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SUMMARY 

‘4 number of new perfuoroalkyl and ir~~~toron?etl~~~lsufphon~i subsrrrured mdofine 
sprrochronrenes have been qwtheslzed. II was sholln rhar Ihe inrroducrlon OJ 
Ir~~~roro~nc?h~~Isulphon_~ / or hepfa+oroprop_yl groups ml0 Ihe chromene moiety of 
rhe rndofme spirochromene molecule resuils m their abrltty IO undergo pholochromrc 
conuerslonF_ The d_ves were examined by speclropho~ometry and rhe rate constants 
II ere dctermmedfor thefadrng reaction. Some correlarrons of rhe rale constants with 

rhe electron H rrhdrabc-Ing properrles of ihe substlruents were observed 

1 INTRODUCTION 

Indohne spn-ochromenes wrth fluorine contaimng substrtuents are not known At 
the present time only dyes with fluorine atoms directly substituted in positrons 5 and 
8’ are described.’ The greatest mfhrence on the properties of mdoline 
spirochromenes is exerted by substituents in the 6’ position.2 It was considered 
mterestmg to ascertain the effect of the introduction of strong electron withdrawmg 
substnuents. such as perhuoroalkyl and trifluoromethylsulphonyl groups, on the 
spectral characteristics of these dyes The corresponding 5-substituted salicylal- 
dehydes had to be obtained as starting materials for synthesis of mdohne 
spirochromenes of that type 

2. RESULTS AND DISCUSSION 

When we tried to introduce a heptafluoropropyl group into the molecule of 
salicylaldehyde by heating its 5-iodo substituted derikatikes with perfiuoropropyl 
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copper m hexamethylphosphonc trlamlde, only tar was obtamed. On the other 
hand, the dlacetate of 5-lodosallcylaldehyde3 (I) reacted smoothly with II- 
perfluoropropyl copper, and 5-perfluoropropylsahcylaldehyde (II) was obtalned 
after hydrolysis 

i 

The simplest method of synthesis of trlf-luoromethylsulphonyl substituted 
sallcylaldehyde would be via the formylatlon of 4-trifluoromethylsulphonylphenol 
(III) The latter was obtained earher as a product of a multlstep synthesis * 
Apphcatlon of the Ion-radical perfluoroalkylatlon reactIon’ made the phenol (III) 
more accessible, and It was obtalned by oxldatlon of 4-(tnfluoromethylthlo)phenoi 
acetate with hydrogen peroxide. followed by hydrolysis However. all attempts to 
formylate or chloromethylate (Ill) were unsuccessful 

?H 
FOCH, OH 

I 

&IF, SCF, k02CF3 
III 

The posslblhty of chloromethylatlon of 4-tnfluoromethylsulphonylamsole was 
Investlgatcd The literature describes a somewhat tedious procedure for Its 
prepardtlon6 but we have found a simple method for the preparation of this 
substance by the Ion-radical perfluoroalkylatlon reactlon Trifluoromethylatlon of 
metho\ythlophenol’ with trlfluorolodomethane in liquid ammonia solution under 
u v irradlatlon leads to 4-(tnfluoromethylthlo)anlsole (IV), which IS easily oxidized 
to 4-tnfluoromethylsulphonylamsole (V) by hydrogen peroxide m acetic acid. The 
latter 1s chloromethylated with 1 .l’-dichlorod~methyl ether m concentrated sulphunc 
acid solution even at 0°C to yield 2-chloromethyl-4_tnfuoromethylsulphonyl- 
amsole (Vl). 
The chlorine atom In (VI) can be substituted by an acetoxy group after refluxing for 
only 2 h with sliver acetate The use of potassmm acetate for this purpose requires 
100 h refluxlng The apphcatlon of catalytic amounts of 16-croHf)z-6-ether in the 
latter case affords a high yield of 2-acetoxymethyl4trifluoromethylsulphony~- 
amsole (VIJJ after 5 h refiuxing Hydrolysis of the acetoxy group of (VII) Lath the 
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I\’ V VI 

calculated amount of a 4 7; solution of potassrum hydroxide leads to 2-methoxy-5- 
trtfluoromethylsulphonylbenzyl alcohol (VII9 The latter is easily oxrdtzed to the 
correspondtng aldehyde (IX) by pyrtdnnum chlorochromate ’ Heattng the mixture 
of (IX) and pyrrdnnum chlonde yrelds 5-tnfluoromethylsulphonylsallcylaldehyde 
(X) whtch IS required for the syntheses of rndohne sptrochromenes 

