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Cycloreversion (CR) of oxetanes by photoinduced electron Scheme 1

transfer (PET) has attracted considerable interest, as this process E? E?” a0 a I—_O-
appears to be involved in the enzymatic repair of the-4p -le’ b c Y o4te °
photoproducts of the DNA dipyrimidine sites by photolyase. ! \ jaS a
Although photoreducing sensitization is the mode usually operating *—0 p, [=g e 4
in biological system$,the photooxidative approach is considered l’) ] [: ] d
to be relevant for DNA repair therapiés:urther, CR of oxetane 21+1e +1e" ™\
radical cations is known to occur in the gas phase (MS), where the *_eOr+ 'j ba —
molecular ions are hardly detected due to their instability under *
the ionization condition$. Chart 1

Nonconcerted, two-step mechanisms have been proposed for the Ar ensitoer XY e
splitting of oxetane radical cations based on the loss of stereo- HO. o
chemistry of the products obtained under PET conditfoNghough J | N 2a O BF, Ph
a concerted route cannot be ruled out from these results, the stepwise  pH’  “ph A ;'(/ Ar ;‘c’ g gi:O' [f}l;r_ CH
mechanism appears more likely due to the presence of a heteroatom 1 Y- « P e
(Scheme 1. 2

Theoretical calculations on the cationic ET cycloreversion of
oxetanes point to an initial€C bond breaking (Scheme 1, pathway Compoundl was prepared by Patera®uichi photoaddition of
b1) according to free energy changes estimated for the gas-phaseinnamyl alcohol to benzaldehydglrradiation of1 in the presence
reaction® By contrast, the anionic ET cycloreversion of+{(#) of 2a—c produced stilben8, 2,5-dihydroxy-1,4-dioxane (the dimer
photoproducts of DNA dipyrimidine sites appears to start withGC of hydroxyacetaldehyde), and a new product whose structure was
cleavagé®. This possibility (Scheme 1, pathway)ahould also be  safely assigned ata, based on NMR and MS datdAs expected
considered in the cationic CR. from involvement of the triplet sensitizéthe highest conversion

Formation of the neutral carbonyl/olefin units requires a back \yas achieved witRb (Table 1), where intersystem crossing is most
electron transfer (BET) step. In nonconcerted mechanisms, BET gfficient.

could take place either prior to (Scheme 1, pathwayena 1) or From the'H and 3C NMR data of4a (including coupling

after the second bond breaking process (Scheme 1, pathway d)yqnstants and NOE effects) it is clear that the intiiahs-diphenyl
Time-resolved studies have provided no direct evidence for the arrangement ofl is also present in the photoproduct; thus

co?_ﬁerte?hversushstng|s$ SEE'EJre olf ring Sphtﬁn?' . s still isomerization todb via C,—Cj rotation (Scheme 2) does not take
us, the mechanism o cycloreversion of oxetanes is sti place to a significant extent.

uncl_ear. In particular, the following points have to be clgrlfled: (a) Isolation of3 indicates that CR involves cleavage of the O,
the involvement of a concerted or stepwise mechanism, (b) the .
and G—C, bonds. Not even traces of cinnamyl alcohol or

nature of the first bond breaking, and (c) the location of spin and benzaldehyde (arising from,ECy/C,—O splitting) were detected.

charge in the intermediates. F i faa i lained tined in Sch > Initial
Intramolecular nucleophilic trapping of the carbocationic site has ormation of2a is exp alng as, outiine . n .C eme ' m a
cleavage along pathway gives rise to a distonic radical cation,

been reported as an elegant tool for elucidating the intermediates . .
involved in several PET reactions, such as the photooxygenationWhere spin and charge are located in the oxygen and ilaéoms,

of diphenylalkenefor the denitrogenation of bicyclic azoalkarfes. ~ "€SPeCtively. This intermediate can undergo either furtheCC

In the present work, a similar strategy has been employed to gainSCission (pathway 3 to give 3, or intramolecular nucleophilic
conclusive mechanistic insight into the CR of oxetane radical attack leading tda. The latter process must occur somewhat slower,
cations. Thus, the hydroxymethyl-substituted oxetarias been s indicated by the3/4a product ratio (see Table 1), which is
submitted to steady-state and time-resolved photolysis studies, using-onsistently about 2.7:1. At the present stage, it is not possible to
triaryl(thia)pyrylium salts2a—c1® as electron-transfer sensitizers exclude the possibility that cleavage of the-O, and G—C, bonds
(Chart 1). The results clearly show that the process occurs throughtakes place to some extent via a concerted mechanism (Scheme 1,
a nonconcerted mechanism involving initial cleavage of theOC pathway c), which might compete with the nonconcerted one.

