 3.5 Hz,
1H), 4.70 (d,J = 11.6 Hz, 1H), 4.57 (dJ = 11.6 Hz, 1H), 4.51 (dJ
=11.8 Hz, 1H), 4.50 (dJ = 11.6 Hz, 1H), 4.43 (dJ = 11.8 Hz, 1H),
4.13 (ddt,J = 13.3, 5.0, 1.5 Hz, 1H), 3.93 (m, 2H), 3.63.55 (m,
4H), 2.44 (m, 1H), 1.05 (dJ = 6.9 Hz, 3H).3C NMR (125 MHz)4:

J. Am. Chem. Soc., Vol. 122, No. 4®58100

127.6, 127.5, 127.5, 127.4, 127.3, 127.3, 100.3-(166.9 Hz), 79.8,
74.2,73.3,72.1,71.6, 69.8, 69.4, 68.8, 35.3, J2-Anomer.’*C NMR
(62.5 MHz)6: 103.7 0 = 158.2 Hz). Anal. Calcd for &H3zs0s: C,
78.04; H, 7.11. Found: C, 78.02; H, 7.06.

3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-b-mannopyranose (22) R
= 0.05.0-Anomer.*H NMR (200 MHz)¢: 7.40-7.12 (m, 15H), 5.15
(d,J=2Hz, 1H), 4.85 (dJ = 12 Hz, 2H), 4.674.40 (m, 5H), 4.14
3.98 (m, 2H), 3.743.59 (m, 3H), 2.41 (m, 1H), 1.06 (d,= 8 Hz,
3H). 3C NMR (50 MHz)6: 138.6, 138.4, 137.9, 128.7, 128.2, 127.8,
127.5,96.41 =167 Hz), 79.1, 74.6, 74.4,73.1, 70.9, 70.9, 69.4, 36.7,
11.2. Data are in accordance with literature valtfés.

3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-p-talopyranose (23) R =
0.05. [1]®p +1.4 (¢ 0.6, CHCE). a-Anomer.*H NMR (200 MHz) 6:
7.41-7.20 (m, 15H), 5.17 (bs, 1H), 4.93 (d,= 12 Hz, 1H), 4.78
4.39 (m, 5H), 4.24 (m, 1H), 3.89 (dd,= 5, 3 Hz, 1H), 3.83-3.53
(m, 3H), 2.67 (dJ = 3 Hz, 1H), 2.26 (m, 1H), 1.24 (d,= 7 Hz, 3H).
3C NMR (50 MHz)6: 139.0, 138.7, 137.8, 128.2, 128.0, 127.9, 127.6,
127.3, 127.1, 127.0, 96.9 & 167 Hz), 76.0, 74.9, 73.7, 73.2, 70.3,
70.0, 69.9, 36.5, 12.48-Anomer.**C NMR (50 MHz) 6: 96.3 § =
159.2 Hz). Anal. Calcd for gHs:,0s: C, 74.98; H, 7.19. Found: C,
74.66; H, 7.57.

3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-p-glucopyranose (24) R
= 0.06. [0]®p +72.4 € 0.9, CHC}E). Mp 89—90 °C (hexane/EtOAc).
o-Anomer.'H NMR (200 MHz) 6: 7.50-7.11 (m, 15H), 5.13 (bs,
1H), 4.87 (dJ =11 Hz, 1H), 4.82 (dJ = 11 Hz, 1H), 4.7%+4.45 (m,
4H), 4.08 (m, 1H), 3.763.47 (m, 4H), 2.72 (bs, 1H), 1.91 (m, 1H),
1.08 (d,J = 6 Hz, 3H).'3C NMR (50 MHz) §: 138.1, 128.3, 127.8,
127.6, 95.2 = 163.8 Hz), 82.0, 79.7, 75.3, 74.7, 73.3, 70.8, 69.1,
41.3, 12.8. Anal. Calcd for £Hs,0s: C, 74.98; H, 7.19. Found: C,
74.69; H, 7.22.

3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-p-galactopyranose (25).

