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ABSTRACT. Alongside with a number of substituents in different positions, the substituents at
pirolyn nucleus nitrogen greatly influence on the photochromic properties of spirochromenes. In this
position, the growth of hydrocarbon radicals makes the presence of photochromy in a crystal state
possible. We considered it purposeful to fix the nitrogen atom of pyrrole nucleus by additionally
including it in a cyclic fragment. For this purpose, we used 1,2,3,4-tetrahydroquinoline as the source
product. It turned out that methylisopropylketone with 1-aminotetrahydroquinol yields hydrazone,
which in the diluted sulfuric acid area yields 1,7-propane-2-methylene-3,3-dimethylindoline. We
treated this salt with a 5% warm KOH solution. As a result, a double-bonded base was originated,
and we have obtained spiropyrans with relevant aldehydes by condensing it. The cyclic fragment
gives the following properties to the spiropyrans obtained on the basis of 1,7-propane-2-methylene-
3,3-dimethylindoline: the thermodynamic balance is inclined to a colored form, i.e. the compound is
characterized by inverse photochromy; the life duration of photoinduced form is prolonged; the
colored form has twice as much photosensitivity to visible light. By coupling such a molecule with
azobenzene, we obtained a hybrid molecule having an elongated conjugate system followed by a
bathochromic shift of an absorption band of a colored form. The hybrid molecule maintains the
properties of both molecules: the spiropyrans and azobenzene, and therefore, the relevant absorption
bands (ultraviolet and in the visible area) can be controlled with a different-frequency laser. © 2018
Bull. Georg. Natl. Acad. Sci.
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The long practice of research in many countries  such properties of photochromes, as light

demonstrated that spirochromenes obtained on the
basis of indoline with their various parameters are
incomparable among the photochromic com-
pounds. Substitution of indoline with another
fragment, e.g. thiazole, oxazole, selenazole, acri-
dine, etc. leads to the total or partial deterioration of

sensitivity, cyclicity, photochemical or chemical
stability, solubility, etc.

Alongside with a number of substituents in
different positions, the substituents at pyrroline
nitrogen greatly
photochromic properties of spirochromenes. In this

nucleus influence on the
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Scheme 1. Condensation of 1-aminotet

position, the growth of hydrocarbon radicals makes
the presence of photochromy in a crystal state
possible [1], while phenyl radical causes an
acceleration of the speed of self-discoloration of a
colored form and shift of the absorption maximum
towards the long waves in the visible site of
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Scheme 2. Condensation of 1-aminotet
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spectrum [2]. We considered it purposeful to fix the
nitrogen atom of pyrrole nucleus by additionally
including it in a cyclic fragment. For this purpose,

rahydroquinoline with relevant aldehydes.

methylbutylketone, phenylacetone and dimethyl-
cyclohexanone [3, 4], obtained the following
compounds:

Where R and R; are the radicals corresponding
to the used ketones.

The compounds of this type would not fit our

-

rahydroquinoline with methylisopropylketone.
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purpose to obtain spirochromenes, as it is difficult
or almost impossible to obtain the analogs of

Fisher’s base with them.
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Scheme 3. Transformation of qu

we used 1,2,3,4-tetrahydroquinoline as the source
product.

A.l. Kost and his collaborates, by using 1-
aminotetrahydroquinoline and methylethylketone,
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aternary salts and double band base.

In order to achieve our aim, we used the kind of
ketone having a tertiary carbon atom in o-state with
a carbonyl group. It turned out that methyliso-
propylketone  with  1-aminotetrahydroquinoline
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yields hydrazone, which in the diluted sulfuric acid
area yields 1,7-propane-2-methylene-3,3-dimethyl-
indoline.

By treating the obtained compound with
hydrogen iodide in dry ether, we have obtained
quaternary salt. We have obtained the same salt by
interacting with concentrated hydroiodic acid
(d=1.9) on the relevant hydrazone (1) in the area of
absolute alcohol. The quaternary salt obtained with
this method gives the above-described base in the
alkaline  area, 1,7-propane-2-methylene-3,3-
dimethylindoline (I1). The mixture of the samples
of salts does not yield depression. Graphically,
these transformations can be expressed as follows:

1,7-propane-2-methylene-3,3-dimethylindoline

The general plan is as follows:

IV - R'=R"=-H; R=R"'= -NOg;

V — R'=R""=-H; R=-OCHj3; R"'=-NO;

VI - R=R"=-H; R'=-OH; R"'=-NO;

The obtained spiropyrans are dark-colored
highly-melting crystal substances, which dilute
well in acetone and quite fairly in benzene and
alcohol. Their solutions are of different colors in
different solvents.

