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SUMAMARY

A number of new perfluoroalky! and irifluoromethylsulphonyl! substitured indoline
spirochromenes have been synthestzed. It was shown that the introduction of
trifluoromerhyisulphony! or heptafluoropropy! groups into the chromene moiety of
the indoline spirochromene molecule results in their ability to undergo phorochromic
conversions. The dves were exanmuned by spectrophotometry and the rate constants
nwere determined for the fading reaction. Some correlations of the rate constants with
the electron withdrawing properites of the substituents were observed

1 INTRODUCTION

Indohine spirochromenes with fluorine containing substituents are not known At
the present time only dyes with fluorine atoms directly substituted in positions 5 and
8' are described.! The greatest influence on the properties of 1ndoline
spirochromenes 1s exerted by substituents in the 6’ position.? It was considered
interesting to ascertain the effect of the introduction of strong electron withdrawing
substituents. such as perfluoroalkyl and trifiuoromethylsulphonyl groups, on the
spectral characteristics of these dyes The corresponding 5-substituted salicylal-
dehydes had to be obtained as starting materials for synthesis of mdoline
spirochromenes of that type

2. RESULTS AND DISCUSSION

When we tried to introduce a heptafluoropropyl group into the molecule of
salicylaldehyde by heating 1ts 5-10do substituted derivatives with perfluoropropyl
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copper 1in hexamethylphosphoric triamide, only tar was obtamned. On the other
hand, the diacetate of 5-iodosalicylaldehyde® (I) reacted smoothly with n-
perfluoropropyl copper, and 5-perfluoropropylisalicylaldehyde (II) was obtained
after hydrolysis

OH O OCOCH;, OH o
c\/ CH(OCOCH,), c”
H __, — H
I 1 C.F,

The simplest method of synthesis of trifluoromethylsulphonyl substituted
salicylaldehyde would be via the formylation of 4-trifluoromethylisulphonylphenol
(III) The latter was obtained earlier as a product of a mulustep synthesis 4
Application of the 1on-radical perfluoroalkylation reaction® made the phenol (1II)
more accessible, and 1t was obtained by oxidation of 4-(trifluoromethylthio)phenol
acctate with hydrogen peroxide, followed by hydrolysis However, all attempts to
formylate or chloromethylate (IIl) were unsuccessful

OH OCOCH, OH

{CH,C0)_O 1 H,0
—_—

SCF, SCF, SO,CF,
IH

The possibility of chloromethylation of 4-trifluoromethylsulphonylansole was
investigated The hterature describes a somewhat tedious procedure for its
preparation® but we have found a simple method for the preparation of this
substance by the 1on-radical perfluoroalkylation reaction Trifluoromethylation of
methoxythiophenol” with trifluoroirodomethane in liquid ammonia solution under
u v irradiation leads to 4-(trifluoromethylthio)anisole (1V), which 1s easily oxidized
to 4-trifluoromethylsulphonylanisole (V) by hydrogen peroxide in acetic acid. The
latter 1s chloromethylated with 1,1’-dichlorodimethyl ether in concentrated sulphurnc
acid solution even at 0°C to yield 2-chloromethyl-4-trifluoromethylsuiphonyl-
anisole (VI).

The chlorine atom 1n (VI) can be substituted by an acetoxy group after refluxing for
only 2 h with silver acetate The use of potassium acetate for this purpose requires
100 h refluxing The application of catalytic amounts of 16-crowrn-6-ether 1n the
latter case affords a high yield of 2-acetoxymethyl-4-trifluoromethylsulphonyl-
amsole (VII) after 5 h refluxing Hydrolysis of the acetoxy group of (VII) with the
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OCH, OCH, OCH, OCH,
@ @ -
CF,ih H;0, (CICH, )2
—_— R
SH SCF; SOZCF3 SOZCF3

v

calculated amount of a 4 %, solution of potassium hydroxide leads to 2-methoxy-5-
trifluoromethylsulphonylbenzyl alcohol (VIII) The latter is easily oxidized to the
corresponding aldehyde (IX) by pyridintum chlorochromate ® Heating the mixture
of (I1X) and pyndimum chlonide ytelds 5-trifluoromethylsulphonylsalicylaldehyde
(X) which 1s required for the synthesis of indoline spirochromenes

