PHOTOCHROM C COMPOUNDS AND THEI R USE | N PHOTOREACTI VE LENSES BACKGROUND OF
THE I NVENTION Thi s invention relates to photochrom c conpounds aﬁd‘ 8;539"
particularly concerned with conpounds having the ability to undekgo <
change to a coloured or nore strongly coloured formin strong sunglig
revert to their original formon renoval or reduction of the U V. co
of sunlight, e.g. in diffuse daylight 10 conditions. DESCRI PTI ON OF
THE PRI OR ART | n general, known photochroni c conpounds absorb U V. light to
generat e CO'%&%%J&HM& Rmpobade hARBITHEIRCVSE! Ik cPAbPOREAErIY®ESS form
whek=xpose n —al SO _under go ermal T ade at anbi ent
tenperatures. U K Patent Specification No.2, 002, 752 di scloses a series of
phot ochr om CBACKGROUNLs dFaIiHEy IAVENFEOdegr ee of photo- sensitivity so that
they colour 1n U V. light and reverse rapidly in white light. Such _
conpounds are notThsig tighlenti®ns yedrsesetoorphetachronpp| FRROWRAES Bhuse of
this tendency to revert_to_the colourless formin white light, As a
consequente, 1§ h@R IHFER 12 ¥V e GANGRTRBAOIF I HlYy ISPRRPHRES, SR ELRTi GRS Wil e
it-is possible to _sel ect compounds which have .a 25 Low guantum effi.ciency
for bl eachi nigPt %lﬁvﬁi £ 44 ’?g?-rﬁ ggéﬁ’greagf’e? icsqji%u’i'%él?srug'ﬂrf §SES8%ed with
a col oured 104 MLBRLEN fo o NER "B Y of 'ﬁar%ﬂgh%t ahle 80,4 Pat (beVeeton to
the colourless format normal anbiernt tenperatures Is very

) original form on removal or reduction of the U.V.

ol

W, component of sunlight, e.g. in diffuse daylight
10 conditioné.

DESCRIPTION OF THE.PRIOR ART

In general, known photochromic compounds ébsorb U.v.
light to generate coloﬁred forms but these tend to revert
to the colourless form when exposed to white light and

15 also undergo thermal fade 5t ambient temperatures. U.K.

Patent Specification No0.2,002,752 discloses a series of
photochromic compounds ha#ing a high degree of photo-
sensitivity so that they colour in U.V. light and reverse

(N2 rapidly in white light. Such cdmpounds are not suitable

- 20 sunglasses or related applications because of this

)

tendency to revert to the colourless form in white light.

As a consequence, they show little or no colouring in

1]

unfiltered sunlight.
While it is possible to select compounds.which have a
25 low quantum efficiency for bluaéhing in white ljght this
.charactéristic is usually aséociated with a coloured form
which is thermélly relaﬁiVely stableiso that feversion to

- the colourless form at normal ambient temperatures is very



As a result, such conpounds would not be suitable in photo-reactive
A new cl ass- of photochrom ¢ conpounds has been di scovered which
“the conbi nation of properties 5 necessary for photoreactive

- nanely (a) a high quantum efficiency for colouring inthe near
ultra-violet (b) a [ow quantumyield for,bleaching with visible white |ight
and (c) ' fast thermal fade at anmbient tenperatures, but not so rapid that

t he conbination of white Iight 10 bl eaching and thernal fade prevent
colouring by theJltnad avi@kel «CoBRRMERL M oshaaNgosudl haftt oe shincaddid i oM,
these properties are desirably retained in the conventional rigid plastigg
used for opthalnaodBdrphanové enswses The term "heliochromc" is introduced
to describe the 15 behavi our of these novel -conpounds and will be used for
this purpose in tha rresi mders of otfthi ghepeciri@mi corr.oBUMVARE R THEeen

| NVENTI ON According to one aspect of the present-invention, there is

provi ded a sedigsoskrphothdifhoni RosSRBDO U oFORYinALigBn&fal PTG &S
[ERR] Ad [err] represents an adamantylidene or a substityted adamantylidene
group; [ert] PEFFESARYs ﬁyar@@&@%ﬁ%ﬁvsrwe,"%%q kfgﬁmsﬁya‘a’ a high

quantum ~fficiency for colouring in the near ultra-violet

-
-

(by a low quantum yield for bleaching witﬁ visible white *
light and (¢) fast thermai ﬁadé at ambient tempefatures,
but not so rapid that the.cbmbihation of white light'
10 bleaching and thermal fade prevenf colouring by the ul_:a-
violeﬁ component of strong sunlight. In addition, these
properties are desir;bly reta;ned in the conventional
rigid plastics used for opthalmic and plano lenses.
The term "heliocﬁromic" ié introduced to describe the
15 behaviour of these novel compdunds and will be uéed for
this purpose in the remainder of this specification.

SUMMARY OF THE INVENTION

According to one aspect of the present invention,

there is provided a series of photochromic compounds of

T

20 the general foarnula:-

L8}

(1)

>

25

e ' '
A{::C\;epresents an adamantylidene or a substituted

adamantylidene group;

Ry represents hydrogen, alkyl, aryl,-aralkyl or a




3 heterocyclic'group; X represents oxygen or [ERR], in which [ERR] is .
hydrogen, aryl,alkyl, or aralkyl and [ERR] 5 represents an aronmati c gyoup— '
an unsaturated heterocyclic group or a 10benzannel ated heterocyclic gkQup:
Exanpl es of possible substituents in the adamantyli-dene group are hal ogen
and hydroxy. Preferred cl asses of heliocgronic compounds falling within
formula (1) are those in which the group~l15represented by the fornula

(I'):- [ERR] is a resonance stabilised heterocyclic group, containing an
oxygen or sul phur heteroatome.g. furyl or thienyl. Such heterocyclic

gromps may be qEﬂ%Q&Q; e f@y$;205ubstituted in positions other than where
the group is ”P% e o]?%%q%ix-nenbered'group in formula (1), especially
the [err]-posifiplpreSdnitah| &k pybat birueNs, Ar en detitiest i ewerydatdyen, €. g.

met hyl, ethyl, propyl, aryl (e.g. phenyl),”nitro, and halogen, (e.g.chloro
or bronp) 25grawyns,a FReANPIcs araflkydr amdt i ¢ or heterocyclic groups

5
(II) .
represents an aromatic
- Y
A group, an unsaturated heterocyclic group or a
10 benzannelated heterocyclic group.
Examples of possible substituents in the adamantylidene
group are halogen and hydroxy.
Preferred classes of heliochromic  compounds falling
within formula (I) are those in which the group
15 represented by the formula (II):-
(I1)
N is a resonance stabilised heterocyclic group, containing

an oxygen or sulphur heteroatom e.g. furyl or thienyl.

