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We have designed and synthesized four compounds integrating luminescent and photochromic components
in their molecular skeletons. Two of them combine a nitrospiropyran photochrome with either one or
two naphthalene fluorophores and can be prepared in three synthetic steps. The other two consist of a
nitrospiropyran photochrome and a benzophenone phosphore connected by either ether or ester linkages
and can be prepared in six or five, respectively, synthetic steps. The luminescent components of these
assemblies are expected to transfer energy intramolecularly to the photochromic species upon excitation
and encourage their photoisomerization. Consistently, the phosphorescence of the benzophenone units
and the fluorescence of the naphthalene components are effectively quenched when these species are
connected covalently to a nitrospiropyran. Nonetheless, the photoisomerization of the photochrome becomes
significantly less efficient after the covalent attachment to the luminescent partner. The fraction of incident
radiations absorbed by either the benzophenone or the naphthalene fragment does not promote the
isomerization of the photochromic appendage. Instead, irreversible transformations occur upon irradiation
of the luminophore-photochrome assemblies. Thus, the covalent attachment of a benzophenone or a
naphthalene to a nitrospiropyran is not a viable strategy to improve the photocoloration efficiency of the
photochromic component. Even although the very same luminophores are known to sensitize intermo-
lecularly the isomerization of nitrospiropyrans, the transition to covalent luminopipiretochrome
assemblies tends to promote degradation, rather than sensitization, upon irradiation.

Introduction process occurs in liquid solutions or within rigid polymer
matrices upon ultraviolet irradiation and results in the conversion

Photochromic compounds alter reversibly their ability to . . .
b y y of a colorless isomer into a colored one (eSP,1landMEL in

absorb electromagnetic radiations in response to optical
stimulationst™> The photoisomerization of spiropyrans, for

(4) Bouas-Laurent, H., Du, H., Eds.Photochromism: Molecules and

example, is a typical photochromic transformatfot This SystemsElsevier: Amsterdam, 1990.
(5) Crano, J. C., Guglielmetti R., Ed©rganic Photochromic and

T University of Miami. Thermochromic CompoungdBlenum Press: New York, 1999.
* Universitadi Catania. (6) (a) Bertelson, R. C. Inref 1, pp 4%131. (b) Bertelson, R. C. In ref
(1) Dorion, G. H.; Wiebe, A. FPhotochromismFocal Press: New York, 5, Vol. 1, pp 11-83.

1970. (7) Kholmanskii, A. S.; Dyumanev, K. MRuss. Chem. Re 1987, 56,
(2) Brown, G. H., EdPhotochromismWiley: New York, 1971. 136-151.
(3) El'tsov, A. V., Ed.Organic Photochrome<onsultants Bureau: New (8) Guglielmetti, R. In ref 4, pp 314466 and 855878.

York, 1990. (9) Tamai, N.; Miyasaka, HChem. Re. 200G 100, 1875-1890.
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FIGURE 1. Reversible interconversion of the spiropyi@R1land the
merocyaninedME1 upon ultraviolet (UV) irradiation and storage in the
dark.
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species undergoescas — transisomerization, about the double
bond joining the indolium cation to the phenolate anion, along
the potential energy surface of @nd then decays to the ground
electronic state (. Alternatively, the ring-opened intermediate
can first decay to & and then undergo &is — trans
isomerization along the potential energy surface ©flisboth
instances, the final product of these transformations is a colored
merocyanine (e.g.SP1 in Figure 1) and is formed on a
microsecond time scafé.

The participation of T in the photoisomerization of nitro-
spiropyrans was confirmed with quenching and sensitization
experimentd824d.2530 |n particular, the transfer of energy from
the T, of an appropriate sensitizer to the df a complementary
nitrospiropyran was found to encourage the isomerization of
the latter upon excitation of the former. In fact, the quantum
yield for the photoisomerization &Plincreased from 0.12 to
0.31 in the presence of 40 equiv of benzopheri@i&milarly,

Figure 1). The photogenerated species reverts back to thean enhancement of approximately 1 order of magnitude in the

original state upon storage in the dark. The reversible intercon-

photoisomerization quantum vyield of spiropyrans was also

version of the two isomers imposes significant changes on the observed in the presence of naphthal&éIn principle, these

absorption coefficient and refractive index of their host material.

sensitization processes can be facilitated by integrating sensitizer

In fact, diverse applications in the realm of photonics have been and photochrome within the same molecular skeleton. The
envisaged on the basis of the photoinduced absorptive andcovalent connection would constrain the two components in
dispersive effects associated with this class of functional organic close proximity and promote the transfer of energy from one

molecule$b1+17

to the other upon excitation. Nonetheless, the analysis of the

The mechanism responsible for the photoinduced isomeriza-photochemical behavior of three sensitizeitrospiropyran
tion of spiropyrans has been the subject of detailed investigationsdyads did not reveal any significant sensitizattérctually,
for decade$§:1° These studies have demonstrated that the the presumed sensitizers were found to have a depressive effect

incorporation of a nitro group in the para position, relative to

on the isomerization of their photochromic partners as well as

the oxygen atom, of the benzopyran fragment facilitates the on their fatigue resistance. Puzzled by these apparent contradic-
photocoloration. Recent laser flash photolysis analyses suggestions, we have designed four luminophefghotochrome as-

that the ultraviolet excitation of a nitrospiropyran (e gRB1in
Figure 1) induces efficient intersystem crosstghe popula-
tion of the first triplet excited state (Jis then followed by the
cleavage of the [EO] bond at the spirocenter with the opening
of the pyran ring. The resulting ring-opened intermediate is
typically formed within subnanosecond timescafeg? This

(10) Minkin, V. I. Chem. Re. 2004 104 2751-2776.

(11) (a) Ichimura, K. In ref 4, pp 963918. (b) Ichimura, K.; Seki, T
Kawamishi, Y.; Suzuki, Y.; Sakuragi, M.; Tamaki, T. Rhoto-Refractie
Materials for Ultrathin Density Optical Memorylrie, M., Ed.; Elsevier:
Amsterdam, 1994; pp 5583. (c) Ichimura, K. InPhotochromic Polymers
Crano, J. C., Guglielmetti, R., Eds.; Plenum Press: New York, 1999; Vol.
2, pp 9-63. (d) Ichimura, K.Chem. Re. 200Q 100, 1847-1873.

(12) Crano, J. C.; Kwak, W. S.; Welch, C. N. Applied Photochromic
Polymer System#icArdle, C. B., Ed.; Blackie: Glasgow, 1992; pp-31
79.

(13) (a) Krongauz, V. Inref 12, pp 124173. (b) Berkovic, G.; Krongauz,
V.; Weiss, V.Chem. Re. 200Q 100, 1741-1754.

(14) Irie, M. In Applied Photochromic Polymer SystenvcArdle, C.
B., Ed.; Blackie: Glasgow, 1992; pp 17206.

(15) Hibino, J.; Hashida, T.; Suzuki, M. In ref 11b, pp-253.

(16) Kawata, S.; Kawata, YChem. Re. 200Q 100, 1777-1788.

(17) Delaire, J. A.; Nakatani, KChem. Re. 200Q 100, 1817-1845.

(18) (a) Atabekyan, L. S.; Chibisov, A. KZh. Prikl. Spektrosk1987,
46, 651-654. (b) Goner, H.; Atabekyan, L. S.; Chibisov, A. KChem.
Phys. Lett1996 260, 59—64. (c) Ganer, H.Chem. Phys1997 222, 315—
329. (d) Chibisov, A. K.; Gmer, H.J. Photochem. Photobiol. A997,
105 261-267. (e) Chibisov, A. K.; Gmer, H.J. Phys. Chem. A997,
101, 4305-4312. (f) Goner, H.Chem. Phys. Lett1998 282, 381—390.
(g) Garner, H.Phys. Chem. Chem. Phy2001, 3, 416-423.

