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Abstract 

A remarkable protecting group influence was observed in the base-induced reaction of 
protected halohydrins derived from D-glycals. Tri-O-methyl and tri-O-benzyl halohydrins 
react with cesium carbonate in methanol at room temperature to give methyl glycosides as the 
major product and unsaturated formyl furanosides as the minor product. Whereas, the 
tri-O-tert-butyldimethylsilyl (t-BuMezSi)-protected halohydrins reacted with cesium carbon- 
ate in methanol at room temperature to give a mixture of epimeric formyl furanosides, and at 
reflux to give an unsaturated formyl furanoside, as the only products. The tri-O-methyl and 
tri-O-benzyl halohydrins react slowly at elevated temperature to give predominantly furans. In 
comparison, the tri-O-t-BuMe2Si halohydrins reacted completely after five minutes to give a 
mixture of epimeric formyl furanosides. The tri-O-t-BuMe2Si iodohydrins were oxidized to 
the corresponding iodolactones, which also underwent a based-induced ring contraction in 
methanol to give the furanose 1-methylcarboxylate esters. © 1997 Elsevier Science Ltd. 
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1. Introduction 

C-Formyl furanosides and pyranosides are useful 
intermediates in the synthesis of other biologically 
active C-glycosyl compounds, termed 'C-glycosides' 
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[1]. Consequently, several methods for the prepara- 
tion of these formyl glycosides have been developed. 
Both formyl pyranosides and furanosides have been 
prepared by the introduction of a formyl anion syn- 
thon at the anomeric center [2], and formyl furanoside 
sugars (2,5-anhydrohexoses) are uniquely available 
by the ring contraction of hexopyranose sugars [3-9]. 
Methods for ring contraction include, deamination of 
2-amino-2-deoxyaldoses [le], [4], acid-catalyzed de- 
hydrations [5], action of oxidizing metals on glucals 
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[6], reaction of methyl 3,4,6-tri-0-acetyl-2-deoxy-2- 
iodo-D-glucose with Br,/Ag+ [7], and intramolecular 
halide [8] and sulfonate ester displacements [9]. 

During a recent investigation into the based-in- 
duced formation of glucal epoxides from halohydrins, 
we observed the formation of a significant quantity of 
unsaturated formyl furanosides along with the ex- 

pected methyl glucosides [lo]. The straightforward 
nature of this reaction and potential synthetic applica- 
tions of the formyl furanoside products prompted us 
to investigate the factors that contributed to their 
formation. 

2. Results 

We previously reported that reaction of the tri-O- 

methyl bromohydrins la-d (manno:gluco, 3.5: 1) with 
KH/l8-crown-6 in toluene or NaH in THF yielded 

glucal epoxides 9a and 9b, which upon reaction with 
nucleophiles (Nu = MeOH, NC, PhS-, etc.) gave 
substituted glycosides lla and llb as the only 

isolable products (Scheme 1) [lo]. In contrast, reac- 
tion of the bromohydrins 1 with one equivalent of 
Cs,CO, in anhydrous methanol at room temperature 
gave a mixture of the expected methyl glycosides lla 
and llb (4:l ratio, 37-55% yield) and an additional 
product (15-24%) identified as the aldehyde 13 (Ta- 
ble 1). Similarly, the tri-O-benzyl bromohydrins 2a-d 

reacted with Cs,CO, to give glycosides 12a and 12b 
(55-62%) and aldehyde 14 (1 l-28%) [lo]. We later 
determined that the related triGmethyl iodohyrins 

RO 
9aR=Me 
1Oa R = Bn 

3a-d would also give a significant proportion of 
aldehyde 13 (up to 24%) when treated with Cs,CO, 
in methanol-d,. Other experimental variations with 
halohydrins l-3 led to some small changes in the 
ratio of glycosides to aldehyde in the product mixture 

[ill. 
The aldehydes 13 and 14 were unstable and easily 

lost methanol or benzyl alcohol on standing to give 
the furans 16 and 17. Replacing an alkyl ether with a 
silyl ether can often lead to enhanced stability toward 
elimination [ 121. We therefore decided to prepare the 
corresponding t-BuMe,Si-protected aldehydes as 
more stable and potentially more useful fomyl fura- 
nose synthons. Tris t-BuMe,Si- glucal [ 131 was re- 
acted with NIS in propionitrile to give 5a-d, pre- 
dominantly as the a-manno iodohydrin 5c 
(manno:gluco > 30: 1) [ 141. Surprisingly, when the 
t-BuMe,Si-protected iodohydrin 5c was treated in 

methanol with Cs,CO, at room temperature, a mix- 
ture of the epimeric saturated aldehydes 21a,b was 
obtained as the major product (Table 1). When the 
reaction was performed in refluxing methanol, the 
unsaturated aldehyde 15 was formed in near quantita- 
tive yield. Similarly, the t-BuMe, Si-protected bro- 
mohydrin 4c reacted with Cs,CO, in methanol giv- 
ing a mixture of saturated aldehydes 21a,b at room 
temperature and only the (Y, P-unsaturated aldehyde 
15 at reflux. In contrast, reaction of the t-BuMe,Si- 

methoxyiodide 8c, which lacks the free hydroxyl at 
the anomeric center, produced only starting materials 
after one hour with Cs,CO, in refluxing methanol. 

R 
0 

? 

0 

RO” 

RO 

9bR=Me 
lObR=Bn 

R_OYNU 
ROYOYNU 

A. C%C03, MeOH, 20 0C 

R 
0 OR’ 

“0; 

B. Cs$03, MeOH, 65 oC 
c 

RO” X 
C. M%NCHO, 160 oC 

RO 
D. Me2NCH0, Py, &O, 160 oC 

a = a-gluco, b = p-gluco, c = a-manno, d = p-manno 

ladR=Me,X=Br,R’=H 
2adR=Bn,X=Br,R’=H 
3adR=Me,X=I,R’=H 
4ad R = t-BuMezSi, X = Br, R’ = H 
Scd R = t-BuMezSi, X = I, R’ = H 
6adR=Bn,X=Br,R’=Me 
7b R=Bn,X=OTf,R’=Me 
6c R = f-BuMezSi, X = I, R’ = Me 

RO” “OH 

RO RO 

Ila R = Me, Nu = OMe llbR=Me,Nu=OMe 
12a R-Bn, Nu = OMe 12b R = Bn, Nu = OMe 

0 CHO 

Rr3@ 
: 

OR 

19a,b R = Me 
20a,b R = Bn 
Zla,b R = f-BuMeZSi 

13R=Me IGR=Me 
14R=Bn 17R=Bn 
I5 R = t-BuMe$i 16 R = t-BuMe2Si 

a = gluco, b = manno 

Scheme 1. 
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Table 1 
Reaction of 2-deoxy-2-halo sugars with cesium carbonate in methanol a 

303 

Cmpd Substrate Ratio Conditions Time Satd Unsatd 
No. R, X, R' manno:gluco (h) aldehyde aldehyde 

S 

Methyl 
glycoside 

3 Me, I, H 3.5:1 B 0.5 15 55 
3 Me, I, H > 18:1 A 16 19 43 
1 Me, Br, H 1.8:1 A 16 6 51 
1 Me, Br, H 1.8:1 A b 18 24 37 

2 Bn, Br, H approx. 3:1 A 20 l 1 55 
2 Bn, Br, H approx 3:1 B 0.5 28 62 

6 Bn, Br, Me approx 2:1 B 3 recovered s.m. 

5 t-BuMe2Si, I, H > 30:1 A 24 95 (6:1) 5 
5 t-BuMe 2Si, I, H > 30:1 B 1 5 95 
4 t-BuMe2Si, Br, H ~-manno A 24 100 (6:1) 

8 t-BuMe2Si, I, Me c~-manno B 1 recovered s.m. 

