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Spiropyrans and spirooxazines
7.* Novel spirobipyrans and their cationic derivatives
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Novel photochromic spirobipyrans containing the dimethylamino group in position 7 of the
benzopyran moiety and their cationic derivatives with the trimethylammonium substituent
exhibiting no photochromic properties were synthesized.
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Synthesis, structures, and photochemical properties of
crystals of spiropyran and spirooxazine salts have recently
attracted special attention.2—5 Cationic spiropyrans Sp™ X~
are promising for the preparation of hybrid polyfunctional
materials combining in one crystalline lattice simulta-
neously photochromic and magnetic properties.>—2 They
can be used for manufacturing miniature electronic devices.
The hybrid polyfunctional compounds of the basically new
class were prepared.%8.10 they combine in one crystalline
lattice two sublattices: the photochromic cationic sublat-
tice of spiropyrans and the magnetic anionic sublattice of
bimetallic oxalate in which spiropyran acts as a photo-
chemical molecular switch perturbing the magnetic
sublattice.

Presently known spiropyran and spirooxazine salts are
mainly derivatives of the indoline series. Cationic spiro-
pyran of the isobenzofuran series with photochromic prop-
erties has recently been synthesized.!! Continuing these
studies, we synthesized novel 7-dimethylamino-substitut-
ed spirobipyrans (SPP) and their cationic derivatives.

Results and Discussion

The reaction of benzo- (1) and naphthopyrilium (2)
salts with 2-hydroxy-4-dimethylaminobenzaldehyde (3)
in acetic acid followed by the isolation of the formed salts
of o-hydroxystyryl derivatives 4 and 5 and the treatment of
the latter with ammonia gave SPP 6 and 7. The alkylation
of compounds 6 and 7 with methyl iodide resulted in cat-
ionic SPP 8 and 9 (Scheme 1).

The electronic absorption spectra (EAS) of SPP 6—9
in acetonitrile are characterized by the long-wavelength

* For Part 6, see Ref. 1.

absorption bands with maxima in the region 295—344 nm
(Table 1).

The spectra of benzoannelated SPP 7 and 9 exhibit the
long-wavelength shift of the absorption bands compared
to the spectra of SPP 6 and 8. The distinction of cationic
SPP 8 and 9 from SPP 6 and 7 is manifested as the most
pronounced vibrational structure of the absorption bands
(Fig. 1).

The irradiation of solutions of noncationic SPP 6 and
7 results in their coloration with the appearance of absorp-
tion bands with maxima at 497 and 525 nm, respectively,
in the EAS (Fig. 2, see Table 1).

This absorption is characteristic of merocyanine iso-
mers of spiropyrans B formed due to the pyran ring open-
ing.12 After irradiation is stopped, the solutions are bleached
due to the thermal recyclization of the pyran rings. The
bleaching kinetics in solutions of SPP 6 and 7 obeys the
exponential law and is characterized by time constants of
85 and 2.6 s, respectively (Fig. 3).

It is noteworthy that the lifetime of naphthopyran de-
rivative 7 is substantially shorter than that of benzopyran
derivative 6 (see Table 1).

The photobleaching reaction is observed along with
the thermal recyclization in solutions of SPP 6 and 7.

The appearance of the withdrawing trimethylammo-
nium group in SPP 8 and 9 results in the stabilization of
photoinduced form B,. However, it turned out that cat-
ionic SPP 8 and 9 exhibit no photochromic properties
under analogous experimental conditions including the
continuous irradiation of the solutions with the simulta-
neous detection of the EAS.

The data obtained suggest that the photochromic prop-
erties of the synthesized spiropyrans are due to the revers-
ible opening of the pyran ring containing no trimethyl-
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ammonium or dimethylamino group with the formation
of merocyanine B; (Scheme 2).

