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Singlet oxygen is a reactive form of dioxygen that can cause L
damage to lipids, amino acids, DNA, and other biologically 40x10°
important molecule.The phytotoxic fungusCercospora keidi 40x10”
secretes cercosporin, a perylenequinone singlet oxygen photosen-
sitizer, into the extracellular matrix during plant parasitism.the
presence of light and oxygen, singlet oxygen is generated, causing
lipid peroxidation and ultimately plant cell lysisEfforts to
understand how the fungus protects itself against its own toxic ! . . : '
mechanism demonstrated that genes coding for proteins in the 4 6 exi0®

biosynthesis of vitamin B6 are essential for singlet oxygen 107 Concentraton WM
resistancé.Subsequently, the ability of pyridoxine and the biologi-
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cally interconvertible forms of vitamin B6 to quench singlet oxygen o_l
was demonstratetWhile the reaction of singlet oxygen with other 0.00 0.05 010 015
vitamins has been extensively investigatatie reaction of pyri- Concentration (M)

doxine with singlet oxygen is essentially unknown. We report the Figure 1. Observed rate constant for luminescence decay of singlet oxygen
results of kinetic and product analyses of the reaction of singlet for 1 (®), 2 (a), and3 (H). Inset is expanded plots fdrand?2.
oxygen with pyridoxine.

Singlet oxygen is generated by photoexcitation of a sensitizer
that ultimately transfers energy to ground-state triplet oxygen. The
fate of singlet oxygen in the absence of a quencher is a first-order
decay to the ground statle;,. In the presence of a quencher, singlet
OXygen can ireversibly react V_Vith quenchr, or be quenched tetramethylethylene, TME, is 8 10 M~1 s71).1° The relative rate
directly to the ground-state triplet oxygeky. The latter two

) . of reaction was estimated by comparing NMR peak heights for
processes are first-order with respect to quencher. A plot of observed y paring P g

. ) dmixtures of pyridoxine and TME in deuterated methanol before
singlet oxygen decay rate versus quencher concentration shoul and after photooxidatioH.Results showed that degradation of TME
be linear with a slope equal to the total quenching rate constant

is 1.8 times faster than that dfa. This result indicates that the

7
(k’; k‘?)' q dbv i ved | i chemical quenching rate dfa (1.7 x 10’ M~ s71) dominates the
Inglet oxygen decay rates, measured by time-resolved laser asr}otal guenching. Because this is larger than the observed value for

generation of singlet oxygen followed by monitoring singlet oxygen (k + kg, the actual value of the latter may be somewhat higher.

pho_s ph_orescence decay, confirm previous observéttba_s pyrt- Alternatively, the estimate ¢¢ may be higher than the actual value
doxine is a moderate quencher. The total rate constants in deuterategue to decomposition processeslafwhich do not involve singlet
methanol for pyridoxineXa), 3-hydroxypyridine ), and 3-meth- oxygen
idi % -1g1 )

oxypyrlc_iln:a G)Tife J(.j.OX :ECO& 3.2 Xd 1206’ and 3'5X|_104 M Sh', H The major product¥90% by NMR) of a preparative reaction
respectlve.y. ¢ ata fota an Were noniinear a.lt 1gh = of pyridoxine with singlet oxygen in methanol was isolated and
concentratl(_)ns (Figure 1). To avoid pyrld_oxme consumption during characterized by NMR and MS. The results are consistent with a
the quencr_nng m_easurer_nent_, new solutions were prepar_e(_:i "’_It eaCIflnethanol adduct of substituted 2,5-pyridinedidacPulsed gradient
concentration point, and irradiation of the solutions was minimized. HMBC analysis shows correlation of the Hrethylene (4.56 ppm)
There is no evidence for aggregation, as Hdland2 obey Beer’'s with the C5 carbonyl (195.2 ppm). The methoxy groupdafis
Law over the concentration range of the experiment. The cause Oflabile and exchanges with the deuterated solvent. Compdaisd
the downward curvature is unknown, but probably results from not stable at high concentrations '
consumption of the substrate. The bimolecular quenching rate g, ca of the insolubility oft in nonpolar solvents, the
constants reported are fitted from the first four points and representcompOund was derivatized with TBDMSCI. The di-protected
a lower bound to the true values. The total quenching rate in compound b, R = TBDMS) was readily SOll:.Ible in methylene
mﬁthar;ol fgrla IS con:)p?frgble to previously reported values in chlorided, and was partially photooxidized (50% degradation by
ethano and aqueous butiers. . NMR) at—80°C. The sample was analyzed by NMR and contained

Quenching rate constants indicate that the phenoxy group IS two products in a ratio of 3:2
(_assen_tial fo_r f[he quenching ability a&. Sing'?t oxygen is long- The major product is a substituted 6, 7-dioxa-8-aza-bicyclo[3.2.1]-
lived in pyridine, whereas phenols are efficient quenchérbe octenone §b). The NMR data are summarized in Figure 2. Two

* To whom correspondence should be addressed. E-mail: foote@chem.ucla.edu.characteristic carbons at 96.8 and 86.6 ppm correspond o sp

quenching rate constant f@ is approximately 100 times larger
than that of the methylated compourgja similar rate difference
is observed between phenol and anisole.

The chemical quenching rate constaat.for 1a was estimated
by comparison with a known singlet oxygen reactidqa for

12064 = J. AM. CHEM. SOC. 2002, 124, 12064—12065 10.1021/ja0205481 CCC: $22.00 © 2002 American Chemical Society



COMMUNICATIONS

Scheme 1
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— ——
1 6 5
JM.,OH
d(ppm)  dc(ppm) &, R=H Hoo o O e
b, R=TBDMS
H5  6.06 866 | | R R Gn
Haa 464 642 | "] ! | 4
H4b 453 542 | [N \ | converting to5h but that5b and6b are probably in equilibrium.
He 429 503 [ o PR I When heated to room temperature, the reaction produces a complex
mixture of products.
NH 449 Rl | { 40 | Reactions performed in water and DMSO are analogous to those
HI' 160 1o [ Y ] in mt_athe}nol and _methylene chloride, respectively. The overall
TE § : E : oz 2z = =3 reaction is shown in Scheme 1. At low temperature, the OH proton

signal oflb at 9.51 ppm shows multiple bond couplings to carbons
Figure 2. Summary of NMR data fof. Below the’3C NMR spectrum, C1, C2, and C3; no correlation is observed to C4 and C5, which
0.1 ppm slices of the 2D HMBC about proton resonancés) (are ’ ’ ’ o . !
represented. HMQC correlations are presented in coldgin would be ex_pected for any zwitterion. Attack of smglet oxygen
leads to addition at C5 and proton transfer to givAddition para
to the hydroxy group is analogous to products formed in the reaction
of singlet oxygen with para alkylated phenols, but these have never
1-H3' been observed with 4-unsubstituted pheddls protic solvents,
CH2Cl2 1-H4' . . L.
solvolysis of5 or direct solvent addition t& leads to hydrogen
migration and elimination of water to form the final product.
Vitamin B6 is an effective quencher of singlet oxygen and could
be used as a protective mechanism against photosensitized oxida-
5-H3 tion. However, efficient chemical quenching means that it will be
rapidly consumed. Also, insolubility of pyridoxine in nonpolar
solvents makes it questionable as a protective mechanism against
lipid peroxidation.
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