Conditions: A = MeOH, C s 2 C O  3 (1 equiv), 5 °C and B = MeOH, Cs2CO 3 (1 equiv), 65 °C (reflux). 
b In methanol-d~. 

Baer et al. [9a] and Charette et al. [9b,9c] had 
reported that 2-sulfonates undergo a concerted ring 
contraction at elevated temperature to give formyl 
furanosides, and we decided to compare the reactions 
of the sugar halohydrins under similar conditions. A 
series of 2-halo-2-deoxy sugars were reacted in 
Me2NCHO-pyridine at 160 °C (Table 2), and the 
individual components in the crude reaction mixtures 
were assigned and quantified by I H NMR spec- 
troscopy. Methyl 3,4,6-tri-O-benzyl-2-O-(trifluoro- 
methanesulfonyl)-/3-D-glucopyranose (Tb) was pre- 
pared and reacted for comparison [9b]. The tri-O- 
methyl- and tri-O-benzyl-protected bromohydrins 1 

and 2 reacted slowly in refluxing Me2NCHO to give 
furan aldehydes (16 100%, and 17 40%, respectively) 
as the major products. Addition of water (82 equiv) 
and pyridine (10 equiv) to the MezNCHO solution of 
bromohydrins l a - d  slowed the reaction, and a small 
quantity of unsaturated aldehyde (13, 7%) was ob- 
served in addition to furan aldehyde (16, 23%). The 
tri-O-methyl iodohydrins 3 a - d  were more reactive 
than the corresponding bromohydrins, giving a mix- 
ture of saturated aldehyde (19a,b, 5%), a,/3-un- 
saturated aldehyde (13, 14%), furan aldehyde (16, 
49%) and starting material after 15 min, and com- 
plete conversion (13 25%, and 16 75%) after 30 min. 

Table 2 
Reaction of 2-deoxy-2-haio sugars at elevated temperature in MeN2CHO solution a 

Cmpd Substrate Ratio Conditions Time Satd Unsatd Furan SM 
No. R, X, R' manno:gluco (min) aldehyde aldehyde 

1 Me, Br, H 3.5:1 C 45 
1 Me, Br, H 3.5:1 D 80 
3 Me, I, H > 18:l D 15 5 
3 Me, I, H > 18:1 D 30 

2 Bn, Br, H aprox. 3:1 C 40 

6 Bn, Br, Me 2:1 D 300 

4 t-BuMe2Si, Br, H c~-manno D 5 100 
5 t-BuMe2Si, I, H > 30:1 D 5 100 

7 Bn, OTf, Me /3-gluco D 5 100 

8 t-BuMe2Si, I, Me a-manno D 30 

100 
7 23 70 

14 49 32 
25 75 

40 60 

98 

100 

Conditions: C = Me2NCHO, Py (10 equiv), 160 °C and D = Me2NCHO Py (10 equiv) H20 (82 equiv) 160 °C. 
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RO.~..~O../~ CHO 1) NaBH4, MeOH 
L.._~ 2) Bu4NF, THF, AceO =Ac . ~  OAc 

Rd OR 3) Ac20, Py AcO" OAc 

21a,b R = t-BuMe2Si 22a,b 
a = gluco, b = manno 

Scheme 2. 

The tri-O-benzyl methoxybromides (6a-d) gave only 
trace amounts of saturated (20a,b) and a,/3-un- 
saturated (14) aldehydes after 80 min at reflux, 
whereas, in comparison, methyl 3,4,6-tri-O-benzyl-2- 
O-trifluoromethanesulfonyl-/3-D-glucopyranoside 
(7b), quantitatively gave aldehydes 20a,b after 5 min 
[9c]. A change in protecting group again gave quite 
different results. The t-BuMe2Si-protected bromohy- 
drin 4c or iodohydrins 5c reacted in refluxing 
Me2NCHO-pyridine-water to give saturated aldehy- 
des (21a,b; 7:1) in quantitative yields after only 5 
min. However, the t-BuMe2Si-protected methoxyio- 
dide 8c, which lacks the free hydroxyl at the anomeric 
center, again failed to react. See Scheme 2. 

The saturated aldehyde mixture 21a,b slowly de- 
composed when applied to a column of either silica 
gel or neutral alumina (BA I), making chromato- 
graphic separation difficult. The crude aldehyde mix- 
ture was reduced with NaBH 4 to the corresponding 
2,5-anhydroalditols (85%) for purification and char- 
acterization. Column chromatography on the mixture 
(SiO2; 3:1 hexanes-Et20) afforded two fully sily- 
lated components (48%), as well as substantial 
amounts of desilylated material (25%). All fractions 
from chromatography were treated with a mixture of 
Bu4NF-Ac20 in THF [15] to give a mixture of tri- 
and tetra-acetylated sugars. The mixture was exhaus- 
tively acetylated by additional treatment with Ac20 
in pyridine to give tetra-acetylated derivatives 22a,b. 
Assignments of the relative stereochemistry at C-2 
for the two diastereoisomers were made by compari- 
son of their 1H NMR chemical shifts and coupling 
constants with those of known standards [16]. Over- 
all, 1,3,4,6-tetra-O-acetyl-2,5-anhydro-D-glucitol 
(22a) was obtained in 63% and 1,3,4,6-tetra-O- 
acetyl-2,5-anhydro-D-mannitol (22b) was present in 
11%, reflecting the contents of the original aldehyde 
mixture. See Scheme 3. 

Fleet and co-workers have shown that sugar lac- 
tone 2-triflates undergo base-induced ring contraction 
in methanol to produce furanose 1-methylcarboxylate 
esters [17]. These esters are extremely useful interme- 
diates in the synthesis of C-spiroglycosides such as 
hydantocidin [ 18]. For further comparison of 2-halides 

R o ~ O " ]  ~OH (PyH)2Cr207, CH2C[ 2 ( 5 6 % ) I I R O ~ ' ' ~  ' O  O 

or Pr4NRuO4, CH2CI2 (95%) R O , ' ~ I  
R O " Y  ~1 N-methylmorpholine oxide 

OR OR 

5a-d R = t-BuMe2Si 23 

R 0 CO2Me K2CO3, MeOH =. 
or MeONa, MeOH 

24 

Scheme 3. 

and 2-triflates from the gluco/manno halohydrin se- 
ries, we prepared the corresponding t-BuMezSi- 
iodolactone. The t-BuMezSi-iodohydrin 5c was oxi- 
dized with either pyridium dichromate in CH2C12 or 
Pr4NRuOa-N-methylmorpholine oxide in CHzC12 to 

give the iodolactone 23 in good yield [19,20]. The 
iodolactone reacted smoothly with either sodium 
methoxide or potassium carbonate in methanol solu- 
tion at room temperature to give the methyl ester 24 
in high yield as a single isomer. Elimination of the 
/3-silyloxy group was not observed even in refluxing 
methanol. See Scheme 4. 

