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A series of 3-aryl-Bi-benzo[1,4]oxazin-4-oxides was prepared, and their ability to trap free radicals was
investigated by EPR spectroscopy. In organic solvents, these compounds were able to efficiently scavenge
all carbon- and oxygen-centered radicals tested, giving very persistent aminoxyls, except with superoxide
anion whose spin adducts were unstable. The main feature of these nitrones as spin traps lies in the
possibility to recognize the initial radical trapped. In fact, besidgdactor and aminoxyl nitrogen EPR
coupling constant dependence on the species trapped, the EPR spectra also show different patterns due
to hyperfine splittings characteristic of the radical scavenged. This last important feature was investigated
by means of density functional theory calculations.

Introduction dihydro-H-pyrrole N-oxide (DMPO) are the most popular, but
i . . their use is not without limitations. For example, PBN and its
Electron paramagnetic resonance (EPR) spin rapping rép-5naj0ques give spin adducts with similar EPR spectra generally

(rjesent§ onedofdthe. most speqific ?nd reg?‘b'f teChEiquei forconsisting of a triplet of doublets with a relatively small variation
etecting and identifying transient free radicals, such as thosej, ye goublet splitting depending on the radical trapped, and

_produced in chemical and biological processes wh_ose Iife_time,[hiS may be a source of misinterpretations in spin trapping
is too short in the EPR spectroscopic time scale. This teChn'q“e’experimen@.On the other hand. the use of DMPO is limited

widely used since its introduction about 40 years &igohased by its sensitivity to nucleophilic attack by water and the

upon the fast reaction between a suitable diamagnetic mOIeCUIereIativer low stability of its superoxide spin adduct which

(a spin trap) and short-lived free radicals with formation of yecomposes rapidlyA continuous effort has been devoted to

relatively long-lived radicals (spin adducts), whose EPR signals i, synthesis of PBN and DMPO analoguesd of other

are persistent enough to be recorded and analyzed: hyperfing,iones to be used in spin trapping experiments without the

coupling constants (hfccs) argifactors are characteristic of  yraypacks associated with the above-mentioned common ni-

the type of initial radical trapped. , , trones. To this end, we synthesized a series of 3-adfyb@nzo-
Nitrones (N-oxides) are very efficient spin trabbeing able 1 4joxazin-4-oxide derivatives and evaluated their spin trapping

to undergo fast radical additions with all kinds of radicals,

C-centered and O-centered ones, to yield aminoxyls (nitroxides) (2) (a) Janzen, E. GAcc. Chem. Resl971 4, 31. (b) Evans, C. A.

as spin adducts, the most persistent organic free radicals in liquidaldrichimica Actal979 12, 23. (c) Mottley, C.: Mason, R. P. Riological

solutions. Among all the commercially available nitroriégert- Magnetic Resonance 8erliner, L. J., Reuben, J., Eds.; Plenum Publish-

; Ay _di 2 A ers: New York, 1989; p 489. (d) Tordo, Electron Paramagn. Reson.
butylbenzylideneaminél-oxide (PBN) and 5,5-dimethyl-3,4-  g50" 6™ 15 (o) Buettner, G. Reree Radical Biol. Med1987 3, 259.

(f) Janzen, E. G.; Liu, J. I.-R.. Magn. Resorl973 9, 510. (g) Janzen, E.
* To whom correspondence should be addressed. Telephone andH38x: G.; Evans C. A.; Liu, J. I.-PJ. Magn. Resonl973 9, 513. (h) Janzen, E.

071 22044009. G. In Free Radicals in BiologyPrior, W. A., Ed.; Academic Press: New
(1) (@) Mackor, A.; Wajer, Th. A. J. W.; de Boer, Th. Tetrahedron York, 1980; p 115.

Lett. 1966 2115. (b) lwamura, M.; Inamoto, NBull. Chem. Soc. Jpri967, (3) Kotake, Y.; Janzen, E. G. Am. Chem. S0d.99], 113 9503.

