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the methyl groups establishes facile rotation about the Zr-Os line 
(the process maintains the integrity of each trans H-Os-P vector). 

The presence of low-energy stretching frequencies (e.g., 1710 
and 1565 cm"1 in 4b) suggests hydride bridges are also present 
in compounds 4. 

The wide variety of M-H, M'-H, and M-H-M' bonds present 
in 3 and 4, as well as the potential for creating unsaturation by 
H2 or CH4 elimination from 3b, 4b, and 4c, motivate our current 
reactivity studies. 
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A variety of metal complexes have been reported that effect 
the oxidative cleavage of catechols.1""7 These systems serve as 
models for the reactions catalyzed by catechol 1,2-dioxygenase 
and protocatechuate 3,4-dioxygenase, enzymes in which the 
proposed mechanism of oxygen incorporation involves substrate 
activation by the active site ferric center.8 One system of par
ticular interest is that reported by Weller and Weser,7 consisting 
of the Fe(III)-nitrilotriacetate complex in an organic solvent-
borate buffer mixture, the only Fe(III) system thus far that shows 
catechol cleavage activity. Over a period of days and in the 
presence of oxygen, 3,5-di-?ert-butylcatechol is catalytically 
converted to 3,5-di-fert-butyl-5-(carboxymethyl)-2-furanone in 
80% yield, the highest reported for any model system to date. 

Under the appropriate conditions, salts of [Fe(NTA)DBC]2"9 

can be isolated with a stoichiometry that suggests that the cate-
cholate ligand is chelated to the iron. This complex reacts with 
oxygen in DMF over 4 days to yield cleavage product in 80% yield. 
The reactivity of this complex contrasts that of a related system, 
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Figure 1. Structure of [Fe(NTA)DBC]2" showing 50% probability 
thermal ellipsoids and atom labeling scheme. Hydrogen atoms omitted 
for clarity. Selected bond distances in A: Fe-Nl, 2.224 (3); Fe-02, 
2.034 (3); Fe-04, 2.002 (3); Fe-06, 2.039 (3); Fe-07, 1.887 (3); Fe-
08, 1.979 (3). 

[Fe(salen)DBC]", which is reported to be unreactive toward di-
oxygen.10 The lack of reactivity of [Fe(salen)DBC]" has been 
suggested to arise from the stability of the chelated structure. The 
E"' for the DBSQ/DBC couple was found to be -423 mV vs. SCE 
in the complex as compared to -1340 mV in the free ligand,11 a 
stabilization of the catecholate oxidation state by nearly a volt. 
Electrochemical studies of [Fe(NTA)DBC]2" show even greater 
stabilization for the DBSQ/DBC couple in this complex; E0' is 
found to be -268 mV vs. SCE in DMF. Thus electron transfer 
from both chelated catecholate complexes to dioxygen is ther-
modynamically unfavorable. However, it is clear that [Fe-
(NTA)DBC]2" reacts with dioxygen. 

The structure of the [Fe(NTA)DBC]2" complex suggests a 
possible explanation for its reactivity. Crystallographic quality 
crystals can be obtained from anaerobic DMF solutions containing 
stoichiometric amounts of Fe(NTA), DBCH2, and dabco. 
(dabcoH)2[Fe(NTA)DBC]-DMF crystallizes as hexagonal plates 
in the space group Plx/n.n Refinement of the data yields an 
ORTEP plot of the anionic complex shown in Figure 1. The 
complex is a distorted octahedron featuring a tetradentate NTA 
and a bidentate catecholate. The most striking feature of this 
structure is the significant difference in the two Fe-O(DBC) bond 
lengths—1.887 (3) and 1.979 (3) A. By comparison, the Fe-O-
(catechol) bonds in [Fe(salen)cat]" are both 1.99 A long13 and 
the Fe-O bonds in [Fe(cat)]3

3" show a range of 2.00-2.04 A.14 

Steric effects are not responsible for the different bond lengths 
in [Fe(NTA)DBC]2"; indeed, the DBC oxygen proximal to the 
3-te«-butyl group, has the shorter Fe-O bond. Close examination 
of the structure reveals the source of this large difference: the 
shorter Fe-O bond is trans to the Fe-N bond. Due to the con
straints on the NTA ligand required by its tetradentate ligation, 
the Fe-N bond is 2.224 (3) A, which is longer than those in less 
constrained complexes such as [Fe(acac)2trien]+ (2.175 A),15 
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[Fe(EHPG)]" (2.16 A),16 and [Fe2(tacn)2(OAc)20]2+ (2.18 A).17 

The Fe-N bond in [Fe(EDTA)H2O]"18 is similarly constrained 
and exhibits a bond length of 2.33 A. The weaker Fe-N bond 
results in the stronger Fe-O bond trans to it, giving rise to an 
unsymmetrically chelated catecholate. This may enhance the 
formation of the monodentate form derived from breaking the 
longer Fe-O bond. We propose that this monodentate form is 
the species that reacts with O2 and that the reaction proceeds by 
the mechanism shown below. 

