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ABSTRACT
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Efficient benzylic radical formation from benzo[  d]-1,2-oxaphospholes has demonstrated their suitability as precursors of stabilized C-centered
radicals, a property associated with antioxidant potential. A remarkable stereodifferentiation is observed for alkyl- and aryl-substituted derivatives.

Antioxidants capable of blocking free-radical chain processesin Scheme 1). If the new radicals have suitable absorption
must meet two requirements: (1) they should be good bands, their formation and reactivity can be studied by the
hydrogen donors and (2) the resulting radicals should exhibit laser flash photolysis (LFP) technique.

low reactivity toward oxygen.

One of the strategies to determine the ability of a molecule _

to act as antioxidant is the use of transient absorption Scheme 1. Generation otert-Butoxyl Radicals and
spectroscopy to investigate the reactivity @frt-butoxy Subsequent Reactions
radicals toward H-donors (Scheme 1). Thus, upon laser CHy CH;  hv
excitation of di-tert-butyl peroxide, the O—O bond dissoci- H3C_&O'O_é;c”3 BuO ()
ates, affording twaert-butoxy radicals. These species decay ? ?
by reaction with the solvent (acetonitrile in Scheme 1), Ri- R* + BUOH ()
B-cleavage, and reaction with peroxitiEhe above processes o
can compete_wnh hydrogen abstraction when the irradiation HSC—I—S < CHCN ol + "CH,CN (3)
is performed in the presence of a good hydrogen doneHR CHs g gleavage
HyC .
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Figure 1. Compounds leading to stabilized C-centered radicals.

In particular, hydrogen abstraction from benzylic positions
by tert-butoxy radicals occurs with convenient rate constants
(toluene: k, = 0.23 x 10° M~1 s71, 2-phenylethanek, =
1.05x 1 Mt s™%, diphenylmethane, = 0.91x 10° M !
s1);28 the resulting C-centered radicals show an intense
absorption band atna.x >310 nm? Electron-withdrawing
substituents at the benzylic position, as in aryl acetates,
usually slow the hydrogen abstraction rate due to the
electrophilicity of thetert-butoxy radicaF, this does not
happen with arylacetonitriled @nd?2) or lactones (Figure
1)571n addition, though benzylic radicals usually show high
reactivity toward oxygef limiting the potential use of their

precursors as antioxidants, those derived from compounds
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Figure 2. Phosphorus compounds.

1-3remain practically unreactive in the time-scale of LFP
measurements’ The unigue behavior of these systems has
been attributed to the combined effect of some of the
following parameters: (1) benzylic resonance stabilization,
(2) spin delocalization into the carbonyl or cyano heteroatom,
(3) electron-withdrawing effects, (4) steric effects, and in
the case of compound3, also (5) the forced planarity
introduced by the five-membered rings.

We have previously reported that bendjoxaphospholes

We wish now to report on the results obtained with
3-alkyl-substituted derivative®—11, whose study was
undertaken in order to understand the factors involved in
the intriguing diastereodifferentiation observed wittand
6. In addition, compoundg and8, lacking the substituent
at the benzylic position, as well as the noncyclic analogues
12, have been also studied to determine whether the

hosphorus-containing heterocycle plays a key role. Fur-

4—6 can be useful as precursors of stabilized carbon-centere hermore, Steady_state photo|ysis studies have been carried

radicals (Figure 2J.Interestingly, the presence of phosphorus
in their structure gives rise to the formation of two diaste-
reoisomers. In the case &fand 6, this structural feature
has allowed the study of diastereodifferentiation in hydrogen
abstraction bytert-butoxy radicals. It has been found that
the compounds with the aryl substituetrensto the ethoxy
group are much more reactive than thes stereocisomers.
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out; the main products are diasteroisomers resulting from
cross-coupling between the oxaphosphole system and the
solvent. These products are formed in a diastereomeric ratio
that is independent from the precursor configuration, indicat-
ing that the C-centered radical does not show any memory
effect.

The required oxaphospholes were synthesized in a two-
step sequence involving addition of an organometallic reagent
or reduction with NaBH of the corresponding commercially
available 2-hydroxyaldehyde and subsequent treatment of the
resulting hydroxyalkylphenols with triethyl phosphite (for
details see the Supporting Information). The structure of the
new products was assigned on the basis of the large coupling
constant between the phosphorus nucleus and the methine
carbon of the five-membered ring (average valuéle§ >
119 Hz). The relative configuration was determined by means
of 1D gNOESY experiments. Selective inversion of the
methylene protons of the ethoxy group produced a NOE
enhancement on the nearby protons of the benzylic substitu-
ent for compounds havingds arrangement of these moieties
(Figure S4, Supporting Information).

LFP (Nd:YAG laser,lexc = 355 nm, 10 ns pulse) of
deaerated mixtures of dért-butyl peroxide and acetonitrile
(50% v/v) containing the phosphorus compoutés—g did
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Figure 3. (A) Transient absorption spectrum recorded following
laser excitation (355 nm) of a sample containifitp,R-11) (10
mM) in di-tert-butyl peroxide/acetonitrile (50/50 v/v), under
nitrogen, 2us after the laser pulse. (B) Transient kinetic traces
recorded at 400 nm following 355 nm laser excitation of a sample
containing 10 mM of eithefRp,R)-11 [under nitrogen (O) and
oxygen (H)] or (Rp,S)-11[under nitrogen @)] in di-tert-butyl
peroxide/acetonitrile (50/50 v/v).