The Wittig reaction has found numerous applica- 
tions in the carbohydrate chemistry for chain-exten- 
sion and chain-branching [21], and consequently was 
appropriate to demonstrate the synthetic utility of the 
aldehydes 15 and 21a,b. Reaction of the mixture of 
2,5-anhydrosugars 21a,b, with methyl(triphenylphos- 
phorylidene) acetate [22], provided a mixture of four 
olefinic products 25a-d  (3:1 E:Z) in 79% yield. 
Repeated column chromatography on the mixture 
(neutral alumina; 1:9 EtzO-hexanes) afforded the 
major diastereomer (25a). The I H NMR spectrum 
showed two olefinic resonances at 6.90 (dd) and 6.09 
(dd) ppm assigned to the /3 olefinic proton and the a 
olefinic proton, respectively. The H,-Ht~ coupling 
constant of 15 Hz indicated the expected a trans- 

RO•_.. O CHO ph3P=CHCO2Me ~ C O 2 M e  
I t -  

_.- CH3CN 
RO OR RO" 

2ta,b R = t-BuMe2Si 25a = E, o-gluco 
a = D-gluco, b = D-manno 25b = Z, D-gluco 

25a = E, o-manno 
25b = Z, D-manno 

R O . ~  CHO ph,P=CHCO2Me =_ ~ C O 2 M e  

_.. CH3CN . 
RO RO" 

t5 R = t-BuMe2Si 26a = E 
26b = Z 

Scheme 4. 
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arrangement of olefinic protons. Reaction of a,/3-un- 
saturated aldehyde 15, with methyl(triphenylphos- 
phorylidene) acetate, gave two exocyclic double-bond 
isomers (26a,b). The major diastereomer 26a was 
isolated by column chromatography (74%). The ~H 
NMR spectrum displayed three olefinic resonances. 
The H~-Ht~ coupling constant of 15 Hz again indi- 
cated the trans-arrangement of olefinic protons. 

3. Discussion 

Some general observations can be made for the 
reactions of the halohydrins. Epoxide formation and 
hence glycoside formation is favored by nonpolar, 
nonprotic solvents and methyl or benzyl protecting 
groups [10]. Whereas, ring contraction is favored by 
the use of polar solvents, an axial C-2 halide, and the 
tert-butyldimethylsilyl protecting group. The most 
plausible mechanism for the formation of the aldehy- 
des (Scheme 5) involves an SN2 reaction of the 5-OH 
group (or the corresponding anion) with the C-2 
halide in the ring-open aldehyde form of the sugar. 
We had previously demonstrated the intermediacy of 
the open-chain sugar by deuterium incorporation at 
C-2 (14-71%) in reaction of tri-O-methyl bromohy- 
drins l a - d  and iodohydrins 3a -d  in deuterated 
methanol [10]. 

The highly branched, equatorial t-BuMe2Si ethers 
are known to experience gauche interactions in the 
pyranose 4Cj conformation, and, as a consequence, 

also populate the I c 4 conformation [23]. The X-ray 
crystal structure of 5c (Fig. 1) shows the conforma- 
tion in the solid state as 4C~ with both the C-1 
hydroxyl group and the C-2 iodide in axial positions. 

In contrast, variable-temperature 1H NMR spectra 
of 5c in methanol and CDC13 solutions indicate that a 
significant amount of the molecules adopt the ~C 4 
conformation (approx 36% at room temp), and that at 
room temperature the two species are in equilibrium 
[24]. The ~H NMR spectrum of 5c in CD3OD solu- 
tion (Fig. 2) at 313 K shows a doublet at 6 5.24 (d, 
JH1-H2 5.1 HZ) for the anomeric proton. A spectrum 
recorded at 213 K shows signals at 6 5.39 (4Cj, H-l, 
s, Jnl-n2 < 1 Hz) and 5.0 (1C 4, H-l, d, Jnl-n2 8.8 
Hz) for the anomeric proton, which coalesce at 273 
K. A similar observation is made for ~H NMR spec- 
tra recorded in CDC13. At 299 K, the signal for the 
anomeric proton appears as a doublet of doublets 
( Jm-on  = Jul-H2 = 5.5 Hz) at ~ 5.32 ppm, whereas 
the JH NMR spectrum recorded at 218 K shows 
signals at ~ 5.47 (4Cj, H-l, d, Jnl-on 3.9, JH1-H2 < 1 
Hz) and 5.1 (Ic4, H-l, dd, Jul-on =Jm-H2 = 8.3 
Hz) that broaden upon warming and coalesce at 258 
K. 

The presence of a ~C 4 conformation reduces the 
concentration of the 4Cj conformation, where the 
1-OH and 2-iodide are in the diaxial arrangement 
required for epoxide formation. The steric interac- 
tions between the t-BuMezSi groups could also pro- 
vide the driving force for ring opening, increasing the 

A OH d, 13-manno a, o.-gl 
o~-e~oxideT lL 1[ 

~ = R ~ _ . .  ~ "LCHO 

NO , ,  / NO 
or.-manno a, gluco ~ / b, manno c, 

1C4 / (  
R ~  CHO 

Rd 

~-epoxide 

I 
X 

b, 13-glu~ 
(boat e~nformation 

Scheme 5. 
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C14 CIB 

C15 

~C11 

Fig. 1. A projection view of the iodohydrin 5c with 
non-hydrogen atoms represented by 50% probability ellip- 
soids, and showing the atom labeling. 

concentration of open-chain sugar. In addition, the 
transition state leading to the epoxide could be higher 
energy for the t-BuMe2Si compounds due to strain 
induced during the flattening of the ring. Since the 
epoxide formation and ring contraction are in direct 
competition, the overall effect is to slow epoxidation, 
and thus favor the ring contraction. 

In both the thermal- and base-catalyzed ring-con- 
traction reactions of the t-BuMezSi halohydrins, a 
mixture of epimeric aldehydes is formed. In an S N2 
ring closure, the ratio of aldehydes should mirror the 
gluco/manno ratio in the precursor halohydrin. How- 
ever, when t-BuMe2Si-protected iodohydrins (Sa-d, 
manno:gluco > 30:1) are heated to 160 °C, or treated 
with Cs2CO 3 in methanol at room temperature, a 
mixture of 2,5-anhydrogluco aldehyde 21a and 2,5- 
anhydromanno aldehyde 21b are formed in a 7:1 
ratio. This is probably the result of epimerization of 
either the halohydrins 5a -d  or the aldehydes 21a,b. 
Once formed, the formyl furanosides 21 can undergo 
/3-elimination to produce the conjugated system 15 
and eventually, by acid-catalyzed or thermal elimina- 
tion, the furan 18. 

In summary, the choice of protecting group for 
glucal halohydrins has a profound effect on the base- 
induced reaction pathway. The methyl and benzyl 
ethers favor epoxidation, whereas the t-BuMe2Si 
ether favors a ring contraction. 

Lt__ jt~l_. 213 K 

I 
[I 253 K 

i 
,I 
ji 273 K 

:I 
7;_ 

293 K 

t . . . .  I . . . . . . . . .  I . . . .  I . . . . . . . .  i 

~Om 55 510 a5 40 3 5 

Fig. 2. Variable-temperature ~ H NMR spectra of 5c in CD3OD solution. 
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4 .  E x p e r i m e n t a l  

~H and ~3C spectra were recorded in CDC13 solu- 
tion at 300 and 75 MHz, respectively. The 1H chemi- 
cal shifts are reported in ppm downfield from internal 
Me4Si, and the ~3C chemical shifts are reported in 
ppm relative to the center line of CDC13 (77.0 ppm). 
Melting points were determined on an Electrothermal 
melting point apparatus and are uncorrected. High- 
resolution FAB mass spectra were acquired on a 
Finnigan MAT 90 mass spectrometer using a ni- 
trobenzyl alcohol-LiCl (aq) matrix. Microanalyses 
were performed by Atlantic Microlab, Inc. Optical 
rotations were recorded on an Autopol III polarimeter 
(Rudolph Research) under standard conditions. Col- 
umn chromatography was performed on SiO 2 (E. 
Merck, 230-400 mesh) or on neutral alumina (BA I, 
80-200 mesh, Fischer Scientific). 

