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Generation of a-D-Glucopyranosylacetonitrilium Ions. Concerning the Reverse 
Anomeric Effect 

Andrew J. Ratcliffe and Bert Fraser-Reid 
Department of Chemistry, Paul M. Gross Chemical Laboratory, Duke University, Durham, North Caro lina 
27706, USA 

Reaction of the CC- and P-anomers of the pent-4-enyl D-glucopyranoside (10) with N-bromo- 
succinimide in dry acetonitrile generated stereospecifically the a-D-glucopyranosylacetonitrilium ion 
(5a), which reacts in situ with 2-chlorobenzoic acid to afford the a-imide (8a). The result is in 
contrast to that predicted by the reverse anomeric effect and previous work on trapping carbo- 
hydrate acetonitrilium ions with 2-chlorobenzoic acid. The unusually large J,, 7.3 Hz for l - H  of 
(8a) is rationalised by a substantial flattening of the pyranose ring at C- I  and C-2. Molecular 
dynamic studies on the model a-imide (12) support a flattened 4C, conformation. Treatment of 
imide (8a) with sodium methoxide leads to the a-2-chlorobenzamide (Sa), which was substantiated 
by independent synthesis of the P-2-chlorobenzamide (9p). 

We have recently shown that use of N-bromosuccinimide (NBS) 
in 1% aqueous acetonitrile causes cleavage of the glycosidic 
acetal in pent-4-enyl glycopyranosides (l), leading to the 
formation of the corresponding pyranose (2) or N-acetylglyco- 
pyranosylamines (3), the latter product dominating in cases 
where strain is introduced into the glycopyranosyl ring.' The 
cyclic oxocarbenium ion (4) is considered to be the intermediate, 
trapping water to form the pyranose (2), or acetonitrile to 
generate the a-acetonitrilium ion (5a), which subsequently 
reacts with water to give the a-acetamide (3). Alternatively, (2) 
may result from SN2 displacement of the acetonitrilium ion in 
(504, followed by anomerisation (Scheme 1). The precise 
sequence of events notwithstanding, it is unclear why intro- 
ducing strain into the substrate should alter the reaction 
pathway so as to favour a-acetamide formation (3). 
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Scheme 1. Reagents: i, NBS; ii, water; iii, MeCN. 

Interestingly, the intermediacy of glycosylacetonitrilium ions 
has been advocated previously be several  worker^.^-^ However, 
whereas Pavia et aZ.,2 and Lemieux and Ratcliffe,, favoured a- 
ions Sinay and Pougny: and Schmidt and Michel,' have 
advocated the P-counterpart (5p), because of the so-called 
reverse anomeric effect.6 The reverse anomeric effect as origin- 
ally defined ' is the tendency of positively charged substituents 
at C-1 of a pyranose ring to adopt the equatorial orientation. 
Accordingly, the product from reaction of the imidates (6) and 
(7) with 2-chlorobenzoic acid in acetonitrile was said to be the 
P-imide (Sp), [a]2d) - 3.8" (c  1, CHCl,) ' (Scheme 2). The value 
J , ,  7.0 Hz for l-H (6 6.09) ' observed in (8p) was considered to 
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Scheme L4*' Reagents and conditions: i, 2-C1H,CO2H, MeCN; ii, 
NaOMe, CH,CI,. 

be compatible with a 4C1 conformation of the molecule con- 
taining the imide moiety in an equatorial anomeric orientation.* 

In this paper we disclose our results concerning treatment of 
the a- and p-anomers of pent-4-enyl 2,3,4,6-tetra-O-benzyl-~- 
glucopyranoside (10) with NBS and 2-chlorobenzoic acid in 
acetonitrile that lead us to reinterpret the assignment of p- 
orientation to the glucopyranosylacetonitrilium ions (5B) 
obtained from compounds (6) and (7). 