40, 702. (c) Chalfont, G. R.; Perkins, M. J.; Horsfield, A. Am. Chem. (4) (a) Makino, K.; Hagiwara, T.; Imaishi, H.; Nishi, M.; Fuji, S.; Ohya,

S0c.1968 90, 7141. (d) Janzen, E. G.; Blackburn, BJJAm. Chem. Soc. H.; Murakami, A.Free Radical Res. CommuiB9Q 9, 233. (b) Finkelstein,

1968 90, 5909. (e) Lagerscrantz, C.; Forshult,Ngature1968 218 1247. E.; Rosen, G. M.; Rauckman, E.Mol. Pharmacol.1982 21, 262.
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SCHEME 1. Formation of Spin Adducts 1-5(a—g) from occupied molecular orbital (HOMO) plot, is reported in Figure
Nitrones 1-5 1; the arbitrary atom labeling used in Figure 1 is maintained
o o throughout the whole text.
Ejivj_@ + R E:[ jf@ These calculations gave N(£3F(14) and N(13)-O(15) bond
N X R X distances of 1.332- 0.002 and 1.28@& 0.002 A, respectively,
0" O for all nitrones, in good agreement with the literature repbits.
15 1-5(a-q) It was found that the N(13)C(14) double bond is almost
a9 &9 coplanar with the aromatic ring of the benzoxazine moiety (out-
1:X=H a :R=OH of-plane angle of about 2 and that an excellent coplanarity
§ E§:(2:'I-OCH 2 : S:gg_‘Bu with the above-mentioned ring exists also for O(10). A dihedral
4;X=3'-OCH§ d 'R=CH, angle of 179 is formed between O(10), C(1), C(3), and C(5)
5: X = 4-OCH, e :R=Ph which allows delocalization of the nonbonding electrons, as
; {';icc*(b‘:’; o shown by the HOMO plot (Figure 1b). On the other hand, C(12)
: R =C(Me,)-

lies out of that plane at about 2&nd protons H(16) and H(17),

ability by EPR spectroscopy. Two structural features of these magnetica_lly equivalgnt in the cqrresponqﬁthMR spectrg, .
compounds which could both have a stabilizing effect on the become dlastere_otoplc af_ter radlc_al addition. Thg aromatic ring
corresponding spin adducts prompted us to test these nitrone®reSent at C(14) is only slightly twisted (about )} &ith respect

as potential spin traps: the absence.éfydrogens to the nitrone O the virtual benzoxazine plane, except for derivavén this
function and the presence of an oxygen atom on the benzox-latter nitrone, the presence of theOCH; substituent at the'2

azinic ring. In fact, it is known that aminoxyls bearing position of the _phenyl ring produces a signifi_cant increase in
o-hydrogens are unstable and may disproportionate to the the corresponding N(13)C(14)-C(18)-C(20) dihedral angle,
corresponding nitrone and a hydroxylamihand it has been resulting in an enh_a_nced steric h|n_drar_10e which could justify
observed that electron-withdrawing substituents close to the the selective reactivity found for this nitrone toward some of
N—O functiorfe8could stabilize spin adducts, in particular, those the tested radicals, such as superoxide and 2-cyano-2-propyl.
deriving from superoxide trapping. Density functional theory The bond distances and dlhedrallangles computed for alll nltrone_s
(DFT) calculations were also performed, exploiting the recent that were selected for comparison purposes are reported in

developments in the aréavhich led to computational methods
able to describe the properties of free radicals, including their
EPR features, with an excellent level of confidefte.

Results and Discussion

Table 1.

Spin trapping ability of nitrone$—5 was tested by generating
the radicals directly in the EPR tube containing a benzene
degassed solution of the nitrone under study. In particular, a
Fenton reaction system (FegB8,0,) was used for producing
OH- radicals (in this case, the solvent was 5%0Hn [1,4]-

The studied derivatives are listed in Scheme 1 together with 0. - o instead of benzene), whereas;Ki©the presence of a

the corresponding spin adducts. All nitrones tested have been

known since 1979! but their ability to trap free radicals had
never been checked.