THF and Et20 were distilled from sodium-benzo- 
phenone ketyl, while CH2CI 2, CH3CN, and PhCH 3 
were distilled from Call  2, and methanol was distilled 
from Mg. All reagents were used as supplied by 
Aldrich Chemical Co. Tr i s -O- ( t e r t -bu ty ld ime thy l s i -  

lyl)-D-glucal [13] was prepared from tri-O-acetyl-D- 
glucal by methanolysis, followed by silylation (t- 
BuMe2SiC1, imidazole, Me2NCHO). The tri-O- 
methyl bromohydrins 1, and iodohydrins 3, and the 
tri-O-benzyl bromohydrins 2 were prepared by previ- 
ously published procedures [10]. 

H y d r o x y b r o m i n a t i o n  o f  tris-O-( ter t -butyldimethyls i -  

lyl) - D - g l u c a l . - - A  solution of tris-O-(tert-butyldi- 
methylsilyl)-D-glucal [13] (0.63 g, 1.3 mmol) and 
NaHCO 3 (0.12 g, 1.4 mmol) in 10% aq THF (15 mL) 
was cooled to 5 °C, and N-bromosuccinimide (0.25 
g, 1.4 mmol) was added. The reaction mixture was 
stirred at 5 °C for an additional 4 h, then was slowly 
warmed to room temperature (1 h) and stirred for 18 
h. The reaction mixture was diluted with Et20 (60 
mL) and washed with distilled water (60 mL). The 
aqueous layer was extracted with additional portions 
of Et20 (2 × 60 mL). The combined Et20 extracts 
were washed with saturated NazS203 (60 mL), dried 
(Na2SO4), and concentrated in vacuo  to give a mix- 
ture of bromohydrins (4) (0.74 g, 99%). I H NMR 
(anomeric protons) 6 5.35 (d, J 7.5 Hz), 5.25 (d, J 
4.8 Hz) 5.06 (d, J 3.9 Hz), 4.76 (d, J 1.2 Hz); 13C 
NMR (anomeric carbons) 6 95.6, 93.7, 93.5, 92.2. 
Column chromatography (SiO2, 95:5 EtzO-hexanes) 
gave 2-bromo-3 ,4 ,6- t r i s -O-(  t e r t -bu ty ld ime thy l s i l y l ) -  

2-deoxy-a-D-mannopyranose (4e) as a white solid: 
mp 104-110 °C; IR (NaC1): 3428, 2929, 2886 cm-~; 
IH NMR: 6 5.25 (dd, 1 H, J 4.8 Hz), 4.20-4.17 (m, 

1 H), 4.00-3.68 (m, 4 H), 0.95 (s, 9 H), 0.90 (s, 9 
H), 0.91 (s, 9 H), 0.16 (s, 3 H), 0.14 (s, 3 H), 0.11 (s, 
3 H), 0.09 (s, 3 H), 0.075 (s, 3 H), 0.068 (s, 3 H), 
0.06 (s, 3 H); ~3C NMR: 6 93.3, 77.5, 72.9, 70.1, 
62.8, 56.1, 26.4, 26.0, 25.8, 18.6, 18.5, 18.1, -3 .4 ,  
- 3.6, - 4 . 4 ,  - 4 . 5 ,  - 5.1, - 6.5. Anal. Calcd for 
C24H53BrOsSi3: C, 49.21; H, 9.12. Found: C, 49.23; 
H, 9.09. 

Hydroxy iod ina t ion  o f  tris- 0 - ( tert - bu~ ld ime thy l s i -  

lyl) - D - g l u c a l . - - A  solution of tris-O-( ter t -butyldi-  

methylsilyl)-D-glucal (0.94 g, 1.9 mmol) in 10% aq 
propionitrile (40 mL) was cooled to - 6 5  °C, and 
N-iodosuccinimide (0.48 g, 2.1 mmol) was added. 
The reaction was maintained at - 6 5  °C for 6 h, then 
was slowly warmed to room temperature (1 h) and 
stirred overnight (16 h). The reaction mixture was 
diluted with Et20 (60 mL) and washed with distilled 
water (60 mL). The aqueous layer was extracted with 
additional portions of Et20 (2 × 60 mL). The com- 
bined Et20 extracts were washed with saturated 
Na2S20 3 (60 mL), dried (Na2SO4), and concentrated 
in vacuo  to give the iodohydrins (5) (1.1 g, 93%, 
predominantly the te-manno diastereoisomer > 30:1), 
which were generally used without further purifica- 
tion. Column chromatography (SiO 2, 9:1 hexanes- 
Et20) or recrystallization from M e O H - H 2 0  afforded 
a single diastereoisomer 3,4 ,6- tr is -O-( ter t -buty ld i -  

methylsilyl)-2-deoxy-2-iodo-ce-D-mannopyranose (5c) 
(25% and 48%, respectively): mp 122-123 °C; [~x] D 
+25.4  ° (c 1.00, CHC13); IR (NaC1): 3442, 2931, 
2858 cm-J ;  I H NMR: 6 5.35 (dd, 1 H, J 5.4 Hz), 
4.39 (dd, 1 H, J 4.8, 2.7 Hz), 3.93-3.72 (m, 3 H), 
3.65 (br s, 1 H), 2.95 (d, 1 H, J 5.1 Hz), 0.97 (s, 9 
H), 0.90 (s, 18 H), 0.19 (s, 3 H), 0.14 (s, 3 H), 0.10 
(s, 3 H), 0.09 (s, 3 H), 0.07 (s, 3 H), 0.06 (s, 3 H); 
13C NMR: 6 93.7, 78.4, 74.0, 70.3, 62.2, 37.3, 26.4, 
26.1, 26.0, 18.5, 18.4, 18.1, -3 .2 ,  - 4 . 3 ,  - 4 . 5 ,  
- 4.9, - 5.1, - 6.5. Acetylation of the crude iodohy- 
drin mixture (5) with A%O and pyridine in CH2C12 
at 5 °C gave a mixture of acetates (83%, predomi- 
nantly the a-manno diastereoisomer). IR (NaC1): 
2928, 2857, 1760 c m -  l; l H NMR (anomeric proton): 
6 6.24 (d, J 4.8 Hz) (acetate methyl) 2.10 (s). Anal. 
Calcd for C26H55IO6Si3: C, 46.27; H, 8.22. Found: 
C, 46.35; H, 8.19. 

M e t h y o x y b r o m i n a t i o n  o f  3, 4, 6 - tri - 0 - benzy l  - D - 
g l u c a l . - - A  solution of tri-O-benzyl-D-glucal (0.51 g, 
1.2 mmol) in 1:9 MeOH-THF (12 mL) was cooled 
to 5 °C, and N-bromoacetamide (0.19 g, 1.3 mmol) 
was added as a single portion. The reaction mixture 
was maintained at 5 °C for 3 h, then was gradually 
warmed to room temperature (2 h) and stirred 
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overnight (18 h). The mixture was diluted with water 
(25 mL) and extracted with Et20 (3 × 25 mL). The 
combined Et20 extracts were dried (Na2SO4), fil- 
tered, and concentrated in vacuo to afford a di- 
astereoisomeric mixture of methyl 3,4,6-tri-O-benzyl- 
2-bromo-2-deoxy-D-glucopyranosides [25] and methyl 
3,4,6- tri- O -be nzyl-2-b  ro m o - 2-de o x y -D-m an - 
nopyranosides [25] (0.69 g, 100%) as an oil; IR 
(NaC1, neat): 3030, 2865 cm-l ;  1H NMR (OMe 
resonances): 6 3.67, 3.50 (s), 3.36 (s), 3.28 (s); 13C 
NMR (anomeric carbons): 103.4, 101.0, 99.6, 99.2. 
Anal. Calcd for C28H31BrOs.2H20: C, 59.68; H, 
6.26. Found: C, 59.36; H, 6.20. 