OCH, OCH,
CH,OCOCH, CH,0OH
vl —— —_—
SO.CF; SO,CF,
Vil VI
OCHJ,C/O OH C/
N ~
H—
SO,CF; SO,CF;
IX X

The corresponding 3-nitro (XI) and 3-bromo- 5-tnfluoromethylsulphonylsalicyl-
aldehyde (XII) were obtained from (X)

Heating II. X or X1 with Fischer’s base or 1ts 5-trifluoromethylderivative in ethanol
leads to the indoline spirochromenes (XHI-XVIII) The earlhier known nitro
substituted spirochromenes (XIX, XX) were obtamned for comparison.

The spirochromenes (XINI-XVIII) show photochromic conversions Under u.v

OH O OH 'e)
O,N c”Z Br c”
= I H HNO, Br, \H
< X >~
N
SO,CF, SO,CF,

X1 X1
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irradiation. solutions of compounds (XIII-XV,  XVIIand XVIH) in weakly polar or
nonpolar solvents yield intense dark-blue or blue-violet colours, caused by
conversion to their coloured merocyanine form In polar solvents they give red
solutions. which slowly fade 1n visible light When the irradiation is terminated. the
colour of the solution returns gradually to the original state

. \Illl R=C,F, R'=R*=H
R? H,C_CH; AIV R=CF,S0..R' =R*=H

‘ A\ R =CF,S0..R' = H. R? = CF,
XVl R =CF,S0,.R' =NO,.R3*=H
N CQ R XVH R=NO,. R!'=H.R?=CF,
| AVIil R = CF,SG,. R! = NO,, R* =CF,
CH, XIX R=NO, R!'=R*=H
R! XX R=R?*=H,R!'=NO,

Thus. the introduction of trifluoromethyisulphonyl and heptafiluoropropyl
groups 1nto the chromene moiety of the indoline spirochromene molecule results in
their ready photochromic conversion activated by sources of irradiation of low
intensity even at ambient temperatures This effect 1s comparable with that of
introduction of the nitro or acyl group

The absorption spectra of (XIH-XVIII) 1n ethanol (Fig. 1) show an essential
difference between the compounds (XII-XV), which do not contain the nitro group
in the chromene moiety of the molecule, and compounds (XVI-XVIID). which
contam it The spectra of the spiro form of (X11I-XV) do not show absorption bands
at wavelengths longer than 320nm This supports the idea that the long-wave
absorption band 1n the spectra of the spiro form 1s caused by the chromene moiety of

«x 1049
e (X))
2 04 (RN —_—— (XIV)
[ § — (XV)
W \ ——— (XVI)
vox \ ——- (XVil)
154 1) \ —x — (XVill)
*
[
10+
O 54

240 260 280 300 320 3240 360 380 400

xnm

Fig 1 Absorpuon spectra of indoline spirochromenes XIII-XVIII in ethanol solution
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the molecule ® Our investigation has also shown that. though spirochromenes
(XHI-XV, XVII and XVIII) give colourless solutions when dissolved in toluene,
toluene solutions of chromene (XVI). on the other hand, absorb intensely 1n the
visible range of the spectrum (4,,, 555nm) This gives evidence for a pronounced
shift of the equilibrium between the spiro and merocyanine forms in favour of the
latter, even 1n the weakly polar medium. when two strong electron withdrawing
substituents are present in the chromene moiety of the molecule

The introduction of the electron withdrawing trifluoromethyl group into the
mndohine moiety of the molecule (XVI and XVIII) results in the stabilization of the
spiro form. This phenomenon may be explained by the increased positive charge on
the carbon atom of the indohne ring at position 2. and the increased negative charge
on the oxygen atom bonded to the aromatic ring. Any factor causing a decrease of
these charges increases the stability of the merocyanine form.'°

The long-wave absorption maxima of the photomerocyanine forms of
spirochromenes (XII-XX) are given in Table 1 All of the studied compounds reveal