R = 0.05. )%, +57.7 € 0.5, CHC}). Mp 112-113 °C (hexane/
EtOAc). a-Anomer.’H NMR (200 MHz)¢: 7.39-7.21 (m, 15H), 5.17
(t, J = 4 Hz, 1H), 4.88 (dJ = 11 Hz, 2H), 4.70 (dJ = 11 Hz, 2H),
4.62-4.28 (m, 2H), 4.15 (tJ = 6 Hz, 1H), 3.85 (bs, 1H), 3.663.41
(m, 2H), 3.08 (m, 1H), 2.74 (bs, 1H), 2.42 (m, 1H), 1.05Jes 7 Hz,
3H). 3C NMR (50 MHz)6: 138.6, 138.3, 137.8, 128.3, 128.1, 128.0,
127.7, 127.5, 95.6)(= 171.4 Hz), 79.4, 74.2, 73.4, 72.3, 71.8, 70.0,
69.7, 35.3, 12.73-Anomer.*3C NMR (50 MHz) §: 99.4 0 = 164.1
Hz). Anal. Calcd for GgH3:0s: C, 74.98; H, 7.19. Found: C, 74.43;
H, 7.37.

Methyl 2,3,4-Tri- O-benzyl-6-O-(3,4,6-tri-O-benzyl-2-deoxy-2€-
methyl-a-p-mannopyranosyl)-a-p-glucopyranoside (32) R = 0.13.
[a]® +48.4 € 0.3, CHCE). 'H NMR (500 MHz) 6: 7.45-7.10 (m,
30H), 4.99 (dJ = 10.8 Hz, 1H), 4.91 (dJ = 11.1 Hz, 1H), 4.84 (d,
J=11.1 Hz, 1H), 4.81 (dJ = 10.8 Hz, 1H), 4.79 (dJ = 12.1 Hz,
1H), 4.77 (s, 1H), 4.69 (d) = 12.1 Hz, 1H), 4.63 (dJ = 11.7 Hz,
1H), 4.62 (s, 1H), 4.58 (dJ = 12.2 Hz, 1H), 4.55 (dJ = 11.1 Hz,
1H), 4.53 (d,J = 11.7 Hz, 1H), 4.41 (dJ = 11.1 Hz, 1H), 4.38 (dJ
= 12.2 Hz, 1H), 3.99 (m, 2H), 3.85 (dd,= 11.4, 4.2 Hz, 1H), 3.73
(m, 2H), 3.64 (m, 1H), 3.59 (m, 2H), 3.52 (m, 3H), 3.35 (s, 3H), 2.43
(m, 1H), 1.06 (dJ = 7.3 Hz, 3H).**C NMR (62.5 MHz)¢: 138.8,
138.7, 138.5, 138.3, 138.3, 138.1, 128.4, 128.3, 128.3, 128.2, 128.1,
128.0, 127.9, 127.7, 127.6, 127.5, 127.5, 127.4, 127.4, 127.3, 1D2.4 (
=169.2 Hz), 97.9J = 171.0 Hz), 82.2, 80.0, 79.2, 77.6, 77.2, 75.8,
74.9, 74.7, 74.0, 73.2, 71.4, 70.9, 69.7, 69.0, 65.7, 55.1, 36.5, 11.1.
Anal. Calcd for GeHe20100 C, 75.14; H, 6.98. Found: C, 74.92; H,

138.8, 138.3, 138.0, 134.4, 128.3, 128.1, 128.0, 127.7, 127.6, 127.5,6.75.

127.3, 116.5, 100.4)(= 167.2 Hz), 79.9, 74.3, 73.4, 72.2, 71.7, 69.7,
69.5, 67.9, 35.3, 12.8-Anomer.3C NMR (125 MHz)d: 103.9 0 =
156.6 Hz). Anal. Calcd for §Hs¢0s: C, 76.20; H, 7.43. Found: C,
76.30; H, 7.20.

Benzyl 3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-p-galactopyrano-
side (21).R = 0.48.a-Anomer. %% +99.0 € 1.9, CHC}). *H NMR
(250 MHz) 6: 7.37—7.22 (m, 20H), 4.89 (dJ = 11.6 Hz, 1H), 4.80
(d,J = 3.5 Hz, 1H), 4.70 (dJ = 11.6 Hz, 1H), 4.68 (dJ = 12.2 Hz,
1H), 4.57 (d,J = 11.6 Hz, 1H), 4.51 (dJ = 11.8 Hz, 1H), 4.49 (dJ
=11.6 Hz, 1H), 4.45 (dJ = 12.2 Hz, 1H), 4.43 (dJ = 11.8 Hz, 1H),
3.99 (d,J = 6.2 Hz, 1H), 3.94 (dJ = 6.2 Hz, 1H), 3.66-3.53 (m,
3H), 2.45 (m, 1H), 1.06 (d] = 6.9 Hz, 3H).23C NMR (62.5 MHz)J:

Methyl 2,3,6-Tri- O-benzyl-4-O-(3,4,6-tri-O-benzyl-2-deoxy-2€-
methyl-o-p-mannopyranosyl)-a-p-glucopyranoside (33) R = 0.26.
[a]?*s +33.1 € 2.1, CHC}). *H NMR (500 MHz) §: 7.33-7.16 (m,
30H), 5.10 (dJ = 1.6 Hz, 1H), 5.06 (dJ = 11.3 Hz, 1H), 4.79 (dJ
=10.9 Hz, 1H), 4.71 (d) = 12.1 Hz, 1H), 4.61 (dJ = 3.6 Hz, 1H),
4.60 (d,J = 12.2 Hz, 1H), 4.60 (dJ = 11.3 Hz, 1H), 4.55 (dJ =
12.1 Hz, 1H), 4.53 (dJ = 12.1 Hz, 1H), 4.46 (s, 2H), 4.44 (d,=
12.1 Hz, 1H), 4.41 (dJ = 10.9 Hz, 1H), 4.36 (dJ = 12.2 Hz, 1H),
3.89-3.84 (m, 2H), 3.72-3.64 (m, 6H), 3.58 (ddJ = 10.5, 3.0 Hz,
1H), 3.52 (ddJ = 9.7, 3.5 Hz, 1H), 3.44 (dJ = 10.1 Hz, 1H), 3.39
(s, 3H), 2.22 (m, 1H), 0.81 (d} = 7.3 Hz, 3H).**C NMR (125 MHz)
0: 138.7,138.6,138.3,137.9, 128.4, 128.3, 128.2, 128.1, 127.9, 127.8,

138.7, 138.2, 137.9, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7,127.6, 127.5, 127.4, 127.4, 127.3, 127.1, 104.2(169.9 Hz), 97.6
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(J = 167.7 Hz), 82.1, 80.1, 79.4, 76.7, 75.3, 74.6, 74.0, 73.3, 73.2,
73.1, 72.3, 71.0, 69.8, 69.5, 69.1, 55.2, 37.4, 11.2. Anal. Calcd for
CseHs20100 C, 75.14; H, 6.98. Found: C, 75.40; H, 7.07.

Methyl 2,3,4-Tri- O-benzyl-6-O-(3,4-di-O-benzyl-2-deoxy-2€-
methyl-a-L-rhamnopyranosyl)-o-p-glucopyranoside (34) R = 0.29.
[0]?% —1.79 € 1.8, CHC}). *H NMR (500 MHz) ¢: 7.24-7.39 (m,
25H), 5.00 (d,J = 10.9 Hz, 1H), 4.90 (dJ = 10.5 Hz, 1H), 4.87 (d,

J = 10.5 Hz, 1H), 4.82 (dJ = 10.5 Hz, 1H), 4.79 (dJ = 11.6 Hz,
1H), 4.68 (d,J = 12.1 Hz, 1H), 4.60 (dJ = 12.1 Hz, 1H), 4.59 (s,
1H), 4.59 (d,J = 10.5 Hz, 1H), 4.54 (dJ = 11.6 Hz, 1H), 4.53 (dJ

= 10.9 Hz, 1H), 4.49 (bs, 1H), 3.99 @,= 9.2 Hz, 1H), 3.93 (ddJ) =

9.2, 5.3 Hz, 1H), 3.81 (ddl = 10.7, 1.6 Hz, 1H), 3.743.75 (m, 2H),
3.51 (dd,J = 9.6, 3.6 Hz, 1H), 3.44 (t) = 9.6 Hz, 1H), 3.43 (ddJ
=10.7, 5.5 Hz, 1H), 3.34 (s, 3H), 3.26 &= 9.2 Hz, 1H), 2.28 (m,
1H), 1.25 (d,J = 6.2 Hz, 3H), 1.02 (d,) = 7.3 Hz, 3H).3C NMR
(125 MHz) 6: 138.6, 138.6, 138.2, 138.1, 128.4, 128.3, 128.2, 128.0,
127.9, 127.8, 127.6, 127.6, 127.5, 127.4, 103.£(166 Hz), 97.7 ]

= 168 Hz), 82.0, 80.2, 80.0, 79.0, 77.9, 75.7, 75.1, 74.9, 73.2, 71.0,
69.8, 67.5, 65.9, 54.9, 36.9, 18.1, 11.2. Anal. Calcd fpieOs: C,
74.60; H, 7.15. Found: C, 74.30; H, 7.09.