Methyl 3, 4, 6-tri-O-benzyl- 2-O-(  trifluoromethane- 
sulfonyl) - [3 - D- glucopyranoside (7b) [9b l . - -To  a 
solution of methyl glycoside (12b) (0.16 g, 0.3 mmol) 
and pyridine (0.1 mL, 1.4 mmol) in CHzC12 (4 mE) 
at - 2 0  °C was added triflic anhydride (0.1 mL, 0.7 
mmol) slowly (15 min) with stirring. The reaction 
mixture was slowly warmed to 0 °C (1 h), and stirred 
for an additional 2 h. Saturated NaHCO 3 (2 mL) was 
added, the reaction mixture was diluted with water 
(20 mE) and extracted with Et20 (3 × 20 mL). The 
combined Et20 extracts were washed with brine 
(1 × 25 mL), dried (MgSO4), filtered, and concen- 
trated in vacuo. The crude residue was resuspended 
in 12:88 EtOAc-hexanes and rapidly filtered through 
SiO 2 to afford, after concentration, 7b (0.14g, 0.2 
mmol, 69%) as an oil; 1H NMR: B 7.36-7.25 (m, 13 
H), 7.15-7.12 (m, 2 H), 4.88-4.75 (m, 3 H), 4.64- 
4.50 (m, 4 H), 4.41 (d, 1 H, J 7.1 Hz), 3.77-3.71 
(m, 4 H), 3.56 (s, 3 H), 3.51-3.48 (m, 1 H); ~3C 
NMR: B 137.7, 137.3, 137.0, 128.4, 128.3, 128.1, 
128.0, 127.9, 127.8, 127.7, 116.2, 100.6, 85.0, 81.7, 
78.2, 75.8, 75.2, 75.1, 73.6, 68.1, 57.3. 

Methyl 3, 4, 6- tris - 0 - (tert- butyldimethylsilyl) - 2 - 
deoxy- 2- iodo- Ol- D-mannopyranoside (Be) [23a] . - -  
Tris-O-(tert-butyldimethylsilyl)-D-glucal (0.58 g, 1.2 
mmol) was dissolved in 10% methanolic propionitrile 
(15 mE), the solution was cooled to - 7 0  ° C and 
N-iodosuccinimide (0.29 g, 1.3 mmol) was added in a 
single portion. The reaction mixture stirred at - 7 0  
°C for 6 h, then was slowly warmed to room tempera- 
ture (4 h) and was stirred overnight (16 h). The 
reaction mixture was diluted with water (25 mL) and 
extracted with Et20 (3 × 25 mE). The combined 
Et20 extracts were dried (Na2SO4), filtered, and 
concentrated in vacuo to give a mixture of two 
diastereoisomers (8) (0.62 g, 92%). Column chro- 
matography (SiO 2, 9:10 Et20-hexanes) afforded 8c 
(0.15 g, 22%) as a solid: [a]D +19.70° (c 0.66, 
ChC13); IR (NaC1): 2928, 2857 cm-l ;  ~H NMR: 6 

4.94 (d, 1 H, J 3 Hz); 4.30 (t, 1 H, J 3.3 Hz), 
3.85-3.69 (m, 4 H), 3.67-3.46 (m, 1 H), 3.35 (s, 3 
H), 0.95 (s, 9 H), 0.89 (s, 9 H), 0.88 (s, 9 H), 0.13 (s, 
3 H), 0.12 (s, 3 H), 0.09 (s, 3 H), 0.08 (s, 3 H), 0.07 
(s, 3 H), 0.05 (s, 3 H); 13C NMR: 6 123.3, 101.6, 
77.4, 71.1, 62.5, 55.1, 26.5, 26.4, 26.3, 26.2, 26.1, 
25.8, 18.5, 18.4, 18.1, -3 .1 ,  -4 .1 ,  -4 .3 ,  -4 .8 ,  
-5 .1;  Anal. Calcd for C25H55IO5: C, 46.49; H, 8.43. 
Found: C, 46.55; H, 8.40. 

General procedure for  base- catalyzed ring con- 
traction reactions.--The halohydrin or methoxy- 
halide (0.5 mmol) and cesium carbonate (0.5 mmol) 
was dissolved in anhydrous methanol (8 mL) and 
stirred at 5 °C, or heated at reflux until TLC indicated 
that the starting material had been consumed. The 
cooled reaction was diluted with water (25 mL) and 
extracted with CHzC12 (3 X 25 mL). The organics 
were dried (Na2SO4), filtered, and concentrated in 
vacuo. The crude mixtures were analyzed by ~H 
NMR spectroscopy. The individual reaction products 
were purified by column chromatography (SiO2; 
1:9-1:3 EtzO-hexanes). 

Reaction of  trimethyl bromohydrins with cesium 
carbonate in methanoL--To a solution of bromohy- 
drins l a - d  (230 mg, 0.8 mmol, manno:gluco, 3.5:1) 
in anhydrous methanol (6 mL) at 5 °C was added 
cesium carbonate (263 mg, 0.8 mmol). The solution 
was maintained at 5 °C for 4 h, and then it was 
gradually warmed to room temp. (3 h) and stirred 
overnight (15 h). The reaction mixture was worked 
up as described above. Chromatography gave methyl 
3,4,6-tri-O-methyl-c~-D-mannopyranoside ( l lb)  [10] 
(41%), methyl 3,4,6-tri- O-methyl- c~-D-gluopyranoside 
( l l a )  [10] (10%), and 2,5-anhydro-3-deoxy-4,6-di- 
O-methyl-aldehydo-D-erythro-hex-2-enitol (13) (6%). 
an oil; IR (NaC1): 3102, 2934, 2828, 1702 cm-~; IH 
NMR: B 9.23 (s, 1 H), 6.10 (d, 1 H, J 2.7 Hz), 4.71 
(dd, 1 H, J 2.7, 4.7 Hz), 4.65 (m, 1 H), 3.59 (dd, 1 
H, J 4.8, 10.5 Hz), 3.49 (dd, 1 H, J 4.8, 10.5 Hz), 
3.39 (s, 3 H), 3.37 (s, 3 H); 13C NMR: 6 182.3, 
157.7, 115.2, 85.7, 83.8, 71.8, 59.4, 55.8; MS 
(DP/EI) m/z (rel. intensity): 172 (M +, 4), 127 (31), 
111 (28), 53 (24), 45 (100). 