Table 1. Comparison between the Relative Efficiencies (vs
HP-136) of Phosphorus Heterocycks 11 as Hydrogen
Donors, Together with the Diastereodifferentiation Factors
(Where Applicable)

relative relative diastereo-
efficiency efficiency  differentiation
compd (vs HP-136) compd (vs HP-136)® factor

4 2.19

(Rp,R)-5 0.19 (Rp,S)-5 1.38 0.14
(Rp,R)-6 0.42 (Rp,S)-6 1.48 0.28
7 0.23

(Rp,R)-9 0.47 (Rp,S)-9 0.31 1.52
(Rp,R)-10 0.27 (Rp,S)-10 0.09 3.00
(Rp,R)-11 0.38 (Rp,S)-11 0.04 9.50

aHP-136: 5,7-ditert-butyl-3-(3,4-dimethylphenyl)benzdfuran-2-one.

However, this was only true for thans stereoisomers.
Besides, a remarkable influence of substitution at the benzylic
position on the behavior of the stereocisomeric phosphorus
compounds was observed: while in aryl-substituted deriva-
tives thetrans-stereocisomer showed higher efficiency of
radical formation, thecis-isomer was more reactive in the
alkyl-substituted analogues.

Diastereodifferentiation could be explained by the steric
hindrance associated withtart-butoxy radical approach to
the hydrogen atom and by the degree of planarity of the
benzo[d]oxaphosphole system. The first factor would pre-
dominate in the alkyl derivatives. Such steric effects would
be also present in the aryl-substituted compounds. However,
in these cases, the stabilization of the transition state leading
to the benzylic radical would be less favorable for the

not produce any detectable transient absorption spectra instereoisomer with ais arrangement of the ethoxy and aryl

the UV—vis range. Compound2h led to the typical
spectrum of phenoxy radicals (not showh$o no hydrogen
abstraction from the benzylic-€H bond was detected. These
results clearly demonstrate low reactivity of the noncyclic
phosphoric compoundk2, which must be related with the
low nucleophilicity of the benzylic €H bond. Thus, it

substituents. The degree of planarity required for an efficient
electronic delocalization of the developing radical center
through the aryl substituent would cause larger steric
interactions in thecis stereoisomer as compared with the
situation in thetrans derivatives (see the modelization of
methyl- and phenyl-substituted benzooxaphosphole diaster-

seems that planarity is essential for an adequate reactivity.eomeric pairs in Figure S18, Supporting Information).

Benzo[d]-1,2-oxaphospholed—11 were studied under

Finally, product studies witliRp,R)-5 and (Re,S)-5were

similar conditions, and the results were compared with those Performed in order to determine the type of products formed

obtained with 4—6. The transient absorption spectrum, N the absence of air. Interestingly, three cross-coupling
together with the transient kinetic traces, is shown in Figure Products arising from reaction between C-centered radicals

3 for 11; similar results were obtained f@10. In all cases,

(a solvent-derived radical and the benzylic radical) were

the rates of growth and decay of the benzylic radicals were OPServed, namely the pair of diastereoisom3sand the
essentially the same in the presence of oxygen as undefProduct of partial hydrolysis of the phosphonate moi&#) (

nitrogen, indicating a low reactivity toward oxygen in the
LFP time scaleko, < 5 x 10° M~1 s71) [Figure 3B, kinetic
traces under nitrogen and air f(Rp,R)-11].

As expected from radical stability considerations, alkyl

substituents were less efficient than aryl groups in promoting

H-atom abstraction from the benzpl,2-oxaphospholes.

(10) MacFaul, P. A.; Ingold, K. U.; Lusztyk, J. Org. Chem1996,61,
1316. Kandori, H.; Kemnitz, K.; Yoshihara, K. Phys. Chem1992, 96,
8042.
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The same diastereomeric ratio (5:1 as measured by GC/MS)
of compoundsl3 was obtained independently of the con-
figuration of the oxaphosphole. However, as expected from
the relative efficiencies of hydrogen abstraction (Table 1), a
higher yield of product formation was obtained in the case
of the (Rp,S)-5 stereocisomer. It is very interesting that no
homodimers are formed. A reasonable explanation could be
based on the Fischer—Ingold persistent free-radical effect,
which in the case of persistent and transient radicals always
favors the formation of the cross dimgr.
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By By has demonstrated the suitability of the former as precursors

o+ /o’ o+ /o’ of stabilized C-centered radicals, a property associated with

P et P antioxidant potential. Using both diasterecisomers of 3-sub-

Bu A’ CH,CN Bu A7 CH,CN stituted benzd]-1,2-oxaphospholes, a remarkable stereo-
" “ diffgreqtiation_ is observed for alkyl and aryl—substitgtgd

Ar = p-OMeCqHs derivatives. Finally, two cross-coupling compounds, arising

from coupling between substrate- and solvent-derived radi-
cals, are obtained. The lack of diastereodifferentiation in their
formation reveals that, once formed, the benzylic radicals
do not show any memory effect.

With the acyclic materiall2c, the product arising from
reaction between the solvent-derived radical and the benzylic
radical was also observed. However, as expected from the
low efficiencies of hydrogen abstraction from this substrate, Acknowledgment. This work was supported by the
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In summary, the behavior of_phosphorus compounds with Supporting Information Available: Transient kinetic
a hydrogen atom at the benzylic position towsd-butoXy - yraces for7, 9, and10, as well as experimental procedures
radlcals_has revealed th_e importance of planarity for H- and spectroscopic data for all new compounds. Also, a
abstraction to compete with the natural decaeobutoxy 1, gelization of methyl- and phenyl-substituted benzooxa-
radicals. Comparison of the efficiency in benzylic radical ,\,sphole diastereomeric pairs is included. This material is
formation between benzi1,2-oxaphospholes and HP-136 - 5 5ijapje free of charge via the Internet at http:/pubs.acs.org.
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