TABLE 1
SPECTROGRAPHIC AND KINETIC CHARACTERISTICS OF PHOTOCHROMIC TRANSITIONS OF INDOLINE
SPIROCHROMENES

Indoline Absorption maximuni of Rate consiant of the fading
spirochromenc merocyarune form (nn) reaction in the dark
NN (s~ ! x 10%, ar 20°C)
Toluene Ethanol Toluene Diorane
X1 578 540 4 50 200
X1v 565 508 200 0 30
XV 575 535 4 80 280
XVI 555 493 — —A
XVII 600 552 6 00 260
XVill 570 500 130 100
XIX 5952 53212 30912 29712
XX 59813 54213 3 8912 34912

2 The merocyanine form is stable

a negative solvatochromism'* which 1s characteristic of the photomerocyanine
forms of indoline spirochromenes with a nitro group 11 the chromene moiety of the
molecule. The replacement of toluene by ethanol causes a hypsochromic shift of the
long-wave absorption band of about 40—70 nm. It is known!? that theionic structure
(A)) prevails in the merocyanine form of the indoline spirochromenes. This factis in
good agreement with their negative solvatochromism.

Introduction of the electron acceptor groups R =C;F(XID), NO,(XIV),
CF,;S0,(XV) into posiion 6 (1.e. para to the oxygen atom) increases the
contribution of the ionic structure (A,) and produces a hypsochromic shift of the
absorption band (4,,,, values were measured in ethanol solution) corresponding to
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H,C_ _CH, H.C CH
C : i:c:m CHQ 1}‘ CH—CH
CH

Ay

the electronegativity of the substituents (65277 =0 52, 67%: =0-77. ¢57>°%2 = 1-03) '©
The trifluoromethylsulphonyl group at position 6’ causes therefore an essentially
greater hypsochromic shift than the mitro group (c¢f XIV and XIX, XV and XVII)
Electron withdrawing substituents at position 6’ of the chromene moiety of the dye
decelerate the dark fading reaction!?!7 1n accordance with their increasing electron
withdrawing ability C3F; < NO, < CF5SO0, (cf XHI, XIV, and XIX, Table 1) The
trifluoromethylsulphonyl group at position 6’ 1s slightly more effective in decreasing
the rate of this process than the nitro group (cf X1V and XIX, XV and XVII) Two
electron withdrawing substituents at positions 6’ and 8’ decelerate the reaction to a
greater degree than one substiiuent (cf compounds XVIand XX, XViiland XV).In
contrast, the electron withdrawing substituent {trifluoromethyl group) in the
indoline moiety accelerates the reaction of the dark fading reaction (XV, XVII and
XVIIH 1in comparison with X1V, XIX and XVIIL respectively) Comparison of the
data for the dyes (XVIH and XIX, XV and XIV. XVIII and XX), leads to the
conclusion that the deceleration of the dark fading reaction affected by the presence
of the CF,;SO, group 1n the chromene moziety prevails over the acceleration of this
reaction caused by the influence of the trifiuoromethyl group in the indoline moiety

3 EXPERIMENTAL

Electronic absorption spectra and data of the kinetics of the fading reaction 1n the
dark were obtained as described elsewhere !'? Electronic absorption spectra were
recorded on a VSU-2P spectrometer

31 Alarerials

All metal salis and organic reagents were reagent grade and used without further
purification. unless otherwise stated Solvents were purified by the ordinary
methods