As a representative view of the geometry of these compounds
the ball and stick molecular geometry dfcomputed at the
B3LYP/6-31G(d) level, together with the corresponding highest

(5) (a) Hinton, R. D.; Janzen, E. Q. Org. Chem1992 57, 2646. (b)
Zeghdaoui, A.; Tuccio, B.; Finet, J.-P.; Cerri, V.; Tordo,J°PChem. Soc.,
Perkin Trans. 11995 2087. (c) Janzen, E. G.; Zhang, Y.-K; Haire, D. L.
Magn. Reson. Chem994 32, 711. (d) Ffeaville, C.; Karoui, H.; Tuccio,
B.; Le Moigne, F.; Culcasi, M.; Pietri, S.; Lauricella R.; Tordo JPChem.
Soc., Chem. Commut994 1793. (e) Fraville, C.; Karoui, H.; Tuccio,
B.; Le Moigne, F.; Culcasi, M.; Pietri, S.; Lauricella R.; Tordo,J°?Med.
Chem.1995 38, 258. (f) Stolze, K.; Udilova N.; Nohl, HBiol. Chem.
2002 383 813. (g) Stolze, K.; Udilova, N.; Rosenau, T.; Hofinger A.; Nohl,
H. Biol. Chem.2003 384, 493. (h) Zhao, H.; Joseph, J.; Zhang, H.; Karoui
H.; Kalyanaraman, BFree Radical Biol. Med2001, 31, 599. (i) Olive,
G.; Mercier, A.; Le Moigne, F.; Rockenbauer A.; Tordo,Free Radical
Biol. Med.200Q 28, 403.

(6) (a) Tsai, P.; Pou, S.; Straus, R.; Rosen, G.MChem. Soc., Perkin
Trans. 21999 1759. (b) Rosen, G. M.; Tsai, P.; Barth, E. D.; Dorey, G.;
Casara, P.; Spedding, M.; Halpern, HJJOrg. Chem200Q 65, 4460.

(7) (a) Dupeyre, R.-M.; Rassat, A. Am. Chem. Sod.966 88, 3180.
(b) Adamic, K.; Bowman, D. F.; Gillan, T.; Ingold, K. Ul. Am. Chem.
Soc.1971 93, 902.

(8) (a) Karoui, H.; Nsanzumuhire, C.; Le Moigne, F.; TordoJPOrg.
Chem. 1999 64, 1471. (b) Allouch, A.; Roubaud, V.; Lauricella, R.;
Bouteiller, J-C, Tuccio, BOrg. Biomol. Chem2005 3, 2458.

(9) (a) Parr, R. G.; Yang, W. IDensity Functional Theory of Atoms
and MoleculesOxford University Press: New York, 1998. (b) Koch, W.;
Holthausen, M. CA Chemist's Guide to Density Functional Thedwiley-
VCH: Weinheim, Germany, 2000.

(10) For a review, see: Improta, R.; Barone,Ghem. Re. 2004 104,
1231.

(11) Battistoni, P.; Bruni, P.; Fava, Getrahedron1979 35, 1771.
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crown ether was used as a source of superoxide radical anion
(OO ). tert-Butylperoxyls as well as methyl, phenyl, and benzyl
radicals were generated by in situ lead dioxide oxidatiotef

'butylhydroperoxide, methyl, phenyl, and benzyl magnesium

bromide reagents, respectively, while 2-cyano-2-propyl radicals
were obtained from the thermal decomposition of -22bbi-
sisobutyronitrile (AIBN). Nitroned—5 are all able to trap both
carbon- and oxygen-centered radicals, giving persistent ami-
noxyls as spin adducts whose EPR spectra (Figure 2) remain
unchanged for hours in argon-deaerated solutions. The kinetic
decay of these spin adducts has not been studied yet, and at
present, a comparison between the stability of these adducts
and those obtained with the conventional traps (DMPO, PBN,
and their analogues) still has to be done. However, particularly
evident is the stability (rather than the persistency) of the spin
adducts obtained in this work from trapping C-centered radicals.
In fact, in most of the cases, it is possible to isolate and
characterize the corresponding aminoXyflsAs for trapping
O-centered radicals, it is noteworthy that spin adducts obtained
from OH andt-BuOQ are persistent aminoxyls, whereas ©O

is rapidly trapped by all the nitrones, but the spin adducts are
unstable and rapidly decompose, making the acquisition of the

