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Dehydroquinase Catalyzed Dehydration. II. 
Identification of the Reactive Conformation of the 
Substrate Responsible for Syn Elimination1 

Sir: 

Beginning with the demonstration of the syn dehydration 
catalyzed by the enzyme dehydroquinase,2 this catalytic 
mechanism, as an example of rarely observed biological syn 
dehydration, has attracted much speculation.3-4 Although 
overshadowed by the stereospecific pro-./? proton abstrac
tion of the enzymic reaction, the stereoselective pro-S pro
ton abstraction of the base-catalyzed enolization of dehy-
droquinate (I)5 is an important key in understanding the 
stereochemistry of the enzymic reaction. The enzymic con
version of 1 to dehydroshikimate (2) involves a Schiff base 

,<^^T 
intermediate.1 Thus, the mechanistic sources of the anti 
stereochemistry, which are observed in eliminations involv
ing both enolates and Schiff base intermediates,6 must be 
circumvented in the parallel mechanistic conversion of the 
enzyme Schiff base to the enzyme enamine. It is this step 
which determines the syn stereochemistry of the biological 
elimination. Chemical modification of both the carboxyl 
function at C-I and the hydroxyl functions at C-4 and C-5 
in the substrate 1 have allowed the identification of the 
mechanistic source of this unusual syn dehydration. 

We have synthesized the methyl ester of 1 by treatment 
of the silver salt derived from 1 with methyl iodide. The 
compound is obtained as an oil; after ion exchange chroma
tography, its NMR spectrum is superposable with that of 1 
except for the methyl resonance at 4,31 ppm.7 This ester is 
neither a substrate nor an inhibitor for dehydroquinase; 
thus the carboxyl group of 1 is an important site for binding 
the substrate to the enzyme. Haslam and coworkers have 
suggested that the carboxylate, acting as an internal base, is 
responsible for the pro-S stereoselectivity of the nonenzym-
atic enolization of I.5 To the extent that such a mechanism 
is important, binding the carboxylate to the enzyme could 
negate this pro-S stereoselectivity of the enolization process 
and thus accentuate other factors which could control the 
stereochemistry of the biological elimination.6 We have 
tested this hypothesis by comparing the pseudo-first-order 
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Table I. Rates of Deuterium Incorporation from D2O in 
Sodium Benzoate 0.237 M, pH 7.0 at 34.40°, Ionic Strength = 1.44 

Compound 

1 
Methyl ester of 1 

*s° (hr"') 

(2.12 ± 0.06) X 10-3 

(2.05 ± 0.07) X 1O-3 

kjkrb 
6.65 
6.70 

a Pseudo-first-order rate constant for deuterium incorporation in 
the pro-S position at C-2. b Relative rate of incorporation of deu
terium into pro-5 and pro-/? positions. 

rates of deuterium incorporation from D2O at C-2 from 1 
and its methyl ester. These results are shown in Table I. 
Clearly, masking the carboxylate function with a methyl 
group changes neither the stereochemistry nor the rate of 
enolization. Thus, binding of the carboxylate to the enzyme, 
while important, cannot explain the reversed stereochemis
try of the biological elimination. The pro-S stereoselectivity 
of the nonenzymatic enolization and the resulting anti elim
ination must then derive from the stereoelectronic necessity 
for overlap between the n orbitals of the carbonyl oxygen of 
1 and the a orbitals of the adjacent axial proton.8 In the 
most stable conformation of I9 only the pro-S proton meets 
this axial requirement. Since a Schiff-base is the electronic 
counterpart of a ketone, these same considerations would 
predict that the enzyme Schiff-base substrate complex 
would also undergo anti elimination from a conformation of 
the substrate such as 1. That a syn elimination occurs 
strongly implies that the substrate undergoes a conforma
tional change during the enzyme catalyzed process. 

There are three distinct conformational changes that can 
occur, 4, 5, and 6, any one of which will lead to the required 

overlap. Skew-boat conformation 4 differs from 5 and 6 in 
important ways; namely, the OH groups remain diequatori-
al, and this conformer can be generated from enzyme and 1 
by movement of only the carboxyl-bearing carbon and those 
carbons adjacent to it. These distinguishing features allow 
an experimental test for the reactive substrate conforma
tion. 

We have synthesized the isopropylidene derivative (7) 
from 1 by the route shown below. The ketal (7) was ob
tained as a crystalline solid, mp 124-127, from ethyl ace
tate.7 The superposability (except for the methyl resonances 
at 2.04 and 2.20 ppm) of the NMR spectrum of 7 with that 
of 1 shows the identity of the ring hydrogen coupling con
stants in both compounds and assures that the cyclohexane 
ring of 7 has a conformation which is identical with I.9 

< 
CuSO4 

S doy , , 2 5 ° 

hydrolysis of 7 to 1 does not occur under the reaction condi
tions is shown by the fact that treatment of 7 with a solution 
of the enzyme at pH 7.8 for 12-13 hr produces more than 
99% of the elimination product with the fused ketal ring in
tact; only a trace of the hydrolysis product can be detected 
by NMR at this pH. The rate of elimination of 7 is slower 
than that of the natural substrate 1, and an equimolar mix
ture of 1 and 7, each at 0.3 M, reacts only 0.714 times as 
fast as 1, i.e., 7 inhibits the enzymatic elimination of 1. 
Since a conformational change is required in this reaction 
and since the only conformational change available to 7 is 
that corresponding to 4, we propose that the OH groups at 
C-4 and C-5 remain diequatorial throughout this reaction. 

While this work was in progress, Haslam and coworkers 
proposed that the reactive conformation of dehydroquinate 
was the skew-boat 6.4 Since this conformation has diaxial 
OH groups at C-4 and C-5, it cannot be the reactive confor
mation in light of the present evidence. That the carboxyl 
group at C-I should become more nearly axial during this 
conformational change is in complete accord with the evi
dence that this carboxylate is necessary for substrate reac
tivity. We believe that it is this carboxylate group which to
gether with the ketone carbonyl engages the enzyme and 
sets into play the conformational change to 4 which results 
in the syn elimination. Such a conformational change in the 
substrate may be necessary to produce a corresponding con
formational change in the enzyme which is necessary to 
align the proton abstracting base on the enzyme or any 
other groups necessary for the reaction to proceed. We ex
pect to comment on these features in a future publication. 
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Models show that 7 unlike 1 cannot assume the conforma
tions represented by 5 and 6 since the diequatorial hydroxyl 
groups at C-4 and C-5 are locked by the fused five-mem-
bered ketal ring. 

Ketal 7 at 0.3 M is a reactive substrate for dehydroquin-
ase and reacts with the enzyme at a rate 0.553 that of the 
natural substrate 1 in 0.033 M Tris at pH 7.4. That prior 

Metal Hydroxide Promoted Hydrolysis of 
Carbonyl Substrates 

Sir: 

The recently reported hydration of CO2 by "inert" metal 
hydroxides of the type (NH3)5MOH2+ (M = Co,1 Rh,2 Ir2) 
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