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Proteins are an integral part of the chemistry of life. In an oxygen- o R 1) Ac-Gly-NHtBu  5) Ac-Tyr-NHtBu
rich environment, the amino acid residues of proteins are susceptible )LN)\H/N 2) Ac-Ala-NHtBu  6) Ac-Trp-NHtBu

to attack by reactive oxygen species (ROS) such as singlet oxygen, H § \|< 2 ﬁz:x'e'_NNHJ?;U 7) Ac-Met-NHtBu
superoxide, or hydroxy radic&f This damage can disable proteins, ] ) ] ) o
and peptide oxidation has been implicated in numerous diseaseféi‘é{fonls' Model amino acid substrates for iron-catalyzed oxidation
states, as well as in the progression of aging. How ROS damage '

proteins is well understood, and the reaction products of amino Scheme 1. Oxidation of the Amino Acid Backbone in 1 by KHSOs

acid degradation by ROS have been charactefizedcontrast, ~ and 1 mol % of 8.

much less is understood about how metal-based oxidants react with 1:mol % Fe cat 8 Q _

amino acid residues® This is unfortunate because metal-based 1 M, AcHNJJ\H malc(’gfj/f”)d”“
oxidants have greater potential than ROS to modify amino acid H20:MeCN (5:1) 1

residues of proteins with high selectively and specificity, considering

they are typically less reactive, nondiffusible, and could be directed 0 OH 0

to sites on a protein. Recent achievements regarding the generation H)SrNHtBU + AcHN/Kn/NHtBU + AcHN)k[(NHtBU
of high-valent iron complexée®’ coupled with the high abundance o) o) o)

of iron in biological systems, make iron-based oxidants attractive 12 13 14

for targeting proteins of interest. Toward this end, herein we (11%) (5%) (5%)

describe the oxidation of amino acids by an iron-based oxidant, absence of iron cataly8t nor when using Fe(CI§), or Fé/(EDTA)
which results in cleavage of the amino acid backbone and modi- as the catalyst, which indicates that the ligand N4Py, which
fication of side chains. produces a well-characterized=eO species, is required. Also
To study how iron-based oxidants might react with amino acid important was that similar product mixtures were formed in the
residues in a protein, a series of protected amino acid substrateseactions of1 under aerobic and anaerobic conditions, which
(1-7, Figure 1) was constructed that were designed to model excludes autoxidation by atmospherig &cting as the dominant
individual residues within a polypeptide chain. Starting from the reaction pathway.
parent amino acid, the N-terminus was acetylated. On the C-ter- Because productsl—14 are characteristic of a peptide cleavage

minus, atert-butyl amide was installed to block the weak-& pathway that involves alkoxyradical intermediaté®more support
bonds that would be equivalent to theposition of the next residue  was sought for the hypothesis that aiVFeO species attacks the
in a polypeptide chain. backbone. Therefore, a green solution of the iron-based oxidant

Next, using substrate$ and 4, conditions of the oxidation [FEV(O)(N4Py)P+ was generatedl? then treated with 10 equiv of
reaction were optimized for iron-based catalyst and stoichiometric substratel ([Fe] = 1 mM, 1:1 HO/MeCN) and the reaction was
oxidant. Water was chosen as a solvent because it is most relevaninonitored by UV-vis spectroscopy. Decay of absorbance at 680
to biological systems, and MeCN was incorporated to solublize nm fit well to a single-exponential equation, furnishing a pseudo-
the amino acid substrates. For these studies, a series of catalystfirst-order rate constant of 5.8() 107> s~ (Supporting Informa-
were picked that are known to generate iron-based oxidants, tion). Decay of [F& (O)(N4Py)E* under the same conditions was
including [Fe'(N4Py)(MeCN)](CIQ), (8) that can generate a  slower with the 2,24, isotopomer ofl (96% D), giving a kinetic
reactive F&=0 species which is stable in aqueous médiad is isotope effect of 4.8, which is consistent with theé=eO species
powerful enough to oxidize a-€H bond of cyclohexarfd®as well cleaving ami-CH bond of1. An inverse deuterium kinetic isotope
as complexes BETPA)(OTH), (9)* and [F&/(BPMEN)](OTf), (10) effect of 0.95 was observed for the reactionlah D,O/CD;CN
(Figure S1)2 For optimization, substratesand4 were screened  solvent, which rules out the possibility that oxidatiorila$ initiated
against catalyst8—10 and oxidants KO, CH;COsH, PhlO, and by NH abstraction. Taken together, these observations are most
KHSGOs (Oxone). The combination & and KHSQ was found to consistent with an PFé=0 attacking the glycine backbone and
be most effective so these conditions were adopted for the following initiating a radical chain process carried by KHS@at leads to
studies. formation of11—14 in the catalytic reaction of Scheme 1.