Methyl 2,3,4-Tri- O-benzyl-6-O-(3,4,6-tri-O-benzyl-2-deoxy-2€-
methyl-p-glucopyranosyl)-a-p-glucopyranoside (35). R = 0.19.
a-Anomer. p]*% +79.6 € 1.3, CHCE). Mp 88-89 °C (hexane/
EtOAc). 'H NMR (500 MHz) 8: 7.37—7.14 (m, 30H), 4.97 (dJ =
10.8 Hz, 1H), 4.91 (dJ = 11.0 Hz, 1H), 4.754.85 (m, 5H), 4.68
4.57 (m, 5H), 4.50 (dJ = 11.0 Hz, 1H), 4.45 (dJ = 12.1 Hz, 1H),
3.99 (t,J = 9.3 Hz, 1H), 3.79-3.56 (m, 8H), 3.49 (ddJ = 9.6, 2.8
Hz, 1H), 3.47 (ddJ = 9.6, 2.8 Hz, 1H), 3.35 (s, 3H), 1.90 (m, 1H),
1.01 (d,J = 6.8 Hz, 3H).3C NMR (125 MHz)d: 138.7, 138.6, 138.5,
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117.7, 114.5, 101.13(= 167 Hz), 79.5, 74.9, 74.1, 73.3, 71.8, 71.3,

69.1, 55.6, 37.0, 11.2. Anal. Calcd for#3¢0s: C, 75.79; H, 6.90.

Found: C, 75.55; H, 6.81.
2-(3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-f-p-mannopyranosyl)-

3,5-dimethoxyphenol (38).R; = 0.32. [u]*> +18.8 € 2.1, CHC}).

IH NMR (250 MHz) 8: 8.90 (s, 1H), 7.46-7.21 (m, 15H), 6.09 (dJ

= 2.3 Hz, 1H), 6.00 (dJ = 2.3 Hz, 1H), 5.06 (dJ = 2.2 Hz, 1H),

4.92 (d,J = 10.9 Hz, 1H), 4.70 (dJ = 11.6 Hz, 1H), 4.61 (dJ =

12.0 Hz, 1H), 4.59 (dJ = 11.6 Hz, 1H), 4.50 (dJ = 10.9 Hz, 1H),

4.47 (d,J=12.0 Hz, 1H), 3.93 (tJ = 9.5 Hz, 1H), 3.82 (ddJ = 9.5,

4.8 Hz, 1H), 3.77 (s, 3H), 3.75 (m, 1H), 3.74 (s, 3H), 3.69 (@l

10.3, 2.4 Hz, 1H), 3.51 (dd} = 9.5, 2.4 Hz, 1H), 2.50 (m, 1H), 1.01

(d, J = 7.3 Hz, 3H).23C NMR (62.5 MHz)¢: 160.4, 158.1, 156.6,

138.4, 137.9, 128.3, 128.2, 127.9, 127.7, 127.5, 127.4, 103.8, 94.1,

90.4, 83.2, 79.1, 78.2, 75.0, 73.2, 73.1, 70.6, 68.2, 55.3, 55.1, 36.7,

6.9. Stereochemistry at C-1 was assigned by NOE experiment. NOE’s

were observed between H-1 and H-3 as well as H-1 and H-5. Anal.

