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Figure 2. 

C(4) and C(6) at approximately right angles to one anoth­
er. A direct comparison of these data with the structural 
features of semibullvalene in the gas phase as determined 
by electron-diffraction methods23 is informative. Further 
exploration of this chemistry as a method for introducing 
more varied substituents is in progress.24 
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A New Synthesis of Sucrose Which Demonstrates 
a Novel Approach to the Synthesis of 
a-Linked Disaccharides1 

Sir: 

In spite of recent advances2 in the field, stereochemically 
controlled preparation of a-linked disaccharides remains 
one of the most challenging frontiers in synthetic organic 
chemistry.3 Among compounds linked in this manner are 
some of the most important biologically, pharmacologically, 
and clinically active substances, and frequently the struc­
tural features of the individual saccharide components vary 
widely.4 We describe herein a novel approach to the synthe­
sis of a-linked disaccharides which is capable of accomodat­
ing a wide variety of structural modifications, and, as a case 
in point, we illustrate this potential by outlining a synthesis 
of sucrose5 from known starting materials. 

Specifically, (i) the disaccharide linkage is forged by the 
agency of an electrophile, a novel development which might 
be availing where current nucleophilic-solvolytic type con­
densations2,7 are inapplicable; (ii) the glucosyl moiety is el­
aborated from an hex-2-enopyranoside, a type of unsatu­
rated sugars of demonstrated versatility in monosaccharide 
modification;8'9 (iii) congeners of some of the intermedi­
ates, e.g., 16 have provided access to 2-amino-2-deoxydisac-
charides of pharmacological importance;10 (iv) the linkage 
of the fructosyl unit via a tertiary alcohol (actually a terti­
ary ketol) occurs in 45% yield; (v) all steps in the synthesis 
occur under mild conditions and are so stereo- or regiospeci-
fic that no chromatographic fractionations are necessary, 
excepting that following the initial condensation. 

The key to the synthesis reported here is diene 3 , " pre­
pared most expeditiously by elimination of methanol from 
2,12 the latter being obtained from ketone I.13 Diene 3 has 
been shown to undergo methoxybromination to the a-glyco-
side 6a, '4 a result which may be rationalized in terms of the 
extensively delocalized allyloxocarbonium ion, 4, resulting 
from electrophilic attack on 3 (Scheme I). Ion 4 is expected 
to capture the nucleophile preferentially on the «-face since 
the product so formed (6a) allows for better continuous 
overlap with the intermediate than does the alternative 0-
product (5a). Interestingly, in analogy with the "axial halo-
ketone" principle,15 compound 6a would not only be the ki­
netic product but is thermodynamically favored because of 
the Edward-Lemieux effect.16 

The foregoing advantage, based on an electronic assess­
ment, is complemented by an equally favorable stereochem­
ical prognosis. Thus intermediate 4, because of its planar 
foreground, presents no steric obstacles to the approaching 
nucleophile. 

Condensation of diene 3 and tetraacetylfructofuranose 7 
under the agency of iodonium ion17 afforded compound 6b 
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as the only substance representing a union of 3 and I.20 

Compound 6b was converted to 6d23 either directly using 
AgBF 4 -DMSO-Et 3 N oxidation24 (80%), or indirectly by 
hydrolysis (Ag+-aqueous dioxane) to alcohol 6c23 (98%) 
followed by oxidation (71%). Aldehyde 6d was decarbony-
lated to the olefin 6e23 (79%) using Wilkinson's reagent.25 

In keeping with previous studies on compound 6f, hy-
droxylation26 of 6e with OsO4 in pyridine gave only the 
manno diol 8 (84%). The problem of inverting the configu­
ration at carbon-2 was solved by taking advantage of the 
greater reactivity of the equatorial alcohol toward acyla-
tion.27 Thus benzoylation of 8 at —30° in pyridine-methy­
lene chloride solution gave 9 exclusively (75%), which was 
oxidized with Cr03-2CsHsN in methylene chloride to the 
keto benzoate 10 (80%). The latter was treated with excess 
NaBH 4 in methanol28 and the product directly acetylated 
to give 11 (87%). 