(19) (a) Krysanov, S. A.; Alfimov, M. VChem. Phys. Lettl982 91,
77—-80. (b) Krysanov, S. A.; Alfimov, M. VLaser Chem1984 4, 129—
138.

(20) Kalisky, Y.; Orlowski, T. E.; Williams, D. JJ. Phys. Cheml983
87, 5333-5338.

(21) (a) Ito, T.; Hiramatsu, M.; Hirano, |.; Ohtani, #lacromolecules
199Q 23, 4528-4532. (b) Ito, T.; Hiramatsu, M.; Hosoda, M.; Tsuchiya,
Y. Rev. Sci. Instrum.1991, 62, 1415-1419.
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semblies with the ultimate goal of developing nitrospiropyrans
with improved quantum yields. Here we report the synthesis of
these multicomponent assemblies as well as their photochemical
and photophysical properties.

Results and Discussion

Synthesis.The compoundSP2andSP3(Figure 2) combine
a nitrospiropyran photochrome with one or two naphthalene
sensitizers within their molecular skeletons. These molecules
can be prepared in three synthetic steps starting from 2,3,3-
trimethyl-3H-indole. Specifically, theN-alkylation of this
precursor with the bromidé and4 yields the indolium cations

(22) Ernsting, N. P.; Arthen-Engeland, T. Phys. Chem199], 95,
5502-5509.

(23) Poisson, L.; Raffael, K. D.; Soep, B.; Mestdagh, J.-M.; Buntinx, G.
J. Am. Chem. So@006 128 3169-3178.

(24) Early reports suggest alternative mechanisms for the photoinduced
isomerization of nitrospiropyrans. See refs-24 and: (a) Irie, M.; Menju,
A.; Hayashi, K.Macromolecule4979 12, 1176-1180. (b) Krongauz, V.;
Kiwi, J.; Gréazel, M. J. Photochem198Q 13, 89-97. (c) Kalisky, Y.;
Williams, D. J. Macromolecules1984 17, 292—-296. (d) Lenoble, C.;
Becker, R. SJ. Phys. Chem1986 90, 62—65. (e) Tamaki, T.; Sakuragi,
M.; Ichimura, K.; Aoki, K. Chem. Phys. Lettl989 161, 23—26.

(25) Bercovici, T.; Fisher, EJ. Am. Chem. S0d.964 86, 5687-5688.

(26) Becker, R. S.; Roy, J. Kl. Phys. Chem1965 69, 1435-1436.

(27) Lashkov, G. I.; Ermolaev, V. L.; Shablya, A. @ptika Spectr1965
19, 305-307.

(28) Bach, H.; Calvert, J. C1. Am. Chem. Sod.97Q 92, 2608-2614.

(29) Reeves, D. A.; Wilkinson, B. Chem. Soc., Faraday Trans1973
9, 1381-1390.

(30) Eloy, D.; Escaffre, P.; Gautron, R.; JardonBRIl. Soc. Chim. Belg.
1992 101, 779-790.

(31) (a) Tamaki, T.; Sakuragi, M.; Ichimura, K. Aoki, kChem. Phys.
Lett. 1989 161, 23—26. (b) Sakuragi, M.; Aoki, K.; Tamaki, T.; Ichimura,
K. Bull. Chem. Soc. Jprl99Q 63, 74—79.
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e
) ) HO\Q\ MeCN
2 and5 respectively. The treatment @ and5 with aqueous NO2 [ A/6h

KOH gives the corresponding indol8sand6. Their condensa- o

tion with 2-hydroxyl-5-nitrobenzaldehyde affords the target Me e

nitrospiropyransSP2 and SP3 10 HO)J\@\) =
The compoundP5 (Figure 3) is composed of a benzophe- N/\o

none sensitizer and a nitrospiropyran photochrome. This mol- nlne NO, O
ecule and its modeébP4can be prepared in five synthetic steps
starting from 4-hydrazinobenzoic acid. In particular, the con- 1) SOCI, /Et;N | 2) MeOH or Q)‘\Q\
densation of this precursor with isopropylmethylketone under MeCN/A/2h l RT/12h OH
acidic conditions yields the indolé The N-alkylation of this o)

compound with Mel gives the indoliu® which can be treated RO Me Me\
with aqueous KOH to generate the ind6leThe condensation A
of 9 with 2-hydroxyl-5-nitro-benzaldehyde affords the nitro- 'i'o
spiropyran10. The treatment of this molecule with SQGh Me NO2
the presence of BN, followed by esterification with either SP4 SP5
MeOH or 4-hydroxybenzophenone, affords the target nitro- o)
spiropyransSP4 and SP5

The compoundSP7 (Figure 4) combines a benzophenone R = Me

sensitizer and a nitrospiropyran within its molecular skeleton.

This molecules and its mod&P6 can be prepared in six and FIGURE 3. Synthesis of the nitrospiropyrai®P4and SP5

four synthetic steps, respectively, starting from 4-methoxyphe-

nylhydrazine hydrochloride. The condensation of this precursor (bin Figure 5) show bands in the ultraviolet region only. Their

with isopropylmethylketone gives the indol&2. The N- sum € in Fi
; - . . . gure 5) closely resembles the spectrum of the
alkylation of 12 with Mel affords the indoliuml3, which can naphthalene nitrospiropyran dyadsP2 (d in Figure 5), sug-

be converted into the indolé4 with aqueous KOH. The . . .
condensation af4 with 2-hydroxy|-5-nitrobqenzaldehyde affords gesting that the two main chromophoric fragments of the dyad
do not interact significantly in the ground state. The emission

the nitrospiropyrarSPa Alternatively, 12 can be reacted with 2 e
piropy Y, spectrum of19 (e in Figure 5) reveals the characteristic bands

BBr; to generate the indol&5, which can beN-alkylated with . ) o .
3109 ! o 4 " associated with the fluorescence of naphthalene derivatives with

Mel to afford the indolium16. The condensation of6 with oo e
2-hydroxyl-5-nitrobenzaldehyde in the presence of piperidine & lifetime ) of 10.1 ns (Table 1). These emission bands ex'Fend
from 310 to 390 nm and overlap one of the main absorptions

yields the nitrospiropyra@7. The O-alkylation of 17 with 1,4- - - Vet : ¢
diiodobutane in the presence of®0; gives the nitrospiropyran  Of the nitrospiropyraiSP1(b in Figure 5). Thus, the first singlet
18. This molecule can be reacted with 4-hydroxybenzophenone excited state (§ of the naphthalene fragment &P2 can in
again in the presence of,KQ; to afford the target nitrospiro-  principle transfer energy to the, $f the appended nitrospiro-
pyran SP7. pyran. Consistently, the emission spectrunsef2(f in Figure
Spectroscopy.The absorption spectra of the naphthalé@e 5) shows that the naphthalene fluorescence is effectively
(a in Figure 5 and Figure 6) and of the nitrospiropyr@aR1 guenched with a of 6.2 ns and a relative luminescent quantum

J. Org. ChemVol. 72, No. 2, 2007 597



]OCAT’tiCle Tomasulo et al.