Calcd for GeHaoO7: C, 73.95; H, 6.90. Found: C, 74.10; H, 7.05.
2-(3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-pD-mannopyranosyl)-

3,4,5-trimethoxyphenol (39).a-Anomer.R = 0.23. o] —13.8

1.4, CHCE). 'H NMR (500 MHz)6: 8.01 (s, 1H, exchanges with,D),

7.39-7.23 (m, 15H), 6.27 (s, 1H), 5.11 (d= 11.1 Hz, 1H), 4.65 (d,

J=12.1 Hz, 1H), 4.53 (dJ = 11.7 Hz, 1H), 4.53 (dJ = 11.1 Hz,

1H), 4.52 (s, 1H), 4.48 (dJ = 12.1 Hz, 1H), 4.43 (dJ = 11.7 Hz,

1H), 4.39 (t,J = 6.8 Hz, 1H), 4.03 (dd) = 10.1, 7.6 Hz, 1H), 3.85 (s,

3H), 3.81 (s, 3H), 3.78 (m, 1H), 3.77 (s, 3H), 3.66 (dd+ 3.2, 0.7

Hz, 1H), 3.61 (tJ = 2.6 Hz, 1H), 2.58 (m, 1H), 0.78 (d,= 7.0 Hz,

3H). 3C NMR (125 MHz)¢: 153.4, 152.6, 151.2, 138.1, 137.9, 137.9,

134.7,128.4,128.2,127.6,127.5,127.5,127.4,110.5, 97.0, 76.7, 75.1,

138.2, 138.1, 138.1, 128.4, 128.4, 128.3, 128.3, 128.1, 128.0, 127.9,73.2, 72.7, 71.4, 71.2, 68.7, 67.1, 60.9, 60.8, 55.7, 33.0, 13.5. Anal.

127.9,127.8, 127.7, 127.6, 127.6, 127.5, 127.5, 1Q1:3 {69.0 Hz),
97.8 J = 168.0 Hz), 82.4, 82.1, 80.2, 79.4, 78.0, 75.8, 75.2, 75.0,

Calcd for G/H40g: C, 72.29; H, 6.89. Found: C, 72.07; H, 6.76.
B-Anomer.R = 0.27. ]? +18.9 € 5.2, CHCE). *H NMR (500 MHz)

74.7,73.4,73.3, 71.1, 70.2, 68.8, 65.8, 55.0, 41.2, 12.9. Anal. Calcd o: 8.55 (s, 1H, exchanges with,D), 7.30-7.12 (m, 15H), 6.14 (s,

for CsgHs2010: C, 75.14; H, 6.98. Found: C, 74.92; H, 6.83Anomer.
[0]%% +13.2 € 1.3, CHC}). Mp 172-174 °C (hexane/EtOAc)*H
NMR (500 MHz)6: 7.36-7.18 (m, 30H), 4.97 (dJ = 10.8 Hz, 1H),
4.90 (d,J = 11.1 Hz, 1H), 4.85 (dJ = 11.0 Hz, 1H), 4.79 (dJ =
10.8 Hz, 1H), 4.78 (dJ = 11.5 Hz, 2H), 4.65 (dJ = 12.2 Hz, 1H),
4.63-4.53 (m, 7H), 4.14 (dd) = 10.8, 1.8 Hz, 1H), 4.05 (d] = 8.6
Hz, 1H), 3.99 (tJ = 9.3 Hz, 1H), 3.77 (m, 1H), 3.74 (dd,= 10.8,
2.8 Hz, 1H), 3.68 (ddJ = 5.0, 10.8 Hz, 1H), 3.64 (dd} = 10.8, 4.2
Hz, 1H), 3.57-3.51 (m, 2H), 3.44 (m, 1H), 3.37 (s, 3H), 3.20 (do=
10.7, 8.9 Hz, 1H); 1.85 (m, 1H), 1.04 (d,= 6.5 Hz, 3H).1*C NMR
(125 MHz) 6: 138.7, 138.4,138.2, 128.4, 128.3, 128.1, 128.1, 127.9,
127.9, 127.7, 127.7, 127.6, 127.6, 127.5, 104.8-(156.0 Hz), 98.1
(J = 165.0 Hz), 85.1, 82.2, 79.8, 79.3, 77.8, 75.8, 75.4, 75.1, 74.9,
74.7, 73.4, 73.4, 69.8, 69.3, 67.8, 55.1, 42.5, 12.7. Anal. Calcd for
CseHe2O10: C, 75.14; H, 6.98. Found: C, 75.34; H, 7.05.