The cyclic fragment gives the following
properties to the spiropyrans obtained on the basis
of 1,7-propane-2-methylene-3,3-dimethylindoline:
the thermodynamic balance is inclined to a colored
form, i.e. the compound is characterized by inverse
photochromy; the life duration of photoinduced

H

-H,0; KI

Scheme 4. Synthesis of targeted spiropyran.

(II), like Fisher’s base, is instable, oxidizes and
gives red coloration. The intense absorption bands
in an infrared zone (1650 and 3100 cm™) evidence
the presence of a double bond. The electronic
spectra almost coincide with the electronic spectra
of Fisher’s base (210 and 286 nm). Due to the base
instability, we transformed it into quaternary salt
(1) and isolated base from it immediately during
the spiropyran synthesis.

We treated this salt (1) with a 5% warm KOH
solution. As a result, a double-bonded base (1) was
originated, and we have obtained spiropyrans with
relevant aldehydes by condensing it.
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form is prolonged; the colored form has twice as
much photosensitivity to visible light [2].

By coupling such a molecule with azobenzene,
we obtained a hybrid molecule having an elongated
conjugate system followed by a bathochromic shift
of an absorption band of a colored form.

The hybrid molecule maintains the properties of
both molecules: the spiropyrans and azobenzene,
and therefore, the relevant absorption bands
(ultraviolet and in the visible area) can be
controlled with a different-frequency laser.

The study of the thermodynamic and spectral
properties of the above-mentioned compounds
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demonstrated that thermodynamic balance in
solutions, like in UV and whole range of visible
area is more than photochemical one KT>KPH.
Spectral analysis demonstrated that the common
thing with the obtained spiropyrans is that
conjugation occurred between two photochromic
fragments and the length of the molecule
conjugation increased. We observed this
phenomenon in the solutions by a bathochromic
shift of the relevant absorption band of a colored
form. The conjugation is elongated both, in ethanol
and benzene. In the first instance, it is 10 nm and it
is 40 nm in the second instance as compared to the
reference compounds [2]. The azobenzene
fragment bonded to the chromen part is fully
responsible for the bathochromic shift elongating
the conjugation by additional conjugation. Insertion
of NO; in 8-state (compound IV) results in the
exposure of photochromic properties at a room
temperature.

As the spectral analysis show, the peaks in the
UV area correspond to the absorption of indoline
fragment of spiropyran and benzene of a hybrid
compound, while in the visible area, they totally
correspond to the absorption of a merocyanin form.
Disturbance of thermodynamic balance may occur
under the impact of both, visible and UV light. In
both cases, photochromic balance is below the
thermodynamic balance.

Experimental part
The spectral properties of the obtained spiropyrans
were studied with an optical-fiber spectrometer
Avantes (AvaSpec-2048).
1,7-propane-2-methylene-3,3-dimethylindoline
(11). We refluxed a mixture of 9.4 gr (0.06 moles)
of 1-amino-1,2,3,4-tetrahydroquinoline and 7.3 gr
(0.08 moles) of methylisopropylketone on the
water bath for 3 hrs. We removed excess ketone
under the reduced pressure. We added 38 ml of
12% sulfuric acid to the remained mass and heated
it on a water bath for 3 hrs. After cooling, we
neutralized the reaction mixture with NaOH (5 gr),
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extracted with ether, dried on KOH and distilled.
The main mass of oily liquid (Tgoiling- 103-105°C/1
mm Hg) is crystallized after allowment. Following
the recrystalization from octane: Twelting =51-53°C.
The yield is 70%. The percentage value was
identified as follows: C=84.60; H=8.27, and the
percentage value was calculated as follows:
C=84.42; H=8.54.

1,7-propane-2,3,3-trimethylindolenine iodide
(). a) We mixed 3 ml hydroiodic acid solution
(d=1.56) carefully with 0.008 moles of 1-amino-
1,2,3,4-tetrahydroquinoline methylisopropylketone
hydrazone (raw product) in 2 ml of absolute
alcohol. We allowed the mixture in the darkness at
0°C. After some hours, we filtered the isolated
brown crystals and crystallized them from ethanol.
Twening=284-285°C. The yield is 80%. The
percentage value was identified as follows:
C=51.17; H=5.93; Hal=38.27, and the percentage
value was calculated as follows: C=51.37; H=5.5;
Hal=38.80.

b) We passed dry hydrogen iodide in 1,7-
propane-2-methylene-3,3-dimethylindoline  ether
solution until the crystal isolation stopped.
Following the recrystalization from ethanol: Twelting
=284-285°C. The percentage value was identified
as follows: C=51.17; H=5.93; Hal=38.27, and the
percentage value was calculated as follows:
C=51.37; H=5.5; Hal=38.80. The mixed sample
does not yield depression.