BBrg / CH,Cl, Mel / MeCN Me

Me
MeO Me OC—>RT/12h HO A/16h HO Me
12 »—Me Me 16
N
o

Mel | MeCN
Al24h Q
l HN >A/3h

Me
MeO Me
13 »—Me HO Me Me
N+ ~
| O\) X 17
I~ N o

[
MeCN / H,0 Ve NO,
KOH l RT/1h

| K,COs / MeCN
NN l RT/54d

Me
MeO Me
14 N;= lao~o. M 1e
= 18
l @f
OHC Me NG

0 |

2 | A/3h
o} K,CO3 / MeCN
OH | A79n
A ~ "o Me
| © \@ = SP7
Me NO NG

FIGURE 4. Synthesis of the nitrospiropyrar&P6 and SP7.

yield (@) of 0.005%2 This particular value o, indicates that guantum yield @p) is 0.18 (Table 1¥2 This value corresponds
the covalent attachment of the naphthalene fluorophore to theto a 6-fold decrease in the photocoloration efficiency with the
nitrospiropyran photochrome imposes a 200-fold decrease oncovalent attachment of the naphthalene luminophore to the
the emission intensity. Similarly, intermolecular sensitization nitrospiropyran photochrome. Furthermore, the photoisomer-
experiments suggest that the df the very same naphthalene ization of SP1is fully reversible and the original absorption
fragment can also transfer energy to the af adjacent spectrum is restored after storing the irradiated solution in
nitrospiropyran8®-€ Thus, the fraction of light absorbed by the the dark3* Instead, a residual absorbance in the region between
naphthalene component of the dyad should facilitate the 400 and 500 nmi(in Figure 5) can still be observed after
photoisomerization of the adjacent nitrospiropyran on the basis storing an irradiated solution d8P2 in the dark. Thus, the

of either § — S; and/or T, — T1 energy transfer. photoisomerization ofSP2 is accompanied by irreversible
Despite the expected sensitization, the absorption spectra oftransformations.
the modelSP1(g in Figure 5) and of the dya8P2(h in Figure The absorption spectra of the model compoudgFigure

5), recorded after ultraviolet irradiation, show that the photoi- 6 anda in Figure 7) andSP1(b in Figure 7) show significant

somerization is significantly less efficient for the dyad. Indeed, absorptions only at wavelengths shorter than 400 nm. Their sum
the characteristic band for the merocyanine isomeg®f in
the visible region is markedly more intense than that for the  (33) The relative photoisomerization quantum yiefb)(is the ratio

merocyanine isomer dBP2 The relative photoisomerization — Petween the photoisomerization quantum yield of the Iuminophore
nitrospiropyran assembly and that of the corresponding model nitrospiro-

pyran. The value oFp was determined with eq 2, assuming that the molar

(32) The relative luminescence quantum yidd)(is the ratio between extinction coefficients for the photogenerated isomers of the luminophores
the luminescence quantum yield of the luminophanérospiropyran nitrospiropyran assembly and the corresponding model nitrospiropyran are
assembly and that of the corresponding model luminophore. The value of equal. The parameter&sp and A sp are the absorbances of the model
F. was determined with eq 1. The parameterand| sp are the emission nitrospiropyran and the luminopheraitrospiropyran assembly respectively
intensities of the model luminophore and the luminopharigrospiropyran at the excitation wavelength. The parametég= and A ve are the
assembly respectively. The paramet&rsandA sp are the absorbances of  absorbances for the photogenerated isomers of the model nitrospiropyran
the model luminophore and the luminophergtrospiropyran assembly, and the luminophorenitrospiropyran assembly, respectively, in the visible
respectively, at the excitation wavelength. region.

_ lsp(1—10 AL)ALSP @ b= Aye(1—-10 ASP) @)
b - 10M)A " Al — 1074
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2004 TABLE 1. Relative Luminescence Quantum Yields, Luminescence
Lifetimes, and Relative Photoisomerization Quantum Yields
compd ® 2 b Pe°
150 P L ‘ i
— e 19 10.1ns
I@u) — f SP2 0.005 6.2 ns 0.18
1004 20 2.3ns
SP3 0.56 1.8ns 0.03
21 10.2us
50 SP5 0.04 9.1us 0.60
22 5.1us
SP7 0.05 4.9us 0.01
0

T T T T T T T T 1
300 310 320 330 340 350 360 370 380 390
A (nm})

1.0

0.8

a2The relative luminescence quantum yield | was determined in
degassed MeCN at 28 and is defined in ref 32 The luminescence
lifetime (r) was determined in degassed MeCN at 2D from the
monoexponential fitting of the temporal evolution of the emission intensity.

The coefficient of determination (COD) of the fitting was greater than 0.98

in all instances® The relative photoisomerization quantum yiedsj was

determined in degassed MeCN at 20, irradiating at 254 nm (0.4 mW
cm~?) for 10 min, and is defined in ref 33.

0.4

absorptions and, in fact, the fluorescence of the t8&83(f in
Figure 7) is effectively quenched withzaof 1.8 ns and ab,
of 0.56 (Table 1). This particular value df_ corresponds to a

0.2

0

2-fold decrease in emission intensity with the covalent connec-
tion of the naphthalene fluorophores and the nitrospiropyran
photochrome.

The ultraviolet irradiation of the model nitrospiropyr&#®1
causes the appearance of an intense band in the visible region

T T T T 1 1
400 450 500 550 600 650 700
A (nm)

FIGURE 5. Steady-state absorption spectra (0.1 mM, MeCN;2pD

of 19 (a), SP1(b), SP2(d), and the sum of the absorption spectra of
19 and SP1 (c). Steady-state emission spectra (0.1 mM, MeCN, 20
°C, lex= 272 nm) 0f19 (€) andSP2(f). Steady-state absorption spectra
(0.1 mM, MeCN, 20°C) of SP1(g) andSP2(h) after irradiation (254
nm, 0.4 mW cm?, 10 min) and ofSP2(i) after storage of the irradiated
solution in the dark.

(cin Figure 7) is similar to the spectrum of the (naphthalene)
nitrospiropyran triadSP3 (d in Figure 7), indicating that the
three chromophoric units of this compound do not interact
significantly in the ground state. The emission spectrurd®f

(g in Figure 7), as a result of the formation of the merocyanine
isomer. This band can barely be observed in the absorption
spectrum ofSP3recorded after irradiatiorh(in Figure 7). In

fact, the correspondingp of only 0.03 indicates a 30-fold
decrease in the photoisomerization efficiency with the transition
from SP1to SP3 In addition, an absorption between 400 and
450 nm appears in the absorption spectrurSB8(i in Figure

7) upon irradiation and persists after storage in the dark. Thus,

irreversible photoinduced processes seem to be in competition
with the isomerization of the nitrospiropyran component of the

triad SP3

The quenching of the naphthalene fluorescence in the
luminophore-photochrome assembli&P2and SP3is indica-

tive of interactions between the 8f the luminophore and the

(ein Figure 7) shows the characteristic fluorescence of its two S of the photochrome. The very same interactions are,

naphthalene chromophores withr @f 2.3 ns (Table 1). Once

presumably, responsible for the irreversible transformations that

again, the naphthalene emission overlaps the nitrospiropyranaccompany the irradiation &P2andSP3and are in competi-
tion with the photosensitization of the isomerization process.
Indeed, literature data suggest that-F T, energy transfer is
responsible for the intermolecular photosensitization of nitro-

(34) The lifetime of the photogenerated isomeS#flis 400 s in MeCN
at 25°C (see ref 18g).