VI - 

SOzCF3 so$F, 
VII \ 111 

I 

The correspondtng 3-mtro (X9 and 3-bromo- 5-tnfluoromethylsulphonylsaltcyl- 
aldehyde (Xl9 were obtained from (X) 

Heattng II. X orXl with Ftscher’s base or Its 5-trrfluoromethyl dertvattve In ethanol 
leads to the mdohne splrochromenes (XIII-XVIII) The earher known nttro 
substituted sptrochromenes (XIX, XX) were obtarned for comparrson. 

The spnochromenes (XIII-XVIII) show photochromtc conversions Under U-V 

SO&F, SO,CFS 

XI XII 
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:rradratton. solutrons of compounds (XIII-XV, XVII and XVIIT) n-r weakly polar or 
nonpolar solvents yield Intense dark-blue or blue-vrolet colours, caused by 
converston to thetr coloured merocyamne form In polar solvents they give red 
solutions. which slowly fade In visible lrght When the rrradratton is terminated. the 
colour of the solutton returns gradually to the ortgtnal state 

,R 

1111 R=C,F7 R’=R’=H 
XI\’ R = CF,S02. R’ = R’ = H 
Xt R = CF,SO,. R’ = H. RZ = CF, 

Y\ I R = CF,SO,. R’ = N02. R’ = H 
XVII R = NO,. R’ = H. R’ = CF, 

XVlli R = CF,SO,. R’ = NO?. R’ = CF, 

SIX R=NO, R’=R’=H 

YS R=R’=H.R’=NOz 

Thus. the Introduction of trifluoromethylsulphonyl and heptafluoropropyl 
groups into the chromene morety of the rndoltne sprrochromene molecule results m 
their ready photochromrc conversion acttvated by sources of trradratton of low 
rntensity even ‘it ambient temperatures This effect 1s comparable wth that of 
lntroductlon of the nltro or acyl _group 

The absorptton spectra of (XIII-XVIII) n-r ethanol (FIN. 1) show an essential 
drfference between the compounds (XIII-XV). whtch do not contain the nttro group 
In the chromene moiety of the molecule, and compounds (XVI-XVIII). which 
contarn it The spectra of the sptro form of(X1111-XV) do not show absorption bands 
at wavelengths longer than 320nm This supports the idea that the long-wave 
dbsorption b,rnd in the spectra of the sprro form 1s caused by the chromene motety of 
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FIN 1 Absorpuon spectra of lndohne splrochromenes XIII-XVIII MI ethanol solution 



SYNTHESIS 4ND PHOTOCHROMIC PROPERTIES OF SPlROCHROhfENES 209 

the molecule q Our investigatton has also shown that. though spirochromenes 
(XIII-XV. XViI and XVIII) give colourless solutions when dissolved in toluene. 
toluene solutions of chromene (XVI). on the other hand, absorb intensely in the 
visible range of the spectrum (A,, 555 nm) Thts gives evidence for a pronounced 
shift of the equilibrium between the Spiro and merocyamne forms in favour of the 
latter. even in the weakly polar medium. when two strong electron withdrawing 
substttuents are present in the chromene moiety of the molecule 

The introduction of the electron withdrawing trifluoromethyl group into the 
indohne moiety of the molecule (XVI and XVIII) results in the stabilization of the 
Spiro form. This phenomenon may be elplamed 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 stabthty of the merocyanme form.i” 

The long-wave absorptton maxima of the photomerocyantne forms of 
sptrochromenes(XIII-XX) are given in Table 1 All of the studied compounds reveal 

TABLE 1 
SPECTROGRAPHIC AND hlNETlC CHARACT7ZRISTlCS OF PHOTOCHROWC TRANSITlOWS OF INDOLINE 

SPIROCHROMENES 

fndolrne 
sprrochromenr 

NN 

Absormlon marrmum of 
mero& anmeJorm (nmj 

Rare consianr of Ihe fadmg 
reacilon rn ihe darC_ 
(s- ’ x IO’. ac _7O”C) 

TOhlE?Zt? 