bond (Scheme 1, pathway & & + d). In principle, ring splitting of1** to give 3 might also have
occurred via initial G—C,4 bond cleavage. However, in this case,
* Corresponding author. E-mail: mmiranda@qim.upv.es. intramolecular nucleophilic trapping should leadst¢Scheme 2).
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Table 1. Product Yields in the PET CR of 1 Sensitized by 2a—c? I . O A
" 0.10 - S 0.9 4
sensitizer’ unreacted 1° 3 43¢ [ 3
- g ‘ p
2a 35 48 17 0.08 / \ R
2b 73 27 ] < %1 ]
2c 52 32 16 o074 D\ \ ]
= oood r T .
aQOxetanel, 6 x 1072 M; sensitizer, 103 M; CDCls; argon; Luzchem o ~ ! timg(us) 3
multilamp photoreactor, 8W lamps %4 with emission maximum at 350 < 0.05 /.\\ .~ T
nm; irradiation time 20 min® Control samples without sensitizer were Y 3 o] TE—a_ 1
irradiated in parallel to ensure that reaction occurs only in the presence of 2 003- \.\D\ '\. -
sensitizer¢ Reaction followed by*H NMR. 3 J 0—0O~ Na
$ 002+ —e—e_ ooy ™~
Scheme 2 a \.\. o
—OH < 4 Bl NN
hv a1 H: o° C-Ccleavage _, Ph Ph 0.00 ——r——— =
1? —~/ — 460 480 500 520 540 560 580
- J—— . A
2 27 pf Y H A (nm)
Ca-Cy rotation l Figure 1. Transient spectrum obtained from LEP=¢ 355 nm) ofl (1.25
a4 nucleophilic x 1073 M) and 2b (1.2 x 104 M) in acetonitrile under nitrogen. Spectra
attack recorded 1, 2, and 346 after the laser pulse. Inset: Growth and decay of
the 470 nm band.
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\ Supporting Information Available: Table with relevant NMR data
Ph of 4a; detailed reaction mechanis#t NMR monitoring of the reaction
by HO™ Ph, O e . . . :
—0 : of 1 photosensitized bgb; transient absorption spectra obtained after
11—t & T > 5
Ao /—l.,/ PG LFP of 1 + 2b, 1' + 2b, and1 + 2a and growth and decay of the
PH Ph

relevant bands at 470, 550, and 580 nm (PDF). This material is available
free of charge via the Internet at http://pubs.acs.org.

As this product was not detected in the reaction mixture; G,
cleavage of the oxetane radical cation (pathwgychan be safely
ruled out.

Previously, we have showthat laser flash photolysis (LFP) of
2,3-diphenyl-4-methyloxetand'j at 355 nm, in the presence of
pyrylium salts, leads t8™ (absorption maxima at 470 nrtd This
indicates that BET, under the employed reaction conditions, must
occur in the last step (Scheme 1, pathway d); hence biradicals are
not direct precursors of the neutral carbonyl/olefin pair. We have
now applied the time-resolved LFP techniques to the PET cyclo-
reversion ofl, in order gain further insight into the reaction
mechanism.

Thus, LFP (355 nm) ol in the presence a?a—c gave rise to
an intense signal centered around 470 nm assign8&ti*td his is
shown in Figure 1 for the case @b. Besides, some contribution
of the (thia)pyrylium triplet absorption is also present in the transient
spectra between 470 and 560 nm. Another band peaking at 550
nm was also clearly observed in the LFP experiments performed
with 2a and2c as photosensitizers. This band was safely assigned
to the pyranyl radical resulting from reduction ®&,c.2* As the
thiapyranyl radical does not absorb in the range-5600 nm?® it (10) (a) Miranda, M. A.; Gara, H. Chem. Re. 1994 94, 1063-1089. (b)
does not appear in Figure 1. It was remarkable that formation of Martiny, M.; Steckhan, E.; Esch Them. Ber1993 126, 1671-1682.
3™ was not “instantaneous”. The inset of Figure 1 shows a growth (11) Similar reactions have been previously reported between benzaldehyde

. . . . and-methylstyrene or a silyl derivative of cinnamyl alcohol: Fleming,
of the 470 nm band in the submicrosecond time scale, corresponding S. A Gao, J. JTetrahedron Lett1997 38, 5407-5410.
to generation o3** from its undetectable precursor, the radical (12) Molecular ion: mVz 240. Important fragment ionsmvz 180, 134, 107,
cation from cleavage of the-©C; bond. The rate constant estimated 2
for this growth was 10s™1. These data, together with ti8#4a
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Summarizing, the results obtained here in the steady-state and
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O—C, cleavage. Current studies are aimed at disclosing the
generality of this finding.
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