1 

3 

Studies on the reaction of (pipH)2[Fe(NTA)DBC] with 18O2 

in DMF provide further mechanistic insight. The product from 
the reaction, 3,19 obtained in 80% yield, shows the clean incor
poration of one 18O (98%) label. The CI-MS data on the product 
show the M + 1 ion at m/z 324 and the M + 1 - CH4 ion at m/z 
308, while the EI-MS data show a base peak at m/z 126 corre
sponding to the acetamide side chain, showing that the label is 
localized on the furanone ring. This is consistent with the for
mation of an intermediate anhydride, 2, which is subsequently 
cleaved by piperidine. Attack of the anhydride at the C-6 carbonyl 
is expected on steric grounds. 

This clean incorporation of a single 18O label contrasts the 
results from other model cleavage reactions where substantial label 
scrambling occurs; the cleavage product in the latter cases exhibits 
varying amounts of label, ranging from molecules with no label 
incorporated to molecules with as many as four labels incorpo
rated.20 Such scrambling is thought to result from intermolecular 
side reactions involving the peroxy adduct 1; these side reactions 
probably lower the effective yield of cleavage product as well. The 
absence of such scrambling in the Fe-NTA system and the high 
reaction yield suggest an additional role for the iron in the 
mechanism of oxidative cleavage. We propose that the ferric 
center coordinates the peroxy adduct and channels its decompo
sition toward the anhydride by stabilizing the oxide anion which 
would result from the Criegee rearrangement. This study thus 
suggests that the ferric center in the dioxygenases not only par
ticipates in the activation of substrate but also facilitates the latter 
stages of the reaction. In the enzyme active site, the oxide anion 
formed as a result of the rearrangement remains in the active site 
and acts as the nucleophile that opens the anhydride, thereby 
giving rise to dioxygenated product. 
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3-Deoxy-D-wawto-2-octulosonic acid (KDO) occurs as a ke-
tosidic component in all lipopolysaccharides (LPS) and several 
acidic exopolysaccharides (K antigens) located at the cell surface 
of Gram-negative bacteria.1 On the basis of 13C and 1H NMR 
results, it is believed that KDO displays in bacteria both the /3-
and a2-D anomeric configurations. It is interesting to mention 
that sialic acid presents only one anomeric configuration3 (a-D 
anomer). 

The synthesis of KDO-containing oligosaccharides has only been 
approached so far by conventional glycosylation procedures4 in
volving either methyl 3-deoxy-4,5,7,8-tetra-0-acetyl-o<-D-
ma«no-octulopyranosonate chloride or bromide. We would like 
to present a new and stereocontrolled approach to this synthetic 
challenge. 

2,3-Di-O-benzyl-D-mannose5 (1) was converted (EtSH, HCl, 
24h, O 0C) into 2 (85%) mp 78-79 0C (ether-hexane) then ((i) 
Ac2O, pyridine, 12 h, room temperature; (ii) red HgO, BF3-Et2O, 
aqueous THF, 40 min, room temperature) into the aldehyde 3 
(93%), which represents the general precursor of the KDO unit. 

Condensation of the aldehyde 3 with the phosphonate 47 (THF, 
NaH, 1 h, 0 0C) afforded the E and Z8 enol ethers 5 and 11 (85%, 
EjZ ratio 3:2), easily separated by silica gel chromatography. 
Deacetylation (MeONa-MeOH) gave the E and Z enol ethers 
6 (95%) and 12 (95%). When the E isomer 6 was submitted to 
Hg(II)-induced cyclization [(i) Hg(OCOCF3)2, THF, 2 h, O 0C; 
(ii) aqueous KCl, 12 h, O 0 C], the chloromercurio derivative 7, 
mp 114-115 0C (ethanol), was obtained as the only detectable 
isomer in about 85%. The remarkable stereospecificity of the 
mercuriocyclization may be rationalized as previously postulated 
by us7 in the case of sialic acid. The regiospecificity of the 
cyclization is also noteworthy. Demercuration of 7 (Ph3SnH, 
AcONa, toluene, 3 h, room temperature) gave 8 (90%), which 
after catalytic hydrogenolysis (Pd/C) was converted into the 
anomerically pure /3-linked disaccharide 99'10 (90%) and finally 
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