S-lodoacen Isalicy laldehv de diacetate (1) A mixture of 5-10dosalicylaldehyde
(16-5g. 0 066 mol) and acetic anhydride (15 ml) was heated for 4h at 125°C After
removal of acetic anhydride 1n vacuum. I was obtained in 87 9% yield. m p. 90-91 °C
(benzene-hexane). Analysis found (9%). I, 32 72 Calculated for C,;H,;104: I,
32 31
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S-Perfluoropropylsalicy laldehyde (II). 1 (4 g, 0-01 mol), l-1odoperfluoropropane
(9g, 0-03mol) and copper powder (3-3g, 0 05mol) iIn hexamethylphosphoric
triamide (20 ml) were stirred for 10 h at 120°C under argon in a flame-dried three-
necked flask, equipped with a thermometer. a mechamcal stirrer and a refiua
condenser. The reaction was cooled and diluted with ether (100 ml). The ether layer
was separated and the residue was washed with water After removal of the solvent.
20 %4 hydrochloric acid (15 ml) was added to the resultant o1l and the aldehyde (II)
was extracted with ether. Yield- 0-88 g (3G 94), b.p 100-110°C/10 Torr; m p 42-43°
(pentane). Analysis: found (%,): C 41-80, H 1-69. Calculated for C,,;H;F,0,- C,
41-37; H, 1-72.

4-Trifluoromethy Isulphom Iphenol (I11) A solution of 4-(trifluoromethylthio)-
phenol (12 g. 0 06 mol) in acetic anhydride (12 ml) was heated for 30 min at 100°C
A solution of 30%, hydrogen peroxide (25ml) 1n acetic acid (12ml) was then
added and the reaction mixture was heated for 8 h at 100°C The reaction mixture
was then diluted with water (50 ml). boiled for 30 min, cooled, eatracted with ether
and dried with magnesium sulphate The removal of the solvent gave 10 4 g(74 °)) of
phenol (IV), m p 121-122°C (hexane) Lit* mp 12z°C

4-(Trifluoromethvithio)anisole (IV) Trifluoroiodomi:thane (28-4 2.0 15 mol) was
condensed into a stirred suspension of 4-methoxythiophenol (14g. 0 i0mol) 1n
anhydrous liquid ammonia (100 ml) under a nitrogen atmosphere The stirred
reaction mixture was irradiated with a mercury lamp for 40 nun at —30°C The
ammonia was evaporated (water bath) with subsequent addition to the reaction
mixture of 5% sodium hydroxide solution (100ml) The resuiting product was
extracted with ether. the ether solution was washed with water and dried with
magnesium sulphate. Removal of the solvent and vacuum distillation gave the
amsole (IV). yield 17 2g(839%), b p 85-87/16 Torr. Analysis found (%) F.27 60
Calculated for CgH,F;0S. F. 27 40

4-Triftuorometin isulphomy lmmisole (V) A mixture of 4-(trifluoromethylthio)-
anisole (IV) (20 8 g, 0 1 mol) and 309 hydrogen peroxide (35ml) in acetic acid
(60 ml) was stirred under refilux for 8 h The resultant solution was poured slowly on
ice and the crude anisole (V) was extracted with ether The eatract was washed with
water and dried with magnesium sulphate Removal of the solvent and vacuum
distillation gave the product- yield 17 6 g(85°,).b p. 168-170°C/30 Torr Lit ®b p
114°C/4 Torr

2-Chloromethy I-4-ti ifluor omethy Isulphony lanisole (VI) 4-Trifluoromethylsul-
phonylanisole (24g, 0 I mol) was added dropwise to a soiution of 1.1'-
dichlorodimethyl ether (34 g. 0 3 mol) 1n concentrated sulphuric acid (80 ml, d 1 84) at
—3to —2°C The reaction was stirred for 3 h at 0°C and poured on to crushed 1ce
(250 g) The resultant o1l solidified quickly and was collected under suction, washed
with water, dried and recrystalhzed. Yield 23g (839%). m p 54-55°C (pentane)
Analysis found (9): Cl. 12 50 Calculated for CoH F,ClO,S Cl, 12 30

2-Methoxy-5-trifluoromethyisuiphonylben-x! acetate (VII) A mixture of (VI)
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(29 g. 0-1 mol), anhydrous potassium acetate (21 g, 0-1 mol) and 18-crown-6-ether
(0 2 g.0 001 mol) in anhydrous acetonitrile (100 ml), was stirred for 5hat 80°C. The
reaction mixture was cooled. diluted with water (400 ml) and extracted with ether to
yield 25 g (81 ) of (VII): b.p 120-121°C/0-5 Torr; m.p. 42°C (hexane). Analysis:
found (%,) C. 42 22: H. 3 64 Calculated for C,,H,,F;0,5: C, 42-30; H, 3-55

