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Photochromic Oxazines with Extended Conjugation
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We synthesized four compounds with indole and benzooxaz-
ine fragments fused in their molecular skeleton and differing
in the substituent in the para position, relative to the oxygen
atom, of their phenoxy chromophore. This particular substit-
uent extends the conjugation of the phenoxy chromophore
and shifts its absorption bathochromically by up to 60 nm,
relative to a parent compound with a 4-nitrophenoxy group.
The 1,3-oxazine ring of all compounds opens upon addition
of base to generate a hemiaminal incorporating a phenolate
chromophore. Once again, the substituents on this fragment
shift its absorption bathochromically by up to 60 nm, relative
to the parent compound. Upon laser excitation at a wave-
length within the absorption range of the phenoxy chromo-
phore, the 1,3-oxazine ring of the compound incorporating a
4-nitrophenyl substituent opens in less than 6 ns to generate
a zwitterionic isomer with a quantum yield of 0.11 in acetoni-
trile. Under these conditions, the photogenerated isomer has

a lifetime of 29 ns and reverts spontaneously to the original
species with first-order kinetics. Furthermore, this photochro-
mic system tolerates hundreds of switching cycles with no
sign of degradation even in the presence of molecular oxy-
gen. However, the excitation dynamics of the other three
compounds, incorporating a 4-nitrobiphenyl, 4-nitrostyryl or
4-nitrophenylethynyl substituent, are dominated by intersys-
tem crossing. Consistently, the corresponding transient spec-
tra reveal predominantly triplet-triplet absorptions. Thus, our
studies demonstrate that the excitation wavelength and color
of this class of photochromic compounds can be regulated by
extending the conjugation of their phenoxy fragment with
negligible influence on the photochromic performance only
if the structural modification does not encourage intersystem
crossing.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Photochromic compounds alter reversibly their ability to
absorb visible radiations in response to optical stimula-
tions.['>] These spectral changes in the visible region are a
result of significant modifications in stereoelectronic prop-
erties and can be a consequence of photoinduced cis/trans
isomerizations, ring-opening/closing steps, intramolecular
proton transfer, intermolecular electron transfer or cycload-
ditions. In each case, the photogenerated species must be
able to revert back to the original form either thermally or
photochemically. As a result, the color of a liquid solution
containing photochromic compounds or of a rigid polymer
matrix doped with photochromic molecules can be con-
trolled reversibly under the influence of optical inputs. In
addition to the absorbance of the overall material, these
photoinduced transformations at the molecular level can

[a] Department of Chemistry, University of Copenhagen,
Universitetsparken 5, 2100 Copenhagen @, Denmark
E-mail: mbn@kiku.dk

[b] Department of Chemistry, University of Miami,

1301 Memorial Drive, Florida 33146-0431, USA
E-mail: fraymo@miami.edu

[c] Dipartimento di Scienze Chimiche, Universita di Catania,
Viale Andrea Doria 8, 95125 Catania, Italy
E-mail: ssortino@unict.it

Supporting information for this article is available on the
WWW under http://dx.doi.org/10.1002/ejoc.200900604.

Eur. J. Org. Chem. 2009, 4333-4339

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

also control its refractive index. Indeed, diverse devices have
already been designed around the photoinduced absorptive
and dispersive effects associated with photochromic materi-
als.[6-8)

Nitrospiropyrans are members of one of the most com-
mon families of photochromic compounds.”-'3 They
switch from a colorless to a colored state under ultraviolet
irradiation and revert back to the original species in the
dark. Their photochemical behavior and synthetic accessi-
bility have already encouraged the integration of these com-
pounds in a diversity of photoresponsive materials. How-
ever, the relatively slow switching speeds and poor fatigue
resistances of nitrospiropyrans have prevented so far the
evolution of these systems from clever laboratory demon-
strations to practical technological applications. Indeed, ni-
trospiropyrans switch from colorless to colored states in few
microseconds, but revert back to the colorless forms only
after hundreds of seconds. In addition, the participation of
a relatively long-lived triplet state in their photoisomeriza-
tion translates in their ability to tolerate only few tenths of
switching cycles before decomposing.

