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3-(1-Alkynyl)perylenes undergo oxygenation when subjected
to irradiation with visible light under aerated conditions. The
structures of novel oxygenated products formed in this
manner are assigned as regioisomeric dibgknofiphenan-
threne-4,5-diones.
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SCHEME 1. Photooxygenation of DNA-like Fluorescent
Perylene Dimer Based on AlkynylC-Nucleoside
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Photooxygenation of perylene, a versatile visible-light absorb-
ing fluorophore, has not been fully probed. To the best of our FIGURE 1. Time-dependency of fluorescence spectraafipon (a)
knowledge, the sole reported study was carried out by Guillet 0—30 and (b) 36-201 h of photoirradiation.
et al., where perylene was photooxygenated in water in the

tantly, photooxygenation reactions of substituted perylenes haveNM*® In Figure 1 is shown the time-dependency of the
not been described. fluorescence spectrum df in aerated water upon irradiation

Recently, we described the synthesis of DNA-like fluorescent With a desktop fluorescent lamp. Upon irradiation, the emission
oligomers composed of alkynyd-p-ribofuranosides bearing ~ dué to the perylene excimer decreases concurrently with an
pyrene, perylene, and anthracene fluorophores, and reported theif’créase of monomer emission with an isoemissive point.
homo- and heteroexcimer emissidfi®uring the course of that ~ Monomer emission reaches a maximum after 30 h of irradiation
study, we noticed that the alkynylperylene dinderundergoes ~ @nd then begins to decay. These observations indicate that at
facile photobleaching upon exposure to visible light. Below, first one of the two perylene fluorophoresiais converted to

we report the novel photooxygenation reaction of alkynylp- & nonfluorescent moiety and then the other perylene group is
erylenes that is responsible for photobleaching and alert transformed to a nonfluorescent moiety. HPLC separation and

photochemists that the fluorescence intensity of perylene is MALDI-TOF mass analysis of the crude mixture obtained after
easily decreased owing to this process. 24 h of irradiation oflaindicates that products having molecular

When the photophysical properties of nucleosides bearing Weights that correspond to adducts of one and two molecules
fluorophores were investigated in aerated water, we becameofd'F’Xygen are DdeUCEd (Flgyre S3, Supporting Information).
aware of the instability olawhen exposed to ambient indoor Stimulated by this observation, we carried out the photore-
lighting (Scheme 1). The fluorescence spectrum of plae action of readily available alkynylperylenes and determined the

structures of the oxygenated products. A chloroform solution

(11) (a) Hewgill, F. R.; Stewart, J. Ml. Chem. Soc¢Perkin Trans. 1 of 3—(.1—hexy.nyl)perylendb (10 mM, 200 mL) Wa_s 'rrad'ated,
1988 1305-1311. (b) Benshafrut, R.; Hoffman, R. E.; Rabinovitz, M.; by using an incandescent lamp (300 W) with continuous stirring
Mdllen, K. J. Org. Chem1999 64, 644-647. and bubbling of dioxygen at room temperature for 24 h (Scheme
£ d(lz%)oclzh;gtﬂgzﬂ'lzgeg' F.; Bordat, P.; BasGhE. Angew. Chem.int. 2). TLC analysis showed that components having higher

(13) Schuster, I. I.; Craciun, L.; Ho, D. M.; Pascal, R. A. Ttrahedron polarities & 0.2, CHC}) than the substrate were observed in
2002 58, 8875-8882. the crude photolysate. Silica gel column chromatography and

(14) (a) Broene, R. D.; Diederich, Fetrahedron Lett1991 32, 5227 H ; ; . e ; f
5230. (b) Sakai, K.; Nagashima, U.; Fujisawa, S.; Uchida, A.; Ohshima, p;e%aratlve HPLC |gd to(ljsmatlon ofall regIOI?gmerligll/Xtu_re;d
S.; Oonishi, I.Chem. Lett1993 577-580. (c) Ohshima, S.; Uchida, A.;  ©f Photooxygenated products as an orange solid in a 10% yie

Horiguchi, S.; Suzuki, A.; Fujisawa, S.; Oonishi,Bull. Chem. Soc. Jpn. (Table 1, run 2). One regioisomer was isolated by continuous
1994 67, 924-928. preparative HPLC.

