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Schiffbaeesuhdergo~ inthesolidstatebyhydmgentransferandpresentcormpn 

featuresintheirstnu=turesandreactionmechanisns.'Iheobservation,thatthesarmeFhotoproQs- 

s-es are taking place in the crystalline state, inrigidglasses and in solution (by flash@to- 

lysis tetiigue.4, ledto the lnterpretatiQlof photochrcmism, in theS&iffbase series,as being 

an intrinsicprqwtyofthea?olecules'. lhusthehydrogmtransferisintramlecular,ccmrsvia 

asixmskeredringtransiticm slate andpm3.ze.senol-keto tautarreric specieswiththe keto forms 

having k.athochrani tally shifted spectra. Hcwewar, frm the existing anpilatims it amas out 

that a @mto&mically driven tautamric reaction ekes not always take place in the crystalline 

state,sincetherulesgovemingthe phokquilibriunarehotdeetermined bypurely chmicalfac- 

tors but reside in the properties of the crystalstnxtureaswell. lhus the ncnwc 

wdsare WC and&welopmheating a spectnm closely resmbliug the spectnm of 

the oolomd p2xo~tic solid. 

Photochrcmisnandthenrochranism ware fcamdtobenxkxally exclusive prqarties intk se- 

ries of crystalline N-salicyli&neanilines2. Thusacertain caqxxmdis eitkrpbxa2nunic OK 

therxxhrx& butnotbothand the interprelati~is a follm: the- is attributed 

toashiftofthstautanericcquilibriun1~use ofthegeneralreseablanceofthissystem to 

thewellestablishedtautaneri~ofphenylazcnaFhtholsinwhi~ ths pnasen 02,l.n thacxystal- 

line state, of both tin_~tansrs was indicated by i.r. InE&xk?. N.m.r. stwlieainnapthali~ 

axUinesware suggestive alsoofguinoid fonnsl. Finally, tcwards the salka K#x!:ucion lead &a 
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en01 cis-Keto 

flusrescerre spxtraof ti-Mz the nm&ranic czystals ofN-salicyli denmnilineswhich mirror the 

therimdmmic abeorptim bacdbeing thus qreciably S-s-shiftedwith respect to the absorption 
band of the em1 qecies5. 

In the photochmnic carpounds, the colorless gmxmd-state en01 form, upon illuninatim with 

uv light, changes to theketo formthrocqh ths hydmgenbridqzwith aomamitantmtation arouno 

the central C=N double bmd.The #x~Qtiuctis described as a tram-ketoanfiguraticr~~ (eg.2. 

qNaf $9 t2’ 

en01 trans-keto 

&x.-e recently, atleasttwoquinoid intenmdiate statesha~ been identified in the course of 

theabo~ reaction.Tbisisadirect amseqmnaz of the fact that the reacticm is not restricted 

to theprotonmigraticn, but it inmlves fr memrk changes aswell,whichdismpt the hydrogen 

bcndbetwxm the oxygen and the nitmgen afxms stabilizing thus the pbotoprcduct'. Howemr the 

principal features of @mt&mmisnandthe nmchmnisn In the Scldff base series and the interpre- 

tatia~ of these properties in term of crystal structure is stillamtterof investigatim. 

Thepresentcontributionpresentsacanparativest~~gvariousgroupsoftheSchiffbase 

series in the cqstalline state and the glassy stati in order to shed nrxe light in the operating 
mchanisn(s) and especiallyonths ,relationship. between stnztm or amfiguraticn and photo- 

ChIUIllCand~- c properties. 

heparatimofcuqmmds 

zhe an&m&s wxe synthesized by direct cmdsnsaticm of the appropriate salicylaldehyde with 
the apprcpriate amine, ~d.ineorbenzylminein ethanol, folla+sd by repeated recrystal- 
l.iz&im from the same solvent. Mass spectra, i.r., meltingpoints andelemental analysis were 
utili7.edtoestablishthe plrityofthe aqxnmds. 

aeaznpmnds-screened, in pcwckr polycrystalline fom, for#x&&mnicandUmmxhx- 
mic properties. Fbrmre quantitative eq=irnents thin ~lycrysta.l.line films were ti. 
'These filmswerepmpared frunthemelt be- t~~qtical quaxtz plates under pressure and their 
quality was exminedundera ~larizingmicroscope.To~ure their opticalspxtra at various 
temperatures aquartz Dewarvesselwithquartzwindmswas used. Rzlatim fluorescence intensities 
were measured in the aimve thin films, positimed at a 45O angle tmards the incidentradiatim 
withanAminm~orFarrandMKI1 qectmfluorinreter. 