(12) (a) Villamena, F. A.; Hadad, C. M.; Zweier, J. L. Am. Chem.
Soc.2004 126, 1816. (b) Villamena, F.; Dickman, M. H.; Crist, D. Rworg.
Chem.1998 37, 1446. (c) Boeyens, J. C. A.; Kruger, GAkta Crystallogr.
197Q B26, 668. (d) Xu, Y. K.; Chen, Z. W.; Sun, J.; Liu, K.; Chen, W.;
Shi, W.; Wang, H. M.; Zhang, X. K,; Liu, YJ. Org. Chem2002 67,
7624.

(13) Astolfi, P.; Stipa, P. Unpublished results.



Spin Trapping with Benzoxazine Nitrones ]OCArticle

FIGURE 1. “Ball and stick” optimized geometry computed at the B3LYP/6-31G(d) level (a) and HOMO plot (b) computed at the B3LYP/6-
31+G(d,p) level of nitronel showing the arbitrary atom labeling.

TABLE 1. Selected Bond Distances (angstroms), Dihedral Angles (degrees), and Dipole MomemtDebye) for Nitrones 1-5 Computed at the
B3LYP/6-31+G(d,p)// B3LYP/6-31G(d) Level; Partition Coefficients (Kp) Refer to 1-Octanol/Phosphate Buffer at pH 7.4

N(13)-C(14) N(13)-O(15) C(1)-C(3)-C(5)-0(10) C(3)-C(5)-O(10)-C(12) C(6)-C(9)-N(13)-C(14) N(13)-C(14)-C(18)-C(20) u  Kp

1 1.33 1.28 179.22 27.58 11.36 18.45 2569 12.25
2 1.33 1.28 179.20 27.66 11.35 17.27 3.544 8.32
3 1.33 1.28 179.47 28.87 12.40 34.41 3.985 8.44
4 1.33 1.28 179.29 27.56 11.32 18.96 2.555 10.81
5 1.33 1.28 179.19 27.52 11.10 17.16 4.057 1.08

corresponding EPR spectra particularly difficult as in the case typical example, in Figure S1 in Supporting Information, the
of adduct3b whose spectrum was not recorded. experimental EPR spectra sequence for adtladibgether with
A subset of nitroxides “experimental” hfccs obtained by their corresponding simulations, have been reported.

means of spectral simulation are collected in Table 2. The j 4| cases, complex EPR signals are obtained because of
complete listing of all hfccs together with the correlation  yhe coupling of the unpaired electron with the benzoxazine ring
coefficient between experimental and simulated spectra and thehydrogen atoms. However, each spectrum is specific for the
mean apsolute dewgué)‘h(MAD) can be found in Table S1 in particular trapped radical being characterized by well-defined
Supportlng_lnformatlon. A good agreement between the calcu- hfccs andg-factors which vary according to the nature of the
lated coupling COF‘S‘a“‘S ?”d the experlmental ones was found'radical species. This represents one of the main favorable
2;1 E)V\CI;]? Cv?tﬂpﬁg)él‘dlﬁ :Lipg (I)r;?e\;vs jn%?ﬁglgi%og ;)I/cfglztriiﬁlsa;g\?: Irnfeatures of this class of nitrones which allows the unequivocal