. €y

Such heterocyclic groups may be'benzannelated and

20substituted in positions other than where the group is

[0}

linked to the six-membered group in formula (I),

especiaily the‘oL-position. Suitable substituents are

déuﬁerium, lower alkyl, e.q. methyl; ethyl, propyl, aryl

(e.g. phenyl), nitro, and halogen, (e.g.chlofo or bromo)
' 25groups.

Examples of a;omatic or heterocyclic groups



nted by the above formula.(Il) are groups derived from?2,5-, 2, 4-

4 r
or nmet hoxyphenyl; 2- or 3-furyl; or 2- or 3-thienyl groups, which
may ubstituted or benzannel ated by cyclisation onto that group with a

subséquent hydrogen shift. 5 The introduction of electron-wthdraw ng
groups such as bromine in the furyl or4thienyl group will cause a '
hypsochrom c col our shift in the correspondi ng heliochrom c conpound.

Al so, the introduction of substituents (including benzannelation) in the

furyl and | Gtépeeybntiedgbyerte hbBoiveCEaFulda I'EShatlageduyfs ldhs canpounds;
to oxidation and thereby reducesthe fatigue rate. Because fatigue reactiQus
appear to priosEed2H~.an o dat i3,6-daterhicyphienyily @-s@rdesifahiie tor
protect the conpounds fromoxygen in their ultinmate application, e.g. 15by
encapsul at i AT & by ~dd oYy bx ggeon psuay etigiests, mghenbendwysti toted or
phot oreactive | ens manufacture. The group represented by [err] in the above

formula (1) RenzaRrelaked Rherch FahsatdPageRte ¢hatibs Fouped wiittth @ | over

al kyl, i.e. thyl .. .ethyl propyl or butyl 20(especially nethyl) or
“phenyl . 5?%¥§¥$@§?tg#EE%%??%ﬁmﬁgg ‘ed by [err] are nethyl and phenyl. 3
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reference will be nade t e acconpanying s

Hel i ochr omi & debvhoHe AR GUPEURYS BRVidHL AB51 T YebWres, { 2Ll ag oW thin the,
general formula (1) above were discovered -as a conseq&%nce of I nvestigation.
of the hypsochromic colour shift in the corresponding
heliochromic_compound. Also, the introduction of S
substitvents (including benzannelation) in the furyl and
10thienyl ring tends to increase the resistance of the
compounds to oxidation énd thereby reducesthe fatigue
rate. Because fatigue reactions.appear to proceed by an
oxidative mechanism, it is also desirable to protect the
compounds from oxygen in their ultimate application, e.g.
15by encapsulation or by use of oxygen scavengers, when

employed in photoreactive lens manufacture.

The group represented by Ry in the above formula (I)

is.preferably other than hydrogen e.gq. substituted with a

lower alkyl, i.e. methyl, ethyl, propyl or butyl -
20(especially methyi) tr phenyl. Preferred groups ’

represented by Rz are_ﬁethyl and phenyi. i -5

DETAILED DESCRIPTION-OF-THE-INVENTION

In the following description, reference will be made

to the accompanying sheets of formulae drawings:
Helidéhromic 'behéviour and compounds having
25structures falling within the general formula (I) above

were discovered as a consequence of investigation of the



2,002,752, <certain fulgides can be converted into their coloured f
heating. The reaction was found to be reversible using white |ight

the col oured f.ormwas found to be stable in the dark at room tenperature.
No val ue was perceived in these fulgides for sunglass applications because-
their photochrom.c response to sunlight was generally poor. Nevert hel ess,

t hese renmar kabl e photochrom ¢ 10properties pronpted further investigation
of -+he reactions because of the present inventors' interest in the

f updament al chemni stry of ful gides and their correspondi ng col oured forns.
As “a consequerfcd 6t Pﬁe§§aﬁﬁ0€stgéFF%hges1t Aasn9ermhdt 7 1?%§sz%¥ent

thermal ring p?se'sc[‘h LS EZaR Mt mar - 4027 R Y ogenr %h“f“%ai"gﬁégtsﬁéﬁ%%"u >
whi ch surpri si g@a? tgﬁ__?:] hg“{’% erﬁ%&'{'ﬁéﬁpgrtg S i EXAMRLE. "1‘?1 the

case of adamanty | ene ene| succinic an ydrlde

(structure 7 %Qla@caeﬁeua% ¢ounlde tAC HRMRANEIRY btireawsri%) WHAd NG @He aheut
[err], caused ring closure to the coloured cyclic form (structure 8) whi ch
undervent as 1 ey ngee 8N bmt @ NE M | €o B8 Ut HbBe( 2 ERar Wacl ard y at
tenperatures of about [err]). Wiile fulgide (7) is not heliochromc, the
25col ourl ess cydmctempetartaifd) i Soheld bohromd €. per@e iveddiiat i bhewd h
ultraviolet light in solution in toluene

fulgides for sunglass applications because their

effect of -heating of fulgides. As noted in British Patent Specifica%igg;ﬁ;.

&J | photochromic response to sunlight was generally poor.
Nevertheless, these remarkable photochromic
10 properties prompted further invesﬁigetion of the reactions
.beceuse of the presenﬁ inventors' interest in the
fundamental chemistry of fulgides and their corresponding
coloured forms. As a consequence of these investigations,
it was found that certain fulgideé containing an
15 adamantylidene group underwent-a photochemical or thermal
ring closure and a thermal 1,5-hydrogen shift to give
compounds which surprisingly exhibited heliochromic
properties. Fof example, in the case of adamantylidene

[cd-3-thienyl)ethylidene] succinic anhydride (structure 7

4)

20 in sheet 1 of the accomﬁanying drawings) heating at about

(]

'~ 140°C, caused ring closure to the coloured cyclic form
.(structure 8) which underwent a l,S-hydrogen'shift to the
cyclic structure (9) (particularly at temperatures of
about 180°C). While fulgide (7) is not heliocgromic, the

25 colourless cyclic structure (9) is heliochromic. On

irradiation with'pltraviolet light in solution in toluene

(even in the presence of -white light), it gives the



(ev In the presence of -white light), it gives the 6 purpfe/brue
col form (structure 10) which reverses to the colourless form
(stry re 9) at anmbient tenperatures in the absence of u.v. stinulation.