The rigid-state expximnts- amdncted in polymerizedmthylmthacrylate @WA) and in 
EPA (ether: isqentane: ethanol, 1:5:5). In them rigid nrxlia, the fading of the mlor was 
mtappreciaMeduringthem!m3LJxxm?n tofths spxtnm; therefore,aLltlxz spectrawere &tained 
satisfactorily.Nocorrecticnwasma& to the spectra for contractionof the solutim cm cooling, 
asthiswasfoundtotalessthanlO%inEPA andoftheox&rof5%inFM4LOthxsolm?ntsused 
for lckv teqerature measurements and for formation of rigid glasses included mthylcyclchexane, 
isqmtane: mthylcyclolmme l:l, 3:l and ethanol. 

'Ihe abeorptim spectra- recordedwith a Gary-17 orvarian Techtmm 635 spetro@tamter. 
st.4xlystatx @mtc&mical~~tsanployeda200 W high pressure Hglanp withCorning 
glass filters. 

N-Salicvli+mmilines 

QxstalLinestate:Theresultsby xreeningpolycrystallinepa*ders forwcand ttuznm- 

dxunicpmpzrties are shmm inTablesl-4 aoxxdingto substitutim as bsinganilinemosubsti- 

tuted, salicylaldehydemnosub&ituted, di-substituted rmddi-and tri-substituted derivatives of 

N-salicylidemanilines. 
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Table I. Aniline mJnosuhstituted 

Photochromism andthermochromism 

No. R M R NC R pnpeay 

1 Cl Phowkmice a Cl 'Ihenx&ranic 15 Cl ZheIlKdIUdC 
2 BK -C 9 Br The-c 16 Er PhotochranlC 
3 I 

zzkzEZfc 
IO I vc 17 I Tl-EIlKhXUdC 

4 
L, &atochmnc 

11 F 
5 12 -3 ZEEZEZ% ;: 

I? !lbE?XlmdUXhC 
a3 l!hnrochrcmiC 

6 an3 PMxAxmic 13 The-c 20 m3 TfE~ ‘C 

7 NH2 Photochranic 14 
zF3 

Thermoct-uanic 21 cDzEtllErmxhmnic 

a.l%epaxxnt axp.rnd (R=H) is WC. 

Table 2. Salicylaldeiyde IlnaaosuhstitutedN-salicylickneanilines 

NC R 

22 5-Cl 
23 4-cn3 
24 4-W SC 

Table 3. Di-sutstituted N-salicylickneani~ 

CHsOeNp ,H,,eNqR ,,,OeN+ 

NC. R PrcpertY No. R prcpe*y No. R Prcperty 

25 Cl themKx&xmic 29 Cl thermochmnic 32 Cl the-C 
26 Br thenw&runic 30 Br the-c 33 Br the-c 
27 CH3 thermxhrcmic 31 ccn3 SC 34 (H3 -C 
28 ax, thezmochmniC 35 CCH, the-c 

R 

Cl 

* oJNQ-R 
No. R Pmperty No. R PrszrtY NO. R hppeay 

36 Cl thenKAuunic 39 Cl thernrochrcmic 42 Cl -C 

37 Br SC 40 Er SC 43 Er P-c 
38 aL!H, thenrod-rremic 41 CR, mc 44 cli, the-c 

No. R PrF=w No. R property No. R WY 

45 Br the-c 46 Br tkwc 47 Er the-c 

Table 4.Anil.ine di-and three-suhstitubzdN-salicyli&naanilines 

%NSR 
2 

*N&2 
2 34 
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40 52 2-ai3,4-ui3,5-ai3 WC 
49 53 Z-a3,4CH3,6~3 lbmmbmdc 
50 3a3r5-i3 
51 3-ai3,4-a3 WC! 

I. 

ii. 

of wsm 

Itshouldbepointedcut-as wasalsonotedbyearlyworkf?rs 11 ,thatthe&zm?cxlIp~can 

crystallize in tmpolymqhic fommeofwhi&maybe @to&mnicandtkother~c, 

aswas notedwith ampmds~,~and~. 

As nwmtioned in theExprimEntalsectial,fornurequantitativemeasurements 

thinplycrysblllnefilmswareused andtheirspctraware recor&d after w-irradiation or at 

Van-iouslxqeratures.Figure1skwsthe@kchmnicand ~cprcprtiesofanpunds 

landz. These anpxndswreextensively i.nvestigatedattkKsi~ Instituds of Science8and 

1 .o 
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Figure 1. ~&orptia~ spectra of (a) 2-chlo&-salicylideneaniline' before (l), 
after (2); illunbaticm and back in ths dark (3). (b) Absozption spectra of N-5- 
chhro~licylidilins at rcun Nature (1) Jiquid nkxqen teqe.rature (2) 
and back at roan tanperature (3). Flwrescen ce (4) at ram bqerature, exciting 
light 365 nm. 