In search of strategies to improve the photochromic per-
formance of nitrospiropyrans, we developed close relatives
of these compounds with fast switching speeds and excel-
lent fatigue resistances.l'¥l For example, the ultraviolet exci-
tation of 1a (Figure 1) opens its 1,3-oxazine ring in less than
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6 ns to generate 1b with a quantum yield of 0.10 in acetoni-
trile at 20 °C. Under these conditions, the photogenerated
isomer has a lifetime of 25 ns and, eventually, reverts to the
original species with first-order kinetics. Furthermore, this
system survives thousands of switching cycles unaffected,
even in the presence of molecular oxygen. Thus, our innov-
ative structural design offers access to nanosecond switch-
ing speeds and outstanding fatigue resistances and, in prin-
ciple, can lead to the development of photochromic materi-
als for the implementation of logic gates,['>'°! optical limit-
ers,?0-24 photoresponsive filtersi>! and photoswitchable
probes.**-2°1 Each one of these applications, however, im-
poses stringent requirements on the excitation wavelength,
quantum efficiency, color and isomerization kinetics. As a
result, it is essential to learn how to control and, eventually
tune, the photochemical and photophysical properties of
our photochromic compounds in view of possible techno-
logical applications. In this context, we envisaged the pos-
sibility of introducing structural modifications on the main
skeleton of our 1,3-oxazines and investigate their influence
on the photochromic performance. In this article, we report
the synthesis of four new members of this novel class of
photochromic compounds and the spectroscopic characteri-
zation of the photochemical and photophysical properties.

Figure 1. Photoinduced transformation of the 1,3-oxazines la-Sa
into the zwitterions 1b-5b.

Results and Discussion

Design and Synthesis

The ground-state absorption of the 4-nitrophenoxy frag-
ment of la is centered at 316 nm (Table 1) in acetonitrile.
Laser excitation in the tail of this band opens the 1,3-oxaz-
ine ring and generates the 4-nitrophenolate anion of 1b with
the concomitant appearance of the ground-state absorption
of this chromophore at 440 nm. In principle, the position
of both bands and, hence, the excitation wavelength and
color of the photochromic system can be regulated by re-
4334
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placing the nitro group with other substituents. Specifically,
the introduction of groups capable of extending the conju-
gation of the phenoxy fragment should translate into the
possibility of elongating the excitation wavelength and tun-
ing the color across the entire visible region. On the basis
of these considerations, we designed the 1,3-oxazines 2a—5a
(Figure 1), which incorporate a 4-nitrophenyl, 4-nitrobi-
phenyl, 4-nitrostyryl and 4-nitrophenylethynyl substituent
in place of the nitro group of 1a.

Table 1. Spectroscopic datal® for the 1,3-oxazines 1a-5a and their
model compounds 11-14 and 19-22.

A &
[nm] [mm 'em]
la 316 11.0
2a 338 15.1
3a 337 19.9
4a 377 239
5a 354 233
11 336 16.7
12 340 21.1
13 376 25.7
14 352 20.0
19 450 15.2
20 443 8.8
21 521 13.2
22 469 194

[a] The absorption wavelength (1) and molar extinction coefficient (&)
at 1 were measured in MeCN at 20 °C. The data for 1a are from
ref'44] The data for 19-22 were recorded after adding Bu,NOH (>
100 equiv.) to solutions of 15-18.

We synthesized the 1,3-oxazines 2a and 3a in one step
starting from the corresponding diols 7 and 8 (Figure 2). In
particular, we treated 7 and 8 with phosphorus tribromide
and then with 6 in situ to generate 2a and 3a with yields of
36 and 21%, respectively. According to a similar protocol
and starting from the diol 9 (Figure 2), we prepared also
the 1,3-oxazine 10a. Then, we treated this compound with
either 4-nitrostyrene or 4-nitrophenylacetylene (Figure 3) to
generate the 1,3-oxazines 4a and 5a with yields of 81 and
16 %, respectively.

HO 1) PBrg / MeCN

-100r0°C > r.t.
A 055h
/
R@f%} LQ
RT/48-72h
74<:/LN02 2a

9 —Br 10a

Figure 2. Synthesis of the 1,3-oxazines 2a, 3a and 10a.
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Figure 3. Synthesis of the 1,3-oxazines 4a and 5a.