Reaction of  tribenzyl bromohydrins with cesium 
carbonate in methanol . - -A mixture of tribenzyl bro- 
mohydrins 2a-d  (413 mg, 0.8 mmol) was reacted 
with cesium carbonate (262 mg, 0.8 mmol) in 
methanol (6 mL) as above to give methyl 3,4,6-tri- 
O-benzyl-ol-D-mannopyranoside (12a) [ 10,26] (40 mg, 
0.09 mmol, 11%), methyl 3,4,6-tri-O-benzyl-[3-D-glu- 
copyranoside (12b) [10,27] (163 mg, 0.3 mmol, 44%) 
and 2,5-anhydro-3-deoxy-4,6-O-dibenzyl-aldehydo- 
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D-erythro-hex-2-enitol (14) (40 mg, 0.09 mmol, 11%): 
IR (NaC1, neat): 3029, 2856, 1696, 1618 cm-~; 1H 
NMR: 6 9.50 (s, 1 H), 7.37-7.25 (m, 10 H), 6.02 (d, 
1 H, J 2 Hz), 4.90 (dd, 1 H, J 3.0, 3.9 Hz), 
4.79-4.73 (m, 1 H), 4.69 (br s, 1 H), 4.58-4.53 (m, 2 
H). 3.64 (dd, 1 H, J 4.7, 10.3 Hz), 3.51 (dd, 1 H, J 
4.7, 10.3 Hz); 13C NMR: 6 182.3, 157.6, 137.5, 
137.45, 128.5, 128.4, 128.3, 127.95, 127.9, 127.8, 
127.7, 126.9, 116.1, 86.3, 82.3, 73.6, 70.9, 69.2; MS 
(DP/EI) m/z (rel. intensity): 324 (M ÷, 100), 295 
(31), 233 (97), 92 (67). 

Reaction of  3,4,6-tris-O-( tert-butyldimethylsilyl)-2- 
deoxy-2-iodo-a-D-mannopyranoside (Se) with cesium 
carbonate in refluxing methanol.--Iodohydrin 5 (0.18 
g, 0.3 mmol) was reacted with cesium carbonate 
(0.09 g, 0.3 mmol) in methanol (5 mL) at reflux to 
give a mixture of aldehydes 21a, 21b, 15 (0.10 g, 
99%). Column chromatography (SiO 2, 9:1 hexanes- 
Et20) afforded 2,5-anhydro-3-deoxy-4,6-bis-O-(tert- 
butyldimethylsilyl)-aldehydo-D-erythro-hex-2-enitol 
(15) (75%) as an oil: [a]  D +7.63 ° (c 0.59, CHCI?); 
IR (NaC1, neat): 2956, 2930, 2858, 1706 cm-~; H 
NMR: 6 9.55 (s, 1 H), 5.98 (d, 1 H, J 2.7 Hz), 5.20 
(dd, 1 H, J 3 Hz), 4.52-4.48 (m, 1 H), 3.85 (d, 1 H, 
J 11.1, 4.2 Hz), 3.69 (dd, 1 H, J 11.1, 6.0 Hz), 0.95 
(s, 9 H), 0.92 (s, 9 H), 0.17 (s, 6 H), 0.11 (s, 3 H), 
0.85 (3s, 12 H); 13C NMR: 6 182.5, 156.9, 118.9, 
89.9, 75.6, 62.3, 25.9, 25.8, 18.4, -4.21, -4.35, 
- 5 . 2 6 .  

Reaction of  3, 4,6-tris-O-( tert-butyldimethylsilyl)-2- 
deoxy-2-iodo-a-D-mannopyranoside (Se) with cesium 
carbonate in methanol at 5 °C.--Iodohydrin 5 (0.16 
g, 0.25 mmol) was reacted with cesium carbonate 
(0.08 g, 0.25 mmol) in methanol (5 mL) at 5 °C to 
give a mixture of 2,5-anhydro-3,4,6-tris-O-(tert- 
butyldimethylsilyl)-aldehydo-D-glucose (21a) and 
2,5-anhydro-3,4-6-tris-O-(tert-butyldimethylsilyl)-al- 
dehydo-D-mannose (21b)(0.115 g, 88%). IR (NaC1): 
2929, 2859, 1737 cm- ~; ~ H NMR: 6 9.64 (d, J 2.1 
Hz) (major), 9.58 (d, J 1.2 Hz) (minor), 4.37 (m, 1 
H), 4.28 (m, 1 H), 4.16 (m, 1 H), 4.02 (m, 1 H), 3.75 
(m, 2 H); 13C NMR (major only): 6 202.6, 89.0, 
86.4, 81.2, 79.0, 63.4, 26.0, 25.8, 25.7, 18.4, 18.2, 
-4.40, -4.43, -4.53, -5.13, -5.19. HRMS 
(FAB): Calcd: 511.3283; Found: 511.3270 (A mmu 
1.3). 

General procedure for  the thermal ring contrac- 
tion reaction.--A solution of halohydrin, methoxy 
halide, or 2-O-triflate (0.5 mmol) in Me2NCHO (8 
mL), pyridine (5 mmol) and deionized water (50 
mmol) was placed in an oil bath, which had been 
pre-heated to 160 °C. After the allowed time period, 

the mixture was cooled to room temp, and then was 
diluted with water (25 mL) and was extracted with 
EtOAc (3 × 25 mL). The combined EtOAc extracts 
were dried (Na2SO4), filtered, and concentrated in 
vacuo. The crude reaction mixtures were analyzed by 
~H NMR spectroscopy. 

Thermal ring contraction reaction of  3,4,6-tris-O- 
(tert - butyldimethylsilyl) - 2 - deoxv- 2 - iodo - ol - D - 
mannopyranoside (Sc).--Iodohydrin 5c (0.26 g, 0.4 
mmol), pyridine (0.3 mL, 4.2 mmol), and water (0.6 
mL, 34 mmol) in MeeNCHO (8 mL) gave a mixture 
of 2,5-anhydro-3,4,6-tris-O-( tert-butyldimethylsilyl)- 
aldehydo-o-glucose (21a) and 2,5-anhydro-3,4-6-tris- 
O-( tert-butyldimethylsi lyl)-aldehydo-D-mannose 
(21b) (0.18 g, 85%): Attempts to isolate the individ- 
ual aldehydes from the mixture by column chro- 
matography using either SiO 2 or neutral alumina 
resulted in decomposition. The mixture (21a,b) was 
dissolved in MeOH (5 mL), and sodium borohydride 
(0.04 g, 1.0 mmol) was added in a single portion. 
After 1 h at room temp, the reaction mixture was 
diluted with water and was extracted with EtOAc 
(3 × 25 mL). The combined organic extracts were 
dried (NaeSO4) , filtered and concentrated in vacuo. 
Column chromatography (SiOe; 4:1 hexanes-Et20) 
gave a mixture of 2,5-anhydro-3,4,6-tris-O-(tert- 
butyldimethylsilyl)-D-glucitol and 2,5-anhydro-3,4,6- 
tris-O-(tert-butyldimethylsilyl)-D-mannitol (0.17 g, 
98%): IR (NaC1, neat): 3461, 2930, 2858 cm-l ;  IH 
NMR: 6 4.15-4.11 (m), 4.02-3.99 (m), 3.86-3.61 
(m), 1.82 (br s), 0.89, 0.88, 0.87 (3s), 0.11, 0.09, 0.06 
(3s); ~3C NMR: 6 86.6, 81.1, 79.5, 78.9, 63.6, 62.2, 
26.1, 25.9, 25.8, -4.31, -4.41, -4.96, -5.23; 
HRMS (FAB) Calcd: 513.3439; Found: 513.3487 (A 
mmu 4.8); Anal. Calcd for C24H54055i3: C, 56.86; 
H, 10.74. Found: C, 56.82; H, 10.77. The alcohol 
mixture (22a, 22b) (0.23 g, 0.5 mmol) was dissolved 
in THF (7 mL) and Ac20 (1 mL, 11 mmol), and 
BunNF (4.6 mL, 4.6 mmol) were added. The reaction 
was stirred overnight (18 h), then extracted with 
CH2C12 (3 × 25 mL). The organic extracts were 
dried (NazSO4) , filtered, and concentrated in vacuo. 
The crude mixture was suspended in pyridine (0.24 
mL, 3.0 mmol) and additional Ac20 (0.24 mL, 2.5 
mmol) was added. The mixture was stirred overnight 
(18 h) at room temp, then diluted with water (20 mL) 
and extracted with CH2CI 2 (3)< 20 mL). The com- 
bined organic extracts were washed with satd CuSO 4 
(30 mL), dried (Na2SO4), filtered, and concentrated 
in vacuo to give the crude tetracetates (0.12 g). 
Column chromatography (SiO2; 1:3 Et20-hexanes) 
gave an inseparable mixture (3:1) of 1,3,4,6-tetra-O- 
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acetyl-2,5-anhydro-D-glucitol (22a) [16] and 1,3,4,6- 
tetra-O-acetyl-2,5-anhydro-D-mannitol (22b) (3:1; 
0.05 g; 30%): IR (neat): 2929, 1747 cm-J; J H NMR: 
6 5.32 (dd, J 3.9, 1.5 Hz) (H-3; 22a), 5.16 (d, J 1.8 
Hz) (H-3; 22b). 