their X-ray structure, aswawill see in thDi.scusSicn Sectian,waS the basis Of the inteqr'?ta- 

tianofFhotochranisnand~snintennsofcrystalstructure_ 

Riqid Glasses: All N-salicyli &neanilineswhidlare -car tknuxhanic in tile solid 

state, are Jceversibly#lo bchrunic in rigid glasses: in the case of EPA, the effect is reversed 

wWn the rigid solution softens and in M when * sample is illuninated with visible light or 

wanwdup.'IhusFigure2shcwstheresultsinI+WAoftw~ aqounds,~and~,whichLnthscrystal- 
line state are thn;lxhrrmicand~to&rani c respctively. Bothof themare@nb&mnic in the 

rigid state. Itsbuldkepolntedoutthatths phenaaenonof m in the rigid state is 

strcngeratliquidnitxxgen&qerature.~ however atlcwtepzratures negativa thxnv- 

duunisn (a ~eofcolororfmoling) ischxved in&eadof&hJ kchranismaswewillseelater. 
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(a) PMMA b) PMMA 1 

0.0 - 
I I I I I I 

400 500 400 500 
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Figure 2. Ab&pticn spectraof (a)4_chlO~+tii@~~~~e 
and (b) 4-hra1wN _-EUliCyli deneanillne in PW4kl,bsfare irradlatlan, 
2afterirradiaticnwith 365 nmlightand 3badc in the dark at roan-- 
rature. 

N-Sal_tcyl.i-@dines 

altlncleaseof~lecularbreadth . 

C~~slxUine state: Table 5 shows the results by screeningpolycrystalline pxkrs for- 

andthexnwAra&pxqxxties. 

NC. R,& PropertY N0 R1*R2 prcperty t+~ R,+ P-F-Q’ 

54 H,H thenn/mic 65 H,H iWn,kic;‘ 76 H,H Pbt/llIiC 

55 H,S-Cl tbenn/mic 66 H,6-3 _C 77 5-Br,H Wrm/miC 
56 thenn/mic 67 H,2-C1 tknn/nlic 78 Piwt/hiC 
57 

H,6-3 5-3,H 
H,3,5-C1 theml/mic 68 5-3,H lASll/hC 

58 5-FSr,H therm/tic 69 5-(3H,H *rm/mic :z 
3,5-Cl,H Pixk/mic 
3,5-Br,H Pbt/miC 

59 thenn/lnic 70 S-Cl,H tbsrm/miC 
60 

5-OCH3,H 
3a3rH th?ml/mi.c 71 5-0r,H *mc 

61 tknn/mic 72 theWlIliC 
62 

3_OCH3,3M3 5dM3,6_O(H3 
5-ocH3,5-c1 the-c 73 5-0x3,5-Br *rm/mic 

63 3-=H3r4a3 theml/lnlc 74 
64 

5-C1,6_oM3 therm/nliC 
3a3r4a3 thenn/mic 75 5+X,5-Br thelm/miC 

a.Thethenuchmnic m of all the N-salicylickne-3-zanin~dines is weak. 
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Figure3~~theresultsofthin~lycrystalllnefilmsofthethreeparentccnpounds, 2, 

65 and 76. 'II-E fluxesozn - ce spxtra, in the first tvm cases, are &splayed for campariscm. 

(a) FILM (b) FILM FILM 

I I I I I I 

400 500 400 500 
Wavelength, A(nm) 

Figure 3. Absorptim spectra of (a) N-salicyliden~2-mincpyridine and (b) of N-salicylidene-3- 
m.in~idine.1atmmtarperature,2atliquidnitmgentanperatureand3backatman tempera- 
twe.4Fluomsoenosatrcm teqzerature , exciting light, 365 mu. Cc) tirpticm spectra of N-sa- 
licylidene-4-mlmpyriti, before (1) andafter (2) III-adiatimwith 365 mlight. 3 hack in the 
dark. 

lIlevariaticflofxIwinnm of the opticaldensitywith tarperaturenear 480 nmwhexe there is 

nooverlapofkmnds of the tm species leads tman energydifference of about 2 Kcal/rml for a 
nunberoftheWc e med so far. 

Riqid Glasses: h&n the factor of czystallinity is lost, as in rigid glasses where the crient- 

atim of the molecules is ranchn, all the N-salicyli ~idines,whetherphotochnroic or 

mc in the solid state, appear tobe~o+x&runic as in the case of N-salicylhkneanili- 

(a) PMMA _ lb) PMMA - (c) PMMA 

\ QN+ QNa %N<N 

\ I 

\ 

-7”” d”” -T”” 2”” 

Wavelength, A(nm) 
‘t”” 3”” 

Figure 4. Absorption spectra of N-salicylidene-2- ~idines (a), N-salicylidene-3-aminw- 
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ridine (b) anclN-sallqlickne-4-atain~minowridine (c) inEW& Atliquidnitrcqntfqxratuxe, 
(1) before uv-irradiation, (2) afteruv-irradiation and 3wIxzn the -is left in tbedark 
andbackatxanteqerature. 

nes. Figure 4 shows the results in FM44atliquidnitrqzn txqerature, of the three parent axn- 

~unds,~,~and 76. EJxperimznts andxtedwithsoluticns ofEPAatliq_ldnitrogen mature - 
gave similar results. Itshouldke @.nlzdout, kwever,that$otccolorati~atrcuntfq~ratunz 

ill~,waShardlyobserved. 