Steady-State Absorption Spectroscopy

The steady-state absorption spectra (a and e in Figures 4
and 5) of 2a-5a show bands centered at 338, 337, 377 and
354 nm (Table 1), respectively, for the ground-state absorp-
tions of the corresponding phenoxy chromophores. Indeed,
these bands closely resemble the ones observed in the spec-
tra (b and fin Figures 4 and 5) of the model compounds
11-14 (Figure 6). Upon addition of base, the 1,3-oxazine
ring of 2a-5a opens to generate the hemiaminals 2c¢—Sc
(Figure 7). These transformations are accompanied by the
appearance of bands at 469, 412, 511 and 443 nm in the
corresponding spectra (¢ and g in Figures 4 and 5) for the
ground-state absorptions of the phenolate chromophores of
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Figure 4. Steady-state absorption spectra (0.1 mm, MeCN, 20 °C) of
2a before (a) and after (¢) the addition of BuyNOH (496 equiv.), 11
(b), 15 (d) after the addition of BuyNOH (496 equiv.), 3a before (e)
and after (g) the addition of BuyNOH (993 equiv.), 12 (f), 16 (h) after
the addition of BuyNOH (993 equiv.).
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Figure 5. Steady-state absorption spectra (0.1 mm, MeCN, 20 °C) of
4a before (a) and after (¢) the addition of BuyNOH (101 equiv.), 13
(b), 17 (d) after the addition of BuyNOH (101 equiv.), Sa before (e)

and after (g) the addition of BusNOH (100 equiv.), 14 (f), 18 (k) after
the addition of BuyNOH (100 equiv.).
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Figure 6. Model compounds 11-22.
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2¢-5c¢. Consistently, these bands are reminiscent of those
observed in the spectra (d and & in Figures 4 and 5) of the
model compounds 19-22 (Figure 6).

. .

Figure 7. Transformation of the 1,3-oxazines 2a-5a into the hemi-
aminals 2¢-5¢ under the influence of base.

Transient Absorption Spectroscopy

The laser excitation of 2a at 355 nm opens its 1,3-oxazine
ring to generate the zwitterionic isomer 2b in less than 6 ns
and with a quantum yield of 0.11. Consistently, the absorp-
tion spectrum (a in Figure 8), recorded 50 ns after exci-
tation, shows a band at 510 nm for the ground-state absorp-
tion of the phenolate chromophore of 2b. Indeed, this band
resembles that observed in the steady-state spectrum (d in
Figure 4) of the model phenolate 19. In agreement with this
assignment, the transient spectrum (b in Figure 8) of the
model 11, recorded under otherwise identical conditions,
shows that the triplet state associated with the 4-nitrobi-
phenoxy chromophore absorbs instead at 650 nm. Further-
more, the transient absorption of 2b decays in nanoseconds
(c in Figure 8), whereas that of 11 fades in microseconds (e
in Figure 8). Nonlinear curve fittings of both absorbance
profiles (d and fin Figure 8) indicate the lifetime of 2b and
the triplet state of 11 to be 29 ns and 2 ps, respectively.
Thus, a full switching cycle, from 2a to 2b and back, can be
completed in few tens of nanoseconds. In addition, the
steady-state absorption spectra of 2a, recorded before and
after 300 excitation pulses, are essentially identical, indicat-
ing that this photochromic compound can withstand mul-
tiple switching cycles with no sign of degradation.