The a- and P-anomers of glycoside (10) were synthesized and 
separated as previously described. Reaction of each anomer 
with NBS and 2-chlorobenzoic acid in acetonitrile led to 
formation of the a-imide (8a) [68% from (lop); 64% from 
(loot)], the specific rotation {[a]h' -4.0" (c 0.49, CHCl,)) 
and 'H NMR resonance (6 5.97, Jl ,2 .  7.3 Hz) being similar to 
those reported for the presumed p-imide (8p)' (Scheme 3). 
Accompanying formation of imide (8a) in our reactions were 

* Range of vicinal coupling constants (Hz) for axial (a) and equatorial 
(e) protons of pyranoid chair forms of carbohydrate derivatives; J,, 
8.&11.5, Jea 1.5-5.8, and J,, 0.6-3.5. 
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minor amounts of several debenzylated analogues of (8a) and 
the pyranose (13), whose identities were substantiated by 
acetylation and 'H NMR analysis. It is likely that the pyranose 
(13) is formed from traces of water in the acetonitrile, while 
debenzylation results from bromine generated under the re- 
action conditions. Indeed, brominolysis of per-O-benzylated 
glycosides is a known protocol for effective deprote~tion.~ 

p e n  
J 
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( 9 ~ )  1-H,6 5.99, Ji,2 5.1 HZ 

Scheme 3. Reagents and conditions: i, 2-ClC6H4CO,H, NBS, MeCN; ii, 
NaOMe, CH,CI,. Pent = CH,CH,CH,CH=CH,. 

(Sa) R = Bn l-H, 6 5.97, J 1,27.3 Hz 
(12) R = Me 

Although the magnitude of the l-H coupling constant (J1,2 
7.3 Hz) seemed inappropriate for imide (&A) in a 4C1 conform- 
ation,* several other aspects of the 'H NMR spectrum were in 
accord with such an assignment. First, the significant downfield 
chemical shifts of 3-H (6 4.26) and 5-H (6 4.25-4.20) were best 
reconciled with the deshielding effect of the syn axial C-1 amido 
residues. Secondly, difference NOE studies showed a 15% 
enhancement for 2-H on irradiation of l-H, with no observed 
effect on either 3-H or 5-H. Furthermore, treatment of com- 
pound (8a) with sodium methoxide gave a 2-chlorobenzamide 
whose structure was assigned as (9a) {[a];' +61.7' (c 0.45, 
CHC1,)) in view of the similarities of the 'H NMR parameters 
(l-H at 6 5.99, J1,2 5.1 Hz after deuterium exchange of the 
NHCOAr proton) to those found in the previously prepared a- 
acetamides (3) ' (Scheme 3). Interestingly, both Sinay and 
Pougny? and Schmidt and M i ~ h e l , ~  reported that treatment of 
the presumed imide (8p) with sodium methoxide led to 
formation of the presumed P-2-chlorobenzamide (9p), exhibit- 
ing a similar specific rotation ([a]'," +65" (c 1, CHC13)}' and 
resonance for l-H (6 6.04, J 4.5 Hz) ' to that assigned to the a- 
2-chlorobenzamide (9a) in this work. 

Although formation of amide (9a) from (8a) seemed most 
plausible, it was conceivable that (9a) could indeed have arisen 
from the P-imide (8p) by loss of the N-acetyl group occurring 
with concomitant anomerisation at C- 1. Base-catalysed anom- 
erisation reactions are known, but none have been reported 
with N-amido-N-glycosides. ' ' 

In order to examine the possibility of anomerisation, as well 
as to confirm the a-anomeric configuration of the 2-chloro- 
benzamide (9a), the P-2-chlorobenzamide (9p) was synthesized 
unambiguously by adaptation of a route previously developed 
to P-acetamides.' Thus, the a-D-glUCOpyranOSyl bromide (14) 
was prepared from pyranose (13)' by the procedure of 
Bihovsky et ul.,' ' and immediately treated with sodium azide in 

* Footnote as on p. 747. 

N,N-dimethylformamide (DMF) to give, stereospecifically, the 
P-D-glucopyranosyl azide (15) (49% overall yield). A similar 
strategy for synthesis of azide (15) from the chloro-analogue of 
(14) had been employed by De Las Heras and co-workers." 
Although Ogawa et al.' have chemospecifically reduced the 
azide function in compound (15) using atmospheric hydrogena- 
tion over Lindlar catalyst (18 h), in our hands use of 5% Pd/C as 
catalyst led to a substantially shorter reaction time (3 h). The 
resulting amine (16) (95%) l4 was acylated with 2-chlorobenz- 
oyl chloride to afford the P-2-chlorobenzamide (9p) { [a]h2 
-4.6" (c 0.3, CHCI,)) (68%) (Scheme 4). 
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Scheme 4. Reagents and conditions: i, HBr, CH,CI,; ii, NaN,, DMF; 
iii, H,, 5% Pd/C, MeOH; iv, 2-CIC6H4CO,H, pyridine-Et,O. 