Begausg’ t he col oured form (10) exhibits such a very slow white }ight

, 5 coupled with a relatively fast thermal fade at anbi ent
tenperatures, it is potentially valuabje for ‘use in photoreactive |enses.
The adamantyl i dene group possesses a rigid strain free cage structure.
Its structure is shown in the 10 acconpanying fornmula draw ngs. For
conveni ence, putrbéeybloemabloshedt harm ($orugturds J&Y rWhicts nesexksds i S Sow
specification to designate the adamantyli dene group as indicated at the
foot of sheetbe3crdov@lesst fierformbractpaw Agsat Rmbienfelteset athtes he
adanmantyl i dene group 15.plays a vi.tal part in the generation of the
hel i ochr oni ¢ 1pr &er t3bsense 1Gfi -anér‘itll“b’rjratt}é’é‘aus@eﬂ?l%ebmf!@y cashauned group
weakens t he ond of the six-nmenbere It forms part, -

facilitating%BF cﬁﬂgéyerpébFFﬁgsﬁﬁgnﬁnﬁeBH F#P&méﬁﬁ%ﬁmkﬁ?WFLﬁ?Y%f b1 et
light. Att n%ts %Oh@\’ Eﬁeﬂenpgf"awvi S’gtflt?e %hoetﬂﬂ {ﬂé gEOHR%w%r the :

adamant yl i roup re appear eM/prac ternative

groups. For exq{pu £a c GRERNON § @nqgeBSIEQ'ﬁQlVﬂUi @Qﬁec?éblaé fighSt y$&ghtn t 0 be -
suitabl e alternatives but these ket ones failed to undergo the Stobbe -

reaction, photoreactive lenses. , :

The adamantylidene group possesses a rigid strain | &;
free cage structure, Its structure ié shown in the

10 accompanying formula drawings. For conQénienqe, the
_informal shortband.form,.Aq:p:is used in this
specification to designate the adamantylidehe group as
indicated at the foot of sheeté.j to 10 of thé formula
drawings. It is believed that the_adamantylidene group

15 plays a vital pért in the generatiod of thé heliochromic
properties.of this invention, because this bulky, stable
group weakens the single bond of the six-membered ring of
which it forﬁs part, facilitating electrocyclic ring o

opening on irradiation with ultra-violet light. Attempts

iy

20 have been made to substitute cther bulky groups for the
adamantylidene group but the;e-appear to be few practical
alternative groups. For example, camphor and fenchone
would appear aﬁ first sight to be suitable alternatives
but theSe ketones failéd to undergo the Stobbe reactiou,

2sprobab1y_because of.ste#ic hindrance. Simple; acyclic
cyclic ahd bicyclic ketones do undergo.the Stobbe reaction
and thé'correspodding half esters can-be hydrolysed to the

diacids and hence to the corresponding fulgides. Although



25pr obably because of steric hindrance. Sinpler acyclic cyclic and .
bi cyclic ketones do undergo the Stobbe reaction and the correspondin
-esters can be hydrolysed to the diacids and hence to the correspondi
ful gi des. Al though the latter are often photochrom c, heating does not
produce a heliochrom c derivative. The agdamantylidene group need not be
attached to the group 5 [ERR] where this represents a heterocyclic group,
via the carbon atom adj acent to the heteroatom For exanple, referring 10
to,structural fornula 9 (sheet 1 of the drawi ngs) the adamantylidene group
need not be athachesktert herd hbemyn gpRUPoVIha diEc 2- Nsa £ 1 09 g~ £oHbd
equal |y be attached via the 3-position as shown in structural formula (9A).
The preparati ppodbicehe hal godesomi omiwhichtihe. 15 hel i ochrones are obt ai ned
is conveniently carried out using a dial kyl adamantyli denesucci nate
(preferably the di €haypdagaotyliadenkegsrart negdmardr ibel atTlachedesar &hieon of
this ester is described in U K Pate ecification No.2,051, 813 and can
be obtai ned i BX8¥8r 80% yi el d and han 98% purity. The reaction
schene on sheet 2 in the acconpany ng drawi|f@s indicates the reaction and
the struct@re of the diester (str where R = Et). Preferred
reaction conditions involve condeniation of

where this represents a heterocyclic group, via the carbon
“atom adjacent to the heteroatom. For example, referring
10 to structural formula 9 (sheet 1 of ﬁhe drawings) the
.adamantylidene group heed not be attached to the thienyl
gfoup via the 2-position but could equally be attached vfa
the 3-position as shown in structural formula (9A4).
The preparation of the fulgides from which the
151heliochromes are obtained is conveniently carried out
using a dialkyl adamantylidenesuccinaté (preferably the
diethyl ester) as the starting m;terial. The preparation
\ of this ester is described in U.K. Patent Specification

No.2,051,813 and can be obtained in over 80% yield and

<)

20 more than 98% purity. The reaction scheme on sheet 2 in

the accompanying drawings indicates the reaction and the

w

structure of the diester (structure 11, where R = Et).
Preferred reaction conditions involve condensation of
adamantanone with diethyl succinate in the présenée of a
25 condensing agent, such as sodium hydride (as 50%
dispersion in 0il) or potassium t-buto#ide (in t-butanol),

followed by esterification of the half ester (structure



adamant anone with diethyl succinate.in the presence of a 2500ndénsing
a

,) such as sodi um hydride (as 50% di spersion in oil) or

tib Xi de
(s cture

(in t-butanol), followed by esterification of the half est
8 11),- where R = H) usina an ethanol/toluene m xture an

t ol uene-p-sul phonic acid as catalyst. The adamantylidene diester is
condensed with the appropriate al dehyd® or ketone [ERR] wherein [err] has

t he sane si
condensi ng

ester (structtte 13FT o i %

hydr oxi de s
i somer, by

anhydride o

gnificance as in formula (1) 10 above) in the presence of
gent, as before ol | owed_by hydrolysis.of the resultin
¥ e thiane g i

att 48¢ 8" 098 BYRAFo ™ I Hof &s?
l ution. Th -di acid | ' ' dm,xt Lth the Z-
L TR 5o LB SO g 1 e

r acety

pot assi um

er
d

a
hal f o
m 5
15

sol ution. " T, dlgEka3 Ao gshiand Wi L) BAMPINSERL EeRIBNah fe 380 ©

hel i ochr om ckd&s{d angenent product

oride to form the correspondi ng

i s obRained by heating the ful gides 20

or fulgimdes or by a combination of heaklng and irradiation with U V.Ilight

or by Lews

U. V. irradiation and heating/has the

be enpl oyed

10

15

20

25

aci d-cat al ysed cyc on,

and under such np | der I'