(15) (a) White, B.; Nowakowska, M.; Guillet, J. BE. Photochem. : g _
Photobiol. A Chem.1989 50, 147—156. (b) Burke, N. A. D.; Templin, The structures of products were assigned as dibgoao]

M.; Guillet, J. E.J. Photochem. Photobiol.:AChem.1996 100, 93—100. phenanthrene-4,5-dioné&b and 3b (Scheme 2) by usingH
See also refs 11b and: (c) Zinke, A.; UnterkreuterMenatshefte1919 NMR, IH—1H COSY,13C NMR, ESI-MS, HRMS, and IR. The
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SCHEME 2. Photooxygenation of Perylene Derivatives and 1625 cm. Finally, MNa" (385) and MH (363) fragments
R ha R wa R are observed in ESI-MS dh.
H5 H2 H5 Ho Photoreaction of 3-(1-octynyl)perylengc under similar
OO ‘O W He O‘ conditions also proceeds in an analogous manner (run 4). The
‘ hv/C: o ‘ + ‘ o absorption bands of perylene derivatives extend into the visible
CHCl; O Hi12  H7 o region. For examplelb in cyclohexane has maxima at 455 (
OO ‘O O‘ =471 x 10* mol~1 dm® cm™1), 426 € = 3.47 x 10* mol~?
He He H10 H11  Hs HO H10 Hi1 dm® cm™1), and 403 nm{ = 1.54 x 10* mol~* dm? cm™?).
1b-d 2b-d 3b-d Consequently, the irradiation by using an incandescent lamp or

a photoflood lamp is more effective for promoting photooxy-
genation than that by using a high-pressure mercury lamp (Table
1, run 3).

To the best of our knowledge, the observations reported above

b: R = C=C-C4Hg-n ¢: R =C=C-CgHy3-n d:R=Br

TABLE 1. Photooxygenation of Perylene Derivatives

run  sub- irradiation yields (%) represent a rare case in which simple aromatic compounds

no. strate lamp time (h)  additve 2 3 readily undergo photooxygenated in the absence of a singlet

12 1la desktop fluorescent 201 none b b oxygen generator or electron-transfer catalyst. Two possible

w1 inc':rr]gré gggto nm) 04 Cone . 5 mechanisms for the .novel photooxygenat@on reaction are shown
lamp (- 400 nm) in Scheme 3. .One mvplves the .generatlonlﬁﬁ by a route

3 1b  high-pressure Hg 24 none 0o o that begins with the singlet excited state of alkynylperylene
lamp (>280 nm) (12%), formed by photoexcitation df. Intersystem crossing (ISC)

4 1c photoflood lamp 72 none ge forms the excited triplet staté1f)1” and then energy transfer

& 1d Xe(;i%o gr_“gs fler 48 methylene o from 31* to ground state dioxygerf,) takes place to generate
(>580 nm) blue 10,.18 The second possible mechanism involves single electron

transfer via contact charge transfer (CT) compléarmed from

1 and®0,. The endoperoxide$ and5 produced through these
pathways undergo oxidative cleavage to give oxygenated
products2 and 3.

To gain insight into which of the above mechanisms operates
in the oxygenation process, reaction #D, with 1b was
investigated. When photoreactions 1 were carried out in
the presence of dyes, such as tetraphenylporphyrin, methylene
blue, and rose bengal, 49, generators, product yields were

a|n water.? Not determined. See Figure 4ln CHCls. 9 Mixture of 2
and 3. € Major isomer was2c.

H2(d) CHCIs
J H10(d)

H12(d)

gf%m @ @ & unchanged. Moreover, photooxygenationldf did not occur
3 o° in the presence of th&O, quencher 1,4-diazabicyclo[2.2.2]-
7.0 ' octane (DABCO) andb was recovered quantitatively. Photo-
7.2: reaction of 3-bromoperylendd) in the presence of methylene
—_— ] @ blue, promoted by irradiation with a Xe lamp equipped with
7.43 0O-58 filter (=580 nm, conditions under which only sensitizer

absorbs the light) gavad and3d in moderate yields (Table 1,

7-8 @ ® run 5). This result is likely due to enhanced ISC rate caused by
, 5: o0 /% a heavy atom effect. Absorption spectra, obtained on argon-
E L purged and dioxygen-purged solutions 1 showed that a
8.03 : several nanometer shift occurs in the case of dioxygen-purged
—_ & ® solution. To get information about the electron-transfer mech-
8.2 , anism the effects of Mg(Clg), as a promoter of charge
ol separatioff20 and polar solvents such as acetonitrile were
E , investigated. In each case no changes in reaction yields were
§ 8.6 &99 8 noted. Under dark condition, the photooxygenated products were
6:6 ' a.'n ) 6:2 ) 6.‘0 ' 7:5 ) 7.‘6 ' 7.“ ' 7:2 " 7.‘0 j Sib
o (17) (a) Parker, C. A.; Joyce, T. &hem. Commuril966 108-109.
FIGURE 2. H—1H COSY spectrum ofb. g-kgggakabayashi, K.; Toki, S.; Takamuku, Shem. Lett.1986 1889
H2, H4—H5, and H8—H9) and one double{triplet—doublet (18) McLean, A. J.; McGarvey, D. J.; Truscott, G.; Lambert, C. R.; Land,

