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2-Methyleneglutarate mutase fro@lostridium barkeriis a

coenzyme Brdependent enzyme that catalyses a remarkable
carbon skeleton rearrangement, namely the equilibration of

2-methyleneglutaratela with (R)-3-methylitaconate [)-2-
methyl-3-methylenesuccina® (see Scheme 1. This process

is believed to be initiated by binding of the substrate to the
holoenzyme, which brings about homolysis of the-@o-bond

of the coenzyme B (adenosylcobalamin) yielding cob(ll)alamin
and a methylene (&leoxyadenosyl) radical. The latter ab-
stracts he from C-4 of 2-methyleneglutardtegenerating the
substrate-derived radic&lshown in Scheme 3. An attractive
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Scheme 1 Equilibration of 2-Methyleneglutaratéa and
(R)-3-Methylitaconate2 and Their Corresponding Radicés
and 4?2
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a Equilibration occurs eithepia cyclopropylcarbinyl radicab (for

this intermediate, the configuration at C-2 mustRewhile at C-1,
one possible stereochemistry is shown) or by fragmentation to acrylate

mechanism for the rearrangement of this species to a product-and the 2-acrylate radicab.

related radicald postulates the intermediacy of a cyclopro-

pylcarbinyl radicab (see Scheme 1). The rapid interconversion
of but-3-enyl and cyclopropylcarbinyl radicals is well known

in nonenzymic chemistry,and model systems have been

described in support of the mechanism of Scherfie/e report

a critical test of this mechanism. If the energy barrier to rotation
about the C-1/methylene bond #is sufficiently low then a

amalgam in RO.7’¢ The partially deuteriated 2-methyleneglu-
taric acid formed contained 79%-fH;]-isomerlb, 6% [Z-2H,]-
isomerlc, and 15% unlabeled materibh according to analysis
by H (see Figure 1la) andH NMR. The assignment of
configuration is based on #1 NMR NOE experiment with
2-methyleneglutaric acida in [Hglacetone (see supporting

stereospecifically deuteriated specimen of 2-methyleneglutarateinformation), which showed that the resonancé &t69 ¢ 5.3

(say 1b) would equilibrate withlc when incubated with

in D;0) is the protonsynto the 3-methylene group, whereas

2-methyleneglutarate mutase holoenzyme. We have found thatthe resonance &t6.17 ¢ 5.7 in D,O) is the protoranti to this

this is indeed the case.

Reaction of diethyl 2-methyleneglutaraté with 1 molar
equiv of bromine in dichloromethane gave diethyl 2-bromo-
2-(bromomethyl)glutarater, which was dehydrobrominated
using 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in tetrahydro-
furan (cf. Scheme 2 in supporting information). The stereo-
chemistry of diethyl 2-(bromomethylene)glutarate obtained
was inferred asH) [see structureB] after saponification to
diacid 9, the configuration of which was proved by X-ray
analysis® Diacid 9 was reductively debrominated by sodium
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institutions.
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group. As it is the resonance at5.69 ¢ 5.3 in D,O) which
is much reduced in intensity in the deuteriated 2-methylene-
glutarate, the deuterium is largely in the positisypnto the
3-methylene group as shown in structute. Hence, the
reductive debromination proceeds by predominant retention of
configuration in the substitution of bromine by deuterium, as
expected:®

The deuterium-labeled 2-methyleneglutarate (malhlyfinal
concentration 40 mM in 1 mL gD) was incubated in an NMR
tube with 8 mM potassium phosphate, 20 mM imidazole
Jinternal standard), and 0.2 mg apo-2-methyleneglutarate
mutase purified fronEscherichia coli®¢ nominal pH = 7.4 at
25 °C. After recording an NMR spectrum the reaction was
initiated by addition of 1Q:M coenzyme B, (adenosylcobal-
amin). 'H NMR spectra were run every few minutes and
showed that within the first 4 min, equilibration of the
2-methyleneglutarate withRj-3-methylitaconate da. 6% at
equilibrium, evident from the appearence of a doublétl Hz
at 0 1.24 for the methyl protons) was complete. Owear 20
min the [E-2H4]-isomer1b equilibrated with theZ-2H;]-isomer
1c{see Figure 1 for spectra at 0 and 30 min [n.b. the positions
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binding domains in 2-methyleneglutarate mutase and methionine
synthas&10),

The results described might be taken to support the mecha-
nism of Scheme 1. But we have recently reporftestperiments
suggestive of an intriguing alternative mechanism (Scheme 1)
in which the substrate-derived radicafragmentsto acrylate
and the 2-acrylate radicdD. Recombination of these species
either regeneratekor leads ta4, hence bypassing According
to EPR evidencé? the 2-acrylate radical prefers a linear
configuration, arising from sp hybridization at C-2, as shown
in Scheme 1. To explain the loss of stereochemical integrity
of the substratdb requires either a movement (or rotation) of
the acrylate moiety or a rotation within the 2-acrylate radical.
The observation that the equilibrationdf and1clags behind
the conversion of 2-methyleneglutarate R)-8-methylitaconate
indicates that the postulated movement (or rotation) of acrylate
or bond rotation within the radicalO or 5 occurs in ap-
proximately every fifth turnover. Experiments are in progress
to distinguish the two possible pathways of Scheme 2 (sup-
porting information).
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Figure 1. Equilibration of E-methylene?H;)-2-methyleneglutarate
with its Z-isomer catalyzed by 2-methyleneglutarate mutase 40.D
1H NMR spectra (400 MHz) were taken at 0 (a) and 30 (b) min. For
further experimental details see text.
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