N-Salicylidene-benzykn.i.nes 

N-salicylidene-kenzylties differ fruntbeprevious series oftheSchiffbases in that the Bnino 

gnxpisinsula~fmnthepWy1 ringbyaSH2-group.The exxninaticnofsti~lecules,asin 

the caseofN-salicyli&ne-2-tylznnines'3, aimsatfindingrrPleculesdisplayinghothphotochrcmic 

and tkrmxhranicproperties as cpposedto thenutuallyexclusive WC or mc 

bei-kwiourof the crystalline Schi.ff bases studied so far14. 

C~stalline state: Table 6 skws the results of __-__ screening polycqst_.alline pzwders for *to- 

&ranicandtherx&rani c properties. 

Table 6. N-Salicyli&ne-benzyknines 

N0- 9’ R2 prope*y 

81 H, H -C 

82 H, 5-Br P-C 

03 H, 5-3 -I2 

84 H, 3-Kli3 Photochronic 
05 3-Br, 5-Br the-c 

86 3-C1, 5<1 the-c 

87 H, 4+X, pwto/thexx&runic 

An exmdnaticn of the above Table &DES thatmxtof the ~anzphotochranicand~ 

axqzound,8J,presentsboth#&odxmicand ~cprqerties.Figure5~represent.a- 

tlve results in thin polycrystalline films. 

(a) FILM 
lb’ Br 

FILM (cl FILM 

0.0 

~,,,,~ 6b N-CH,a ;H30~N-cH2~ 

~~\I>;;.__ Lpj& /if& 

I I I I 400 500 400 500 400 500 

Wavelength Nnnd 

Figure 5. Absorptlan spectraof (a) N-salicylickne-lxwylanitze. l,before uv-irradiation, 
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2, after uv-irradiation at room tenperature and 3 back in the dark. (b) of N-3,5+ibm 
salicyli~e-2-benzylanine. 1, atmxm+arperature, 2 atliqu.idnitrPgen teeperature and 
3 back at room tanperature. (c) of N-4-nmtbxy-salicylidene-benzylzmdne. 1, at roan tm 
rature,2atliquidnitrogentexqxarature, 3 after uv-irradiation with 365 run light at 
liquidnitrogen tesperaturesnd 4 after staying in tbedark overnightatrcantenperature. 

In Figurs 5(c) we observe the double #n?nammon. lbe color dissapsars cm cooling and a 

new colored banddevelops on irradiation with uv-light at liquid nitrogen 

-temperature. The phenomenon is observed at room terperature also butauzh weaker. 

Flw~~isnotobservedinthis~asopposedtoallotherpurely~ccarr 

pcunds examined so far. 

Rigid qlasses: ?he behavior of this grcplp of Schiff bases in rigid glasses is aore ampler 

than theprevicusrbut inte~sting. Ccmsidering the photochranic vu&s 81-84 wz &serve tin? -- 
folltig: the parent wti (81) and tba two 5-substituted derivatives (82,83) are pW - -- 

mic in rigid glasses. Figure 6(a) shows tix? characteristic behaviour of the parent wd in 

rigidEPA. We&serve that the absorpticm spe&runof the ~tcprcduct isextended to 550 r-ml 

with amxinurnbetween 450 and 460 nm. In addition, it is structured, an indicati~l of abr&en 

internalhydrogen~dasthetrans-ketof~ofthephotoploduct requires. The spectrun returns 

to the initial cmehtixa rigidglass softens. 

ccntrarytothe~behaviour, -de presents 'negative" the Ino&xmisn.lhusal~ 

ling EPA to form the rigid glass, a strcmg abeorpticn band is &velOpea with ‘a W 

around 420 nm. If the rigid glass is irradiated with 365 nm light, green flm ceisobserved 

witbminor changes in the absorpticm spxtnnn. Again, when the rigidglass softens (rcantanpe- 

rature), the spectrunreturns to the initial cne. Figure 6(b) shows these spactralchanges. 

2.0 

z 

f 10 v) . 
9 

0.0 

r (a) EPA . lb) EPA 

CH o~N-CHz~ 
J 

I I I 
400 500 

Wavelength, h(nm) 

Figure 6.(a) Abeo.@icm spectra of N-salicylickane-benzylamine in EPA 10e4M. 
1 atrccmtanperature, 2 atliquidnitrcgen wature, 3 a.fte.rirr&ia- 
ticm for 10 min 

3 
th 365 nm light. (b) of N-3~1&boxy-sal~lildene-benzy- 

lzanineinEPA10 M.latrarnterperature,2atliquidnitrogentesperatu- 
reand3after1OmFnirradiationwith365~nlight.Bothspectrareturn in 
the initial (1) when the rigidglass softens (raxntanperature). 

me thennxhronic aqcnmdsss and g presentstrcng "negative" the rmxhroai~i.nEPA. 