. - E. J.J. Chem. Soc¢cFaraday Trans.199Q 86, 3075-3080.
sequence (H1:8H11-H12). All signals observed in the COSY (19) (2) Dharamsi, A. N.; Tulip, Xhem. Phys. Lettl98Q 71, 224

spectrum agree with these coupling patterns. The structure of227. (b) Kojima, M.; Sakuragi, H.; Tokumaru, ®ull. Chem. Soc. Jpn.
3b was assigned by comparing the spectral data of the mixture 1989 62, 3863-3868. (c) Logunov, S. L.; Rodgers, M. A.dL.Phys. Chem.
of regioisomers to that a2b (Figures S7 and S8, Supporting iggﬁfs?, gﬁgﬁsggfééd)lggf‘ﬂgzg” Ogilby, P. R.; Mikkelsen, K. V.
Information). The'H NMR spectrum of3b, containing a singlet " (20) (a) Loupy, A.: Tchoubar, B.; Astruc, hem. Re. 1992 92, 1141
(H2, 6.95 ppm) and two triplets (H5 and H8, 7.80 and 7.86 1165. (b) Mizuno, K.; Otsuji, YTop. Curr. Chem1994 169, 301-346.

o it i (c) Fukuzumi, SBull. Chem. Soc. Jprl997, 70, 1-28. (d) Maeda, H.;
ppm), is in accord with its structure. THEC NMR spectrum Nakagawa, H.; Mizuno, KPhotochem. Photobiol. Sc2003 2, 1056~

of 2b shows overlapped carbonyl signals at 187.4 ppm and its 1058." (e) Maeda, H.; Miyamoto, H.; Mizuno, KChem. Lett.2004 33,
IR spectrum contains two carbonyl stretching bands at 1657 462-463.
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SCHEME 3. Mechanism for the Photooxygenation

R hv ISC 30, 1
31 * 102

%0 hv -
O‘ 2 1.-:30, 11'...02'

contact CT radical ion pair I

not obtained. Photoreaction of perylene did not proceed underProgress of the reaction was monitored by fluorescence spectros-
the conditions used for reaction dé—d. copy (Figure 1).

The above results suggest that the mechanism invok@ag Photooxygenation of 3-(1-Hexynyl)perylene (1b)A chloroform
is more likely for the photooxygenation reaction. The reason solution of 3-(1-hexynyl)peryleneb (10 mM, 200 mL) was
for the large difference in efficiency of the reaction between irradiated by using an incandescent lamp with continuous bubbling
la and 1b—d is likely due to the fact that photooxygenation of dio_xygen for 24 h at room temperature. Components with higher
via a perylene excimer is faster than that via a perylene Polarity thanlb were observed by TLC analysis (CHCR: 0.2).
monomer. However, due to the low solubility of perylene Silica gel column chromatography and HPLC gave an orange solid

9 . o -
derivatives in organic solvents and water, attachment of the two containing2b and 3b in total 10% yield. One regioisomel)

o could be isolated by continuously cutting off the shoulder of the
perylene core onto a water-soluble chala)(or putting it into peak in recycling preparative HPLC.

a hydrophili_c envir_onment by mixing_ yvith a water-sc_)luble Data for 2b: TH NMR (500 MHz, CDCH) & 1.02 (t,J = 7.48
polymef®2bis required to have a sufficient concentration of Hz, 3 H), 1.57 (sextet) = 7.55 Hz, 2 H), 1.72 (quint) = 7.48
the more reactive perylene excimer. In addition, the alkynyl ;' 5 H),l 2.60 (tJ = 7.26 Hz, 2 H)', 6.77 (dJ = 9.83 Hz, 1 H),
groups might contribute by increasing solubility and lowering .81 (d,J = 10.25 Hz, 1 H), 7.57 (d) = 9.83 Hz, 1 H), 7.68 (d,
triplet energy. J=7.26 Hz, 1 H), 7.74 (dJ = 8.54 Hz, 1 H), 7.74 (tJ = 8.55

In summary, we have observed an unprecedented photooxy-Hz, 1 H), 8.15 (dJ = 9.83 Hz, 1 H), 8.54 (dJ = 8.97 Hz, 1 H),
genation reaction of alkynylperylenes. This is the first example 8.59 (d,J = 8.54 Hz, 1 H);*3C NMR (125 MHz, CDC}) ¢ 13.9,
of photooxygenation of substituted perylenes. Recently, much 17.1, 19.8, 22.4, 78.2, 100.8, 124.7, 125.3, 125.6, 127.2, 127.3,
attention has been focused on the attachment of pery|ene129.5, 129.96, 130.04, 130.4, 130.5, 130.59, 130.63, 130.8, 132.9,

fluorophore to nucleosidéd.However, the results presented 134.8, 135.7, 138.8, 14(1)..7, 187.4; IR (KBr) 1625<0), 1657
above suggest that attention must be paid to the inevitable(NC_O% 8%21130(5(7:_fC) CdngéSHlFi';)A; (ESI-TOF) caled for eHig
oxygenation of the perylene fluorophore when it is present in a0, ) » foun ) )

such biomolecules. .
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