v (IIA)
wherein Rl has the same significance as in formula (1)
above) in.the presence of a condensing agent, as before,
folLowed by.hydrolysis of the ;esulting half ester
(structure 12) to the diacids, e.g. with 10% ethanolic
potassium hydroxide solution. |
The Efdiaéid is obtained in admixture with the z-
isomer,_by hydrolysis, e.g. with 10% ethanolic potassium
hydroxide soiutién. The diacids are cyclised with an
appropriate agent,e.q. acétic_anhydride or acetyl éhloride
to form the corresponding fulgides. The heliochromic
rearrangement product is obtained by heating the fulgides
or fulgimides or by a combination ¢f heating and
irradiaﬁion with U.V.iight_or by Lewis acid-catalysed
cyclisation, e.g. using SnCl,. A combination of U.V.
irradiatiqn and heating has the advantage that a lower
temperacture can be emploYed and under such milder
conditions a better yield can be anticipated. Where the
rearrangement is effected bg heating alone, atemperature
of about 180°C'is required.. On the other hand,

irradiation with UV light is effective to promote

@.F Qsing SnC 4. A conbination of :
vantage that a | ower tenperature can |

Yy

o

ity



25 condi tions é better yield can be anticipated. Wiere the rearrangene
effected by heating al one, atenperature of about [err] is required.

t he ot her

hand, irradiation with UV light is effective to pronote 9

rearrangenent.- at tenperatures as |ow as about [err]. The m xture of

di aci ds can be separated (e.g.

the E-diacid) but this is generally unnecessary since the Z-fulgide is
converted 5 into E-ful gide on heating. Accordingly the m xture can be
heated to formthe heliochrom c conmpound. In cases where the thiophen
st ati ng mat efdaalrangbmganeradl dempadsrudds As aboweakssaboutr @88cCly The
obt ai nabl e,
an acet al dehydiex tlerievat f v iissc tdsdermsed ba t SepalqEue daree g.hyvia the

cyanoacet at e,

as et hanol .
deri vati ve.

this wll belﬁr§§8ﬁfaééyau§83§??§%éﬁtS?HC?hEhFhFo

this may be synthesised by a Gewald type reaction in 10 wh

preferably in the presence of norpholine and.a solvent s

ngZ i an
55

via the gparingly sol uble potassiumsalt of

ich

uch

TRErpnEdYic 50bRblaj RoFRRRIUMNSa bt LFf afhe & diagiddf batt khashen

| f the acetal dehyde derivative has agH gdﬁlﬁasggﬁégkﬁggt
l p

d di d chlorjde by d
and hydr ory s EESnES rf‘l'ig PBanBR o RRA <R ARcrB8BatycathPt moke L8R A
the magnesi U'Elesﬂéé);eﬁ ﬁém'tﬂ@'ﬁé‘?i&ﬂfbdg yéc?xﬁﬁ'oxf:?kﬁ Co”eSpond' ng

kat one.

Thi s process

novel proceaure 1S 1

18 and Sheet 13 1In cases where the thiophen starting materials of

-

I3

10

15

20

25

general fo}mula (II A) above is not readily obtainable,
this may be synthesised by a Gewald type reaction in
which an acetaldehyde derivative is condensed with
sulphur and ethyl cyancacetate, preferably in the presence
of'morpholihe and a solvent such as ethanol. The product
of this react;on is an amino ester of a thiophen
derivative. 1If the acétaldehyde derivative has an aryl
substituent, this will be present as a substituent in the
thiophene ring. The thiophene derivative is converted to
the corresponding acid chloride by deamination and
hydrolysis. The resultant acid chloride is reacted with a
salt (e.g. the magnesium salt) of'diethyl malonate.to
yield the cbf:esponding-ketone. This praéeSS which is a
novel procedure is illustrated in Example 18 and Shéet 13
of the formula-drawings.. Referring to Sheet 13, this
illustrates the preparat;on of 4-acetyl-2-phenylthiophene
(6) starting from phenyiacetaldehyde (1). Derivatives of

compound (6) in which the phenyl group is substituted,

" e.g. with alkoxy or alkyl, are readily obtained by

selection of an appropriate substituted phenyl

héne
|on

Istrated in Exanple



Ane formula drawi ngs. Referring -to Sheet 13, this illustrates the
prlepar/ati on of 4-acetyl -2-phenylthi ophene (6) starting from

pheny acet al dehyde (1). . Derivatives of 25 compound (6) in which the
phenyl group is substituted, e.g. with al koxy or alkyl, are readily
obt ai ned by selection of an appropriate substituted phenyl 10
acet al dehyde starting conpound (1). 4 adeétyl-2-phenyl- thiophene, and
rel at ed conmpounds in which the phenyl group is substituted are novel
conpounds. The follow ng Exanples are given to illustrate the 5

preparation o?CRAEPLIERYST cSedRrpdDAdS AP aLedr danced wath tiyHe Zraieen ¥ bA. i

Reacti on schenes show n

where it is stiatBPTHEYEIFEHILY

15 either gli ef¥epadt Hded Hyhe 2O5ERPEME LULBEPHRGHIRA &, ( ' !
(100cnB), us?%g %%di%n1hydridz (6g) as co%gensiﬁgﬂﬁdg%t%gg%ﬁ&ggégygg?ﬁ

hydr oxi de solution, the E-diacid as the potassiumsalt. The diacid,
the heliochromic compounds from their respective fulgide

precursor are given in the accompanying sheets 1 to 13,
inclusive, identified as reaction schemes 1 to 11. 1In all
10 cases wheré it is stated that compounds were irradiated
with “"white" light, an intense white light source,

containing a U.V. component, was used.

Example 1 Scheme 1 R=Ph (Sheet 3)
.2-Phenyl-4-acetylthidphen_(8§) was condensed with
15 either diethyl or dimethyl adamantylidene succinate (18g)
in toluene (100cm3),_using sodium hydride (6g) as
condensing agent, and gave;'after work up and hydrolysis
with a slight excess of 10% ethanolic potassium hydroxide
.solution, the E-diacid as the potassium salt. The diacid,
20 obtéined by acidification with hydrochlorié acid, was
cyclised with acetyl chloride (50cm3) and gave the fulgide
of $tructure (1) as yellow crystals (4.79).