The anomeric configuration of the 2-chlorobenzamide pre- 
pared (in Scheme 4) was clearly established as (9p) by virtue of 
the parameter J1,2 9.0 Hz (after deuterium exchange of the 
NHCOAr proton) for l-H (6 5.31).* By corollary, the 
configuration of amide (9a) is also established (vide infra). 

Treatment of amide (9g) with excess of sodium methoxide 
did not affect the material, which suggests that base-catalysed 
anomerisation of N-amido-N-glycosides is unlikely. This con- 
clusion provides evidence that the a-2-chlorobenzamide (9a) 
results from the a-imide (8a). Formation of the latter seems 
best rationalised by the addition of 2-chlorobenzoic acid to the 
intermediate a-D-glucopyranosylacetonitrilium ion (5a) to give 
intermediate (ll), which then rearranges to the a-imide (8a) 
(Scheme 3). Given the absence of any P-imide (8p), reaction of 
the prior formed a-acetonitrilium ion (5a) with 2-chlorobenzoic 
acid must be considerably faster than any anomerisation pro- 
cess leading to the p-acetonitrilium ion (5p) and operation of 
the so-called reverse anomeric effect. Furthermore, since general 
evidence has indicated that the amido moiety possesses little 
anomeric effect and would therefore prefer an equatorial 
orientation on steric grounds,15 formation of imide (8a) must 
represent the kinetic product of the reaction. 

We propose that the unusually large J , ,2  7.3 Hz coupling 
constant in imide (8a) can be explained by a substantial 
flattening of the pyranose ring at C-1 and C-2. Unfortunately 
compound (8a) proved to be an oil which ruled out X-ray 
studies. Consequently, in seeking evidence for this flattened 4C1 
conformation we turned to molecular dynamics, choosing as a 
model compound N-acetyl-2-chloro-N-(2,3,4,6-tetra-0-methyl- 
a-D-glucopyranosy1)benzamide (12). After initially constructing 
the molecule as a 4C1 structure, the conformational space of the 
imide group was sampled using the MM2 force field in the 
modelling program Macromodel version 2.0 to determine 
the global minimum-energy conformation, which was then 
subjected to an in vucuo simulation using molecular dynamics at 
27 OC for 3 ps. The time-averaged conformation of model (12) 
adhered to a flattened 4C1. The dihedral angle between l-H and 
2-H amounted to -35", which leads to a value, J1,2 x 6.5 
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Hz, based on the electronegativity-related coupling-constant 
equation devised by Altona and co-workers.' 7** This value is in 
good agreement with that observed (J1,2 7.3 Hz) in the a-imide 
(84. 

It appears that the observed flattening is due largely to 
the steric bulk of the imide moiety, since upon removal of the N- 
acetyl group the resulting a-2-chlorobenzamide (9a) shows a 
value Jl,z 5.1 Hz, more akin with a standard 4C1 con- 
formation.? A consequence of this steric congestion, predicted 
by the molecular dynamics model, is that the N-acetyl carbonyl 
group bisects 3-H and 5-H. As a result, these protons should be 
deshielded, as was indeed observed in the 'H NMR spectrum of 
compound (8a). 

Our results show that the acetonitrilium ion resulting from 
addition of the acetonitrile to the cyclic oxocarbenium ion (4) is 
a-orientated, in keeping with well established trends in compar- 
able glycosyl systems.lg In this respect it has been demonstrated 
that use of acetonitrile as a solvent in low-temperature glycos- 
idation reactions of some 2,3,4,6-tetra-O-benzyl substrates of 
glucopyranosyl fluorides (17) 2o and phenyl 2,3,4,6-tetra-O- 
benzyl-1-thio-P-D-glucopyranoside (18) leads to enhanced p- 
selectivity (Scheme 5) .  These results are in accord with kinetic 
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(17) X = a$ - F (W 
(18) X = p - SPh 

Scheme 5.20*21 Reagent: i, ROH. 

formation of intermediate a-D-glucopyranosylacetonitrilium 
ions, that then undergo SN2 displacement at the anomeric 
centre. Although Schmidt and Rucker 22  have proposed that 
intermediate P-D-glucopyranosylacetonitrilium ions control the 
a-stereoselective glycosidation of 2,3,4-tri-O-benzyl-~-gluco- 
pyranuronic acid derivatives, it is more than likely that neigh- 
bouring participation of the C-5 carboxy group is responsible 
for this stereochemical control, given the P-stereoselectivity of 
the 2,3,4,6-tetra-O-benzyl derivatives described above. 