XIII 578 
XIV 565 
XV 575 

XVI 555 XVII 600 
XVIII 570 
XIX 595’ 2 
xx 598” 

a The merocyanlne form IS stable 

Ezhanol 

540 
508 
535 

493 552 
500 
532” 
542” 

TOlU~t? DIO lane 

3 50 2 00 
200 0 30 
4 80 2 80 

6-i 2;; 
1 30 100 
3 0912 2 97” 
3 89” 3 4912 

a negative solvatochromism’” whtch IS characterrsttc of the photomerocyanine 
forms of mdoline sptrochromenes with a rntro group m the chromene moiety of the 
molecule. The replacement of toluene by ethanol causes a hypsochromic shaft of the 
long-wave absorption band of about 40-70 nm. It is known’ 5 that the ionic structure 
(A,) prevails in the merocyanine form of the indohne spirochromenes. This fact is in 
good agreement with their negative solvatochromism. 

Introduction of the electron acceptor groups R =C,F,(XIIT), NOz(XIV), 
CF,SO,(XV) into posrtlon 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 (J_,,= values were measured in ethanol solution) corresponding to 
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the eiectronegatlwty of the substttuents (~$3~~ = 0 52. ti”z =O-77 c~F~soz = I-03) I6 . 
The trlfluoromethylsulphonyl group at posltion 6’ ca&es therefore an essentially 
greater hypsochromlc shift than the nltro group (cf XIV and XIX. XV and XVII) 

Electron wIthdrawIng subsutuents at posmon 6’ of the chromene moiety of the dye 
decelerate the dark fading reactlon’“*l ’ in accordance with their mcreasmg electron 
withdrawing ablhty C,F, c NO, < CF,SO, (cf XIII, XIV, and XIX, Table 1) The 
trlfluoromethylsulphonyl group at posltlon 6’ IS slightly more effective m decreasing 
rhe rate ofthls process than the nltro group (cf XIV and XIX. XV and XVII) Two 
electron withdrawing substltuents at positIons 6’ and 8’ decelerate the reaction to d 
greater degree thdn one subsutuent (cf compounds XVI and XX. XVIII and XV)_ In 
contrast. the electron withdrawing substituent (trlfluoromethyl group) In the 
lndollne moiety accelerates the reaction of the dark fading reaction (XV. XVII and 
XVIII In comparison with XIV. XIX and XVIII. respectively) Comparison of the 
d,ita for the dyes (XVII 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 In the chromene moiety prevails over the acceleration of this 
redctlon caused by the Influence ofthe trlfluoromethyl group m the lndollne moiety 

3 EYPERIXIESTAL 

Electronic nbsorptlon spectra and data of the kmetlcs of the fading reaction m the 
dark were obtalned as described elsewhere ” Eiectronlc absorption spectra were 
recorded on a VSU-2P spectrometer 

All metal salts and organic reagents were reagent grade and used wlthout further 

purification. unless otherwise stated Solvents were purified by the ordinary 
met hods 

5-iodoacer I /sa/lc> laldeh\ de dlacerare (I) A mixture of 5-lodosahcylaldehyde 
(16-Sg. 0 066 mol) and acetic anhydride (15 ml) was heated for 4h at 125°C After 
removal of acetic anhydnde In vacuum. I was obtained in 87 “i, yield. m p_ 90-91 “C 
(benzene-hexane). Analysis found (%)_ I, 32 72 Calculated for C,3Hl,I0,: I. 
32 31 
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5-Perfluoroprop~,lsaiic\ fufdehyde (II). I (4 g, O-01 mol), I-lodoperfluoropropane 
(9 g. O-03 mol) and copper powder (3-3 g, 0 05 mol) m hexamethylphosphonc 
trianude (20 ml) were stirred for 10 h at 120°C under argon in a flame-dned three- 
necked flask, equipped with a thermometer. a mechamcal stirrer and a reflux 
condenser. The reactlon 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 y0 hydrochloric acid (15 ml) was added to the resultant 011 and the aldehyde (II) 
wasextracted with erher. Yield- O-88 g(3G O/J, b.p 100-I lO”C/lOTorr; m p 42-43” 
(pentane). Analysis: found (“/,): C 41-80, H l-69. Calculated for CloHsF,O,- C, 
41-37; H, l-72. 