On heating the fulgide (1) (4.7g) at 180°C in o-
dichlorobenzene it cyclised to the coloured 7,7a-

25 dihydrobenzothiophen (7,7a-DHBT) (2) which rearranged to

the heliochromic compound (3) (4.4g) 94% yield, after

crystallisation from o-dichlorobenzene. A blue coloured

form (4) was obtained by irradiation with white light

g the formati on of the heliochrom c conpounds from

their respect PWECRRERE 0t dedatsd SPEPGURES iR thd CBcéBRpRASNHE SReeps 1

to 13, inclusjyve iden%ifi-d as re&gﬁion sch%nes 1to11l. In all 10 cases
EPPYEC Sred with "white" light, an

i nt white |i Qnt & ni t, used. ampl e
1 'Scheme 1 Roph (et ) Fo BRG SABLE: h vy, GENER ER s RR L The 8 O

ter
work up and hyte ol ysérse Mdri.h Readdtghin exteate Of sHdI ©§ hene! E6rpat as8i ¥m

&

-

+

&;

xh



20 obtained by acidification with hydrochloric-acid, was cyclised with /ﬁ
acetyl chloride (50cnB) and gave the ful gide of structure (1) as yellow
crystals (4.7g). On heating the fulgide (1) (4.7g) at 1800C in o-

di chl orobenzene it cyclised to the col oured 7,7a- 25 di hydrobenzot hi ophen

(7, 7a-DHBT) (2) which rearranged to_the1ggliochronic conmpound (3) (4.49)

94% vyield, after crystallisation from o-dichl orobenzene. A blue col oured
form (4) was obtained by irradiation with white |ight whi ch reverted _
rapidly to the colourless form(3) on renoval of the white light. Exanple 2

Schesre 1 R=H oheat 3kv3rAedt yiipiephernd 50gr wasicondessed odd hedi ebhyl 5
adamant yl i denesucci nate (142g) 1 n toluene (400cn8) using sodi um hydride
(449g) as condeesbrglagenthanéh geveligtft er work up, hydrolysis with 10%

et hanol i ¢ potassi um hydroxi de solution and acidification, the E-diacid in
49% yiel d as Eskinpde 3 nPgheme bfRE Eheer daci ds. Cyclisation of the 10
E-diacid with acetic anhydride gave E-fulgide (1) in 75%yield after
purification. On hdaPceFnid ¥epehe (PIP)atvamopndangeddivdHitordbehkEde, it
rearranged to the heliqchrom c conpound ). which was isolated in 50-60%
yield f rom515aﬁﬁP€£&Y&d%FﬂF®%§ ingte | t(égég-l,’ séﬁertoalﬂﬁthi(éﬁiﬁﬁ‘tquHél(’fS,

cheet 2) 0y [ BESR | SR AON JIgma LT DRY7E08n « FehhoGRLRT Gegapound

’ work up, hydrolysis with 10% ethanolic potassium hydroxide

\j solution and acidification, the E-diacid in 49% yield as
well as a mixture of E- and 2-diacids. Cyc¢lisation of the

10 E-diacid with acetic anhydride gave E-fulgide (1) in 75%
yield after purification.

On heating the fulgide (1) at 180°C in o-
dichlorobenzene, it rearranged to the heliochromic
compound (3), which was isolated in 50-60% yieLd from

15 unreactéd fulgide (1), its 2 isomer and thianaphthene
(13, Sheet 2) by recrystallisation from o-dichlorobenzene.
Heliochromic compound (3) behaved similarly to the
compound of Example 1 wheh irradiated with white light
except that the coloured form (4) was purple.

20 Example 3 Scheme 1 R=Br (Sheet 3)

2-Bromo-4-acetylthiophen (15g) was conden#gd with
diethyl adamantylidenesuccinate (23g) in toluene (lOOcm3)
using sodium hydride (6g) as condensing agent. quk up as
described in Example 1, gave the E-fulgide of structufe

25 (1), as colourless needles from ethanol (7.59).

On irradiation at 366nm. fulgide (1) in toluene at

110°C rearranged guantitatively to the heliochromic



corgdeund of Exanple 1 when irradiated with white |ight except that the
colignirred form (4) was purple. 20 Exanple 3 Schene 1 R=Br (Sheet 3)

2- BRanD- 4- acet yl t hi ophen (15g) was condensed w th di et hyl
adamant yl i denesucci nate (23g) in toluene (100cnB) using sodi um-hydride (69)
as condensing agent. Work up as described in Exanple 1, gave the E-ful gide
of structure 25 (1), as colourless neddd es fromethanol (7.5g). On
irradiation at 366nm fulgide (1) in toluene at 1100C rearranged
guantitatively to the heliochromc 12 conp oung r alt tively
heating t hecp@Pguded (O): R [ 8LEPTNR E LY Ehi 8F éf?zt)e‘dbgftbt?el 2 ﬂéﬁ m/v
‘rearranged to the helloghromc co n, near._quaptit e vyield. _
Hel i ochr oni €2 ‘ébr‘rﬁc’funhs?% rver 8§ [aav&npof)?%u&g&%a ﬁ%?oglrg%of‘)éurljéd £8rm on
irradi ati on_wi_th mhrt ht annl ol Sheet

E-ful gide (1§F rrf%?ﬁﬁ %) t @r; IEE\%al‘se é\lftrat eg w?éhg%é\%:g&trgﬁed%latrri c

acid (0.43g),Lp 9&9& agb%@a' deyd@ibtnbohic Wpdihdavd Zdudigiida y( 0. 39)
and a m xture o ulgides. Irradiation at 366 nmof the Z-fulgide
(0.39) i tBL:HSG@eata[ﬁiﬁaﬁ:]oo(ﬁalé%fl@ulr%@mblr&ﬁtdrorlrthadtLhﬂ:ﬁ-n fuldltgi Ghen i(tde) | .
(R=[err]) cyclisation to the 7,7a-DHBT (2), (R=[err]) and rearrangenent to .