Upon irradiaticnwith 365 rxnlight green fl~scenoa is develcpadbut no changes in the abeor- 

ptlcnspectrunareobserved.Theseresultsare~inFi~7(a)farthecaseofcarpound86. - 
The phenammcn of "negative" ttrannxhmni sm appears also in rigid glasses of msthylcyclohexane 

Wfi) andisopentane: nvathylcyclobsxane (iP:MX). Itshouldbepointed~talsothatthereisnota 
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cxslCeJ'ktratia~effe.ct either inEPA orinEM. Another impxtantfact is that the "negative" bsnci 

Qvelcpsinaantinucuswaywiththe deuxaseoftespratureandnotaftexthefomkwicnoftk 

rigid glass. Bms an cooling B%gwz 7(b)) a 2x10 +M ~~~~~f~~~Af_~~C dwn to 

-40°C, tk? iwximxnin thecpticaldensfty (at about 34OmJ in- s by 71% while at430 mn it 

decreases by 40%. 

EPA lb) EPA 

Cl 

. b 
/’ \ 

Cl - OH 

500 300 400 500 
Wavelength, h(nm) 

Figure 7. fa) Absoqticn spectra of N-3,5-dichkxw-sal.icyli&me-~~~e in 
EPA. (11 at rcun tenperatwe, (21 at liquid nim tmparature and (3) back 
at ram teqerature. (b) Aksorpticm spectra of N-3,5-di~oxt3sa.Licyli~e- 
benzylmine. (1) at 1'79: and (2) at -40X 

In tts mlxed solvent LP: K!H (3:l) wnegatiw~ tk zwchxmicbandshavebeenr~att;lEmp3- 

ratures -8OOC and -120°C in v&&h thks solvent is still fluid. In me of these exp!ri~~~M~ the SO- 

hticm at-120°Cnas xetain& formxxz than twokurstithoutany change, an hdicaticmthat. the 

izhmmwncmfsprobably not~~withthefo~ti~of~~a~.In~(l%W~ kxxsmzr, 

astmng ~dat42O~i~~p~~tat~~at~,~ is stmm in Figure 8. 

. Fig. 8 PMMA 

400 500 

Wavelength tnm) 

1.0 EPA 

I I I 
350 400 450 

Wavelength (nmt 

Figure 8. Abecrpti~~~ spectra of N-3,5dicblorv-saLicylid~me-benq~. (11 at xun fxqx=ra- 
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tusx, 2 atliguidnitmgen teqerature and 3 after 2Omi.n irr~timwith 365nm light. !DYZ 
spectrunretutnstol~leftFnthedarkatroantenperarure_ 
Fig. 9 Absorpticm qectra of N-4-setkmy-salicylidene-bensylmine in EPA. (1) at ram teqe- 
rature, 2 at liguid nitmgen teqerature and 3,4,5 after 5,10, and 20 min irradiaticm with 
365 nm light. 'Ihe sqmztrm returns to 1 whah the solution softens in the dark. 

~o.x~lingdomtiliguidnitrogenteqeraturethereisasmalldrqofthisbsndandsubsegwnt 

irradiationwith uv-light results In tkappearameof a structured baudextended to 550 nm. 

Tk@mzo/tlxa~c aqmmd8J has differentbehaviour In rigidglasses. Thus in EPA 

(10B4M)itshows "negative"theram hrcmisnand~~snas~llasfluorescence. Figure 9 shcws 

the %sgative" thslmxhrcmi smandphotochmni mof this an~uhd.Cn aolingtbe soluticnof EPA 

ckwn to liguidnitrcgentenperature, anewstxmg absorptimbandis formedwith amximunaround 

380 nm and the solution turns light yellow. Subsegumt irradiation with 365 nm light, leads to a 

strong blue fluoresoancewhich&creaseswiththe time ofirradiaticnwhile the solution turns yel- 

lowandanewabeorpticnbanddevelcps withamaxim~11atabout430 rmand tw~isosbesticpoints 

at 335 nm at 400 nm. UpQl irradiaticm at 436 nm,.in the absorption nmximrnof the @wtqxo- 

duct, green flLxxescence aFpear.s. 

This double behaviour in rigid glasses is cbserved for the first tine in the Schiff base se- 

ries anditis solventindepsndent. Thus the results are similar inethanol, kqentane:nmthyl- 

cyclohexane andMX. 

Ekparinmnts with solvents which are fluid atlcwtsqeratures shcwedthefonnaticn of the "ne- 

gative" band before rigidity is attained and also the appearance of the pho tochmnicbandcnirra- 

diaticnwith 365 nm light. Anotkr iqxxtantpointis the fact that the blue fluoresosnce xnir- 

~~theabsorptianspectnmatliguidnitrogenteqerature (max.380~1) anindicaticnthatitis 

produced fmnthe species responsible for the "negatix.@ thernwhmnisn. 