. . ; - identification of a particular spin adduct and hence of the parent
hfccs values in satisfactory agreement with the experimental free radical desgite the abzence of the additional hygerfine

results. This implies that protonation could in some way occur "=~ 229 whi
in the reaction medium as suggested for the correspondingSPlitting due to the hydrogen atom at thecarbort*™¢ which

DMPO analogué? The relatively low correlation coefficient ~normally aids in the characterization of the trapped species.
between experimental and simulated spectra reported in TableMoreover, from the analysis of the hfccs collected in Table 2,
S1 for aminoxy|s]_—5c could be ||ke|y due to the Superimposi_ itis pOSSible to h|gh||ght some trends in their values which well
tion of different signals. It is known, in fact, thatBuOO correlate with the nature of the trapped radical. For example, if
radicals can undergo self-reaction, forming the corresponding H(17) hfccs for all spin adducts are considered, it is found that
tetraoxide which then decomposes giving molecular oxygen andthey always reach the highest value in aminoxytsc derived
t-BuO radicals!® These last can, in turn, undergescission, from t-BuOQO trapping, likely due to a possible through space
yielding methyl radicals and acetohgall radicals eventually interaction between H(17) and O(30) of the peroxyl group (as
formed in the reaction medium could be trapped by nitrones shown in Supporting Information Figure S2). On the other hand,
1-5, and their EPR signal could contribute, with different H(16) hfccs are always smaller than H(17), likely for geo-
extent, to the final spectrum observed. Moreover, where adductsmetrical reasons, reaching maximum values in superoxide
1-5aare concerned, similar EPR signals, although less resolved,adducts. Other information on the nature of the particular radical
have been obtained with the Fenton reaction SyStem, replaCingtrapped may be deduced from the full ana|y5is of the corre-
dioxane with pyridine as solvent, confirming that, in these cases, sponding EPR spectrum. An example is represented by EPR
an interyention of C-c_entered radicals_ arising from hydrogen spectra of PRCH,* adducts1—5f, all characterized by the
abstraction by HOon dioxane could be likely excluded. Finally,  gpjittings due to the diastereotopic benzylic protons, as already
the assignment of the HO proton couplingiir5a has been ¢4, in indolinonic aminoxyl48 To confirm these findings,
carried out by means of the isotopic exchange technique; as apeT caiculations were performed using the multistep procedure

(14) MAD: average difference between the computed and experimental previously describeéf and strong similarities with indolinonic

values ignoring the sign: Foresman, J. B.; FrischEAploring Chemistry aminoxyls were found. In Figure 3, the . single .OCCUpied
with Electronic Structure Methog&aussian Inc.: Pittsburgh, PA, 1996; p  molecular orbital (SOMO) and the total spin density—(3)
145.

(15) Villamena, F. A.; Merle, J. K.; Hadad, C. M.; Zweier, J.1.Phys.

Chem. A2005 109, 6083. (18) Berti, C.; Colonna, M.; Greci, L.; Marchetti, Tetrahedronl975
(16) Griller, D.; Ingold, K. U.Acc. Chem. Red.98Q 13, 193. 31, 1745.
(17) Batt, L.; Robinson, G. NInt. J. Chem. Kinet1982 14, 1053. (19) Stipa, PChem. Phys2006 323 501.
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FIGURE 2. Experimental (black) and simulated (red) liquid solution
EPR spectra of aminoxylk—5(a—g) (magnetic field strength in Gauss);
spectrometer settings are reported in the Experimental Section.

distribution plot ofld computed at the B3LYP/EPR-III leVé&l

are reported as an example.

(20) Barone, V. InRecent Adances in Density Functional Methads

Astolfi et al.