‘the hel i ochneghé.conpound 15 (3) (R=[err]). The :coloured form(4) of the -
hel i ochrom c

Example 4 Scheme 1 R=N0O, (Sheet 3)
- E-fulgide (1g), formula' (1), R=H, was nitrated o/
with concentrated nitric acid (0.43g) in acetic anhydride
10 (l1.6g). Work up gave 2-fulgide (0.3g) and_a mixture of E-
and zZ-fulgides. Irradiation at 366 nm of the z-fulgide
(0.3g) in tolﬁene at 20°C caused isomerisation to the E-
fulgide (1),(R=N02)cyc1i5ation to the 7,7a-DHBT (2),
(R=N0,) and rearrangement to the heliochromic compdund
15 (3), (R=NO,. The coloured form (4) of the heliochromic
compound was maroon.
Example 5 Scheme 2 R=H (Sheet 4)
3-Benzoylthiophen (5g) was condensed with diethyl

adamantylidenesuccinate (8g) uéing potassium t-butoxide

)

20 (3g) in t-butanol (lOOcm3) as condensing agent. The
mixture was boiled (lh), t-butanol was distilled off
under reduced pressure and the residue was acidified with
hydrochloric acid and extracted'with ether. Solvent was
removed from the éther extract and the residual hal£4

25 esters (formula 1lA) was hYdrolysed.with 10% ethanolic_
potassium hydroxide. The diacids, obtained on

acidification, were cyclised with acetic anhydride and



(5g) was condensed with di ethyl adamantyli denesuccinate (8g) using

pot assiumt - but oxide 20 (3g) in t-butanol (100cnB) as condensi ng agent\"_
The m xture was boiled (L h), t-butanol was distilled off under reduced
-pressure and the residue was acidified with hydrochloric acid and extracted
with ether. Solvent was renoved fromthey ether extract and the residual
hal f- 25 esters (fornula 1A) was hydrol ysed with 10% et hanol i ¢ potassium
hydroxi de. The diaci ds, obtained on acidification, were cyclised with
acetvc anhydr gdeeaadmixthBegafeEaandixtufelgidé&sand Z-ful gi des. The m xed
ful gides (10q) were heated (3/4 h) in tetralin - (100[err]) at [err].

Work up, gave tHReehativetdrdmvlgidespdddd) (Spre (Rahed(7.329) haftier 5
crystallisation from ethanal . mpound_(3), had a bl ue col oured form
Exanpl e 6 SchEfd 22 Riph 6%%%?“‘%)) 22pneh P8 4ChenzB @It hi dphen Ja18g) wWas
condensed mﬁtH q%nEtol adanantxlidenes ccigate qugg in toluene (700cnB)
10 usi ng sodi M hYAFITEC gy aSCRRABAS nd Abent TR =8 bi xt Gréd 9df B GhETZ
fu gi des S [ J r scriped in_Exanp] e 1. On. heating the
ST deg?;gtggﬁrla%én?gag@p% 554 Ped L0 BRM & & 1 FangabLng

< : coloured form.

conpound was mar oon. Exanple 5 Schene 2 R=H (Sheet 4) 3-Benzoy|thiop1??§§§

“

U Example 6 Scheme 2 R-Ph (Sheet 4)
2—Phenyl—4-benzoylthiophen (13g) was condensed with
dimethyl adamantylidenesuccinate (14g) in tgluene (700cm3)
10 using sodium hydride (5g) as condensihg agent. A mixture
of E and Z fulgides was obtained in the manner described
in Example 1.
On.heating the mixed fulgides in tetra;in, as
described in Example 5, the heliochromic compound (3),
15 (R=Ph) was obtained, which had a blue coloured form (4).
s Example 7 Scheme 3 (Sheet 5)
3-Acetylthianaphthene (18g) was condensed with
diethyl adamantylidenesuccinate (29g) in toluene (200cm3) 
using sodium hydride (llg) as condensing agent. Work up
20 including hydrolysis, acidification and cyclisation as
described in Eiample 1, gave a mixture of E- and zZ-
fulgides which could be separated by fractional
crystallisation from chloroform and petroleum ( bp. 60-
80°cC.)
25 On irradiation, at 366 nm, the E-fulgide (1) in

toluene at 20°C, cyclised to form the structure (2) which



described in Exanple 5, the heliochrom c conpound (3), 15 (R=Ph) was
obtabped, which had a blue coloured form (4). Exanple 7 Schene 3 (Sheet 5)
| t hi anapht hene (18g) was condensed with diethyl :

yl i denesuccinate (29g) in toluene (200[err]) using sodi um hydride
as condensing agent. Wrk up 20jkncluding hydrolysis, acidification
and cyclisation as described in Exanple 1, gave a m xture of E- and Z-
ful gi des which could be separated by fractional crystallisation from

chl orof orm and petrol eum ( bp. 60- 800C. ) 25 On irradiation, at 366.
nm the E-fudH dee by ainiddlivene:at feank,itepciisedi ébdf eenctibe sthauct uise:
(2) which 1 4 then-rearranged in near quantitative yield to give the

hel i ochr om & edonpoindm(il) ,conipp @i néd( as, yebt ewnerly stsalyse bfdercrystals
crystallisation fromchl orof ormand petrol eum (bp.60 - [err]). Conpound (3)
reversibly fadrtead cxysd@ lddspsins Sropayrhderpfpani anfdorehrphewmi teriGqht .
Exanple 8 Schene 4 (Sheet 6) 3-Acetyl-4,5 6,7-tetrahydrothi anapht hene (3g)
was condensed 88 1 -di FMBPUadahbhtiFvefehbBbEct AEPE Y BgTedsF RGP M si um

t - but oxi de (3 i n .t-butanal (50 .The. 10 m xture was heated (2h) at
800C and wor'¥ doﬁblégaﬁéféﬁpﬁeﬂlggséyé Farengy give a mxture of E- and
Z-ful gides, fromwhich the Z-ful gi de was separated by fractiona

Example 8 Scheme 4 (Sheet 6)
| 3-Acety1—4,5,6,7-tetrahydrothiahaphthene (3g) was _'kQ

condenéed with dimethyl adamantylidenesuccinate (6g) using |
potassium t-butoxide (3g) in t-butanol (50cm3). The

10 mixture was heated (2h) at 80°C and worked up as described
in Example 5 to give a mixture of E- and Z-fulgides, from
which the Z-fulgide was separated by fractional
crystallisation from ethanol, pale yellow prisms m.p. 185
- 187°c.

15 On irradiation at 366 nm , Z-fulgide isomerised to
the E-fulgide which rearranged to the heliochromic
compound (3), as described in Example 7. Compound (3) A

reversibly coloured blue on irradiation with U.V. light.

- Example 9 Scheme 5, R=Me (Sheet 7) >
20 2-Acetylthiophen (6g) was condensed with diethyl

adamantylidenesuccinate (l6glin toluene (60cm3) inthe
presence of:sodium hydride (5g). Work up, as described in
Example 2, gave E-fulgide (1) in 60% yield after
crystallisation from ethanol.