J. Org. ChemVol. 72, No. 2, 2007 599
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FIGURE 7. Steady-state absorption spectra (0.01 mM, MeCN.Q0

of 19 (a), SP1(b), SP3(d), and the sum of the absorption spectra of
20 and SP1 (c). Steady-state emission spectra (0.1 mM, MeCN, 20
°C, lex= 272 nm) 0f20 (€) andSP3(f). Steady-state absorption spectra
(0.1 mM, MeCN, 20°C) of SP1(g) andSP3(h) after irradiation (254
nm, 0.4 mW cm?, 10 min) and ofSP3(i) after storage of the irradiated
solution in the dark.

spiropyrans in the presence of naphthal&fi€ However, the
qguenching of the naphthaleng $ SP2 and SP3 prevents
intersystem crossing and the effective population pfif fact,

the absorption spectrum of the model compof6@da in Figure

8), recorded 0.Zs after laser excitation (266 nm), shows the
characteristic absorption for the naphthalenailca 400 nm.
This band cannot be observed in the spectrun8BB (c in
Figure 8), recorded under identical experimental conditions,

which instead closely resembles that of the model spiropyran

SP1(cin Figure 8). Thus, the jTof the naphthalene component
600 J. Org. Chem.Vol. 72, No. 2, 2007
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FIGURE 8. Absorption spectra recorded Qu2 after laser excitation
(266 nm,~8 mJ) of a degassed solution (0.03 mM, MeCN,°2) of
20 (a) and optically matched solutions 8P1(b) and SP3(c).

is not effectively populated in these luminophegghotochrome
assemblies. As a result, the expected sensitization of the
photochromic transformation vigg ¥ T1 energy transfer is not
observed.

The absorption spectra of the benzopher@hg-igure 6 and
a in Figure 9) and of the nitrospiropyra®P4 (b in Figure 9)
show bands in the ultraviolet region only. Their surin(Figure
9) differs from the spectrum of the benzophenenérospiro-
pyran dyadSP5(c in Figure 9). Thus, the ester linkage between
the two main chromophoric fragments of this dyad does not
isolate electronically the two components. The emission spec-
trum of 21 (e in Figure 9) reveals the characteristic benzophe-
none phosphorescence with 7aof 10.2 us (Table 1). In
agreement with the expected + T; energy transfer from the
benzophenone phosphore to the nitrospiropyran photochrome,
the phosphorescence &P5 (f in Figure 9) is effectively
quenched with a of 9.1 us and a®, of 0.004 (Table 1). This
particular value of®_ corresponds to a 25-fold decrease in
emission intensity with the transition fro®P4to SP5

The absorption spectrum of the model nitrospiropy&itv
(g in Figure 9), recorded after ultraviolet irradiation, show the
characteristic band for the merocyanine isomer in the visible
region3> A similar absorption can also be observed in the
spectrum ofSP5 (h in Figure 9) upon irradiation. However,
the band observed for the photogenerated isomer of the dyad is
significantly less intense than that for the merocyanine state of
SP4 The correspondingris 0.60, indicating a 2-fold decrease
in the photoisomerization efficiency with the integration of the
benzophenone phosphore within the same molecular skeleton
of the nitrospiropyran photochrome. Furthermore, the spectrum
recorded after storage of the irradiated solutionSH5 in
the dark shows a residual absorbance in the region between
400 and 450 nmi(in Figure 9). Thus, the photoisomerization
of the dyad is, once again, accompanied by irreversible
transformations.

The absorption spectra of the benzopher2@-igure 6 and
ain Figure 10) and of the nitrospiropyr&P6(b in Figure 10)
reveal bands at wavelength shorter than 400 nm only. Their
sum € in Figure 10) resembles the spectrum of the correspond-
ing benzophenonespiropyran dyadSP7 (d in Figure 10),

(35) The lifetime of the photogenerated isomeSéf4is 15 s in MeCN
at 20°C.
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FIGURE 9. Steady-state absorption spectra (0.1 mM, MeCN;@pD FIGURE 10. Steady-state absorption spectra (0.01 mM, MeCN, 20
of 21 (a), SP4(b), SP5(d), and the sum of the absorption spectra of °C) of 22 (a), SP6(b), SP7(d), and the sum of the absorption spectra
21 and SP4 (c). Steady-state emission spectra (0.1 mM, MeCN, 20 of 22 andSP6(c). Steady-state emission spectra (0.1 mM, MeCN, 20
°C, dex = 252 nm) of21 (e) and SP5(f) (the peak at 504 nmis an  °C, dex = 282 nm) 0f22 (e) and SP6 (f) (the peak at 564 nm is an
excitation artifact). Steady-state absorption spectra (0.1 mM, MeCN, excitation artifact). Steady-state absorption spectra (0.1 mM, MeCN,
20°C) of SP4(g) andSP5(h) after irradiation (254 nm, 0.4 mW crf 20°C) of SP6(g) andSP7(h) after irradiation (254 nm, 0.4 mW cmi

10 min) and ofSP5 (i) after storage of the irradiated solution in the 10 min) and ofSP7 (i) after storage of the irradiated solution in the
dark. dark.

indicating a lack of significant ground state interactions between the transition from the isolated luminophore to the lumino-
the two main components of the dyad. The emission spectrumphore-photochrome assembly.

of 22 (e in Figure 10) shows the characteristic benzophenone The band of the merocyanine isomerS®6can clearly be
phosphorescence withzaof 5.1 us (Table 1). Consistent with  observed in the absorption spectrum of model recorded after
the anticipated 7— T, energy transfer from the benzophenone irradiation @ in Figure 10)3¢ Despite the expected sensitization,
phosphore to the nitrospiropyran photochrome, the phospho-the spectrum of the dya8P7(h in Figure 10), measured under
rescence oSP7(f in Figure 10) is effectively quenched with a

7 of 4.9us and ab of 0.05 (Table 1). This particular value of (36) The lifetime of the photogenerated isomeB6t6is 3600 s in MeCN
d, corresponds to a 20-fold decrease in emission intensity with at 20°C.
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+0.08+

.@- a nitrospiropyran component of these molecules is accompanied
+0.07- o® -@- b by irreversible transformations, which are not observed for the
1006-g A C corresponding model photochromes under identical experimental

' ' conditions. Interestingly, the luminescence of the emissive
+0.054 : . % component is effectively suppressed after the covalent attach-
+0.04~; ° o, ab ment to the photochromic system. It appears, however, that the

AA  +0.034 . os™ photochromic component prevents the effective population of
o oS  Ae A | -

+0.02¢ 00 0®® AL Hﬂ.“'. the luminophore Tand, as a result, th_e expected |ntr_amolecglar

10,01 P T1— T energy transfer. Instead, the intramolecular interactions

0 .-““ .h responsible for the efficient luminescence quenching tend to

" B encourage the photodegradation of these systems. Perhaps, the
—0.01 intramolecular transfer of electrons form one component of the
-0.02 T T I T I T ] luminophore-photochrome assemblies to the other might well

300 350 400 450 500 550 600 650 700 be responsible for these irreversible photoinduced processes.
A (nm) In summary, our studies demonstrate that the integration of

either benzophenone or naphthalene sensitizers and nitrospiro-
pyrans within the same covalent backbone is not a viable
strategy to improve the photocoloration efficiency of these
systems.

FIGURE 11. Absorption spectra recorded Qu2 after laser excitation
(266 nm,~8 mJ) of a degassed solution (0.03 mM, MeCN,°2)) of
22 (a) and optically matched solutions 8P6 (b) and SP7 (c).

the same conditions, shows only a modest absorbance increasgxperimental Procedures

in the same range of wavelengths. In fact, deof only 0.01

corresponds to a 100-fold decrease in photoisomerization 2,3,3-Trimethyl-1-naphth-2-ylmethyl-3H-indolium Bromide
efficiency with the transition fronSP6to SP7 In addition, (2). A solution of 2,3,3-trimethyl-Bl-indole (200 mg, 1.3 mmol)
the ultraviolet irradiation ofSP7 causes the appearance a andl1(347mg, 1.6 mmol) in PhMe (25 mL) was stirred at ambient

band centered at 417 nrh {n Figure 10), which persists even temperature for 24 h under reflux and.Mfter the mixture was
after the prolonged storage of the solution in the darln ( cooled to ambient temperature, the solvent was distilled off under

Figure 10). Thus, the irradiation of the benzopheneniéro- reduced pressure. The residue was suspended in hexane (30 mL),