Studies aimed at the synthetic utility of a-D-glucopyranosyl- 
acetonitrilium ions are in progress. 

Experimental 
Column chromatography was carried out on Kieselgel (230- 
400 mesh) with the eluant specified in parentheses. All reactions 
requiring anhydrous conditions were conducted in oven-dried 
apparatus under a static atmosphere of argon. Organic extracts 
were dried over MgS04 and evaporated at aspirator pressure 
using a rotary evaporator unless otherwise stated. Light petrol- 
eum refers to the fraction boiling between 35 to 60 'C. Diethyl 

* Equation used: 
J H H  = 13.86 COS'V - 0.81 cosv 

+ CAxi(0.56 - 2.32 cos2(ricp + 17.91Axil)) 
where cp is the proton-proton torsion angle; and x i  is the sum of the 
electronega tivit y differences between the su bsti tuen ts attached to the 
ethane fragment and hydrogen. Electronegativity l 8  for -0- 3.31 and H 
2.0. For the imide moiety - 3.21, calculated from proton chemical shifts 
of N-ethylacetamide and use of a modified Dailey and Shoolery 
equation,'* where zi is + 1 or - 1 according to the orientation of the sub- 
stituent." 
t Footnote as on p. 747. 
$ The 2-chlorobenzamide nucleus locants are primed. 

ether (referred to as ether), dichloromethane, pyridine, meth- 
anol, acetonitrile, and DMF were dried and distilled before use 
using standard methods.23 NBS was recrystallised from hot 
water and dried in uacuo over phosphorus pentoxide. Chemical 
shifts are reported in 6 values relative to tetramethylsilane. 'H 
NMR spectra were recorded in deuteriochloroform on a Varian 
XL-300 spectrometer. Unless otherwise stated IR spectra were 
recorded in chloroform on a Perkin-Elmer 297 instrument. 
Optical rotations were measured for chloroform solutions using 
a Perkin-Elmer 241 instrument. Mass spectra were recorded on 
a Hewlett-Packard 59-88A GCMS by chemical ionisation (with 
methane-ammonia as the reagent gas). Accurate mass deter- 
minations were recorded on a VG-705 by chemical ionisation 
(with ammonia as the reagent gas, an accelerating voltage of 8 
kV, and - 10 OOO resolution). TLC was conducted on precoated 
Kieselgel60 F254 (Art. 5554; Merck) and spots visualised using 
a mixture of ammonium molybdate(v1) tetrahydrate and 
cerium(~v) sulphate tetrahydrate in 10% aqueous sulphuric acid. 
M.p.s were recorded with a Buchi 510 apparatus and are 
uncorrected. Elemental combustion analyses were performed by 
M-H-W Laboratories, Phoenix, Arizona. 