25 On irradiation at 366 nm , fulgide (1) in toluene

rearranged to :hé heliochromic compound (3) which was



crystallisation fromethanol, pale yellow prisnms mp. 185 - [err]. 15 S\
On irradiation at 366 nm, Z-fulgide isonerised to the E-ful gide which f%%;‘
rearranged to the.heliochrom c conpound (3), as described in Exanple 7.
Compound (3) reversibly coloured blue on irradiation with U V. light.
Exanple 9 Schenme 5, R=Me (Sheet 7) 20 2- Acetyl t hi ophen (6g) was
condensed with diethyl adamantyli denesuccsnate (16g)in toluene (60cnB)

i nthe presence of sodium hydride (5g9). Work up, as described in Exanple 2,
gave~E-fulgide (1) in 60%yield after crystallisation fromethanol. 25

On ‘W radi ati opuati £366 by chfohgkderéphyiont sl Uere gehrusnged tiowtrhve and

hel i ochrom ¢ conpound (gz whi ch was 15 purified by chromatography on
silica gel usPR§rad uehel hndsp@kusintd: apdasoktaened amd7 8Bt &l nedd P§
[err] yield as gIIOM/Qgﬁdles n1€.197 - %grr from, di chl oronet hane and
petrol . On §§§ SUr deedd &fnim-B- 1P/ ght 198cEnpbAMd i CHLoFOmetdente % i ng
opening to form,.conpoun 4) which was_red. The reverse reaction occurred
in the dark. BYarp? ‘10%§£h2é=r’7‘1?%5'ﬁ255h t(%hé’ehtlg? z‘-‘B%ﬁEOyﬁ?\F‘éwb’hg(ﬁéd) was
condensed au t ' I Fdenesuegina ' L

Febut oxi de 10 085 "okt ThAPassrrt 85T E0) FFFA hEmbtlal KT nRAATERL Ra. e
asmxture of pakergiapge Ecadffon-d&tGFFES in the dark.

-

Example 10 Scheme 5 R-Ph (Sheet 7}

2-Benzoylthiophen (104g) was condensed with diethyl

adamantylidenesuccihate.(169)_using potassium t-butoxide

10 (6g) in t-butanol (80cm3). Work up, as in Example 5, gave
a mixture of pale orange E- and Z-fulgides.

On irradiation at 366 nm , the mixed fulgides in
toluene at 55°C gave the heliochromic coﬁpound ¢3), (R-PH)
in 70% yield, which was further purified by chromatography

15 on silica gel using toluene and petrol as eluent, as in

Example 9. The coloured form (4) was purple.

o Example 11 Scheme S =CH30 -4<:j>— (Sheet 7)

2-p-Methoxybenzoyithiophen (Zgi was condensed with
- diethyl adamantylidenesuccinate (3g) using potassium t-
- 20 butozide (2.59) in t-butano1 (20cm3). Work up as in
Exaﬁplés 5 and 10, gave a mixthre-df briéht vyellow
fulgides in S50% yield. |

On irradiation at 366 nm , the mixed-falgides in

toluene at 20°C'gave the heliochromic compound (3), as in

25 Example 10,thoée colduréd form was blue.



On igTagdiation at 366 nm, the-mixed fulgides in toluene at [err] gave the
hel flggRrjom ¢ conpound (3), (R-PH) in 70%yield, which was further purified
by dpt opat ography 15 on silica gel using toluene and petrol - as eluent, as
in ple 9. The coloured form (4) was purple. Exanple 11 Schene 5

[ERR]" ° (Sheet 7) 2-p-Methoxybenzoylthiophen (2g) was condensed with

di et hyl adamantyl i denesucci nate (3g) using potassiumt- 20 butozide (2.5Q)
in t-butanol (20cnB8). Wdrk up as in Exanples 5 and 10, gave a m xture of
bright yellow fulgides in 50%yield. On irradiation at 366 nm, the m xed .
ful gides in tokugmglat12008cave ¢ he=Meel i 08K« g conpound (3), as in 255
Exanpl e 10, whose coloured form was bl ue. 16 Exanple 12 Schenme 6 R=Me

( Sheet 8) 3-Acetyl Bunaetyld.fag)amas 2cdbgdensad wdhddnekldyl with diethyl
adamant yl i denesuccinate (8g) in toluene (100cnB) using sodi um hydri de (29)
as condensi ng ademantwbidenpsugaiaad e t(18g Eifultgi ldeend) ( (MDcng), uasipal | ow
- needles, mp. 160- [err]_from-.chlorof orm and petroleumb.p. 60-[err]. On
heating (1h) seRéurehydgide (29’ Fersyndepsdad &Jehtor FBFEM BR a93¥4 ed

tube, it ¥ d the heli i d (3), t ai d [ 1
e en! e BRESE- O GEEe e AN, SRt e B8 LRt oo
col oured conpoypdog4} 0R LE{SALAL RN MM LR WU {&im b.p. 60-80°C. |

On heating (lh) the E-fulgide at 180°C in

deuterichloroform in a sealed tube, it rearranged to the g;

heliochromic compound (3), obtained as yellow'needles,.
10 m.p.210°C dec., from ether, which reversibly formed a
maroon coloured compound (4) on irradiation with white
light. |
Example 13 Scheme 6 R=Ph (Sheet 8)
3-Benzoylfuran (4.5g) was condensed with diethyl
15 adamantylideﬁesuccinate (7.3g) using potassium t-butoxide
(8g) -in t-butanol (100cm3). "Work up, as described in
Example 5, gave a mixture of E- and Z-fulgides.
The mixed fulgides were converted into the
heliochromic compound (3) aé described in Example 5,
20 purified by crystallistioﬁ from chloroform and petroleum
(b.p.60-80°C). The coloured férm (4) of the heliochromic
compound was blué.
Exaﬁgle 14 Scheme 7 (Sheet 9)
2-Benzoylbenzofuran (5g) was condensed with dimethyl
25 adaméntylidenesuécinate (8g) in tolﬁene (100cm3) using
sodium hydride (3g) as condensing agent. Work up, as in
Example 1, but using acetic anhydride (30cm3) instead of

acetyl chloride, with diacid (3g), gave E-fulgide (1) as

-

¢



|l ight. Exanple 13 Schene 6 R=Ph (Sheet 8) 3-Benzoylfuran (4.5g) was
condensed with diethyl 15 adamantyli denesuccinate (7.3g) using potassi
t-butoxide (8g) in t-butanol (100cnB). Work up, as described in Ex
5, gave a m xtwure of E- and Z-fulgides. The mxed fulgides were '
converted into the heliochromc conpound (3) as described in Exanple 5,

20 purified by crystallistion from chl orof ormand petrol eum (b.p.60-[err]). -
The col oured form (4) of the heliochrom c ddnpound was bl ue. Exanple 14
Scixewe 7 (Sheet 9) 2-Benzoyl benzofuran (5g) was condensed wi th di nethyl 25
adawant yl i denesuccinate (8g) in toluene (100cn8) using sodi um hydride (39)

. as condensing agent.- Wrk up, as in Exanple 1, but using acetic anhydride
(30cnB) instead velhewt FrYSkReFi daomy tniugnei 3P4 3p3 trgaeem EL PP Hd8 L) - as
17 yellow crystals frongtolqgne and petroleum (b.p.60-[err]), mp.