TABLE 2. Selected Hyperfine Coupling Constants (hfccs in Gauss)
and g-Factors of Spin Adducts -5(a—g) in Benzene Solutions in
Accordance with the Arbitrary Atom Labeling of Figure 1

. hfcc
spin
adduct H-16 H-17 N-13 R g

lad 0.34 0.74 10.71 —0.66 2.00560
1b 0.39 0.81 11.19 - 2.00548
1c 0.30 1.42 10.59 0.09 (3H) 2.00576
1d 0.32 0.71 10.64 0.50 (3H) 2.00558
le 0.38 0.73 10.67 - 2.00566
1f 0.27 0.75 10.84 0.48; 0.39 2.00558
1g 0.30 0.62 9.73  0.92(IN) 2.00579
2a 0.23 0.86 10.95 —0.61 2.00562
2b 0.31 0.67 10.93 - 2.00545
2c 0.28 1.46 10.59 0.09 (3H) 2.00574
2d 0.16 0.57 10.67 0.46 (3H) 2.00566
2e 0.35 0.73 10.70 - 2.00570
2f 0.27 0.79 10.86 0.46; 0.39 2.00558
2g 0.21 0.73 9.73  0.86 (IN) 2.00577
3a 0.43 0.83 10.71 —0.60 2.00563
3d 0.15 0.68 10.70 0.42 (3H) 2.00565
3g 0.22 0.68 9.72  0.86 (IN) 2.00571
48t 0.34 0.74 10.63 —-0.72 2.00562
4b 0.51 0.81 11.25 - 2.00558
4c 0.30 1.44 10.62 0.09 (3H) 2.00554
Af 0.30 0.78 10.83 0.48; 0.41 2.00561
49 0.22 0.73 9.77 0.84 (1N) 2.00579
5a 0.34 0.71 10.58 —0.70 2.00565
5b 0.51 0.81 11.31 - 2.00548
5c 0.28 1.47 10.62 0.09 (3H) 2.00549
5d 0.25 0.83 10.72 0.50 (3H) 2.00565
5f 0.27 0.76 10.89 0.49; 0.39 2.00558
5g 0.19 0.74 9.79  0.85 (IN) 2.00578

aSolvent 5% HO in [1,4]dioxane? When not specified, value(s) refer
to proton(s) of the R group.

These pictures clearly show that the SOMO is extended over
the whole benzoxazine system and that negative spin densities
were found for H(4) and H(11), justifying the sign of the
corresponding hfccs values, in agreement with what was
previously observed in the indolinonic analogues.

As for N hyperfine coupling, it is worth recalling that spin
density in aminoxyls is mainly located on the-d* group!
with typical values for alkyl aminoxyls of about 45 G, but
if conjugation with an aromatic system is possible, the corre-
sponding hfccs are somewhat smaller because spin delocalization
occurs?? This is the case of N(13) hyperfine couplings
determined for the aromatic aminoxyls obtained in the present
work ranging from 9.723g) to 11.31 G bb) as well as for
other aromatic aminoxyls described in the literattf#.22
Moreover, N(13) hfccs may also be affected by the nature of
the radical added to the-carbon C(14) since this latter species
may contribute both to the delocalization of the unpaired electron
and to the geometry of the whole system. In particular, geometric
factors such as bond distances and out of plane aliglesld
influence the value of nitrogen hyperfine coupling. Data reported
in Table 2 indicate a variation in N(13) hfccs depending on the
particular radical trapped, with the highest values for HOO
adducts and the lowest ones for 2-cyano-2-propyl radical (spin
adductsl—5g). In this latter case, relatively large hfccs values
(0.8-0.9 G) were found for the nitrogen atom of the cyano
group which takes part in the delocalization of the unpaired
electron. From the above discussion, it is clear that analysis of
aminoxyl N-coupling could be a useful approach for the
identification of the species trapped by these nitrones.

It is known that in organic free radicals the isotrogitactor

Chong, D. P., Ed.; World Scientific Publ. Co.: Singapore, 1966; Part 1. deviates from the corresponding value of the free electron

8680 J. Org. Chem.Vol. 72, No. 23, 2007



Spin Trapping with Benzoxazine Nitrones ]OCArticle

FIGURE 3. Single occupied molecular orbital (SOMO) (a) amet3 spin density distributions (b) afd computed at the unrestricted B3LYP/
EPR-III level. Positive spin densities are shown in red (a) and blue (b), while negative ones are always in green.