The spectroscopic analysis of 2a indicates that the intro-
duction of a 4-nitrophenyl substituent in place of the nitro
group of 1a has negligible influence on the quantum yield
for the photoinduced ring opening and the lifetime of the
photogenerated isomer. Indeed, the quantum yield is ca. 0.1
and the lifetime is close to 30 ns for both systems. However,
the extended conjugation of the 4-nitrobiphenolate chromo-
phore of 2b, relative to the 4-nitrophenolate anion of 1b,
shifts bathochromically the absorption wavelength of the
photogenerated isomer. According to steady-state absorp-
tion spectra of the model phenolates 20-22 (d and 4 in Fig-
ures 4 and 5), the introduction of 4-nitrobiphenyl, 4-ni-
trostyryl and 4-nitrophenylethynyl substituents, in place of
the nitro group of 1b, is also expected to elongate the ab-
sorption wavelength of the ring-opened isomers 3b-5b.
Nonetheless, the absorption spectra (a and ¢ in Figure 9) of
3a and 4a, recorded 50 ns after excitation, show instead
bands resembling those of the model phenoxy chromo-
phores 12 and 13 (b and d in Figure 9). These bands corre-
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Figure 8. Transient absorption spectra (0.05 mm, MeCN, 20 °C) of 2a
(a) and 11 (b) recorded 50 ns after laser excitation (355 nm, 12 mJ).
Temporal evolution of the absorbance at 500 nm for 2a (¢) and
650 nm for 11 (e) after excitation and the corresponding monoexpon-
ential fittings (d and f).

spond to triplet—triplet absorptions of these particular chro-
mophoric fragments and decay on a microsecond timescale.
In agreement with this assignment, the transient species re-
sponsible for these bands are all quenched by molecular
oxygen. In contrast to the behavior of 3a and 4a, the spec-
trum of 5a (e in Figure 9), recorded 50 ns after excitation,
does not show the broad and intense transient absorption
of the corresponding phenoxy chromophore 14 (f in Fig-
ure 9) at wavelengths higher than 550 nm. Instead, it re-
sembles that of the model phenolate 22 (g in Figure 9) and,
presumably, corresponds to a triplet—triplet absorption of
the ring-opened isomer 5b. These observations suggest that
intersystem crossing dominates the excitation dynamics of
3a-5a and competes with the ring-opening process of 3a
and 4a.

Eur. J. Org. Chem. 2009, 4333-4339
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Figure 9. Transient absorption spectra (MeCN, 20 °C) of 3a (a,
0.03 mm), 12 (b, 0.03 mm), 4a (¢, 0.03 mm), 13 (4, 0.12 mm), 5a (e,
0.03 mm), 14 (f; 0.03 mm) and 18 (g, 0.15 mm) after the addition of
Buy,NOH (100 equiv.) recorded 50 ns after laser excitation (355 nm,
12 mJ) respectively.

Conclusions

The conjugation of the phenoxy chromophore of photo-
chromic benzooxazines can be extended by introducing 4-
nitrophenyl, 4-nitrobiphenyl, 4-nitrostyryl and 4-nitrophen-
ylethynyl substituents in the para position, relative to the
oxygen atom. These compounds can be prepared in one or
two steps from readily available precursors and isolated in
yields ranging from 16 to 81%. Their steady-state spectra
show a main absorption centered within 337 and 377 nm
for the phenoxy chromophores. After the addition of base,
the 1,3-oxazine ring of all compounds opens, converting the
phenoxy chromophore into phenolate anions and shifting
their absorption to 412-511 nm. The laser excitation of the
compounds with a 4-nitrophenyl substituent opens the 1,3-
oxazine ring in less than 6 ns with a quantum yield of 0.11.
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The resulting photogenerated isomer has a lifetime of 29 ns
and eventually reverts to the original form with first-order
kinetics. Furthermore, this compound tolerates hundreds of
switching cycles with no sign of degradation even in the
presence of molecular oxygen. This behavior is equivalent
to that of a parent compound incorporating a nitro group
in place of the 4-nitrophenyl substituent. Thus, the exten-
sion in conjugation with the transition from a nitro group
to a 4-nitrophenyl substituent can be exploited to elongate
the absorption wavelength of the photogenerated isomer
without compromising the fast switching speeds and excel-
lent fatigue resistances of these photochromic oxazines. In-
stead, intersystem crossing dominates the excitation dynam-
ics of the other three compounds, and triplet—triplet absorp-
tions are predominantly observed in the corresponding
transient spectra. Hence, these photochromic compounds
tolerate structural modifications with negligible influence
on their photochemical character only if these changes do
not encourage intersystem crossing.