Phenyl 3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-b-mannopyrano-
side (36).R = 0.51.a-Anomer.*H NMR (500 MHz) §: 7.42-7.00
(m, 20H), 5.47 (dJ = 1.3 Hz, 1H), 4.87 (dJ = 10.8 Hz, 1H), 4.72
(d,J=11.6 Hz, 1H), 4.65 (d) = 11.6 Hz, 1H), 4.63 (dJ = 12.0 Hz,
1H), 4.48 (d,J = 10.8 Hz, 1H), 4.42 (dJ = 12.0 Hz, 1H), 4.23 (dd,
J=8.5,5.2 Hz, 1H), 3.923.82 (m, 2H), 3.76 (ddJ) = 10.8, 3.6 Hz,
1H), 3.62 (dd,J = 10.8, 1.8 Hz, 1H), 2.61 (m, 1H), 1.19 A= 7.3
Hz, 3H).°C NMR (125 MHz)6: 156.5, 138.6, 138.4, 138.1, 129.3,

1H), 4.90 (d,J = 2.2 Hz, 1H), 4.83 (dJ = 10.9 Hz, 1H), 4.62 (dJ
=11.6 Hz, 1H), 4.50 (dJ = 12.1 Hz, 1H), 4.50 (dJ = 11.6 Hz, 1H),
4.41 (d,J = 10.9 Hz, 1H), 4.37 (dJ = 12.1 Hz, 1H), 3.82 (J = 9.4
Hz, 1H), 3.77 (s, 3H), 3.74 (dd] = 9.4, 4.9 Hz, 1H), 3.72 (s, 3H),
3.69 (s, 3H), 3.63 (dd] = 10.3, 3.0 Hz, 1H), 3.59 (dd] = 10.3, 2.2
Hz, 1H), 3.43 (dtJ = 9.4, 2.6 Hz, 1H), 2.39 (m, 1H), 0.92 (d= 7.3
Hz, 3H).°C NMR (125 MHz)¢: 153.2, 152.7, 149.6, 138.3, 138.3,
137.9, 134.6, 128.3, 128.2, 128.2, 127.8, 127.5, 127.5, 127.4, 107.9,
96.6, 83.2, 79.1, 78.6, 75.0, 73.2, 73.0, 70.6, 68.2, 60.7, 60.7, 55.6,
37.9, 6.7. Stereochemistry at C-1 for tifimanomer has been assigned
by NOE experiment. NOE’s were observed between H-1 and H-3 as
well as between H-1 and H-5. Anal. Calcd fo§/84.0s: C, 72.29; H,
6.89. Found: C, 72.44; H, 7.06.

Benzyl 3,5-Di-O-benzyl-2-deoxy-2€-(ethoxycarbonylmethyl)-o-
xylofuranoside (41).The reaction was carried out in toluene at°md
for 1.5 h.a-Anomer.R; = 0.46. []%% +89.9 € 1.0, CHC}). *H NMR
(500 MHz)é: 7.33-7.23 (m, 15H), 5.29 (dJ = 5.1 Hz, 1H), 4.75 (d,
J = 12.0 Hz, 1H), 4.63 (dJ = 12.0 Hz, 1H), 4.53 (dJ = 12.0 Hz,
1H), 4.51 (bs, 2H), 4.45 (dl = 12.0 Hz, 1H), 4.37 (dd) = 11.1, 6.4
Hz, 1H), 4.05 (qJ = 7.1 Hz, 2H), 4.01 (tJ = 6.4 Hz, 1H), 3.75 (dd,
J=10.4, 4.7 Hz, 1H), 3.64 (ddl = 10.4, 6.5 Hz, 1H), 2.75 (m, 1H),
2.65 (dd,J = 16.4, 10.0 Hz, 1H), 2.47 (dd] = 16.4, 5.5 Hz, 1H),
1.18 (t,J = 7.1 Hz, 3H).:C NMR (62.5 MHz)¢: 172.2,138.1, 138.0,

128.3, 128.2, 128.2, 128.2, 127.9, 127.8, 127.6, 127.6, 127.5, 127.5,137.8, 128.4, 128.3, 128.2, 128.1, 127.7, 127.6, 127.5, 127.4, 127.3,

127.4,121.8,116.3, 100.1 € 168.0 Hz), 79.4, 74.8, 73.9, 73.2, 71.8,
71.2, 68.8, 36.8, 11.13-Anomer.**C NMR (125 MHz)¢: 99.6 0 =
158.0 Hz). Anal. Calcd for &H3¢0s: C, 77.84; H, 6.92. Found: C,
78.08; H, 7.21.