7 . . - . sonicated for 30 min, and filtered to affo&l(333 mg, 55%) as a
spiropyran dyadSP?mduces_ prefer_entl_ally irreversible trans- pink solid: mp= 180 °C; FABMS m/z = 300 [M — Br]*; H
formations, rather than the isomerization of the photochromic \wr (400 MHz, CDCN) 6 = 1.64 (6H, s), 2.89 (3H, s), 5.83
component. (2H, ), 7.44 (1H, dd, 2 and 9 Hz), 7.50.63 (4H, m), 7.69 (1H,

The low & of the dyadsSP5 and SP7 indicates that the  d, 8 Hz), 7.74-7.76 (1H, m), 7.80 (1H, bs), 7.867.93 (2H, m),
phosphorescence of their benzophenone components is ef7.96 (1H, d, 9 Hz)13C NMR (100 MHz, CRCN) 6 = 15.9, 23.3,
fectively suppressed by the adjacent nitrospiropyrans. The 36.4, 52.6, 55.7, 117.3, 125.0, 125.9, 128.0, 128.5, 128.6, 129.2,
difference inz between the dyadSP5andSP7and the model ~ 129.3, 130.1, 130.7, 130.8, 131.4, 131.6, 134.6, 142.7, 143.4.
compounds21 and 22, however, is negligible. This apparent 3,3-Dimethyl-2-methylene-1-naphth-2ylmethyl-3H-indole (3).
contradiction between the values®f andr suggests thatthe A solution of2 (217 mg, 0.6 mmol) and KOH (64 mg, 1.1 mmol)
presence of the nitrospiropyran components prevents the effecin H20 (10 mL) was stirred at ambient temperature for 1 h. The
tive population of the benzophenong, Tather quenching this ~ Mixture was washed with Gigl, (3 x 20 mL), and the organic
particular state. Consistently, the characteristic absorptians ( Phase was dried over Mg§QThe solvent was distilled off under
in Figure 11) for the T of the model benzophenor®2 cannot reduced pressure to affor8l (113 mg, 66%) as yellowish oil:

; X ; FABMS m/z = 299 [M]*; 'H NMR (400 MHz,CDC}) 6 = 1.33
be observed in the absorption spectrum of the dgBd (c in (6H, s), 3.79 (1H, d, 2 Hz), 3.84 (1H, d, 2 Hz), 4.79 (2H, s), 6.45

Figure 11) recorded 0.2s after laser excitation (266 nm). f(lH, d, 8 Hz), 6.70 (1H, dt, 1 and 8 Hz), 6.98 (1H, dt, 1 and 8 Hz),
Instead, the spectrum of this species closely resembles that of7 o7 (1H, dd, 1 and 8 Hz), 7.26 (1H, dd, 2 and 9 Hz), 7334

the model nitrospiropyra®P6 (b in Figure 11). Presumably, (24 m), 7.55 (1H, bs), 7.637.70 (3H, m):33C NMR (100 MHz,
intramolecular interactions between thedbthe benzophenone  CDCL,) 6 = 30.4, 44.5, 46.6, 74.7, 105.7, 119.0, 122.2, 125.0, 125.3,
and the $ of the adjacent nitrospiropyran prevent intersystem 126.2, 126.3, 127.9, 128.7, 132.9, 133.7, 135.0, 137.7, 146.3,
crossing and, as a result, the expected sensitization. Instead162.0.

these interactions seem to encourage irreversible transformations 1'-(Naphth-2'"-ylmethyl)-3',3-dimethyl-6-nitrospiro[2 H-1-

of the benzophenoneitrospiropyran assembly. benzopyran-2,2-3H-indole] (SP2).A solution of 3 (75 mg, 0.3
mmol) and 2-hydroxyl-5-nitrobenzaldehyde (68 mg, 0.4 mmol) in
PhH (20 mL) was heated under reflux and fidr 48 h. After the
mixture was cooled to ambient temperature, the solvent was distilled
epff under reduced pressure. The residue was purified by column
chromatography [Si® CH,Cl,/hexanes (1:1, v/v)] to affor&P2

Conclusions

Benzophenone and naphthalene are known to sensitize th
photoisomerization of nitrospiropyrans on the basis of inter- . .
molecular T — T; energy transfef8e.24¢30 The covalent gl?:] mpgp,\ 2501/‘% azspgrgé%rgi %ozdhmﬂn'gz(aé%abg!dﬁg&g
connection of either one of these two luminophores to a ./, = 448 [M]L; 1H NMR ('400 MHz,CI'DCb) 5 =136 (3H, s),
nitrospiropyran, however, does not result in the expected 1 37 (34, s), 4.38 (1H, d, 17 Hz), 4.69 (1H, d, 17 Hz), 5.97 (1H,
facilitation of the sensitization process. In fact, the photoisomer- 4, 10 Hz), 6.43 (1H, d, 8 Hz), 6.7%6.77 (1H, m), 6.86-6.92 (2H,
ization of all four luminophore photochrome assemblies studied m), 7.07 (1H, dt, 1 and 8 Hz), 7.16 (1H, dd, 1 and 8 Hz), %41
is from 2 up to 100 times less efficient than that of model 7.47 (3H, m), 7.69-7.83 (4H, m), 7.978.00 (2H, m);13C NMR
nitrospiropyrans. In addition, the photoisomerization of the (100 MHz, CDC}) 6 = 14.3, 20.1, 26.2, 31.8, 48.0, 52.9, 106.9,
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108.1,115.7, 118.7, 120.2, 121.9, 122.8, 123.0, 125.2, 125.4, 125.9PhMe/MeCN (2:1, v/v) was heated under reflux and Ar for 14 h.
126.0, 126.4, 127.8, 128.0, 128.6, 128.7, 132.9, 133.6, 136.3, 141.3,The mixture was cooled to TC, and the resulting precipitate was

147.4, 159.7.
1-[3,5-Bis(naphtha-2'-ylmethoxy)benzyl]-2,3,3-trimethyl-3H-
indolium Bromide (5). A solution of 2,3,3-trimethyl-Bl-indole
(187 mg, 1.2 mmol) and (472 mg, 1.0 mmol) in PhMe (25 mL)
was heated under reflux and, Nor 3 d. After the mixture was
cooled to ambient temperature, the solvent was distilled off under

filtered off. The residue was washed with EtOH (5 mL) and hexane
(40 mL) to afford8 (1.6 g, 52%) as a white solid: FABM®/z =

219 [M + H]*; *HNMR [400 MHz, CD;CN/CD;0D (5:1, vIv)]

= 2.93 (6H, s), 4.07 (3H, s), 5.32 (3H, s), 9.18 (1H, d, 8 Hz), 9.63
(1H, dd, 1 and 8 Hz), 9.68 (1H, d, 1 HZ)C NMR [75 MHz,
CDsCN/CDsOD (5:1, viv)] 6 = 22.4, 36.0, 56.0, 116.4, 125.5,

reduced pressure. The residue was suspended in hexane (30 mL}132.2, 133.5, 143.2, 167.5.

sonicated for 30 min, and filtered to affod(586 mg, 93%) as a
pink solid: FABMSm/z =562 [M — Br]*; 'H NMR (400 MHz,
CDsCN) 6 = 1.34 (6H, s), 2.36 (3H, s), 4.45 (2H, s), 5.21 (4H, s),
6.67 (1H, t, 2 Hz), 6.72 (2H, d, 2 Hz), 7.25.35 (4H, m), 7.49
7.55 (6H, m), 7.84-7.91 (8H, m);13C NMR (100 MHz, CQCN)

1,3,3-Trimethyl-2-methylene-5-carboxy-8i-indole (9). A solu-
tion of 8 (1.15 g, 3 mmol) in aqueous KOH (0.32 M, 21 mL) was
stirred at ambient temperature for 2 h. The pH was adjusted.to ca
7 with aqueous HCI (1 M), and the solution was washed with
i-PrOH/CHCI, (1:1, viv, 6x 15 mL). The organic phase was dried