Experimental Section

Materials and Methods: Chemicals were purchased from commer-
cial sources and used as received with the exception of MeCN and
CH,Cl,, which were distilled from CaH,, and THF, which was dis-
tilled from Na and Ph,CO. Compounds 6, 11-17 and 23 were syn-
thesized according to literature procedures.['4%:30-361 Compounds 7,
8 and 18 were prepared as reported in the Supporting Information.
All reactions were monitored by thin-layer chromatography, using
aluminum sheets coated with silica (60, F,s4). Melting points are
uncorrected. Fast atom bombardment mass spectra (FABMS) were
recorded with a VG Mass Lab Trio-2 in a 3-nitrobenzyl alcohol
matrix. High-resolution electrospray ionization mass spectra
(HRESIMS) were recorded with an Agilent LCTOF spectrometer.
Nuclear magnetic resonance (NMR) spectra were recorded with
Bruker Avance 400 and 500 spectrometers. Steady-state absorption
spectra were recorded with a Varian Cary 100 Bio spectrometer,
using quartz cells with a path length of 0.5 cm. Time-resolved ab-
sorption spectra were recorded with a Luzchem Research mLFP-
111 spectrometer, after excitation with a Continuum Surelite 11-10
Nd:YAG laser [pulse width = 6ns (FWHM), wavelength =
355 nm].

6,6-Dimethyl-2-(4'-nitrophenyl)-5a-phenyl-5a,6-dihydro-12 H-indolo-
[2,1-b][1,3]benzooxazine (2a): PBr; (0.04 mL, 0.4 mmol) was added
dropwise to a solution of 7 (56 mg, 0.2 mmol) in MeCN (3 mL)
maintained under Ar at 0 °C. After stirring for 2 h, 6 (53 mg,
0.2 mmol) was added, and the reaction mixture was warmed to
ambient temperature and stirred for 48 h. After the addition of
sodium phosphate buffer (25 mL, pH = 7.0), the mixture was ex-
tracted with CH,Cl, (3 X25mL). The organic phase was washed
with sodium phosphate buffer (25 mL, pH = 7.0), brine (25 mL),
dried (Na,SO,), and the solvent was distilled off under reduced
pressure. The residue was purified by column chromatography
[Si0,, CH,Cly/hexane (2:3, v/v)] to give 2a (37 mg, 36%) as a bright
yellow powder. M.p. 218-220 °C. FABMS: m/z = 449 [M + H]".
HRMS: calcd. for C,oH54N,03Na [M + Na]* 471.1685; found
471.1710. "H NMR (CDCly): 6 = 8.21 (dd, J = 2, 7Hz, 2 H, ar),
7.69 (d, J = 7Hz, 2 H, ar), 7.57 (dd, J = 2, 7Hz, 2 H, ar), 7.40—
7.28 (m, 4 H, ar), 7.21 (d, J =2Hz, 1 H, ar), 7.15(t, / = 8 Hz, 2
H, ar), 6.93-6.88 (m, 2 H, ar), 6.73 (d, J = 8§ Hz, 1 H, ar), 4.64 (d,
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J=17Hz, 1 H, CH,H,), 455 (d, J = 17 Hz, 1 H, CH.H,), 1.61
(s, 3 H, CH,), 0.83 (s, 3 H, CHs) ppm. '3C NMR (CDCLy): J =
154.4, 147.4, 147.1, 146.5, 137.9, 136.7, 130.7, 128.5, 128.4, 128.1,
127.5, 126.9, 126.6, 125.6, 124.0, 122.3, 120.4, 120.2, 118.4, 108.8,
103.7, 49.5, 41.0, 27.6, 18.5 ppm.