Results with the glycine substrafeprove that an iron-based The same backbone attack that occurred Withas not observed
oxidant can attack the amino acid backbone and lead to its scissionwith alanine and valine substrat2sand 3. These aliphatic amino
Treatment ofl with 1 mol % of the F& catalyst8 and 5 equiv of acids do not react under the same catalytic conditions usedlyith
KHSGs in a mixture of HO/MeCN (5:1) resulted in formation of  nor do they promote decomposition of theé=eO species faster
aldehydell as the major product (41%), along with recovefied  than the control experiment without substrate added. On the basis
(17%), aldehydel2 (11%), the a-hydroxyglycine derivativel3 of first principles,2 and3 would be expected to react faster because
(5%), and glyoxamidd 4 (5%) as lesser components (Scheme 1). the a-position is a tertiary carbon. However, these results are
Importantly, no reaction occurred betwegrand KHSQ in the consistent with the observations of oth&rthat H-atom abstraction

12390 = J. AM. CHEM. SOC. 2007, 129, 12390—12391 10.1021/ja075075i CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

Table 1. Pseudo-First-Order and Relative Rate Constants for the

(0]
o SO,Me Decomposition of [Fe'V(O)(N4Py)J?* ([Fe] = 1 mM in 1:1 H,0/
HO NO, MeCN) by Amino Acid Substrates 1 and 4—7 (10 equiv) at 25 °C
(@) NHtBU substrate Kobs (S74) Keel
ACHN NHtBu AcN NHiBu ~ AcHN i n.da >293
o) o 17.0(5)x 1073 293

5

6

7 3.15(8)x 1072 54
15 16 17 1 5.8(2)x 10°° 1

4 n.da <1

Figure 2. Major oxidation products from the reactions of substrates,
and7 with Fe catalysB8 and KHSG.

an.d.= not determined.

is slower with substituted amino acids because their carbon-centered
radicals, which should enjoy greater stablization, are actually constant measured f@ragrees well with the previous observations
destabilized relative to the glycine radical because of nonbonding in reactions of the [F¥(O)(N4Py)P* with aromatic sulfide$.
interactions that disrupt captodative stablization. It is worth noting  In conclusion, we have established that an iron-based oxidant
that the reactivity of the Fé=0 species is also quite different from  can facilitate oxidative cleavage of the amino acid backbone and
organic oxidants like dioxiranes that are known to hydroxylate the modification of side chains. Studies are now underway in our
B-position of valine residu€e’s. laboratory to characterize the chemoselectivty and order of reactivity
With amino acid substrat4, side-chain oxidation was observed of iron-based oxidants with all twenty natural amino acids, in
(Figure 2). Treatment of with 10 mol % of8 and 3 equiv of addition to studies that will define the mechanism of these reactions.
KHSOs produced orthoquinon&s as the major oxidation product ~ Furthermore, we anticipate that iron-based oxidants, like that derived
(17%). Formation ofl5 from 4 involves three consecutive oxida- from 8, can be applied to the site-specific modification and/or
tions, and a logical progression would involve formation of a cleavage of peptides and proteins, akin to extensive investigations
tyrosine derivative5, then a catechol DOPA derivative, then regarding the cleavage of nucleic acids by bleomycin and its model
oxidation to form15. However, treatment o5 under the same complexes.
conditions as with4 does not lead to formation df5, but instead
leads to decomposition. Therefore, formation1&f from 4 may
involve a metastable iron-bound phenolate as an intermeldiate.
Analogous to our observations in the oxidation hf control
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experiments showed that oxidation of neitdevor 5 occurred with Supporting Information Available: Experimental procedures for
KHSO:s in the absence of cataly8f nor when using Fe(CIg), or preparation ofl—7, 11-17, including characterization data, U\Wis
Fe!(EDTA) as the catalyst. spectra and kinetic fits. This material is available free of charge via

Oxidation of the amino acid side chains was also observed with the Internet at http:/pubs.acs.org.
substrate$ and 7. However, control experiments concluded that
these substrates react with KHS@ the absence of catalyst
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