This assumption is favored by the data on the kinetics
of dark relaxation processes. As it has been shown previ-
ously, benzoannulation in the pyran moiety of spiropyrans
of the indoline series results in the sharp shortening of the
lifetime of the merocyanine isomers, which is related to
the higher stabilization energy of the naphthalene ring
compared to the benzene ring.13:14 At the same time, the

absence of photochromism in the case of cationic SPP
under the stationary conditions can be due to the short
lifetime of open isomers B, whose thermal destabilization
is caused by the presence of the strong electron-withdraw-
ing group in the heterene (not photochromic) moiety of
the spirocyclic system, which has earlier been observed for
spiropyrans!®16 and spirooxazines.1® The experimentally
observed effect of decreasing the photocoloration quan-
tum yield caused by transformation A — B, upon the in-

Scheme 2
Me
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Table 1. Spectral kinetic characteristics of spiropyrans 6—9 in
acetonitrile at 293 K

Com- Form A Form B
pound )“maxabs € A’maxabs 1;293/5
/nm /L mol~! cm™~! /nm

6 250, 317 15380, 21450 497 85.0

7 300 sh, 310, 22950, 27240, 525 2.6
345 sh 8250

8 247,295, 29250, 5380, — —
303 sh 4890

9 241, 297, 64700, 9760, — —
308, 329, 9310, 4610,
344 5290

g+10-3/L mol~! cm~!
70
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10
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Fig. 1. Electronic absorption spectra of compounds 6—9 in ace-
tonitrile at 7= 293 K.



Substituted spirobipyrans

Russ.Chem.Bull., Int.Ed., Vol. 60, No. 9, September, 2011 1919

A
A
0.15}
16| l
0.10 f
1.2
0.05f
0.8

O 1
400 500

0.4 600 700 A/nm

1 1

300 400 500 600 700 800 A/nm

Fig. 2. Electronic absorption spectra of compound 6 during the
thermal bleaching reaction ([C] = 4.75-1075 mol L~!; dr=305s)
in acetonitrile at 7= 293 K.
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Fig. 3. Kinetics of dark bleaching of compounds 6 and 7 in
acetonitrile at 7= 293 K.

troduction of electron-withdrawing substituents (the ex-
ception is the nitro group, whose inclusion noticeably ac-
tivates the triplet channel of phototransformations), into
the benzopyran or benzooxazine moiety of the spirocyclic
molecule can serve as an additional fact in favor of the
proposed occurrence of photoreaction A — B1.17

Thus, the novel photochromic SPP containing the
dimethylamino group in position 7 of the benzopyrane
moiety and their cationic derivatives with the trimethyl-
ammonium substituent were synthesized. Unlike similar
trimethylammonium-substituted spiropyran of the isoben-
zofuran series, the trimethylammonium derivatives of SPP
exhibit no photochromic properties.

Experimental

IH NMR spectra were recorded on a Varian Unity-300
spectrometer (300 MHz), signals were assigned relatively to the
signal of residual protons of deuterated solvents CDCl; (8 7.26)

and DMSO-dg (8 2.50), and values of 8 were measured with the
accuracyto 0.01 (SSCC were measured with the accuracy to 0.1 Hz).

The electronic absorption spectra and the kinetic curves of
thermal recyclization reactions of the studied compounds were
recorded on an Agilent 8453 spectrophotometer with an attach-
ment for temperature maintenance of samples. Photolysis of so-
lutions (concentration 2-10~5 mol L~!) was carried out with
a Newport system based on a mercury lamp (power 200 W) with
a set of interferential light filters. Acetonitrile of spectral purity
(Aldrich) was used for the preparation of solutions.

Compounds 1—3 were synthesized according to known pro-
cedures.18—20

Dimethylamino-substituted spirobipyrans 6 and 7 (general pro-
cedure). Aldehyde 3 (0.18 g, 1.1 mmol) was added to a boiling
solution of pyrilium salt 1 or 2 (1 mmol) in glacial acetic acid
(10 mL), and the solution was refluxed for 30 min and stored for
12 h at ~20 °C. The precipitate that formed was filtered off,
washed with ether, dried, and then used without additional puri-
fication. A suspension of the obtained salt 4 or 5 in benzene
(15 mL) was purged with a dry ammonia flow until the precipi-
tate was dissolved, the solvent was evaporated, and the residue
was purified by column chromatography on Al,O3 (benzene as
an eluent) and recrystallized.