6,6-Dimethyl-2-(4'-nitrobiphenyl)-5a-phenyl-5a,6-dihydro-12 H-indolo-
|2,1-b][1,3]benzooxazine (3a): PBr; (0.03 mL, 0.3 mmol) was added
dropwise to a solution of 8 (40 mg, 0.1 mmol) in MeCN (10 mL)
maintained under Ar at —10 °C. The mixture was warmed to ambi-
ent temperature and stirred for 5 h. Then, 6 (30 mg, 0.1 mmol) and
Et;N (0.03 mL, 0.2 mmol) were added, and the mixture was stirred
for 48 h. After the addition of sodium phosphate buffer (25 mL,
pH = 7.0), the mixture was extracted with CH,Cl, (3 X25mL).
The organic phase was washed with sodium phosphate buffer
(25 mL, pH = 7.0), brine (25 mL), dried (Na,SO,), and the solvent
was distilled off under reduced pressure. The residue was purified
by column chromatography [SiO,, CH,Cl,/hexane (2:3, v/v)] to give
3a (13 mg, 21%) as a bright yellow powder. M.p. 194-196 °C.
FABMS: m/z = 525 [M + H]*. HRMS: calcd. for C35H,9N,O3 [M
+ HJ]* 525.2178; found 525.2161. 'H NMR (CDCls): § = 8.29 (d,
2 H, ar), 7.74 (d, J = 9Hz, 2 H, ar), 7.70 (d, J = 7Hz, 2 H, ar),
7.63 (d, J =9 Hz, 2 H, ar), 7.57 (d, J = 9 Hz, 2 H, ar), 7.40-7.14
(m, 7 H, ar), 691 (d, J = 9Hz, 1 H, ar), 6.87 (t, /= 8 Hz, 1 H,
ar), 6.74 (d, J = 8 Hz, 2 H, ar), 4.64 (d, J = 17 Hz, 1 H, CH,H,),
4.55(d, J=17Hz 1 H, CH,H,), 1.59 (s, 3 H, CH;), 0.82 (s, 3 H,
CH3) ppm. *C NMR (CDCls, 25°C, 77.0): 6 = 153.5, 147.6,
147.2, 147.0, 141.4, 138.0, 136.9, 136.8, 132.2, 128.5, 128.3, 128.2,
127.6, 127.5, 127.2, 126.2, 125.2, 124.1, 122.3, 120.1, 118.2, 108.8,
103.5, 49.5, 41.1, 27.7, 18.5 ppm.

2-Bromo-6,6-dimethyl-5a-phenyl-5a,6-dihydro-12 H-indolo|2,1-5][1,3]-
benzooxazine (10a): PBr; (0.1 mL, 1.0 mmL) was added dropwise
to a solution of 9 (103 mg, 0.5 mmol) in MeCN (5 mL) maintained
under Ar at 0 °C. After stirring for 30 min, 6 (110 mg, 0.5 mmol)
was added, and the reaction mixture was warmed to ambient tem-
perature and stirred for 72 h. After the addition of sodium phos-
phate buffer (25 mL, pH = 7.0), the mixture was extracted with
CH,Cl, (2 X 50 mL). The organic phase was washed with sodium
phosphate buffer (25 mL, pH = 7.0), brine (25 mL), dried
(Na,S0,), and the solvent was distilled off under reduced pressure.
The residue was purified by column chromatography [SiO,,
CH,Cly/hexane (1:9, v/v)] to give 10a (70 mg, 37%) as a colorless
oil. FABMS: m/z = 406 [M + H]*. HRMS: calcd. for C,3H,;BrNO
[M]* 406.0807; found 406.0815. "H NMR (CDCls): 6 = 7.63 (d, J
= 6 Hz, 2 H, ar), 7.39-7.31 (m, 3 H, ar), 7.21-7.10 (m, 3 H, ar),
7.07 (s, 1 H, ar), 6.87 (t, J = 7Hz, 1 H, ar), 6.70 (d, / = 8 Hz, 2
H, ar), 4.53 (d, J = 17Hz, | H, CH,Hy), 444 (d, J=17Hz, 1 H,
CHyH,), 1.55 (s, 3 H, CHjs), 0.80 (s, 3 H, CH3) ppm. '*C NMR
(CDCly): 0 = 152.5, 147.4, 137.9, 136.5, 130.4, 129.2, 128.5, 128.3,
128.1, 127.5, 122.3, 121.8, 120.2, 119.5, 112.2, 108.8, 103.5, 49.4,
40.7, 27.6, 18.4 ppm.