Reaction of Pent-4-enyl 2,3,4,6-Tetra-O-benzyl-~-glucopyr- 
anoside (10) with NBS and 2-Chlorobenzoic Acid.-NBS (45.5 
mg, 0.26 mmol) and 2-chlorobenzoic acid (17.8 mg, 0.1 1 mmol) 
were added to a solution of the a-anomer (10a) (61.9 mg, 0.10 
mmol) in dry acetonitrile (2 ml). The reaction flask was wrapped 
in silver foil and the mixture was stirred under argon at room 
temperature for 4 h. The resulting green solution was then 
quenched with 10% sodium thiosulphate (1 ml) and the 
acetonitrile removed under reduced pressure. The resulting 
residue was partitioned between water (20 ml) and dichloro- 
methane (25 ml), the layers thoroughly stirred and separated, 
and the aqueous layer was further extracted with dichloro- 
methane (4 x 25 ml). The combined organic layers were 
washed with water (2 x 25 ml), dried, and the solvent removed 
under reduced pressure. Flash chromatography of the residue 
(light petroleum-ethyl acetate, 17 : 3) gave N-acetyl-2-chloro-N- 
(2,3,4,6-tetra-O-benzyl-a-~-glucopyrunosyl)benzamide (8a) as 
an oil (47.2 mg, 64%), [a];' -4.0' (c 0.49); v,,, 1 725 (COCH3) 
and 1680 cm-' (NCOAr); 6,$ 7.34-7.04 (24 H, 4 x CH2Ph 
and ArH), 5.97 (1 H, d, J 7.3 Hz, 1-H), 4.774.39 (8 H, m, 
4 x CH2Ph), 4.26 (1 H, t, J7.9 Hz, 3-H), 4.25-4.20 (1 H, m, 5- 
H), 3.93 (1 H, t, J7.6 Hz, 2-H), 3.65-3.58 (2 H, m,4-H and 6-HA), 
3.51 (1 H, dd, J1 10.8, J2 2.1 Hz, 6-H,), and 2.09 (3 H, s, COMe) 
(Found: C, 72.0; H, 6.1; N, 1.8. C43H42C1N07 requires C, 71.7; 
H, 5.9; N, 1.9%). 

In an identical manner the p-anomer (lop) (31.7 mg) gave 
(8a) (25.6 mg, 68%) after 7 h. 

2-Chloro-N-( 2,3,4,6-tetra-O-benzyl-a-~-glucopyranosyl)benz- 
amide (9a).-To a solution of compound (8a) (11.2 mg, 0.02 
mmol) in dry dichloromethane (1 ml) was added dropwise 
0.62~~sodiurn methoxide in methanol (40 pl, 0.03 mmol). The 
resulting solution was stirred at room temperature under argon 
for 1.5 h, then saturated aqueous ammonium chloride (1 ml), 
water (20 ml), and dichloromethane (25 ml) were added. The 
layers were thoroughly stirred and separated, and the aqueous 
layer was further extracted with dichloromethane (3 x 25 ml). 
The combined dried extracts were evaporated under reduced 
pressure and the residue was purified by flash chromatography 
(light petroleum-thy1 acetate, 1 : 1) to give the title compound 
(8.7 mg, 83%) as an oil, [a];' +61.7" (c  0.45); vmax 3 420 (NH), 
1 675 (NCOAr), and 1 500 cm-' (NCOAr); 6"$7.71(1 H, dd, J1 
6.7, J2 1.6 Hz, 6-H'), 7.41-7.11 (23 H, m, 4 x CH2Ph and ArH), 
7.02 (1 H, d, J6.5 Hz, exchanged with D,O, NH), 5.99 (1 H, br t, 
addition of D 2 0  caused br t to collapse to d, J 5.1 Hz, 1-H), 4.95- 
4.48 (8 H, m, 4 x CH2Ph), 3.92 (1 H, dd, J1  9.3, J2 5.4 Hz, 2-H), 
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and 3.83-3.63 (5 H, m, 3-, 4-, and 5-H and 6-HJ (Found: M +  + 
1,678.2637. C41H4035C1N06 requires M + 1,678.2622). 

2,3,4,6- Tetra-0-benzyl-P-D-glucopyranosyl Azide (1 5).-Di- 
chloromethane (2 ml) at 0 "C was saturated with dry hydrogen 
bromide and then mixed with 2,3,4,6-tetra-0-benzyl-~-gluco- 
pyranose (13) ' (101.8 mg, 0.19 mmol). After 5 min the solvent 
was evaporated off under reduced pressure at room temperature 
and the residue was extracted with ether (5 ml). The cooled 
extract was quickly washed with cold saturated aqueous sodium 
hydrogen carbonate (6 ml), which was further extracted with 
cold ether (5 ml). The combined extracts were dried over 
calcium chloride and potassium carbonate, and the solvent was 
removed under reduced pressure to give 2,3,4,6-tetra-O-benzyl- 
a-D-glucopyranosyl bromide (14) ' (108 mg), which was 
immediately taken up in dry DMF (2 ml) and treated with 
sodium azide (13.5 mg, 0.21 mmol). After 21 h at room 
temperature under argon the solvent was removed under 
reduced pressure (0.1 mmHg) with no heating and the residue 
was partitioned between water (30 ml) and dichloromethane (50 
ml). The layers were thoroughly stirred and separated, and the 
aqueous layer was further extracted with dichloromethane 
(2 x 50 ml). The combined dried extracts were evaporated 
under reduced pressure and the crude product was purified by 
flash chromatography (light petroleum-ethyl acetate, 9 : 1)  to 
give the azide as an oil (52.6 mg, 49%), [a]i2 -1.9" (c 0.43) 
{lit.,13 [a];' +4S0 (c 1.55, CHCl,)}; v,,,(film) 2 120 cm-' (N3); 

