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constrained reagent concentrati@tsas been made to react more
slowly than 2,4,6-tritert-butylphenol (TTBP) witht-BuOOH
where R TPPFeCl (R TPP= mesetetrakis (pentafluorophenyl)

The heme and non-heme enzyme-catalyzed oxygenation reacporphinato dianion) has been used as a catalyst. This unique
tions of organic substrates have been a subject of considerablereactivity difference of these three substrates and the results of

interest for the last few decadesn heme-containing enzymes

some crucial experiments described herein have clearly demon-

and in the iron(lll)porphyrin model compounds, it has been strated thatl is the most plausible reactive intermediate in this

generally believed for a long time that oxo-iron(IV)porphyrin
cation radical?) is the only reactive intermediate responsible for
the oxygenation of hydrocarbons (eqg?1).

PFe(lll) + Oxidant —— PFe(Ill)-Oxidant ——» PFe(IV)=0 (1)
1 2

oxidizing system and that neith@rnor its secondary reaction
productt-BuOO radical is important.

Regiospecific and quantitative oxygenation of the”l bond
has been observed when-336 mM of 3 was reacted with 5.5
mM of t-BuOOH in the presence of,iTPPFeCl as a catalyst in
MeOH—CH,CI,(1:2) at 25°C. The same oxidizing system has
produced 90% oéxanorborneneoxide whed was replaced by

Newcomb, Coon, Vaz, and co-workers have, however, dem- excess of norbornene (500 mM). In the latter reaction small

onstrated the oxidation of hydrocarbons by the catalggidant
adduct () in native and mutant cytochrome P-450 enzyrmes.
Oxygenation of hydrocarbons Hyprior to its conversion t@ in

quantities of endo-epoxide and aldehyde/ketone were also formed;
the total yield of these minor products was&%. On the other
hand when TTBP (500600 mM) was reacted with this oxidizing

aprotic solvent has been proposed recently in model compdunds. system, 93% of the corresponding radical (TTBRas formed.
In the alkane hydroxylation and alkene epoxidation reactions one The accountability of the totat-BuOOH observed in these

oxygen atom is incorporated into the—®&l and C=C bonds,

reactions is the highest in the literature to the best of our

respectively. Recently we have reported one such oxygen atomknowledge. At lower substrate concentrations the yields of the

insertion reaction into a €Pd bond by MCPBA where the
involvement of a reactive intermediate of tyfpiehas been
indicated. The reactive intermedia2ehas, however, selectively
oxidized the thioether fragment 8f(Scheme 1§.The nature of

products were lower in all cases (Table S-1). The competitive
oxidation reactions of these substrates were then studied under
the identical substrate and reagent concentrations. These results
are given in Table 1. CompourRidid not perturb the oxidation

the reactive intermediate(s) in these oxygenation reactions areof TTBP (entry 3 vs 6); however the oxidation of TTBP was
well understood where MCPBA and iodosylbenzenes are the seriously inhibited by norbornene, and in this reaction no

oxidants, but it is less defined for hydroperoxid&sompound3

norbornene-oxidized products were detected (entry 3 V& 5).

has been found to be more reactive than norbornene, and undeinterestingly there is a clean competition in the oxygen atom-
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transfer reaction betweeB and norbornene (entry 4). The
substrate concentrations in this reaction, however, suggest that
the reactive intermediate transfers the oxygen atont®€bond
more efficiently than it does to the=€C bond (entry 4)°

Either of the two reactive intermediatels or 2 could be
responsible for these oxidation reactions. In casethe reactive
intermediate; authentically generatetl should generate an
equivalent data set observed in Table 1. We, along with others
have noted that the,fiTPPFe(lll)-MCPBA adductl) oxidizes
substrates before its transformation &#bc> Therefore, an
unequivocal sample d@ has been generated by the reaction of
F,oTPPFeCl and €510, and it has been identified by its selective

(6) Penner-Hahm, J. E.; Mcmurry, T. J.; Renner, M.; Latos-Grazyanski,
L.; Eble, K. S.; Davis, I. M.; Balch, A. L.; Groves, J. T.; Dawson, J. M;
Hodgson, K. D.J. Biol. Chem1983 258 12761-12764.

(7) In a typical reaction, the substrate and the catalyst were dissolved in
argon-saturated MeOHCH,Cl, (1:2) at 25°C and auL quantity oft-BuOOH
was injected into the reaction mixture to initiate the reaction. The yields of
5, and TTBP radicals were measured spectrophotometrit?if/The nor-
bornene oxidized products were monitored by GC, and the yieldsxof
norborneneoxide were measured from the calibration curve. All of these
reactions progressed slowly, and the yields were measured after 2.5 h.

(8) (a) Traylor, T. G.; Lee, W. A,; Stynes, D. \l. Am. Chem. S0d984
106, 755-764. (b) Lee, W. A,; Yuan, L.-C.; Bruice, T. @. Am. Chem. Soc
1988 110, 4277-4283.

(9) In this reaction the rate of the oxidation of TTBP was slowed by
norbornene, and the reaction was not followed after 2.5 h.