1.4

(2.0023) due to spinorbit coupling effects arising from the
contribution of each individual atom. As a consequence, the 1271 1b
contribution of a specific group results from all its atoms and 11
will be larger the more the odd electron is delocalized onto that
group, producing the corresponding deviatiog@&fom the free
electron value. These substituent shiftsggah zz-type radicals
(including aminoxyls) are quite characteristic of the radical
structure?® Analysis of the data collected in Table 2
revealsg changes with the trapped radical, the maximum
values being usually found fat—5g, where the—CN group
participates in the delocalization of the unpaired electron, e 1ge
while the minimum forl—5b spin adducts. This last finding 9.6 - - - ‘ ‘ ‘
represents another important feature of the studied nitrones %% 20081 20080 2007 | FI0%66 - 200571 200876 200001
because thg-value estimation of a spin adduct could possibly
be used for the identification of the trapped radical together FIGURE 4. N(13) hfccs versug-factor plot for adductda—g.
with N(13) hfccs and with the specific pattern of the EPR
spectrum. A plot of N(13) hfccs versgdactor values fodla—g . ) i . i )
confirms the relationship experimentally found between ami- When the spin trapping technique is used in the detection of
noxyl nitrogen coupling andr-value for each radical trapped free ra(_jlcals derived from I|p|_d peroxu_janéﬁ]'hese goa_ls can
(Figure 4). be ac_h_leved through the deS|gn_ of spin traps \_/vhos_e dl_fferentlal
Taking into account the increasing number of spin trapping §0|Ubl|lty could allow the detection of free rad|cals in different
applications in biological milie@ the use of these nitrones is  liSSue compartments and, eventually, in biomembranes. Hence
subjected to their solubility in aqueous and/or lipid systems, as the availability of a range of spin traps with different lipophi-
quantified by 1-octanol/water partition coefficient. In fact, if licity/hydrophilicity is welcome.
the transient free radicals are produced in an aqueous environ- DFT calculations suggest that the introduction of groups such
ment, more hydrophilic nitrones could work better than hydro- as—Cl or —OCH; in different positions of the phenyl at C(14)
phobic ones. On the other hand, lipophilic nitrones are required of compound1 can result in a sensitive increase in the
corresponding nitrone dipole momengt, (Table 1). These
(21) (a) Di Matteo, A.; Adamo, C.; Cossi, M.; Barone, V.; Rey(Rem. expectations were confirmed by the 1-octanol/phosphate buffer

Phys. Lett1999 310 159. (b) Di Matteo, A.; Adamo, C.; Barone V.; Rey, it i i i
P.3. Phys. Cheml999 103 3481. (c) Di Matteo, A Bancini A Coss, (pH 7.4) partition coefficientp) determined for all studied
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M.: Barone, V.; Mattesini M.: Totti, FJ. Am. Chem. So&998 120, 7069. nitrones (See Table l) The obtained values range from 12.5 of
(d) Barone, V.; Grand, A,; Luneau, D.; Rey, P.; Minichino, C.; Subra, R. derivative 1, the most lipophilic of the series whod¢- is
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Conclusions DFT calculations were performed by means of the Gaussian 03

. . . packagé on an IBM SP5 supercomputer. All calculations on
A series of 3-aryl-Bi-benzo[1,4]oxazin-4-oxides was prepared naramagnetic species were carried out with the unrestricted formal-

and tested as spin traps by EPR spectroscopy. All nitrones testedsm, giving <S> = 0.75014 0.0001 for spin contamination (after
were able to efficiently scavenge all carbon- and oxygen- annihilation), and performed following the multistep procedure
centered radicals used in this study. Their 1-octanol/phosphatepreviously describe# in addition, in frequency calculations,
buffer at pH 7.4 partition coefficient ranges from 12.25 to 1.08, imaginary (negative) values were never found, confirming that the
thus allowing a wide range of possible applications in biological computed geometries were always referred to a minimum.