CH2Ph and 1-H), 3.75-3.52 (5 H, m, 3-, 4-, and 5-H and 6-H2), 
and 3.38 (1 H, apparent ddd, J, - 7.7, J2 - 7.7, J3 2.4 Hz, 2-H); 
m/z 583 (loo%, M +  + 18). 

6 H  7.35-7.13 (20 H, m, 4 x CH,Ph), 4.92-4.53 (9 H, 4 x 

1 - Amino-2,3,4,6- tetra-0-benzyi- 1 -deoxy-P-D-giucopyranose 
(16).-A solution of azide (15) (22.4 mg) in methanol (4 ml) 
containing 5% Pd/C (3.2 mg) was hydrogenated at atmospheric 
pressure and room temperature. After 3 h the mixture was 
filtered through Celite, which was then thoroughly washed with 
methanol (2 x 10 ml). The combined filtrates were evaporated 
under reduced pressure to give the amine as a solid (20.4 mg, 
95%), m.p. 105-106 "C (from ether-hexane) (lit.,14b 106.5- 
107.5 "C); Calk2 + 17.2" (C 0.22) {lit.,'4b [a];' +22.6" (C 1.24, 
CHCl,)}; 6 H  7.40-7.08 (20 H, m, 4 x CHzPh), 5.01-4.47 (8 H, 
m, 4 x CH2Ph), 4.12 (1 H, d, J8.8 Hz, 1-H), 3.72-3.44 (5 H, m, 
3-, 4-, and 5-H and 6-H2), 3.21 (1 H, t, J 8.7 Hz, 2-H), and 1.64 
(2 H, s, NH2, masked by water resonance); m/z 540 (loo%, 
M +  + 1). 

2-Chloro-N-(2,3,4,6-tetra-O-benzy~-~-~-glucopyranosyl)- 
benzamide (9g).-To a cooled solution (0 "C) of compound (16) 
(16.9 mg) in dry ether (4 ml) was added 2-chlorobenzoyl 
chloride (- 10 pl) and dry pyridine (-20 pl). The resulting 
mixture was stirred under argon at 0 "C for a further 1.25 h, after 
which it was filtered and the white precipitate was collected and 
washed with ether (40 ml). The combined filtrates were 
evaporated under reduced pressure and the crude product was 
purified by flash chromatography (gradient of 20-30% ethyl 
acetate in light petroleum) to give the title compound as a solid 
(14.4 mg, 68%), m.p. 156-158 "C (from ether); [a];2 -4.6" (c 
0.31); v,,, 3 430 (NH), 1 700 (NCOAr), and 1 510 cm-' 

(23 H, m, 4 x CH2Ph and ArH), 6.25 (1 H, d, J 9.1 Hz, 
(NCOAr); 6 H *  7.52 (1 H, dd, J1 7.3, JZ 1.3 Hz, 6'-H), 7.41-7.1 1 

exchanged with D20,  NH), 5.31 (1 H, t, J 9.1 Hz, addition of 
D 2 0  caused t to collapse to d, J 9.0 Hz, 1-H), 4.914.47 (8 H, m, 
4 x CH2Ph), 3.82-3.57 (5 H, m, 3-, 4-, and 5-H and 6-H2), and 
3.46 ( 1  H, t, J 8.8 Hz, 2-H) (Found: C,72.7; H, 6.1; N, 2.1. 
C4,H4,ClN06 requires C, 72.6; H, 5.9; N, 2.1%). 