2-Methoxi-5-trifluoromethyiswiphony Ibenzvl alcoho! (VIiH). VII (31-2 g, 0-1 mol)
was suspended 1n 4 9, potassium hydroxide solution (210 ml) and the mixture was
stirred for 4h at 100°C. The reaction miature was poured into water and the
precipitated solid product was filtered off, washed with water and dried Yield: 22 g
(82°,). mp 72-73°C (hexane) Analysis- found (9,) F, 21 12 Calculated for
C,H F,0,S F, 2111

2-Methoy-3-triflucromeihy (sulphony Ibenzy [ aldehy de (1X) VIII(2 7g,0 01 mol)
and pyrnidinium chlorochromate (3-23 g. 0 015 mol) were suspended 1n anhydrous
dichloromethane (20 ml) and the mixture was stirred for 10 h at 20°C The reaction
misture was diluted with hydrochloric acid (10 %, 50 ml) and the aldehyde (IX) was
extracted with ether Yield 19g (70°,). m p 92-93°C (hexane). Analysis. found
(°,) F.2101 Calculated for CGH,F;0,S F, 21-26

S5-Tnifluoromethvisulphom Isalicy laldein de (X) A mixture of 1X (2:68 g,0 01 mol)
and pyridinium hydrochloride (3 45 g. 0 03 mol) was heated for 20 min at 200°C
The reaction misture was cooled and diluted with 20 % hvdrochioric acid (40 ml).
The crude product was extracted with ether to give 18 2g (71%,) of X, m p 120°C
(hexane) Analysis found (°,) F. 22359 Calculated for CqH,F,0,S- F. 22 44.

3-Nirro-5-trifluor ometin (sulphoni Isalicy laldehy de (X1) Aldehyde (X) (0 25g.
0 0! mol) was added to o mivture of nitric acid (0 25 ml, 41 52) and sulphuric acid
(0 35ml, d 1 84) at 0°C The reaction mixture was stirred for 50 min at 5°C and
poured on to ice The sohd product was filtered off. washed with water and dnied to
vield 0 21 g (73°,) of aldehyde (XI). m p 78-79°C (hexane) Analysis found (%;,)"
N. 4 79 Calculated for CgH,F;NO S N. 4 638

TABLE 2
INDOLINE SPIROCHROMENES

Compound Yo ld mp (°C) Found Formula Required
NN (“s) solient (%) (22)

ASEL 35 93-94 F 29 74 C,,H,gF,NO F 29 88
ethanol

AV 50 175-176 C 5901 C.oH,sF3NO,S C 58 67
ethanol H 442 H 440

AV 54 73-74. F 2368 C.,H,gF.NO,S F 23 84
hexane

AVl 73 264-265 N 640 C.oH,;F3;N.O,8 N 616
ethanol

XV I 33 182-183. C 61 66 C,oH,sF;N,0O,S C 61 38
ethanol

\VII 58 265-267. F2172 C,,H,;F,N,OS F2179

ethanol
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3-Bromo-5-trifluoromethylsulphonylsalicylaldehyde (XII). A solution of bromine
(0 16g, 0 001 mol) in acetic acid (4 ml) was added dropwise to a solution of X
(0-15g, 0 001 mol) 1n acetic acid (4 ml). The reaction mixture was stirred for 2 h at
50°C and poured on to ice XII was filtered off and dried. Yield. 0-23 g (68 %);
m.p 122-123°C (hexane) Analysis® found (%): Br, 23 68. Calculated for
CgH, BrF;0,S: Br, 24-02.

Indoline spirochromenes (X1H-XVIII). A solution of the corresponding aldehyde
(0 001 mol) and Fischer’s base (0 0015 mol) in anhydrous ethanol (5 ml) was refluxed
for 1 h and cooled. The precipitated dyes were filtered off and recrystallized. Yields,
physical properties and results of microanalyses of dyes XIH-XVIII are given 1n

Table 2.
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