Oxidation of  3,4,6-tris-O-( tert-butyldimethylsilyl)-2- 
deoxy - 2 - iodo - ol - D - mannopyranoside (5e) with 
pyridinium dichromate.--Iodohydrin 5e (0.15 g, 0.24 
mmol) was dissolved in freshly distilled CHzC12 (7 
mL) and cooled to 5 °C in an ice-water bath. Pyri- 
dinium dichromate (0.098 g, 0.26 mmol, 1.1 equiv) 
was added, and the reaction was stirred for 24 h at 
room temp. The reaction mixture was diluted with 
additional CHzC12 (15 mL) and washed with 1 M 
HC1 (5 mL) and satd NaHCO 3 (15 mL). The organic 
layer was dried (NazSO4), filtered through Celite, 
and concentrated in vacuo. Chromatography (SiO 2, 
gradient hexane to 10:1 hexanes-Et20) gave the 
lactone 23 as a white crystalline solid (0.084 g, 0.13 
mmol, 56%); mp 89-90 °C (MeOH); IR (KBr): 2927, 
2854, 1739 cm-l ;  IH NMR (CDC13): 5.30 (dd, 1 H, 
J 3, 1 Hz), 4.26 (m, 1 H), 4.13 (dd, 1 H, J 3.2 Hz), 
4.02, (dd, 1 H, J 3.6, 2.6 Hz), 3.86 (d, 1 H, J 2.2 
Hz), 3.84 (d, 1 H, J 1 Hz), 0.94 (s, 9 H), 0.91 (s, 18 
H), 0.25 (s, 3 H), 0.16 (s, 3 H), 0.14 (s, 6 H), 0.9 (s, 
3 H), 0.08 (s, 3 H); 13C NMR (CDC13): 165.1, 86.0, 
81.5, 77.6, 68.3, 62.7, 26.1, 26.0, 25.8, 18.5, 18.3, 
17.9, - 3.5, - 4.3, - 4.5, - 4.54, - 5.1, - 5.2. Anal. 
Calcd for C24H51IO5Si3: C, 45.70; H, 8.15. Found: 
C, 45.93; H, 8.22. 

Oxidation of  3,4,6-tris-O-( tert-butyldimethylsilyl)-2- 
deoxy-2-iodo-a-D-mannopyranoside (5e) using tetra- 
n-propylammonium te tra-oxoruthenate . - -To a solu- 
tion of the iodohydrin 5e (0.20 g, 0.32 mmol) in 
CH2C12 (10 mL) at room temp was added dried, 
powdered 4 A, molecular sieves (100 mg), and 4- 
methylmorpholine N-oxide (56 mg, 0.47 mmol, 1.5 
equiv). After 10 min at room temp, Pr4NRuO 4 (11 
mg, 0.031 mmol, 0.1 equiv) was added, and the 
reaction mixture was stirred for an additional 2.5 h. 
The reaction mixture was diluted with CH2C12 (10 
mL) and was washed with 5% sodium sulfite (10 
mL) and brine (10 mL). Filtration through Celite and 
concentration in vacuo gave the pure lactone 23 
(0.19 g, 0.3 mmol, 95%). 

Reaction of  iodolactone 23 with sodium methoxide 
in me thanoL- -To  a solution of iodolactone 23 (50 
mg, 0.079 mmol) in distilled methanol (1.5 mL) was 
added sodium methoxide in methanol (0.12 mmol, 
1.5 equiv). The reaction was stirred for 1 h, then 
diluted with Et20 (5 mL), washed water (5 mL), 
dried (MgSO4), and evaporated in vacuo to give the 

ester 24 (35 mg, 0.065 mmol, 83%) as an oil; IR 
(NaC1, neat): 2931, 2857, 1776, 1738 cm-~; IH 
NMR (CDC13): 6 4.71 (d, 1 H, J 3.4 Hz), 4.21 (brd 
d, 1 H, J 3.4), 4.18 (brd s, 1H), 3.94 (dd, 1 H, J 
10.1, 5.4 Hz), 3.84 (dd, 1 H, J 9.7, 5.4 Hz), 3.75 (s, 
3 H), 3.71 (dd, 1 H, J 9.8, 9.8 H z), 0.90 (s, 18 H), 
0.86 (s, 9 H), 0.12 (s, 3 H), 0.11 (s, 3 H), 0.06 (s, 6 
H), 0.05 (s, 6 H); 13C NMR (CDCI3): 169.6, 88.4, 
81.8, 80.1, 76.4, 63.2, 51.7, 26.0, 25.8, 25.6, 18.4, 
17.9, 17.8, -4 .4 ,  -4 .6 ,  -5 .2 ,  -5 .3 ,  -5.4.  Anal. 
Calcd for C25H5406Si3: C, 56.13; H, 10.17. Found: 
C, 56.40; H, 10.23. 

Reaction of  iodolactone 23 with potassium car- 
bonate . - -To  a solution of iodolactone 23 (300 mg, 
0.475 mmol) in distilled methanol (20 mL) was 
added potassium carbonate (197 rag, 1.43 mmol, 3 
equiv). The reaction was stirred for 1.3 h at room 
temp and was then diluted with Et20 (15 mL), 
washed with distilled water (15 mL), dried (MgSO4), 
filtered, and evaporated in vacuo to give the ester 24 
(24 mg, 0.38 mmol, 80%). 