Acknowledgements 
This work was made possible by a grant from the National 
Science Foundation (CHE 8703916). A. J. R. is grateful to the 
Science and Engineering Research Council (United Kingdom) 
for a NATO Postdoctoral Research Fellowship. We thank Dr. 
G. Dubay for running the mass spectra and Mr. C. W. Andrews 
for the molecular dynamics studies. 

References 
1 A. J. Ratcliffe and B. Fraser-Reid, J.  Chem. SOC., Perkin Trans. I ,  

2 A. A. Pavia, S. N. Ung-Chhun, and J.-L. Durand, J. Org. Chem., 

3 R. U. Lemieux and R. M. Ratcliffe, Can. J.  Chem., 1979,57,1244. 
4 P. Sinay and J. R. Pougny, Tetrahedron. Lert., 1976,4073. 
5 R. R. Schmidt and J. Michel, J. Carbohydr. Chem., 1985,4, 141. 
6 For examples see R. U. Lemieux, Pure Appl. Chem., 1971,25,527; P. 

Finch and A. G. Nagpurkar, Carbohydr. Res., 1976, 49, 275; H. 
Paulsen, Z. Gyorgydeak, and M. Friedmann, Chem. Ber., 1974,107, 
1590; R. U.  Lemieux and A. R. Morgan, Can. J.  Chem., 1965,43,2214. 

1989,1805. 

1981,46,3158. 

7 R. U. Lemieux and A. R. Morgan, Can. J.  Chem., 1965,43,2205. 
8 B. Coxon, Methods Carbohydr. Chem., 1972,6,513. 
9 J. N. BeMiller and H. L. Muenchow, Carbohydr. Res., 1973,28,253. 

10 S. G. Withers, L. A. Berven, and D. H. Dolphin, J. Am. Chem. SOC., 
1988, 110, 4864; B. Lindberg, Acta Chem. Scand., 1950, 4, 49; K. 
Smiataczowa, M. Wasielewska, and T. Jasinski, Pol. J. Chem., 1981, 
55, 179. 

11 R. Bihovsky, C. Selick, and I. Giusti, J. Org. Chem., 1988,53,4026. 
12 P. Fernandez-Resa, M. T. Garcia-Lopez, F. G. De Las Heras, A. San 

Felix, B. Alarcon, and L. Carrasco, Eur. J.  Med. Chem.-Chim. Ther., 
1986,21,245. 

13 T. Ogawa, S. Nakabayashi, and S. Shitata, Agric. Biol. Chem., 1983, 
47, 281. 

14 (a) B. M. Aebischer, H. W. Hanssen, A. T. Vasella, and W. B. 
Schweizer, J.  Chem. SOC., Perkin Trans. I ,  1982, 2139; (6) M. N. 
Preobrazhenskaya and N. N. Suvorov, Zh. Obshch. Khim., 1965,35, 
888. 

15 A. J. Kirby, 'The Anomeric Effect and Related Stereoelectronic 
Effects at Oxygen,' Springer-Verlag, New York, 1983, pp. 14-17. 

16 W. C. Still, N. G. J. Richards, W. C. Guida, M. Lipton, R. Liskamp, 
G. Chang, and T. Hendrickson, Macromodel v 2.0, Department of 
Chemistry, Columbia University. 

17 C. A. G. Haasnoot, F. A. A. M. De Leeuw, and C. Altona, 
Tetrahedron, 1980,36,2783. 

18 J. R. Cavanaugh and B. P. Dailey, J.  Chem. Phys., 1961,34,1099. 
19 B. Fraser-Reid and D. E. Iley, Can. J.  Chem., 1979, 57, 645; R. J. 

20 R. Noyori, S. Hashimoto, and M. Hayashi, Tetrahedron Lett., 1984, 

21 Y. Ito and T. Ogawa, Tetrahedron Lett., 1987,28,4701. 
22 R. R. Schmidt and E. Rucker, Tetrahedron Lett., 1980,21,1421. 
23 D. D. Perrin, W. L. F. Armarego, and D. R. Perrin, 'Purification of 

Ferrier, Adv. Carbohydr. Chem. Biochem., 1969,24,199. 

25, 1379. 

Laboratory Chemicals,' Pergamon, Oxford, 1980. 

Paper 9/02039J 
Received 16th May 1989 

Accepted 2nd August 1989 