4-Tr!%roromctlz> Is~riphor~~ ipherlol (III) A solution of 4-(trifluoromethylthlo)- 
phenol ( 12 g. 0 06 mol) m acetlc anhydride ( 12 ml) was heated for 30 mm at 100 “C 
A solution of 30 o/0 hydrogen peroxide (25 ml) in acetic acid (12 ml) was then 
added and the reactlon mixture was heated for 8 h at 100°C The reaction mllture 
was then diluted with water (50ml). boiled for 30mln, cooled, extracted 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 s m p 122°C 

4-( Trr~z~oronlefl~~~/rhro)arzrsole (IV) Trlfluorolodomrzthane (28-4 g. 0 15 mol) was 
condensed into a stlrred suspension of 4-methouythiophenol (14g. 0 1Omol) in 
anhydrous hquld ammonia (lOOm1) under a nitrogen atmosphere The stlrred 
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 reactron 
mixture of 5 o/0 sodium hydroxide solution (IOOml) The resulting product was 
extracted with ether. the ether solution was washed with water and dried with 
magnesium suiphate. Removal of the solvent and vacuum dlstlllatlon gave the 
anlsole (IV). yield 17 2 g (83 “/‘,), b p 85-87/l 6 Torr. Analysis found ( “jO) F. 27 60 
Calculated for C,H,F,OS. F. 27 40 

4-i-t ~fluor or~rl~l Isulpl~o~~_~ laurJolc (V) A mixture of 4(trlfluoromethylth~o)- 
anlsole (IV) (20 8 g. 0 I mol) and 30 “/‘, hydrogen peroxide (35ml) in acetic acid 
(60 ml) was stlrred under reflux for S h The resultant solution wds poured slowly on 
Ice and the crude amsole (V) was extracted \vlth ether The extract was washed with 
water and dried with magnesium sulphate Removal of the solvent and vacuum 
dlstillatlon gave the product- yield 17 6 g (85 O/J. b p_ I68-17O”C/30 Torr Lit 6 b p 
114 “C/4 Torr 

J-Chlo~ ot~elll~ I-4-rr &or or~lc~ll~ Is~lphon~ IanrvoIc (VI) -&Trlfluoromethylsul- 
phonylanlsole (24 g, 0 1 mol) was added dropwlse to a soiutlon of l.l’- 
dlchlorodlmethyl ether (34 g. 0 3 mol) in concentrated sulphunc acid (SO ml, n 1 S4) at 
- 3 to -2°C The reaction was stirred for 3 h at 0°C and poured on to crushed ice 
(250 g) The resultant 011 sohdlfied quickly and was collected under suction. washed 
with water, dried and recrystallized. Yield 23g (83”/,). m p 54--55°C (pentane) 
Analysis found (%): Cl. 12 50 Calculated for C9H,F,C10,S Cl. 12 30 