systems. The resulting spin adducts, except those deriving from  Synthesis of Benzoxazine Nitroned\itrones1—5 were prepared
superoxide trapping, are represented by very persistent ami-according to the literature repofsin a typical run, the 2-nitro-
noxyls, whose EPR signals did not vary in time in argon- phenoxy acetophenone resulting from the alkaline condensation
deaerated benzene solutions. The dependence ofgbfaittor between 2-nitrophenol and the appropriatéromoacetophenone
and aminoxyl nitrogen hfccs on the species trapped, togetherunderwent reductive cyclization (Zn/Ngl), affording the corre-
with the characteristic EPR splittings due to the radical trapped, SPonding 3-aryl-Bi-benzo[1,4]oxazin-4-oxide in low to moderate
could facilitate the identification of the radical itself, thus making yield.

the use of such scavengers more interesting. This important Spin Trapping Studies. Spin trapping experiments were per-
behavior is finally supported by suitable DFT calculations formed by generating the radical to be trapped directly in the sample
performed for all spin adducts. tube in the presence of the nitrone under investigation in argon-
deaerated benzene (0.1 mM) solutions. A different solvent, namely,
[1,4]dioxane, was used in the trapping of H@dicals.

_ _ _ ) The Fenton system was used to generate td@icals: aqueous
All chemicals were of the highest grade of purity commercially FeSQ (10 M) was added to a [1,4]dioxane degassed solution of
available and used without further purification. IR spectra were the nitrone (0.1 mM) in the presence of 20 hydrogen peroxide.

recorded in Nujol on a spectrophotometer equipped with a SpectragpR spectra were recorded 40 s after the addition of FeSO
Tech. “Collector” for DRIFT measurementdd NMR and 13C A 10 uM benzene solution of potassium superoxide K@s

NMR spectra were recorded at room temperature in GBI : . ; -
199.975 and 50.289 MHz, respectively. Mass spectra were recordedused as source of superoxide anion prepared by adding the minimum
amount of 18-crown-6 necessary to ensure complete solubility of

in EI" mode. Isotropic X-band EPR spectra were recorded on a KO, in b
spectrometer system equipped with a microwave frequency counter 2 in benzene. ] )

and an NMR Gauss meter for field calibration; forfactor tert-Butylperoxy! radicals were generated by adding traces of
determination, the whole system was standardized with a samplesolid lead dioxide (Pbg) to a degassed benzene solution containing
of perylene radical cation in concentrated sulfuric acid = 0.1 mM nitrone and 1@M tert-butylhydroperoxide nonane solution.
2.00258); general EPR spectrometer settings: microwave power 2Methyl, phenyl, and benzyl radicals were produced by in situbO
mW, modulation amplitude 0.2 G, time constant 0.64 ms, receiver oxidation of the corresponding Grignard reagent from commercial

Experimental Section

gain 4.48x 10% sweep time 1342.177 s, conversion time 1310.720
ms; EPR spectrometer settings for transient addit@k: micro-
wave power 5 mW, modulation amplitude 0.2 G, time constant
0.080 ms, receiver gain 4.4& 10 sweep time 335.544 s,

ethereal solutions as previously descriBe®-Cyano-2-propyl
radicals were generated by thermal decomposition df&zabi-
sisobutyronitrile (AIBN), added as a solid to the starting nitrone
solution.

conversion time 327.680 ms. EPR spectra simulations were carried

out by means of the Winsim program, freely available from
NIEHS 29
Partition coefficientKp were determined at room temperature

by means of UV spectrophotometry from the difference in absor-

bance at a fixedl of freshly prepared solutions (0.15 mM) of
nitrones in 1-octanol, before and after mixing with equal volumes
of 5 mM pH 7.4 phosphate buffer, followed/ld h vigorously
stirring and separation by centrifugation (50G0r 2 min).

(29) Duling, D. PEST Winsim version 0.96; National Institute of
Environmental Health Sciences: Triangle Park, NC, 1996.
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