0=143,22.9,31.8, 33.8,70.5, 102.5, 108.5, 125.3, 126.2, 126.5, gyer MgSQ, and the solvent was distilled off under reduced
126.6,127.9, 128.1, 128.6, 128.8, 132.2, 132.3, 133.3, 133.5, 134-2pressure to yiel® (0.72 g, 99%) as a white solid: FABM®/z=

140.0, 160.3.
1-[3,5-Bis(naphth-2'-ylmethoxy)benzyl]-3,3-dimethyl-2-me-

thylene-3H-indole (6). A solution of 5 (146 mg, 0.3 mmol) and

KOH (29 mg, 0.5 mmol) in KO (10 mL) and MeCN (3 mL) was

stirred at ambient temperature for 1 h. The mixture was washed

with CH,ClI; (3 x 20 mL), and the organic phase was dried over

MgSGQO,. The solvent was distilled off under reduced pressure to

afford 6 (90 mg, 62%) as a greenish oil: FABM&z = 562 [M

-+ H]™; 'H NMR (300 MHz,CDC}) 6 = 1.42 (6H, s), 3.92 (2H, d,

2 Hz), 3.95 (2H, d, 2 Hz), 4.69 (2H, s), 5.20 (4H, s), 6.70 (1H, t,

2 Hz), 6.75 (2H, d, 2 Hz), 7.287.40 (4H, m), 7.56-7.60 (6H,

m), 7.87-7.92 (8H, m);*3C NMR (75 MHz, CDC}) 6 = 23.1,

33.7, 535, 70.2, 102.3, 108.4, 125.3, 125.4, 126.1, 126.2, 126.3,
126.4,126.5, 127.6, 127.7,127.8, 128.0, 128.5, 133.1, 133.3, 134.1

139.9, 160.2.
1'-(3",5"-Bis(naphtha-2"-ylmethyloxy)benzyl)-3,3-dimethyl-
6-nitrospiro[2 H-1-benzopyran-2,2'-3H-indole] (SP3).A solution
of 6 (97 mg, 0.2 mmol) and 2-hydroxyl-5-nitrobenzaldehyde (43
mg, 0.3 mmol) in PhMe (30 mL) was heated under reflux and N
for 30 h. After being cooled to ambient temperature, the solvent
was distilled off under reduced pressure. The residue was purified
by column chromatography [S§O CH,Cl,/hexanes (1:1, v/v)] to
afford SP3(65 mg, 53%) as a yellowish solid. HPLC (analytical):
tr = 4.7 min, PA= 1.4, APP= 256.44+ 0.6 nm; mp= 60 °C;
FABMS m/z = 712 [M]*; 'H NMR (500 MHz,CDC}) 6 = 1.18
(3H, s), 1.30 (3H, s), 4.10 (1H, d, 17 Hz), 4.38 (1H, d, 17 Hz),
5.18 (4H, s), 5.71 (1H, d, 10 Hz), 6.37 (1H, d, 13 Hz), 6.56 (2H,
d, 2 Hz), 6.61 (1H, m), 6.67 (1H, d, 15 Hz), 6.72 (1H, d, 9 Hz),
6.88 (1H, t, 7 Hz), 7.04 (1H, t, 7 Hz), 7.10 (1H, d, 12 Hz), 745
7.52 (6H, m), 7.86-7.87 (8H, m), 7.92 (1H, d, 3 Hz), 8.00 (1H,
dd, 3 and 21 Hz)!3C NMR (100 MHz, CDC}) 6 = 20.0, 26.3,

33.7, 48.0, 52.8, 70.8, 102.6, 106.3, 106.8, 108.1, 108.5, 115.7,

218 [M + H]*; 'H NMR (400 MHz, CDC}) 0 = 1.37 (6H, s),
3.11 (3H, s), 4.064.02 (2H, m), 6.56 (1H, d, 8 Hz), 7.79 (1H, d,
2 Hz), 7.98 (1H, dd, 2 and 8 Hz}*C—NMR (100 MHz, CDC})
0=29.1,30.0,43.8,104.5, 119.1, 123.9, 132.2, 137.9, 151.2, 162.3,
171.6.

1',3,3-Trimethyl-5'-carboxy-6-nitrospiro[2H-benzopyran-
2,2-3H-indole] (10). A solution of 9 (115 mg, 0.5 mmol) and
2-hydroxyl-5-nitrobenzaldehyde (97 mg, 0.6 mmol) in MeCN (25
mL) was heated under reflux and Ar for 6 h. The mixture was
cooled to 0°C, and the resulting precipitate was filtered off. The
residue was washed with hexane (50 mL) to yi&l(121 mg,
63%): FABMSm/z= 367 [M + H]*; IH NMR [400 MHz, (CDy),-
SQO]6 = 1.13 (3H, s), 1.24 (3H, s), 2.76 (3H, s), 6.02 (1H, d, 10
Hz), 6.70 (1H, d, 8 Hz), 6.92 (1H, d, 9 Hz), 7.26 (1H, d, 10 Hz),
7.69 (1H, d, 8 Hz), 7.81 (1H, dd, 2 and 8 Hz), 8.02 (1H, dd, 3 and
9 Hz), 8.24 (1H, d, 3 Hz), 12.39 (1H, s}*C NMR (100 MHz,
CDCl;) 6 =19.5, 25.5, 28.4, 51.5, 105.9, 106.2, 115.4, 118.8, 120.9,
121.6,122.8,122.9, 125.8, 128.5, 130.8, 135.9, 140.7, 151.2, 158.9,
167.3.

1',3,3-Trimethyl-5'-methoxycarbonyl-6-nitrospiro[2H-1-ben-
zopyran-2,2'-3H-indole] (SP4). A solution of 10 (259 mg, 0.7
mmol), SOC} (114 uL, 2 mmol), and EN (200 «L, 2 mmol) in
MeCN (20 mL) was heated under reflux and Ar for 2 h. MeOH (4
mL) was added, and the solution was allowed to cool to ambient
temperature over 12 h. The solvent was distilled off under reduced
pressure, and the residue was suspended isCGH10 mL) and
filtered through a Florisil plug. The solvent was distilled off under
reduced pressure to giBP4(231 mg, 85%) as a red solid: HPLC
(analytical)tg = 4.7 min, PA= 1.4, APP= 256.44+ 0.6 nm; mp
= 178°C; FABMS m/z = 381 [M + H]*; 'H NMR (400 MHz,
CDCl3) 0 = 1.24 (3H, s), 1.33 (3H, s), 2.82 (3H, s), 3.89 (3H, s),

118.7,120.2, 121.7, 121.8, 122.8, 125.4, 125.5, 126.4, 126.5, 126.62.-85 (1H, d, 10 Hz), 6.55 (1H, d, 8 Hz), 6.77 (1H, d, 8 Hz), 6.96
127.9,128.1, 128.4, 128.6, 133.4, 133.5, 134.3, 134.5, 138.9, 147.2(1H, d, 10 Hz), 7.76 (1H, d, 2 Hz), 7.97 (1H, dd, 2 and 8 Hz),

159.7, 160.6.