(10) The quantitative oxygenation reaction®fvas unperturbed when a
nearly equimolar mixture 08 (34 mM) and norbornene<c0 mM) were
oxygenated by this oxidizing system.
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Table 1. Products from the KxTPPFe(lll)Cl-Catalyzed Oxidation Table 3. Products from the Oxidation of Substrates din
of Substrates by-BuOOH in MeOH-CHCl, (1:2) at 25°C? Presence of-BuOOH in MeOH-CHCl, (1:2) at 25°C*
substrate concentrations (mM) product yields{%) substrate concentrations (mM) product yields{%o)

entry 3 NB¢ TTBP 4 5 exoNBO!Y TTBP entry 3 NB¢ TTBP 4 5 exoNBO! TTBP
1 35 0 0 100 — — - 1 35 0 0 82 <2 — -
2 0 500 0 - - 90 — 2 0 500 0 - - 65 —
3 0 0 500 - = — 93 3 0 0 500 - - — 15
4 35 500 0 65 — 32 - 4 34 500 0 16 — 32 -
5 0 500 500 - = - 40 5 0 500 500 - - 19 15
6 36 0 500 - = - 91 6 36 0 500 - - - 15
aConcentrations of oTPPFe(ll)Cl: 13+ 2 uM; t-BUuOOH= 5.5 a Concentrations of orTPPFe(l)Cl: 12+ 2 uM; CeFsIO = 4.4+

mM in all the reactions® Yields are based on total oxidant. Averages 0.2 mM andt-BuOOH = 11.1 mM in all the reactions. Solide¢EslO

of duplicate sets of experiments with concordant readings are given. was added to the solution of the substrate(s), catalyst{-BuDOH

¢ Norbornened exaNorbornene epoxide. The-j marks indicate that under argon at 28C. The yields of the products were measured after

these products are either not detected or are not expected in that runallowing the reactions to proceed for 2 mhYields are based on total
CeFsI0. Averages of duplicate sets of experiments with concordant
readings are giverf.Norbornened exonorbornene oxide. The—)

Table 2. Products from the TPPFe(lll)Cl-Catalyzed Oxidation marks indicate that these products are either not detected or are not
of Substrates by &5I0 in MeOH—CH,CI, (1:2) at 25°C? expected in that run.
substrate concentrations (mM) product yields{%) ) ) ) )
enty 3 NB° TTBP 7 5 exoNBO! TTBP 3 was reacted with such a reaction mixture, tHi21OC radical-
derived product was formed in high yields in 2 min (Table 3,
% 34 0 0 <2 9 - - entry 1)® Surprisingly the yield of TTBPradical was only 15%,
0 500 0 - 8_ . and this reaction was unaffected by other two substrates (Table
3 0 0 500 68 . | hat tau dical |
4 35 500 0 <1 - 88 _ 3, enmes 3 5, 6). Italso appears_t attHizuOO radical is more
5 0 500 500 - — 62 reactive with norbornene than with(Table 3, entry 4). These
6 36 0 500 - - - 65 results and consistently lower yields of all the products from this

= Concentrations of STPPFe(IINCl: 12+ 4 gM: CaFelO = 4.5+ oxidizing system do not conform.W|th the results p(esented in
0.5 mM in all the reacit?gns". Yiéld)s are baseg on tgt:jl oxidant. The Tabl_e 1. Thus, we t_)elle_ve that n_eltHErjort-BuO_O_ r_adlcal are
yields are measured after 2 min of the addition of the oxidant to the the important reactive intermediates in the oxidizing system of
reaction mixture. Averages of duplicate sets of experiments with F2oT PPFeCl and-BuOOH in methanolic solvent. The high-to-
concordant readings are giverNorbornened exaNorbornene epoxide. quantitative yields oéxaepoxide andt (Table 1, entry 2,1) reject
The (=) marks ind_icate that these products are either not detected or the possible involvement of PFe(I¥0 too?
are not expected in that run. We believe thatl is the most plausible reactive intermediate

in the RoTPPFeCl-catalyzed oxidation &, norbornene, and

reaction with3.5* Expectedly 5 has been the exclusive product TTBP by t-BUOOH. It is possible that at higher concentrations
(Table 2, entryl) and this reaction was over in 2 min. This reaction of norbornene appreciable numbers of this molecule have been
was then repeated by sequentially replacigith norbornene,  positioned above the iron(lll) center like camphor in cytochrome
TTBP, and the three binary mixtures of the three substrates, andp-450 and that this might inhibit the formation df(Table 1,
the product profiles were analyzed after 2 min. These results areentry 5). Oxidation of TTBP to the TTBadical is a one-electron
summarized in Table 2. The striking observations were: (i) the and one-proton-transfer reaction on the other hand the oxygenation
oxidation of norbornene has not been perturbed lggntry 2 vs of 3 and norbornene are the inner-sphere oxygen atom-transfer
4) and (i) the oxidation of TTBP has not been dramatically reactions. Thus, it is very much expected that in the competition
inhibited by norbornene (entry 3 vs 5 of Table 1 and 2). These reaction, TTBP should always win as has been observed. The
observations suggest th@ may not be the prime reactive  competitive reactions df with alkenes of variable size are under
intermediate in the oxidation reactionsteBuOOH. Now we have  investigation. This should give further insight about the structure
repeated these reactionsain the presence dFBuOOH. These of the proposed intermediate.
experiments test whethér (if generated by the reaction of the
catalyst and-BuOOH) abstracts a hydrogen atom fredBuOOH Acknowledgment. We thank the DST (Project No. SP/S1/F22/97)
to give t-BuOO radical as the major reactive intermedi&tef and the CSIR (Project No. 01 (1634)/EMR-I1), Govt. of India for financial
this has been the case, the entire reaction might be radical-derivedassistance.
and such a reaction mixture should reproduce the data set of Table

1. The results of these reactions are presented in Table 3. When Supporting Information Available: Experimental details and date
collection (PDF). This material is available free of charge via the Internet
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