p-Methoxyphenyl 3,4,6-Tri-O-benzyl-2-deoxy-2€-methyl-a-p-
mannopyranoside (37).R; = 0.41. [o]?% +95.1 € 1.7, CHC}). *H
NMR (500 MHz) 6: 7.41—7.17 (m, 15H), 7.01 (dJ = 9.1 Hz, 2H),
6.79 (d,J = 9.1 Hz, 2H), 5.35 (dJ = 1.1 Hz, 1H), 4.87 (dJ = 10.8
Hz, 1H), 4.71 (dJ = 11.5 Hz, 1H), 4.63 (dJ = 11.5 Hz, 1H), 4.62
(d,J=12.0 Hz, 1H), 4.48 (d) = 10.8 Hz, 1H), 4.43 (dJ = 12.0 Hz,
1H), 4.21 (ddJ = 8.4, 5.2 Hz, 1H), 3.87 (m, 2H), 3.77 (dd= 10.8,
3.7 Hz, 1H), 3.76 (s, 3H), 3.64 (dd,= 10.8, 1.7 Hz, 1H), 2.60 (m,
1H), 1.18 (d,J = 7.3 Hz, 3H).13C NMR (62 MHz) ¢: 154.7, 150.6,

138.7, 138.6, 138.3, 128.4, 128.3, 128.3, 127.9, 127.7, 127.6, 127.5,

101.7, 82.2, 77.2, 73.4, 72.7, 69.3, 69.2, 60.3, 45.8, 32.2, 14.0. Anal.
Calcd for GoH340s: C, 73.45; H, 6.99. Found: C, 73.24; H, 6.78.
B-Anomer.R = 0.29. p]? —55.2 € 1.1, CHC}). *H NMR (500 MHz)

0: 7.33-7.21 (m, 15H), 4.94 (dJ = 1.8 Hz, 1H), 4.80 (dJ = 12.0

Hz, 1H), 4.65 (dJ = 12.0 Hz, 1H), 4.58 (dJ = 12.0 Hz, 1H), 4.52
(d,J=12.0 Hz, 1H), 4.49 (dJ = 12.0 Hz, 1H), 4.48 (dJ = 12.0 Hz,

1H), 4.39 (bgJ = 5.8 Hz, 1H), 4.09 (g) = 7.1 Hz, 2H), 3.90 (dd)

= 5.8, 3.0 Hz, 1H), 3.82 (dd] = 10.3, 4.6 Hz, 1H), 3.76 (dd] =

10.3, 7.2 Hz, 1H), 2.84 (m, 1H), 2.39 (ddl= 15.8, 6.8 Hz, 1H), 2.29
(dd,J = 15.8, 8.7 Hz, 1H), 1.20 (§ = 7.1 Hz, 3H).3C NMR (125
MHz, CDClk) 6: 171.3,138.2,138.1, 138.0, 128.3, 128.2, 128.1, 127.7,
127.6, 127.5, 127.4, 127.3, 106.4, 81.8, 80.2, 73.4, 71.4, 70.1, 69.1,
60.6, 46.9, 34.7, 14.0. Stereochemistry at C-1 for fhenomer has
been assigned by NOE experiment. NOE’s were observed between H-1
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and H-3 as well as between H-1 and H-4. Anal. Calcd fegHguOs: (62.5 MHz)o: 138.4,138.3, 138.1, 128.1, 128.1, 128.0, 127.6, 127.5,

C, 73.45; H, 6.99. Found: C, 73.31; H, 6.88. 127.4,127.3,127.3,127.2,98.8, 73.3, 72.9, 70.8, 70.5, 69.1, 68.4, 33.9,
General Procedure for Ferrier-Type Rearrangement.The cy- 32.0,16.3.

clopropane (500 mg, 1.16 mmol) and benzyl alcohol (240 2.32 Benzyl 4,6-Di-O-benzyl-2,3-dideoxy-2€-methyl-a-p-threo-hex-2-

mmol) were dissolved in CKI, (5 mL) followed by addition of PdG enopyranoside (46)R; = 0.48. [a]*» —45.7 € 0.6, CHCE). *H NMR