InFWRtktehaviourof aqxxmd8Jisnrxeorlesssimilartothatoff36withthecbserva- - 
tim that fluxescence does not a~qear neither at roan teqerature nor at liguid nitrogen teqera- 

tuna. 

DISCDSSIaU 

Rigid glasses 

N-Salic~&deneanilines andN-Salicy -- ---- lidenemninqwridines: Allthemsr&rs of these two groups which 

are#kokchranicorthenn>chrcmi c inthecrystalline state,are photx&uuni c in rigid glasses at 

spectrosmpicdilutionafactwfiichrulecl outex?lanaticnsbasedaa7intermoleculareffects.The applica- 

ticm of flash technigueshaspermitted the analysisofsimilarbuttransientphenanzna insbluticn'5. 

As a generalccnclusicnwamay state thatwkn l&a factor of crystallinityis lost, as in ri- 

gid glasses, and therefore the orientation of the nolecules is randan, alltkn~~lecules of these 

twoclassesapFeartobe~c. 

N-Salicylidene-benzvlmnine~: Tbs results of this groupof aqoundsareamplex and can bs sun- -- 

msrisedasfolla.Js:Thephoto&um c vunds in the crystalline state are alsophotochronic in 

rigid glasses while tk thenmchmni c cmes shxstrcng "negatiw? thsrscch~Csm. The cnqxound 

whichisbothphotochranicandtkrmochronF c in the crystalline state in the glassy state shxs 

"negative" tkmnxhrammn and photochrcmisn. This behav-iour is observed for first tine inthe~&iff 

base series. 

Weak "negative? therx&runi 
16 snhasbeenobservedinpolyandsnsed~ticnvlecules and 

strcnger in anils of hydroxyna$khalckh~ehyde17. 

In the first case, it was suggested l6 that anore planaranfiguraticmof thepolyccm&nsed 

nrolecule atlcwtenperature resulting in higher rescnanoa, might be responsible for the wakpkno- 

nmncn. In the anilsitwas suggested5 that incorporation into an aggregate atlcwtmlperatures is 

probablyasscciatedwith achange of tknolecule frunanon-planartoaplanar axfiguration. In 

the latter, the nitrcgen lone pair wuld not have the appropriate direction to overlap with the 
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amnatic ring, thus rerxlering thenitrogenatcmastronger~tonacoeptorand stabilizing 

theketo tautonar.~veri.nthepresen tease ccsloentracticn effect weaJ=agaFnst 

aggregation andor dimerizati~ althoughnot ansluskely. 

In I& case of N-sd_icyl.i~e-bmylanines th? equili.bri~nE(enol fO~)~Qc(C&-keto form) is 

&Aerlnic18. Therefore, at lcwzr lxnperatures the equillbriun fawxs the forma- of the CiS-ke- 

toformwilichabsoxh atlaqerwaveleqthswlth maxhun at about 430 rrm. w - to thisap- 

~oachwecanwrite the follrXlngtentative mechanisn for N-3,5-dibrcnwal icylidene-benzyknnine 

and N-3,5-dichlorosalicylidene-benzyl~ (& and86). 

E 5 QC "negative" band 

QC LQQd' 

gc* - QC 

AE 

+hvF "green" flwresoznce 

QC 

in the caseof~-4~thoxysalicylidene-benzylb (w 87) whi& shws~sn - 
and thermodhr0nismi.n the solid state a differenttentitivemdmnism lspropx&whichshmLdbe 

testedtithaddlticnal,pnperlypara-stititutedmnpnads, sinoe prcqerpara-substitut.ictl is 

iqm-tant for the fonnaticm of the needed zwitterionic forms.Thus the "negative" bandwithanba- 

ximunat380 mls attrihtzdtia zwittmion (ZW) 

E (hmax-330 nm) Zw (hap380 nml 

l%ephotochranicprocess,acmrdingtothe dxermdisosbesticpoints (Figure9),a~pearsto 

beamsmn>lecularreactim.Tlx photcproductwithmaxirmmatabout43Onmis attributed to the 

cis-keto fomas apposedti the tram-k&o for theotheraqmmds. l'txzxxf0x-e the FhotoKoauct of - 

i!i% (Amax- nm) QC (hmax-430 nm) 

aqxmnd8Jis dlfferentfxunthatof the other@%xhmni c aqxunds (e.g. conpare Figures 6(a) 

and 9). 