6-[4"*-nitrophenildiazenyl]-8-nitro-2H-
chromen-2-spiro-1,7-propan-3,3-dimethylindoline
(IV). We diluted 0.3 gr of 2-hydroxy-3-nitro-5[4-
nitrophenyl diazenyl] benzaldehyde in 30 ml dry
alcohol by refluxing. Then, we dissolved 0.52 gr of
1,7-propane-2,3,3-trimethylindolenine salt with
alkali and extracted with ether. After removing the
ether, we diluted the remained mass in 20 ml
alcohol and added its warm solution to the warm
solution of relevant aldehyde. Immediately after
adding, the coloration was obvious. We continued
warming for some more minutes and obtained
greenish crystals. On the next day, we filtered it and
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obtained 0.6 gr of target product. Twmeling=240-
241.5°C. The yield is 80%. The percentage value
was identified as follows: C=65.19; H=4.63;
N=14.08, and the percentage value was calculated
as follows: C=64.9; H=4.60; N=14.11.
8-methoxy-6-[(4"*-nitrophenyl)diazenyl]-2H-

chromen-2-spiro-1,7-propan-3,3-dimethylindoline
(V). Through the interaction (condensation) of 0.2 gr
of 2-hydroxy-3-methoxy-5-[(4"-nitrophenyl)
diazenyl] benzaldehyde and 0.22 gr of 1,7-propane-
2,3,3-trimethylindoline iodine salt, we have obtained
the brownish crystals like in the previous experiment.
Twelting=183-184°C. The yield is 70%. The percentage
value was identified as follows: C=69.7; H=5.39;
N=11.62, and the percentage value was calculated as
follows: C=69.2; H=5.35; N=11.73.

098569¢m0 Jodos

7-hydroxy-6[(4"'-nitrophenyl)diazenyl]-2H-

chromen-2-spiro-1,7-propane-3,3-
dimethylindoline (VI). Like in the previous
experiment, by mixing the hot mixtures in
equimolecular amounts of the relevant aldehyde
and base, we have obtained a dark green solution,
with green crystals isolated from it after one day
detainment. Twmeiing=176-180°C. The yield is 75%.
The percentage value was identified as follows:
C=69.23; H=5.13; N=11.96, and the percentage
value was calculated as follows: C=69.1; H=5.09;
N=12.1.

The work was accomplished under the
financing of grant project FR/395/6 — 420/13 of the
Shota Rustaveli National Science Foundation.

30060 MEo 3oMm30656930 (L3oMmmdmmdgbgdo)
535390000 (3030000 0bEmoby® bsfoedo

X 350LvA53g", . ©93999", 8. sbeddy’, g. MGRYboldgzowo’,

6. Lygysdzoo®

*ogo6039¢b 3976032960 #960390L0BIHO, 3¢50 F53356000L bsb. 3089(695030L 0bbBHOBHXIHO,
3H0395-J0F0LIHO 3300935005 PSBABSHH0S, BOCObO, bsds®Bomzgcre

(Fo63n9b0w0s 535009d00L §gz®ol @. Lsdbmbosl doge)

30 mgHmIghgdoll Bm@GHmdOhmIme 030LgdgdBY, J5MHEs Jgo Gogo BsIBsE3EgdgdoLs
Ubgoslibgs 3mBog0sdo, o 253¢gbsl sbgbl sa@Mgmgg BsdbsE3zegdmgdo  3oMemerobols
30030l sBMBH6. 58 3MBoEosdo bsbdo®mfysemdsols Mo03oEgdols 4sbMs dgladwrgdgels
bol gm@EmgOhmdosls 3HolGsmw@ damdsmhgmdsdo. B3gb dobsbdgfimbogms Bsgmgzgsemgom
306mol doMmmzol sBMGHOL sEGMIo ©s33980JB0MYB0Bs TGP0 FOIEMO MRG0

Bohngom. 53  doBbgdologols  sdmlsgoew  3GmEvyddHe  gsdmgoygbgor 12,34
393530000 Mgobemgrobo. 500mB6s, 6o 9900mobm3MHMm3om3gEHmbo 1-
59060m@gBH®330000MJobmwobomsb  0dwg3zs  3000Msbmbl,  GmIgmos  gsbboggdmo

Bull. Georg. Natl. Acad. Sci., vol. 12, no. 1, 2018



Hybrid Spiropyrans (Spirochromenes) with Additional Cycle in their Indoline Part 69

23Ma0M37535L 5M980 FoHImJdbol 1,7-30m356-2-89000¢096-3,3-0089000¢0bmobl, HGmIgols
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3mMIoL3gh. 29BOEOMos  BMmEHMObEME0MJPMo BMOTOL Logmeberol  bsba@mdanogmds;
39539600000 RMEOIS MOXRIO MBOM GnEMIg™Mdbmdosmgs bogymo Lobsmerol dodsmo. sgmo
9c93mol dgmfiydoo sDmMdIEBMEmsb 30300900 303G0EYEO Fmg3MeEs, MMIGELSG 5Jgl
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