6,6-Dimethyl-2-(4'-nitrostyryl)-5a-phenyl-5a,6-dihydro-12 H-indolo-
[2,1-b][1,3]benzooxazine (4a): A mixture of 10a (78 mg, 0.2 mmol),
4-nitrostyrene (50 mg, 0.3 mmol), Pd(OAc), (6 mg, 14%), P(o-Tol)s
(6 mg, 10%) in degassed Et;N (2 mL) was heated under reflux and
Ar for 15 h. After cooling to ambient temperature and the addition
of sodium phosphate buffer (25 mL, pH = 7.0), the mixture was ex-
tracted with CH,Cl, (3 X 25 mL). The organic phase was washed
with brine (25 mL), dried (Na,SO,), and the solvent was distilled off
under reduced pressure. The residue was purified by column
chromatography [SiO,, CH,Cly/hexane (2:3, v/v)] to give 4a (73 mg,
81%) as a yellow powder. M.p. 210-212 °C. FABMS: m/z = 475 [M
+ H]". HRMS: calcd. for C3;H,;N,O3 [M + HJ* 475.2022; found
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475.2047. '"H NMR (CDCly): 6 = 8.17 (d, J = 9 Hz, 2 H, ar), 7.66
(d, J=7Hz 2 H, ar), 7.52 (d, J = 9 Hz, 2 H, ar), 7.40-7.33 (m, 3
H, ar), 7.22 (dd, J = 2, 9 Hz, 1 H, ar), 7.17-7.12 (m, 3 H, ar), 7.07
(d, J = 16 Hz, 1 H, CH=), 6.91-6.82 (m, 3 H, ar + CH=), 6.72 (d,
J=8Hz | H, ar), 459 (d, J = 17 Hz, 2 H, CH,H,), 4.50 (d, J =
17Hz, | H, CHyH,), 1.56 (s, 3 H, CH;), 0.82 (s, 3 H, CHs) ppm.
13C NMR (CDCly): § = 154.3, 147.5, 146.4, 144.2, 137.9, 136.7,
132.9, 128.6, 128.5, 128.3, 128.1, 127.5, 126.4, 125.5, 124.1, 124.0,
122.3, 120.2, 120.1, 118.2, 108.8, 103.7, 49.5, 40.9, 27.6, 18.5 ppm.

6,6-Dimethyl-2-|(4’-nitrophenyl)ethynyl]-5a-phenyl-5a,6-dihydro-12 H-
indolo[2,1-b][1,3]benzooxazine (5a): A suspension of 10a (80 mg,
0.2 mmol), (4-nitrophenyl)acetylene (34 mg, 0.2 mmol), PdCl,-
(PPhs), (14 mg, 0.02 mmol), Cul (7.6 mg, 0.04 mmol) and PPh;
(10.5 mg, 0.04 mmol) in Et;N (5mL) was heated under reflux and
Ar for 24 h. After cooling to ambient temperature, the solvent was
distilled off under reduced pressure, and the residue was purified by
column chromatography [SiO,, hexanes/CH,Cl, (1:1, v/v)] to afford
5a (15 mg, 16%) as a yellow solid. M.p. 202-204 °C. FABMS: mi/z =
473 [M]*. HRMS: calcd. for C3,H,4N,05 [M + HJ* 473.1865; found
473.1870. '"H NMR (CDCls): 6 = 8.19 (d, J = 9 Hz, 2 H, ar), 7.66
(d, J = 7Hz, 2 H, ar), 7.57 (d, J = 9 Hz, 2 H, ar), 7.35-7.41 (m, 3
H, ar), 7.22 (d, J = 8 Hz, | H, ar), 7.14-7.18 (m, 3 H, ar), 6.89 (t, J
=7Hz 1 H,ar), 683 (d, J=8Hz, 1 H, ar), 6.72 (d, / = 8§ Hz, 1 H,
ar), 457 (d, J = 17Hz, 1 H, CH,H,), 448 (d, J = 17Hz, 1 H,
CH,Hy), 1.58 (s, 3 H, CH3), 0.82 (s, 3 H, CH;) ppm. '3*C NMR
(CDClLy): 0 = 18.8, 28.0, 41.1, 49.9, 86.8, 95.5, 104.4, 109.2, 114.1,
118.5, 120.6, 120.7, 122.7, 124.0, 127.9, 128.5, 128.8, 129.0, 130.9,
131.0, 131.8, 132.3, 136.9, 138.2, 147.1, 147.7, 155.0 ppm.

Supporting Information (see footnote on the first page of this article):
Experimental procedures for the preparation of 7, 8 and 18; determi-
nation of the quantum yield for the photochromic transformation of
2a.
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