The "blue" fluorescence with wxlnun at akut 460 nm is due to the ZW while the "green" flux- 

rescencewithmaxinnm atabaut5OOma,isdLletothephotcproductQc.Thustheowallbehaviour 

of this aIqcundcanbe slnlmrizedas follws: 

E =L ZW "negatiwz" band 

ZW 3 zw* 

ZW* & 

ZW* A z+hvF@) 

M-c band 

"blue" fluxesance 

QC -k QC* 

QC* --=Qc 

*E 
+hVF(G) "green" fluorescence 

Gc 

ZW +b.E 

CLystalline state 

N-salicVli&neani lines:structuralstudies~ many ofthesealqxm&,nanelythefullthree- 

dimmsi~crystalaI?dmlecularstructure zmalysis of 1,22, partial analysis based cm t!m 7,aws, -- 
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0f~andfinally determlna ticclofspaoegroupsand~t~ell~iansSfortherestallowed 

==gaberall=tlonsm themAecularstructuresofthe an&mmds.Ttlus,lnthe~c 

Qystalsthernoleculesareplanarandthe~lecularplanespadcwithshortintenrpleculardistan- 

oes of lb? order of 3.5A"nrxma.l to thenKllecularplanes; in the ~CcIystals~sali- 

Cyli4.l~ of tknuleculeis pkamr, butti aniline ring is rotated 40 to 50°0utof this 

plane,andtfieresultingstructum is relativelyqmltithnoclose amtacts of thenDlecu.les. 

Theitllzrpretati~Of m is as folla#s'9: there is a tenperat ure-sensiti~equilib~ 

~nthecrystalbe~thetwotautanersofthe~leculethe~withthechelatinghydrogen~ 

valentlybcnded to the oxywn, ths emlfoml, and ths cis-lu?to fomlwith the hydrqen kalded to - 
the nitrogen (see eq. 1). ‘Ihe ds-keto fonnabscrbs atlcngerwavelengths: raising the teqeratu- - 
rein~s~~aticnofthisf~andthuscausesa~gofcolor.TheintrarPlecular 

hydrogen-transfercanoccurineitherthe~orexceited-el ectmnic state. In aakrast,ahigher 

enerqyisnquiredforhydrogentransferinthe~-el ectxmlcstateofnrJlecul~inFhotochro_ 

miccrystals; asaresultnoabsorptimattributab le to the cis-keto fcm is observed. ydrogen - 

transfercancccux,kmwr, in the exclted-electmnic state, andths uystalstructure is suffi- 

cientlyopen to pennita subseqwntgeawtriciscmzrizatimtich leads to the mloxed trans-keto 

1-hotcproauc kee eq. 2). 

Thencm-planarityofthe Fbbchmkaystalsissupportedbythefactthat~smin 

tk solldstate ismre freqmntmrmgortb-aniline suk&ituted&rlvat.lves (see~ablel). The 

repulsia~tzetween the artb-substitu?n+:andtk ald.lminogroupofthe bridgs x-en&r tksederi- 

vatives as themstprobable toaznstitutenonpkamrmlecules. 

N-Salicylidene-2-~~id.in~: Al the exminedmleculesofthls classwere fcnmdtobe 

stKtmgly~c.~sgeneralitycan beexplainCdbyexmMng thecIy-stalandmlecular 

stmctureoffcmroftkseaqxnmds (Figures 10-13). 

Figure 10. SIzema@ cvi~%'ofN-salicyllckne-2-Ermincpyridine (54) 

Figure 11. S texxomqic viewof 3mthyl-N-(3-n&hqmlicylide- 
=)-2-&c%wldine (CiJ) 

Figuxx 12. StereoscOp l.c view of 5-Ckxo-N-(5_methaxysallcyli~ 
-2-aminqyridine (62) - 
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Figure 13. SW ic view of N-(5 -bnm3salicylidene)-2- 
ani.nqlyridine (ss, 

Ccmp3unds54,58,62and63areplanar.Iheplanarityisachievledbecauseofthe nkr~gen 

of the pyridine ring2? In the caseofN-salicyli &neanilinestbreissterichindrancedwto 

the short distance kebnzen ths ortho-hydrOgen H(9) and the exa~@ic hydrogen H(7) when the mAe- 

tie ispkmar.Tbis re@.sion is relieved in the case ofN-sal.icylidene-2-aidkes because 

the~idinenitrogenatcmisalwaysatthecis_positionwithrespecttotheH(7)atan.~distance - 

ofabout2.5~be~thesea~~~spcndstoanornralvanderWaals~~~ (Figure14) 

Figure 14. Distan~s $1 for N-salicyli&n~~2- 
aninopyrime 

lkmA?cularpa~gofthe~ is characteristic of that of planarm3lecules e 

instadcsalcngtheshortestcrystalaxtswithamean~lterplanardistanceof3.5R.Basedon 

theiri&nticalbehaviour it may be justified to suppose thatallN-salicyli&ne-2-aminapy- 

ridineswillhavesMlarstruztures. 

