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Coenzyme Bydependent enzymes catalyze a wide range of high- o O o o)

energy demanding rearrangement reactions wherein cadashon 9 <o O
. . (6] S-CoA < S-CoA
or carbor-heteroatom bonds are broken and formed via radical methylmalonyl-CoA &y
intermediated:? A large subset of these reactions involves car- mutase
boxylate substrates with interconversions between radicals that are “ H
o- andp- to the carboxylate functionality. Examples in this group o o o 0
include equilibrations of methylmalonyl-CoA with succinyl-CbA s O S-CoA
(Figure 1), glutamate with 3-methylaspartafeand 2-methylene- O S-CoA  ragical o
. rearrangement

glutarate with 2-methylene-3-methylsuccinaté The mechanisms

of these rearrangements are subjects of current research in parfigure 1. The rearrangement catalyzed by methylmalonyl-CoA mutase, a

because few analogies are known in organic radical chemistry. YPical coenzyme B-dependent enzyme-catalyzed rearrangement.
Studies of these intriguing reactions have been limited by the scheme 1

models available. Ester-substituted radicals have been studied LDA O] 0
experimentally%367and carboxylic acid-substituted radicals have PhSeSePh R'\)J\OEt LIOH R o
been studied computationafyut the reactive species in enzyme- o SePh - H
catalyzed reactions are andf-carboxylate radicals. Carboxylate- . SePh
substituted radicals are actually radical anions, and they are likely OR o} o
to react differently than neutral radicals. Simplecarboxylate \) RS OR TFAA) R
radicals, such as the radical anion from acetic acid, have been LDA TBAF (B) OH
produced in condensed phased in the gas phade,and more PhSeCH,Br SePh SePh
complexa-carboxylate radicals have been inferred from products A: R=tBu
obtained by iodine oxidation of carboxylic acid dilithio derivativés. B: R = CH,CH,SiMes
p-Carboxylate radicals have not been described previously to OUr o pome 2
knowledge. In this work, we report that phenylselenyl derivatives PhSe Ph Ph Ph
can be employed as precursors to spedificand S-carboxylate X Ukph X \('))\Ph X : J\ o
radicals in laser flash photolysis (LFP) kinetic studies conducted
in aqueous solvent mixtures, and we demonstrate that neutral ester- laser 7
and acid-substituted radicals are poor models for-aarboxylate 1 266 nm 2 3
radical.

General methods for synthesis of and -phenylselenyl- a: X=COzEt; b: X =COH; ¢ X=C0,°
substituted carboxylic acids were employed to prepare the radical SePh
precursors (Scheme 1). Thus, reactions of ester enolates with
diphenyl diselenide and with phenylselenylmethyl bromide gave Ph X .
o- andp-phenylselenyl esters, respectively, that were converted to X — K/\/A(Ph — >

) . Ph  laser X

the corresponding acids. Ph

. . . 4 266 nm 5
Production of g-ester, 3-carboxylic acid, andg-carboxylate

radicals was demonstrated with two systems that contain internal X = Ph X ._Ph
reporter group$ (Scheme 2). Photolyses of tifephenylselenyl th - W
derivativesl with 266 nm laser light gave radicalsthat cyclized 6 7 Ph

to observable radicals In a similar manner, the radical precursors

4 were cleaved by 266 nm light to give radicél$-exocyclizations pH 2) and 5.1x 10f st (2¢, pH 11). The 5exocyclizations had
of radicals5 gave6 containing the diphenylcyclopropyl reporter  rate constants of 3.6 10° s (5b, pH 2) and 2.8x 1(° s1 (5¢,
group, and fast ring openings of radicélgave detectable radicals  pH 11). For both series, the unsubstituted radicalar(d5, X =

7. In all cases, time-resolved spectra showed fluorescence from theH) cyclize with rate constants of & 1(° s~1.1213The similar rate
aryl groups that decayed within ca. 150 ns, the spectrum of the constants for the carboxylic acid- and carboxylate-substituted

byproduct phenylselenyl radical, and spectra of radiBadsd 7. radicals indicate that the kinetic effects are due largely to sterics
Representative spectra are in the Supporting Information. unlike the case for the-substituted radicals below.
A consistent accelerating-substituent effect for the carboxylic Photolysis of thea-phenylselenyl esteBa gave the knowi

acid and carboxylate groups in radic&snd5 was apparent in a-ester radicaba, that cyclized to the diphenylalkyl radicdDa
kinetic studies conducted in acetonitrieater (1:1, v:v). At 22 (Scheme 3). The rate constant for cyclizatiorfafin acetonitrile
°C, the 6exocyclizations had rate constants of 501 s~ (2b, at 22°C wask = 4 x 10’ s71, which agrees with the value found
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de+7 generate the line shown in Figure 2B. The appareid pf
70 A B -—3e+7 a-carboxylic acid radical9b in water is 4.6 (see Supporting
“ I Fy Information). Thea-radicals from small alkanoic acids hav&p
< 68 L 2e+7 values similar to those of the parent acéls.
o L -
kel ° _ + +1\-1
66 e Kobs = (Ka[H '] + kgKo) (K, + [H']) 1)
: : : — Access too- andf5-carboxylate radicals could be important for
31 32 33 34 2 3 4 5 6 7 studies of rearrangements catalyzed by coenzymeal®endent
1000/T pH enzymes because one can produce model radical anions that closely
Figure 2. (A) Arrhenius plot for cyclization of radical anio@c in resemble the reactive species in nature. The large effect of the

carboxylate group in the kinetic parameters for cyclizatio®of

a reaction that might be expected to have low sensitivity to charge

effects, suggests that neutral ester and carboxylic acid radicals might
be poor models for the radical anions. We speculated that the

acetonitrile-water (1:1, v:v) at pH 7.4. The function is Idg= (11.4 +
0.4) — (6.5+ 0.6)B, where errors are ato2 and6 = 2.3RT in kcal/mol.
(B) Kinetic titration of a-carboxylic acid radica®b and radical anior®c
in water—acetonitrile (1:1, v:v).

Scheme 3 negative charge in the radical anions is a critically important feature
X X X Ph in rearrangements catalyzed by coenzymgd®@pendent enzymes,
SePh laser one that permits heterolytic fragmentation reaction pathways that
P m PN — é/'kPh cannot be accessed from neutral radiéalbat speculation can be
tested. It is also possible thet and S-carboxylate radicals will
8 Ph 0 Ph 10 find applications in synthesis that are patterned after the biological

conversions.

: X=COEt; b: X=COsH; ¢ X=C0,° .
a 2 2 ¢ 2 Acknowledgment. This work was supported by a grant from

when 9a was produced from a different precurséiThe o-phe- the National Science Foundation.
nylselenyl carboxylic acidb behaved similarly, and radic&lb
from photolysis of8b also cyclized at 22C with a rate constant
of k=4 x 10’ s71 in acetonitrile-water (1:1, v:v, pH 2).
Radical anion9c, from photolysis of8c in acetonitrile-water
solution, gave distinctly different results. The rate constant for reterences
cyclization of 9c at 20°C wask = 3.5 x 10° st at pH 7.4, an
order of magnitude smaller than the rate constant for cyclization

Supporting Information Available: Synthetic details and repre-
sentative LFP results (PDF). This material is available free of charge
via the Internet at http:/pubs.acs.org.
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