2,3,3-Trimethyl-5-carboxy-3H-indole (7). A solution of iso-
propylmethylketone (3.9 mL, 36 mmol) and 4-hydrazinobenzoic
acid (5.0 g, 33 mmol) in EtOH (120 mL) and concd3®, (1.0
mL) was heated under reflux for 12 h. After being cooled to ambient

8.02-8.08 (2H, m);3C NMR (100 MHz, CDC}) 6 = 20.1, 26.0,
29.0, 51.9, 52.2, 106.4, 115.7, 118.7, 121.1, 121.7, 123.0, 123.5,
126.2, 128.8, 131.5, 136.3, 141.5, 151.8, 159.5, 167.5.
1',3,3-Trimethyl-5'-(4""-benzoylbenzoyl)-6-nitrospiro[H-1-
benzopyran-2,2'-3H-indole] (SP5).A solution of 10 (77 mg, 0.2

temperature, the mixture was filtered. A saturated aqueous solutionmmol), SOC} (50 «L, 0.6 mmol), and EN (200 L, 2 mol) in

of NaHCG; (50 mL) was added to the filtrate, and the resulting
solution was washed with Gi&l, (3 x 20 mL). The pH of the
aqueous phase was adjusted to4with aqueous HCI (1 M), and
then the solution was washed with @, (2 x 10 mL). The solvent
of the combined organic phases was distilled off under reduced
pressure to yield@ (6.7 g, 92%) as a brownish solid: mp 192
°C; FABMS m/z = 204 [M + H]*; *H NMR (400 MHz, CDC})
0 = 1.35 (6H, s), 2.40 (3H, s), 7.69 (1H, d, 8 Hz), 8.07 (1H, d, 1
Hz), 8.15 (1H, dd, 1 and 8 Hz), 10.64 (1H, b3jC NMR (100
MHz, CDCkL) 6 = 15.6, 23.0, 54.1, 119.7, 123.4, 128.4, 130.9,
1455, 156.7, 171.0, 192.9.
1,2,3,3-Tetramethyl-5-carboxy-8i-indolium iodide (8). A
solution of 7 (1.80 g, 9 mmol) and Mel (0.55 mL, 2 mmol) in

MeCN (20 mL) was heated under reflux and Ar for 6 h.
4-Hydroxybenzophenone (55 mg, 0.3 mmol) was added, and the
mixture was allowed to cool to ambient temperature under Ar over
the course of 12 h. The solvent was distilled off under reduced
pressure, and the residue was purified by column chromatography
[SiO,, EtCOMe/CH,CI, (1:10, viv)] to affordSP5(54 mg, 47%)

as a red solid: HPLC (analyticay = 3.7 min, PA= 1.2, APP=
276.1+ 0.6 nm; mp= 100°C; FABMS m/z= 547 [M + H]*; *H

NMR (400 MHz, CDC}) 6 = 1.25 (3H, s), 1.37 (3H, s), 2.87 (3H,

s), 5.88 (1H, d, 10 Hz), 6.64 (1H, d, 8 Hz), 6.80 (1H, d, 8 Hz),
7.06 (1H, d, 10 Hz), 7.35 (2H, d, 9 Hz), 7.49.52 (2H, m), 7.61
(1H, tt, 1 and 7 Hz), 7.84 (2H, m), 7.92 (3H, m), 8:68.07 (2H,

m), 8.16 (1H, dd, 2 and 8 Hz}3C NMR (75 MHz, CDC}) ¢ =

J. Org. ChemVol. 72, No. 2, 2007 603
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21.3, 26.0, 29.0, 52.2, 106.2, 106.5, 115.7, 118.6, 120.2, 120.9, 1,2,3,3-Tetramethyl-5-hydroxy-34-indolinium lodide (16). A
122.1,123.1,124.1, 126.3, 128.6, 129.0, 130.2, 132.0, 132.6, 132.7 solution of13 (0.89 g, 5 mmol) and Mel (0.35 mL, 6 mmol) in
135.0, 136.7, 137.8, 141.5, 152.7, 154.9, 159.4, 165.0, 195.9.  MeCN (20 mL) was heated under reflux and Ar for 16 h. After the
2,3,3-Trimethyl-5-methoxy-3H-indole (12).A solution of iso- solution was cooled to ambient temperature, the solvent was distilled
propylmethylketone (1.5 mL, 14 mmol) and 4-methoxyphenylhy- off under reduced pressure and the residue was dissolved insCHCI
drazine hydrochloride (2.5 g, 14 mmol) in EtOH (60 mL) was (5 mL). The resulting solution was diluted with hexane (40 mL),
heated under reflux for 5 h. After the mixture was cooled to ambient sonicated for 20 min, and filtered. The residue washed hexane (50
temperature, the solvent was distilled off under reduced pressure.mL) to afford16 (1.35 g, 83%) as a red solid: FABM&z = 190
The residue was dissolved in GEl, (25 mL) and washed with [M —I]*; IH NMR [300 MHz, (CD;),SO] 6 = 1.46 (6H, s), 2.70
H,0 (2 x 20 mL). The organic phase was dried over MgSénd (3H, s), 3.91 (3H, s), 6.95 (1H, dd, 1 and 3 Hz), 7.13 (1H, d, 1
the solvent was distilled off under reduced pressure to ylid Hz), 7.69 (1H, d, 3 Hz), 8.35 (1H, s}*C NMR [75 MHz, (CD;)»-
(2.3 g, 84%) as a red solid: FABM&/z= 190 [M]*; *H NMR SO]o = 14.3, 23.1, 34.6, 53.7, 110.0, 114.5, 119.8, 144.1, 147.1,
(400 MHz, CDC}) 6 = 0.77 (6H, s), 1.81 (3H, s), 3.33 (3H, s), 156.2, 186.4.
6.39 (1H, d, 8 Hz), 6.51 (1H, s), 7.03 (1H, d, 8.83C NMR (100 1',3,3-Trimethyl-5 '-hydroxy-6-nitro-spiro[2 H-1-benzopyran-
MHz, CDCk) 6 = 14.2,22.2,52.7,54.5, 107.3,111.3,119.1, 146.1, 2',2-3H-indole] (17). A solution of 16 (183 mg, 0.6 mmol),
146.4, 157.2, 184.7. 2-hydroxyl-5-nitrobenzaldehyde (96 mg, 0.6 mmol), and piperidine
1,2,3,3-Tetramethyl-5-methoxy-3H-indolinium lodidgL3). A (57 uL, 0.6 mmol) in 2-butanone (30 mL) was heated under reflux
solution 0f12 (279 mg, 1.5 mmol) and Mel (1Q@L, 1.6 mmol) in and Ar for 3 h. After the mixture was cooled to ambient
MeCN (30 mL) was heated under reflux and Ar for 24 h. After temperature, the solvent was distilled off under reduced pressure
cooling the mixture down to ambient temperature, the solvent was gng the residue was dissolved in CHT mL). The resulting
distilled off under reduced pressure. The residue was dissolved ingg|ytion was diluted with hexane (40 mL), sonicated for 30 min,
CHCI; (5 mL). The resulting solution was diluted with hexane (40 an filtered. The residue was washed with hexane (20 mL) to yield
mL), sonicated for 30 min and filtered to affoi® (240 mg, 49%) 17 (153 mg, 78%) as a red solid: mp 71 °C; FABMS m/z =
as a dark red solid: FABM&/z =204 [M — I1]*; *H NMR (300 338 [M]*; H NMR (400 MHz, CDCN) 6 = 1.14 (3H, s), 1.22
MHz, CDC|3)Z 0=1.63 (6H, S), 3.01 (3H, S), 3.92 (3H, S), 421 (3H, S), 2.64 (3H, s)l 5.92 (1H, d, 10 HZ), 6.41 (lH, d, 8 HZ),
(3H, s), 7.02-7.04 (2H, m), 7.60 (1H, d, 9 HZJ®C NMR (100 g 52 6 64 (2H, m,), 6.73 (1H, d, 9 Hz), 7.03 (1H, d, 10 Hz), 8.00
135.3, 143.5, 161.8, 192.8. CDiCN) 6 = 20.1, 24.9, 29.6, 53.2, 108.0, 108.3, 111.0, 114.3,
1,3,3-Trimethyl-2-methylene-5-methoxy-8i-indole (14). A 116.2,120.1, 122.6, 123.8, 126.6, 129.1, 129.4, 129.7, 138.9, 151.9,
solution of 13 (239 mg, 0.7 mmol) in MeCN (5 mL), $0 (10 160.8.
mL) and aqueous KOH (0.(_3 M, 2.5 mL) was sti_rred at ambient 1',3,3-Trimethyl-5-(4"-iodobutyloxy)-6-nitrospiro[2 H-1-ben-
temperature for 1 h. The mixture was washed with,CH (3 x zopyran-2,2-3H-indole] (18). A suspension ofl7 (0.44 g, 1