(PhCN) (44 mg, 0.118 mmol). The mixture was stirred at room (250 MHz): 7.40-7.23 (m, 15H), 5.81 (dJ = 5.2 Hz, 1H), 4.95 (s,

temperature under an atmosphere of nitrogen for 48 h. After removal 1H), 4.83 (dJ = 11.8 Hz, 1H), 4.66-4.58 (m, 4H), 4.53 (d) = 12.0

of the solvent in vacuo, the crude mixture was purified by flash Hz, 1H), 4.26 (ddd)) = 6.8, 5.7, 2.6 Hz, 1H), 3.82 (dd,= 10.0, 5.7

138.6, 138.4, 138.0, 132.1, 128.3, 128.1, 127.7, 127.6, 127.5, 127.3,

121.7, 96.4, 73.4, 70.7, 69.7, 69.7, 69.4, 68.2, 19.2. Anal. Calcd for

CogH3004: C, 78.11; H, 7.02. Found: C, 77.85; H, 7.18.
Hydrogenation as described above g@&eas the major product:

R = 0.58."H NMR (500 MHz)d: 7.41—7.25 (m, 15H), 4.80 (d] =

11.8 Hz, 1H), 4.68 (dJ = 11.8 Hz, 1H), 4.67 (dJ = 2.5 Hz, 1H),

4.62 (d,d = 11.8 Hz, 1H), 4.54 (dJ = 11.8 Hz, 1H), 4.53 (dJ =

11.8, 1H), 4.40 (dJ = 11.8 Hz, 1H), 4.18 (dt) = 6.0, 2.5 Hz, 1H),

'3.73 (dd,J = 10.1, 5.8 Hz, 1H), 3.71 (dd,= 10.1, 6.5 Hz, 1H), 3.61

Benzyl 4,6-Di-O-benzyl-2,3-dideoxy-2€-methyl-p-erythro-hex-2-
enopyranoside (45)R = 0.49.a-Anomer.*H NMR (250 MHz) ¢:
7.40-7.20 (m, 15H), 5.74 (bs, 1H), 4.89 (s, 1H), 4.82ds 12.0 Hz,
1H), 4.66-4.58 (m, 3H), 4.52 (dJ = 12.2 Hz, 1H), 4.43 (dJ=11.5
Hz, 1H), 4.14 (dJ = 9.4 Hz, 1H), 3.99 (ddd) = 9.4, 4.2, 2.2 Hz,
1H), 3.71 (ddJ = 10.8, 4.2 Hz, 1H), 3.66 (ddl = 10.8, 2.2 Hz, 1H),
1.75 (s, 3H).®*C NMR (62.5 MHz) 6: 138.2, 134.5, 128.2, 127.8,
127.7,127.5,127.4,124.5, 96.8, 73.3, 70.8, 70.7, 69.9, 69.3, 68.9, 18.5

Anal. Calcd for GgH3eOs: C, 78.11; H, 7.02. Found: C, 77.99; H, (bg, J = 4.0 Hz, 1H), 2.00 (dtJ = 13.9, 4.7 Hz, 1H), 1.85 (m, 1H),

7.02. . ) 1.78 (dt,J = 13.9, 4.4 Hz, 1H), 1.20 (d] = 7.3 Hz, 3H).13C NMR
Hydrogenation at room temperature and 1 atm over Pd/C in EtOAc (62.5 MHz)o: 138.5, 138.4, 137.5, 128.0, 127.7, 127.5, 127.3, 127.2

containing 1 equiv of BN gave47 as the major productR: = 0.49. 127.1, 101.1J = 164.9 Hz), 73.1, 72.0, 70.4, 69.6, 69.4, 68.6, 31.2,
H NMR (500 MHz) 6: 7.39-7.22 (m, 15H), 4.75 (d) = 12.2 Hz, 27.7 18.2.

1H), 4.70 (d,J = 3.2 Hz, 1H), 4.67 (dJ = 12.2 Hz, 1H), 4.60 (dJ ’

=11.4 Hz, 1H), 4.55 (J = 12.2 Hz, 1H), 4.50 (d) = 12.2 Hz, 1H) Acknowledgment. We thank the Danish Natural Science

4.40 (d,J = 11.4 Hz, 1H), 3.83-3.68 (m, 3H), 3.58 (ddd) = 11.0,
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1.64 (dt,J = 11.9, 11.0 Hz, 1H), 0.97 (dl = 6.9 Hz, 3H).1%C NMR JA001558+
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