-7-Mefho_~r -5-lrr~~~oroJ?~eth_~~ts~~fp~~o?i~~fberl=_~~f acerare (VII) A mixture of (VI) 
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(29g. O-1 mol). anhydrous potasswm acetate (21 g. O-1 mol) and 18-crown-&ether 
(0 2 g. 0 00 1 mol) In anhydrous acetonitrlle (100 ml). was stirred for 5 h at 80 “C. The 
reactron mixture was cooled. drluted with water (400 ml) and extracted with ether to 

yreid 25 g (8 1 p/,) of (VII); b.p 120-I 2 1 “C/O-5 Torr; m-p. 42°C (hexane). Analysts: 

found ( yO) C. 42 22; H. 3 64 Calculated for C, ,H, ,F,O,S: C, 42-30; H, 3-55 
2-Merhox-_1 -S-rrrpuoronlerh~lst~jplIo~I~ fbenz_vl alcohol (VIII)_ VII (31-2 g, 0- 1 mol) 

was suspended In 4 “/b potassium hydroxtde solution (210 ml) and the mixture was 
stirred for 4 h at 100°C. The reaction mrxture was poured into water and the 
prectpttated solld product was filtered off, washed with water and dned Yreld: 229 

(82 9, ). m p 72-73’C (hexane) Analysts- found (%)- F, 21 12 Calculated for 
C,H,F,O,S F. 21 11 

J-~lcrllo\_t -5-lrlj7~40r0t~lCill_l fslrlplr0n~ lbcnz_t lnkicll_r&(IX) VIII (2 7 g, 0 01 mol) 
and pyrtdtntum chlorochromate (3-23 g. 0 015 mol) were suspended tn anhydrous 
dtchloromethane (20ml) and the mtxture was strrred for 10 h at 20°C The reactton 

mt\ture was dtluted wtth hydrochlortc actd (10 9/,, 50 ml) and the aidehyde (IX) was 
extracted wtth ether Yield 19g (700,). m p 92-93 “C (hexane). Analysis. found 

(I’,) F. 21 01 C&tlculated for C,H,F,O,S F. 21-26 
L-TI rjfuol or?~c~ri~~~I~~rtpl~o~~~ lsalrcl Ialdclt_~dc(X) A m:xture of 1X (2-68 g. 0 01 mol) 

and pyrtdlntum hydrochlortde (3 45 g_ 0 03 mol) was heated for 20 mm at 200°C 

The reactton mtlture was cooled and dtluted with 20 9’, hydrochiorrc acrd (40 ml). 
The crude product ~‘1s extracted with ether to give 18 2g (71 “I/,) of X. m p 120°C 

(hexnne) Analysts found ( “A) F. 22 59 Calculated for C,H,F,O,S- F. 22 44. 
S- Ylrr 0-_i-it-q%tOr or?wrlr; lsufpho~~; fsn/~c~ inldt~J~_~ de (Xl) Aldehyde (X) (0 25 g. 

0 01 mol) was added to n mixture of mtrlc acid (0 25 ml. d 1 52) and sulphurlc actd 

(0 35 ml. d 1 %I) ‘it O’C The redctton mixture was stirred for 50 mtn dt 5 “C and 

poured on to Ice The solid product was filtered off. washed wrth water and dned to 
yteld 0 21 g (73 “,) of dldehyde (Xl). m p 78-79°C (hexane) Analysts found (‘&)- 

N. -I 79 CalcuLtted for C,H,F,NO,S N. 4 68 

TABLE 3 
INDOLlhE SPIROCHRO\~ENEiS 

93-94 
ethanol 
175-176 
ethanol 
73-73. 
hexax 

2-265 
ethanol 
182-183. 
ethanol 

265-247. 
ethanol 

F 29 74 C,ZH,,F,NO F 29 88 

c 5901 C,,H I sF,N=‘,S C 58 67 
H -142 H 4 40 
F 23 68 C,,H,sF,NO,S F 23 84 

N 640 &,H,,F,N,O,S N 6 16 

C 61 66 CmH I ,‘=,N,O,S C 61 38 

F 11 72 C,,H,,F,NzO,S F21 79 
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3-Bromo-S-~ri~~~oronle~hyisuZpAon~~lsai~cylafdel~yde (XII). A solution of bromine 
(0 16g, 0 001 mol) in acetic acid (4 ml) was added dropwise to a solution of X 
(0- 15 g, 0 001 mol) in acetic acid (4 ml)_ The reactron 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 (73: Br, 23 68. Calculated for 
C,H,BrF,O,S: Br, 24.02. 

Indoline splrochromenes (XIII-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 XIII-XVIII are given m 
Table 2. 
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