N,N,3 -Trimethylspirobi[2 H-1-benzopyran]-7-amine (6).
The yield was 60%, m.p. 148.5—150 °C (from a heptane—tolu-
ene (3:1) mixture). Found (%): C, 78.83; H, 6.39; N, 4.42.
CyH9NO,. Calculated (%): C, 78.66; H, 6.27; N, 4.59. 'TH NMR
(CDCly), &: 1.98 (d, 3 H, 3-Me, J = 1.5 Hz); 2.89 (s, 6 H,
7-NMe,); 5.69 (d, 1 H, H(3), / = 9.6 Hz); 6.17 (d, 1 H, H(8),
J =2.5Hz); 6.34 (dd, 1 H, H(6), J = 8.5 Hz, J = 2.5 Hz); 6.56
(m, 1 H, H(4")); 6.78 (d, 1 H, H(4), / =9.6 Hz); 6.83 (m, 1 H,
H(8%)); 6.93 (m, 1 H, H(67)); 7.04 (d, 1 H, H(5), J = 8.5 Hz);
7.10(d, 1 H, H(5"),/=7.4 Hz); 7.12 (m, 1 H, H(7")).

N,N,2"-Trimethylspiro[2 H-1-benzopyran-2,3"-[ 3 H]naphtho-
[2,1-b]pyran]-7-amine (7). The yield was 64%, m.p. 201.5—203 °C
(from a heptane—toluene (1 : 1) mixture). Found (%): C, 81.25;
H, 5.84; N, 4.03. C,4H,;NO,. Calculated (%): C, 81.10; H, 5.96;
N, 3.94. 'H NMR (CDCly), §: 2.13 (d, 3 H, 2"-Me, J = 1.5 Hz);
2.89 (s, 6 H, 7-NMe,); 5.80 (d, 1 H, H(3), / = 9.6 Hz); 6.15
(d, 1 H, H(8), J = 2.5 Hz); 6.37 (dd, 1 H, H(6), J = 8.5 Hz,
J=2.5Hz); 6.85(d, 1 H, H4),J =9.6 Hz); 7.09 (d, 1 H, H(5),
J =8.5Hz); 7.10 (d, 1 H, H(5"), J = 8.8 Hz); 7.33 (m, 1 H,
H(17));7.38(ddd, 1 H, H(8"),/=8.1Hz,/=6.9 Hz, /= 1.1 Hz);
7.52(ddd, 1 H, H©9"),/=8.4 Hz, /J=6.9 Hz, /= 1.4 Hz); 7.66
(d, 1 H, H(6"), /J=8.8 Hz); 7.77 (m, 1 H, H(7")); 8.13 (m, 1 H,
H(10)).

Trimethylammonium-substituted spirobipyrans 8 and 9 (gen-
eral procedure). A mixture of spiropyran 6 or 7 (1 mmol) iodo-
methane (0.62 mL, 10 mmol), and THF (10 mL) was refluxed
for 10 h and stored for 12 h at ~20 °C. The precipitate that
formed was filtered off and washed with THF.

N,N,N,3 -Tetramethylspirobi[2 H-1-benzopyran]-7-ammo-
nium iodide (8). The yield was 86%, m.p. 121—122 °C. Found (%):
C, 56.54; H, 5.02; N, 3.05. C,;H,,INO,. Calculated (%):
C,56.39; H,4.96; N, 3.13. "TH NMR (DMSO-dy), 8: 1.92 (d, 3 H,
3’-Me, J=1.5 Hz); 3.51 (s, 9 H, 7-N*Me,); 6.33 (d, | H, H(3),
J =9.9 Hz); 6.79—6.84 (m, 2 H, H,,); 7.01 (m, 1 H, H,,);
7.10—7.21 (m, 2 H, Hy,); 7.26 (m, 1 H, Hy,); 7.55—7.61
(m, 3 H, Hy)).

N,N,N,2"-Tetramethylspiro[2 H-1-benzopyran-2,3 " -[3H]-
naphtho-[2,1-b]pyran]-7-ammonium iodide (9). The yield was
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83%, m.p. 166—167 °C. Found (%): C, 60.24; H, 4.80; N, 2.89.
CysHyINO,. Calculated (%): C, 60.37; H, 4.68; N, 2.82.
'H NMR (DMSO-dy), &: 2.07 (d, 3 H, 2"-Me, J = 1.3 Hz); 3.50
(s, 9 H, 7-N*Me,); 6.43 (d, 1 H, H(3), /=9.8 Hz); 7.11 (d, 1 H,
H(5%),J=8.9 Hz); 7.19 (d, | H, H(4),J=9.8 Hz); 7.45 (m, | H,
H,,); 7.52(d, 1 H, H(8), J =2.5 Hz); 7.57—7.66 (m, 4 H, H,.);
7.80 (d, 1 H, H(6"), J = 8.9 Hz); 7.89 (m, 1 H, H,,); 8.31
(m, 1 H, Hy,).
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