?hel~e~oftheiminonitrogenatandoes~overlapwlththeel~ ofthepyridine 

ring in the planarnrolecules. cnawquently, thebsicityoftkbridgenitzqenatzan, and hence 

thestrengthofthehydrogen~hetweenthehydrogenatonoftheOHgroupandtheiminonitrogen 

atan, shouldbe higher. Therefore, theprutOn transfer is fawuredin aplanarrather than ancm- 
planarccnforn~~tion. l?~nulecular stnxturesofallN-sal.icylidsne-2-&cpyri&es investigated 

so far show a strong intram&zcular hydrogen bond with a mean H(l)...N(l) distance of 1.8 2 and 

the appropriategeunstxy for the H atuntopointtokards ths lcne pair of N(1) as .sb#.n in Figu- 

re 14 for the case of mdz. m, thxefore, in the cxystalline state of N-sali- 

cylidene-2-arnin*idines can be interpreted asbeingduetoashiftin thetauWi~equilbrim5~ 

inthecaseoftktheLmxbani c N-salicylideneani lines forwhich a similar cis-keto formwas as- - 

signed as the lben~~-euct. 

N-+iwli&ne-3-zminw~ridines: It is suggested that ths sarmemxhanisnexplains the bshavlour 

ofthisclassofcxqxR&s.All azqCnnld.¶~ed~weak~ (Table 5). The fact 

that ti-~ @mxxwcm is weak is attribted toasmaLlckviatianfrunplanaritybasedcmtheuysta.l 

andmolecular structures oftwoofitsm (e g and g)?'Asin N-~licyliaene-anili- 

nesthereisa~iveinteractFan~~thearthohydrogenofthe BRincpyricune~ietyaI?d 

tkexccyclichydxqenH7.As aresultofth.isintera&l~aro~tbn ofthe~idineringaromxlthe 

N,-c~ bend by 14~3~ and an in plane defonwia IN,~g-c,~.124.~I ca=ur t0 giw a separatim of 
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2.0 g for H7 . ..H(12) (Figure 15). Ha+mer,thissmll&wi.atica~ fran planarity does not prevent tke 

close~al.lelpackingofthemlecules akngthe shortestaxiswithan interplanardist.ance of 

3.44 St as in the case of N-salicylidene-Z-&widi.nes. Tk! molecular: packing diagram of the 

~~~~d~~~~Fi~sl6~dl7. 

Figure 27. SF ic view of N-15m~&icyli&f-3- 
mimpyrMine 
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(7) 

lhsCxxxran~Ofths ggmetrical~fwthe~-ketotottlea-ketoisarerintheFho_ 

bzAuunicpxxessissupp3rtedbythefactthattheel ectxunic~~spednmoftheFhoto_ 

~cooloredspeciesisdifferentfranthatofthecis-ketormineformedsinplybythe~ - 

transfer in the gxxnnidstate (see Figures 5(c)). 

CuxenAqthebehaviourof~87intheQystalline StZlteboth@K&Chm&and~ - 

rm&runic)wichisincultradictl antothecrysbllineN-salicy liaeneanuine.stiN-salicy=- 

minqT@dine!3,wenotethatthis~ bhavessMlar1ywithtba~tlystudiedN-4~ 

salicyli&xx?2-thf%ybmlnev&lichalsosbxv%bothphenomeM in the crystallins slzte'3. %elatter 

nrz&culeisnotplanarduetothemethylenegruup~ in the bric@e23. lb?salicylaldimino 

~iety,hawwer,ofthe~learleisplanar,thusallawingthefo~~oftheintrarol~hy- 

drogenhxd.Euetothe~planarityofthe~lezulethe dwxteristicpaddngof flatn0lecules 

witha 3.551 distance betEalplanesisnotcberved (Figure 18). This structuredcesnotpreclu- 

des thehypothesis of cis-trans isanarizati~ for the -- ~cbehaviay.Hrrwever, it is dis- 

sMl.aztothestru%x esofthethenoDchranicN-salicylidex=nil inesandN-sa.licyli- 

dinesdetermined so far (Figure 18). 

Thisclassof ~~thatplanarityornxlpLanarityofthemoleculeisnotthede 

tezmMngfactorforMermxiucmic orphotochranicbehmriour~~ly.Ihealiplaticmeulylene 

grxupforbidsthsrrpleculestibsplanar. l%erefoz-e+cantrarytiwhatitisobsereved bccnporads 

as, 86 axxls, Iy) - thenaochranicMEwiCxrshaAdbsexpwbd.Qlhctherhana,tlaenatureofthe 

substituentsofthesalicylil.l~partoftheN-salicyl idel&mqlaninesLeadstil&!hypAhesis 

thattheel~densityofthelcneFairoftheiminonitrogenis~tdeterminestheirchnmr 

bshaviour.Ifthiselectnxl&nsityishigh,*carpandis mc, if lcw, it is *to- 
chmnic. The roleof planarityornon planarity of themoleculesis iqortzmtcllly in f3c far as it 

affectsUlenitrogenelectrondensity.~~~~~N-salicylidenebenzil areneededti 

-thishypothesis. 
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