20 mL), and the organic layer was dried over MgSThe solvent h
R . o mmol), 1,4-diiodobutane (2.8 mL, 21 mmol), ang®0; (2.8 g 22
was distilled off under reduced pressure to yib(102 mg, 70%) mmol) in MeCN (80 mL) was stirred at ambient temperature under

as a yellow solid: FABMSwz = 203 [M]*; *H NMR (400 MHz, -
CDCly) & = 1.39 (6H, s), 3.04 (3H, s), 3.78.83 (5H, m), 6.44 Ar for 5 d. The solvent was distilled off under reduced pressure,

(1H, d, 2 Hz), 6.69 (1H, dd, 1 and 2 Hz), 6.76 (1H, d, 1 HZ: and the residue was suspended in,CH (20 mL) and washed

NMR (75 MHz, CDCE) 6 = 29.1, 30.1, 44.6, 56.2, 72.3, 104.7 with H,O (4 x 15 mL). The organic phase was dried over MgSO
110.2. 112.2. 1392 140.9. 1535 163.4. ’ ' " and the solvent was distilled off under reduced pressure. The residue

was purified by column chromatography [SiChexane— hexane/
CH.Cl, (1:1, v/v)] to yield 18 (0.17 g, 25%) as a yellowish solid:
FABMS m/z = 520 [M]*; 'H NMR (500 MHz, CQCN) ¢ = 1.15
(3H, s), 1.24 (3H, s), 1.811.83 (2H, m), 1.951.97 (2H, m), 2.66
(8H, s), 3.31 (2H, t, 5 Hz), 3.95 (2H, t, 6 Hz), 5.92 (1H, d, 10 Hz),
6.48 (1H, d, 8 Hz), 6.696.72 (2H, m,), 6.77 (1H, d, 3 Hz), 7.04

1',3,3-Trimethyl-5'-methoxy-6-nitrospiro[2H-1-benzopyran-
2',2-3H-indole] (SP6).A solution of 14 (76 mg, 0.4 mmol) and
2-hydroxyl-5-nitrobenzaldehyde (62 mg, 0.4 mmol) in PhMe (45
mL) was heated under reflux and Ar for 3 h. After the mixture
was cooled to ambient temperature, the solvent was distilled off
under reduced pressure. The residue was purified by column

chromatography [Sig) hexane/ChCI, (1:2, v/v)] to afford SP6 ﬁaRdljéOE)th)H 7'%9 ((1:: %d'_gsa;dzgojz)ég'gg%g‘ (13’135'_%% 6
(70 mg, 54%) as a red solid: mp 120°C; FABMS m/z = 352 ( z, CQCN) 0 = 8.7, 20.4, 26.5, 29.9, 315, 316,

[M]*; IH NMR (400 MHz, CDC) & = 1.20 (3H, s), 1.29 (3H, s), 53.6, 68.9, 108.7, 111.5, 114.0, 116.6, 120.5, 123.0, 124.1, 127.0,

2.70 (3H, s), 3.81 (3H, s), 5.86 (LH, d, 10 Hz), 6.47 (1H, d, 9 Hz), 1295, 139.2,143.4,154.9, 161.2.
6.73-6.75 (2H, m), 6.78 (1H, d, 9 Hz), 6.92 (1H, d, 10 Hz), 8:01 1',3,3'-Trimethyl-5-(4"-(4'"""-benzoylbenzoyl)butoxy)-6-
8.04 (2H, m);13C NMR (75 MHz, CDC}) 6 = 20.1, 26.0, 29.4, nitrospiro[2 H-1-benzopyran-2,2-3H-indole] (SP7).A suspension
52.6, 56.1, 107.1, 107.4, 109.8, 111.6, 115.6, 118.9, 121.5, 122.6,0f 18 (35 mg, 0.1 mmol), 4-hydroxybenzophenone (133 mg, 0.7
126.1, 128.4, 130.0, 131.9, 137.9, 141.1, 142.1. mmol), and KCO; (0.93 g, 7 mmol) in MeCN (25 mL) was heated
2,3,3-Trimethyl-5-hydroxy-3H-indole (15) A solution of BBE under reflux and Ar for 9 h. After the mixture was cooled to ambient
in CH.Cl, (1.0 M, 11.4 mL) was added dropwise to a solution of temperature, the solvent was distilled off under reduced pressure.
12(1.10 g, 6 mmol) in CKCI, (40 mL) maintained at 0C under ~ The residue was dissolved in Q& (30 mL) and washed with
Ar. After 1 h, the mixture was allowed to warm to ambient H20 (4 x 10 mL). The organic phase was dried over MgSthe
temperature over the course of 12 h. A saturated aqueous solutiorsolvent was distilled off under reduced pressure, and the residue
of NaHCQ; (30 mL) was washed with C}€l, (3 x 20 mL). The was purified by HPLC (semipreparative) to affoBP7 (10 mg,
organic phase was dried over MgS@nd the solvent was distilled ~ 25%) as a red solid: HPLC (analyticah = 3.7 min, PA= 2.0,
off under reduced pressure to affd8 (0.75 g, 75%) as a greenish ~ APP = 263.14+ 0.3 nm;m/z = 592 [M + H]*; 'H NMR (400
solid: FABMSm/z = 176 [M]*; IH NMR (400 MHz, CDC}) 6 MHz, CD:CN) 6 = 1.15 (3H, s), 1.23 (3H, s), 1.961.99 (4H, m),
= 1.26 (6H, s), 2.26 (3H, s), 6.81 (1H, dd, 2 and 8 Hz), 6.88 (1H, 2.66 (3H, s), 4.01 (2H, t, 6 Hz), 4.17 (2H, t, 6 Hz), 5.93 (1H, d, 10
d, 2 Hz), 7.32 (1H, d, 8 Hz), 8.93 (1H, bsfC NMR (75 MHz, Hz), 6.49 (1H, d, 8 Hz), 6.72 (1H, dd, 3 and 8 Hz), 6.77 (2H, d, 3
CDCl) 6 = 13.7, 21.9, 34.6, 53.2, 79.3, 110.3, 115.0, 116.0, 143.7, Hz), 7.02-7.06 (3H, m), 7.49-7.53 (2H, m), 7.66-7.62 (1H, m),
159.0. 7.70-7.72 (2H, m), 7.777.79 (2H, m), 7.99 (1H, dd, 3 and 9
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Hz), 8.07 (1H, d, 3 Hz)13C NMR (125 MHz, CQCN) 6 = 20.1, Ramamurthy for sharing his time-resolved emission spectrom-
26.0, 26.2, 26.4, 29.4, 52.6, 68.1, 68.4, 107.0, 107.4, 110.4, 112.5,eter with us.
114.2,115.7,118.9, 121.8,122.9, 126.1, 128.4, 129.9, 132.1, 132.8,

138.0, 138.6, 141.1, 142.2. 153.7, 160.1, 162.8, 195.8. Supporting Information Available: General methods and

experimental procedures for the synthesis4pR0, 21, and 22,
HPLC traces o5P2 SP3 SP5 andSP7 This material is available
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