Methyl 4, 7-anhydro-5, 6, 8-tris-O-( tert-butyldimeth- 
ylsilyl) - 2, 3 - dideoxy - D- arabino - oct- 2( E ) - enoate 
(25).--Aldehydes 21a and 21b (0.03 g, 0.06 mmol) 
were dissolved in anhydrous CH3CN (4 mL), and 
methyl (triphenylphosphoranylidene) acetate (0.02 g, 
0.06 mmol) was added as a single portion to the 
reaction mixture. The mixture was stirred for 20 min, 
and was then concentrated in ~,acuo. Column chro- 
matography (neutral alumina (BA I; 80-200 mesh); 
9:1 hexanes-Et20) gave a mixture of olefins 25a-d 
(0.03 g, 79%): 4 diastereoisomers, 3:1 trans:cis. Re- 
peated chromatography gave the major diastereoiso- 
mer 25a as an oil: [ce] D +7.94 ° (c 0.34, CHC13); IR 
(NaC1, neat): 2930, 2858, 1731 cm J; tH NMR: 6 
6.90 (dd, 1 H, J 15, 5.7 Hz), 6.09 (dd, 1 H, J 15.6, 
1.8 Hz), 4.64 (m, 1 H), 4.12 (s, 1 H), 3.93-3.78 (m, 
2 H), 3.73-3.61 (m, 2 H), 3.72 (s, 3 H), 0.89 (s, 9 
H), 0.88 (s, 9 H), 0.84 (s, 9 H), 0.09 (s, 6 H), 0.06 (s, 
6 H), 0.012 (s, 3 H), 0.009 (s, 3 H); 13C NMR: 6 
160.8, 144.6, 122.3, 87.8, 81.1, 80.5, 79.6, 63.7, 
51.5, 26.1, 26.0, 25.95, 25.92, 25.86, 25.8, 25.72, 
25.7, 18.5, -4.37,  -4.49,  -4.52,  -4.89,  -5.12,  
-5.19; Anal. Calcd for C27H56068i3: C, 57.81; H, 
10.06. Found: C, 57.71, H, 10.03. 

Methyl 4, 7-anhydro-6,8-bis-O-( tert-butyldimethylsi- 
lyl)- 2, 3,4, 5-tetradeoxy-D-erythro-octa- 2, 4-dienoate 
(26).--To a solution of aldehyde 15 (0.09 g, 0.2 
mmol) in CH3CN (5 mL), methyl (triphenyl- 
phophorylidene) acetate (0.08 g, 0.2 mmol) was added 
in a single portion. The mixture was stirred at room 
temp, and the course of the reaction was followed by 
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TLC (SiO 2, 9:1 hexanes-Et20)  until consumption of 
aldehyde was indicated (1 h, 20 min). The reaction 
mixture was concentrated in vacuo. Flash column 
chromatography (SiO2, 95:5 hexanes-Et20)  gave 
methyl 4,7-anhydro-6,8-bis-( tert-butyldimethylsilyl)- 
D-erythro-octa-2(E),4(Z)-dienoate (26a) (0.07 g, 
74%): IR (NaC1, neat): 2929,2858, 1728, 1650, 1600 
c m - ' ;  'H NMR: 6 7.10 (d, 1 H, J 15.6 Hz), 6.22 (d, 
1 H, J 15.6 Hz), 5.32 (d, 1 H, J 2.7 Hz), 4.97 (t, 1 
H, J 3.0 Hz), 4.39-4.35 (m, 1 H), 3.76 (s, 3 H), 
3.82-3.72 (m, 1 H), 0.90, 0.89, 0.88 (3s, 18 H), 0.09, 
0.08, 0.07, 0.04 (4s, 12 H); '3C NMR: 6 166.8, 
155.5, 132.5, 121.0, 110.2, 89.5, 76.7, 62.9, 51.7, 
26.5, 25.3, 26.2, 26.1, 26.0, 25.9, 25.8, 25.7, 25.6, 
18.4, - 4 .13 ,  -4 .26 ,  -5 .20 ,  -5 .22 ;  MS (DP/CI )  
m/z (tel. intensity): 429 [(M + H+), 7], 239 (43), 165 
(100), 89 (31). 

X-ray structure determination for  2-deoxy-2-iodo-3, 
4,6-tris-O-( tert-butyldimethylsilyl)-ce-D-mannopyranose 
(5c).--Recrystallization of 5c from methanol at 0 °C 
gave colorless needle-shaped crystals suitable for X- 
ray crystallographic studies. A crystal of dimensions 
0.30 × 0.10 × 0.06 mm was mounted on a glass fiber 
in random orientation. Preliminary examination and 
data collection were performed using a Siemens 
SMART Charge Coupled Device (CCD) Detector 
system single-crystal X-ray diffractometer using 
graphite monochromated Mo K a radiation (A = 
0.71073 A) equipped with a sealed tube X-ray source 
(50 KV X 40 mA) at 25 °C. Preliminary unit cell 
constants were determined with a set of 45 narrow 
frames (0.3 ° in to) scans. A total of 1325 frames of 
intensity data were collected with a frame width of 
0.3 ° in to and counting time of 10 s / f rame at a 
crystal to detector distance of 3.891 cm. The double 
pass method of scanning was used to exclude any 
noise. Data was collected at room temperature for a 
total time of 13 h. The collected frames were inte- 
grated using an orientation matrix determined from 
the narrow frame scans. SMART software package 
(Siemen's Analytical X-Ray, Madison, WI, 1994) 
was used for data collection as well as frame integra- 
tion. Analysis of the integrated data did not show any 
decay. Final cell constants were determined by a 
global refinement of xyz centroids of 1426 reflec- 
tions ( 0 <  14.0°). The integration process yielded 
6137 reflections of which 3179 (20 < 40 °) were inde- 
pendent reflections. Crystal data and intensity data 
collection parameters are listed in Table 3. 

Structure solution and refinement were carried out 
using the SHELXTL-PLUS (5.03) software package 
(G.M. Sheldrick, Siemens Analytical X-Ray Divi- 

Table 3 
Crystal data and structure refinement 

Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume, Z 
Density (calculated) 
Absorption coefficient 
F(O00) 
Crystal size 
0 range for data collection 
Limiting indices 

Reflections collected 
Independent reflections 
Absorption correction 
Refinement method 

Data/restraints/parameters 
Goodness-of-fit on F 2 
Final R indices [I > 2o-(I)] 

R indices (all data) 

Absolute structure parameter 
Largest diff. peak and hole 

C24H53IO5Si3 
632.83 
298(2) K 
0.71073 
Monoclinic 
CE 
a = 29.2795(4) ,~, 
alpha = 90 ° 
b = 7.4239(3) ,~, 
beta = 122.321(5) ° 
c =  18.8529(7) ,~, 
gamma = 90 ° 
3463.1(2) ,~3, 4 
1.214 Mg/m 3 

I 1.055 mm 
1328 
0.30 x 0.10×0.06 mm 
1.28 to 20.00 ° 
-21  _< h_< 32, 
- 8 < k _ < 8 ,  
-21  < 1< 19 
6137 
3179 (Rin t = 0. t791) 
None 
Full-matrix least-squares 
on F 2 
3082/1/178 
1.589 
RI = 0.1352, 
wR2 = 0.2851 
R1 = 0.2017, 
wR2 = 0.3486 
0.16(11) 
1.190 and 
-0.541 eA -3 

sion, Madison, WI, 1995). The structure was solved 
by Direct Methods and refined successfully in the 
space group C a . Full matrix least-squares refinement 
was carried out by minimizing F~w(Fo 2 - F~2) 2. I, Si 
and O atoms were refined anisotropically, whereas C 
atoms were refined isotopically to convergence. The 
hydrogen atoms were treated using appropriate riding 
model (AFIX m3). The final residual values were 
R ( F ) =  13.5% for 2072 observed reflections [ I >  
2o-(1)] and wR(F 2) = 34.8%; s = 1.59 for all data. 
The absolute structure was confirmed by Flack's 
method (x  = 0.16). Structure refinement parameters 
are listed in Table 3. The atomic coordinates for the 
non-hydrogen atoms and the geometrical parameters 
have been deposited with the Cambridge Crystallo- 
graphic Data Centre, 12 Union Road, Cambridge 
CB2 1EZ, UK. 
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