4,6-O-Benzylidenehexaacetylsucrose, 12, has recently 
been synthesized,29 and comparison of the 220-MHz spec­
tra of 12 with the synthetic preparation confirmed the pres­
ence of the sucrosyl skeleton in the mixture, 11. Nucleation 
with an authentic sample of 12 kindly supplied by Dr. Khan 
afforded the desired material: mp 162-164°; mmp. 161.5-

Scheme II 

1. Kcollidme)2CI04-ROH 
p. 

2. AgClO4-Ag2CO3 

aqueous dioxane 

ROH = CH3OH 

% yield 100 5 

a-anomer 

OH 
OAc 

OAc 
7, s T A F - H (a +P) 

45 

0 ^ ; 0 
_ > 

OEt 
98 

cholesterol 
83 

Journal of the American Chemical Society / 97:9 / April 30, 1975 



2565 

163°; authentic sample 162.5-164.30 Since 12 can be de-
benzylidenated and converted to sucrose 13 or its octaace-
tate 14, the foregoing constitutes a total synthesis of su­
crose. 

The promise of dienoid receptors for the synthesis of di­
vers a-linked di- and oligosaccharides is apparent from the 
results in Scheme 2 where a range of alcohols and the yields 
obtained are reported. Notably only a-D anomers have been 
observed. Sample syntheses designed to develop this ap­
proach are underway and will be reported in due course. 
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Reversibility in the Formation of Stoichiometric 
Surface Molybdenum Carbonyls on Alumina 

Sir: 

Suitable activation converts molybdenum hexacarbonyl 
adsorbed on 7-AI2O3 into a catalyst for the metathesis of 
olefins at low temperatures.12 Sweeping MO(CO) 6 /Y-
AI2O3 with a flow of ultrapure helium at 100° results in the 
loss of carbon monoxide and the formation of a material 
with catalytic activity and an empirical composition of Mo-
(CO)3ads. Preliminary data indicated that decomposition 
terminated very approximately at Mo(CO)sads when the 
treatment was in a closed vessel with resulting development 
of a partial pressure of carbon monoxide, and that exposure 
of Mo(CO)3ads to carbon monoxide at —17° converted it to 
Mo(CO)4ads.3 Further data support the existence of this 
novel group of stoichiometric surface compounds and estab­
lish that the formation of these compounds can be reversed 
to molybdenum hexacarbonyl plus 7-AI2O3 by appropriate 
treatment with carbon monoxide with proportional loss in 
catalytic activity. Our data are summarized in Figure 1. 

Mo(CO)3ads was prepared by cleaning 0.250 g of 60-80 
mesh 7-AI2O3 (Harshaw Chemical Co. AL3940, prepared 
from Catapal SB) in flowing oxygen at 450°, cooling in he­
lium, impregnating at 0° with a pentane solution of 
Mo(CO)6 (to provide about 15 mg Mo(CO)6/g Al2O3 in 
most experiments), evaporating the pentane in a flow of he­
lium at 0°, and then activating for 1 hr at 100° in a flow of 
helium. The evolved carbon monoxide was trapped at 
— 196° on wide pore silica gel (Davison grade 62) and later 
released by warming for catharometric measurement.3-4 In 
these experiments, 3.00 ± 0.03 CO/Mo were released. In 
the absence of alumina, decomposition is very slow at 100°. 

A helium sweep of the reactor after heating Mo(CO)6/ 
AI2O3 in a closed system at 100° for 1 hr followed by cool­
ing to 0° collected 1.02 CO/Mo. The PCo at the end of the 
activation at 100° was about 0.07 atm. 

A reactor containing Mo(CO)3ads was exposed to 1 atm 
of carbon monoxide for 30 min at 100°, cooled to —17° 
evacuated, and purged with helium for 15 min. Reconver­
sion of the resulting material to Mo(CO)3ads by a helium 
sweep at 100° for 50 min liberated 2.12 ± 0.14 CO/Mo 
(three experiments). 

During the passage of several pulses of carbon monoxide 
in a helium carrier over Mo(CO)3ads at -16°, 1.06 CO/ 
Mo disappeared. In seven other experiments, Mo(CO)3ads 
was exposed to Pco = 1 atm at —17° for 15 min, the sys­
tem was evacuated and then swept with helium for 15 min. 
Sweeping the product with helium at 100° for 40 min re­
leased 1.04 ±0.08 CO/Mo. 

A flow of carbon monoxide at 100° passed over Mo-
(CO)3ads (either freshly prepared or after use as a catalyst 
for the disproportionation of propylene) results in the re­
moval of about 90% of the original Mo(CO)3ads as molyb­
denum hexacarbonyl collected in a trap at —78°. This de-
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