257-[err]. On i rPaRi 2 'orf At 866nm , fulgide (1) in toluene at 1100C gave

t he heliochrom c conmpQund_ (3).whi.ch ) urifigd, by.ch fography _on
silica gel using tol u(gﬁe1 5% 21FLJ\éa\Ift%rlo ne\llja% (3%: nnr'ﬁ'xtﬁ‘}le?ygg g?ggln?gtop%ﬂﬁoﬁﬁd

f?éhr’as reversi bl y q@Qaves ted ehfe an £§d SATPWIL (4 b EXBOIYHE d 0 W 1a s

5 purified by chromatography on silica gel using toluene and
- petroleum (l:1 mixture) as eluent. Compound (3) was
L) ' reversibly converted to a red compound (4) on exposure to
white light.
Example i5 Scheme 8 (Sheet 10)
10 E-fulgide (1, R=H in Scheme 1) (sheet 3) (lg),
_prepared as in Example 2, in acetone (20cm3) was treated
with .880 ammonia (5cm3). . After 1/2 h, acetone was
removed and the residue carefully acidified with SM
hydrochloric acid and extracted with ether. The ethereal
15 extract was dried over anhydrous magnesium sulphate,
filtered and ether removed. The resulting acid amide was
k/* | converted intoc the methyl ester amide, by reaction with
| diazomethané in ether and this ester amide was boiled
- (0.5h) with methanolic solution of sodium methoxide
< 20 (freshiy prepared by dissolving sodium (0.5g) in methanol
: "~ (100cm3). Work up, gave the E-fulgide (1) (0.65g),
crystals from ethanol.
On irrauiation at 366nm , fulgimide (1), ,in toluene at
20° ¢ rea;ranged to give the heliochromic compound (3).
///2~_ 25 compound. (3) was re&ersibly-con?ertible to a maroon
| colog:ed compound (4) on exposure to white light.
-., Routes to the corresponding heliochromic imides

N

w0



Exanmpl e 15 Scheme 8 (Sheet 10) -10 - E-fulgide (1, R=H in Schene 1)
sed\ 3) (1g), prepared as in Exanple 2, in acetone (20cnB) was treated

80 ammoni a (5[err]). After 1/2 h, acetone was renoved and the
carefully acidified with 5M hydrochloric acid and extracted with
.~ The ethereal 15 extract was dried over anhydrous magnesi um

sul phate, filtered and ether renoved. Thge resulting acid am de was _
converted into the nethyl ester am de, by reaction with diazonethane in
ether and this ester am de was boiled (0.5h) with nethanolic solution of .
sodi um net hoiadeudd téaeshhgeperpapdd the dissind sporgisagdi £ d On bgls | Sk
met hanol (100cnB) . Work up, gave the E-fulgide (1) (0.65g), crystals fro
et hanol . On hep&dinad i dm agod@&MY , ifrul ghnmialeallogous twhbeea at o20hh €
‘rearranged to give the heliochrom c conpound (3). 25 Conpound (3) was
reversibly ¢ P D Guhatk e coPdtrEaaEdNpdlind B beléxposemict o

white [ight. g%#ges-to-tq§ orres ongi g . heliochromc im.des . _include
rear r angenent e &Y s%@n&?ﬁ ef Faiﬁ?dé§sb§°HE§FPﬂ©d+ﬂgstVGﬁtan an

I . Q. t ngi | gi AT tivel) th -
Pl i oanr o o Sepy o 1SS AHEERTd BE, o £ S8R 1 PRLaBOMA ik i Heoby 5 |

reaction w t s i st @d RhAtEGPLANQYati C anmine (see as illustrated~
in Exanpl e 15). The followi ng Exanples also illustrate the i

The following Examples also illustrate the

preparation of fulgimides and their conversion inﬁo i;)
heliochromic compounds.
10 Example 16 Scheme 9 (Sheet 11)

Benzothiophen (1) in ether was treated with an
ethereal solution of butyl lithiﬁm and the resulting 2-
lithiobenzothiophen (2) was reacted with dimethylacetamide
(3). quk up gave 2-acetylbenzothiophen (4), as

15 colourless crystals.

Ketone (4) was condensed with dimethyl
adamantylidenesuccinate in the presence of sodium hydride
in toluene. The resulting half-ester was hydrolysed with A
ethanolic potassium hydroxide and acidified with

~ 20 hydrochloric acid to yield diacid (5), which was cyclised
to Eéfulgide (6), usiné acetic anhydride.

E-fulgide (6), obtained in bright yellow crystals,

was dissolved in acetone and treated with conc.ammonia.

The reéulting succinamic acid (7, R=H) was converted into
25 the corresponding methyl ester (7, R=Me) usiné ethereal
diazomethane and hence into E-fulgimide (8) by reaction
with freshly pfepéred'sodi@m_methoxide'in methanol.

monitor the course of'féaction'by n.m.r. speétr' copy, E-



preparation of fulginides and their conversion into heliochronmic co S.
10 Exanple 16 Scheme 9 (Sheet 11) Benzothi ophen (1) in ether was g*éh d
with an ethereal solution of butyl lithiumand the resulting 2- '
| it hi obenzot hi.ophen (2) was reacted with dinethyl acetam de (3). VOr up
gave 2-acetyl benzothi ophen (4), as 15 colourless crystals. Ketone (4)
was condensed w th di methyl adamantyli denesuccinate in the presence of
sodi um hydride in toluene. The resulting:half-ester was hydrol ysed with

et hagol i ¢ potassi um hydroxi de and acidified wth 20 hydrochlioric acid to
yiél d diacid (5), which was cyclised to E-ful gide (6), using acetic '
anhydride. E-fulgide (6), obtained in bright yellow crystals, was dissol ved
in acetone andrbrgamaden () coRasamradi atha rasulébhng SUSEi Badag acial (7,
R=H) was converted into 25 the correspondi ng nethyl ester (7, R=Me) using
et hereal di azooeChgne andithphogoiaytad iEddil go nphiet 68) rioyne elcfot iwdmni e § hin
freshly prepared sodi um net hoxide in nethanol,_%err] monitor the course of
reacti on by n.®¥n, sgEarisnto®y 1 .B-hydrpgegi ahdét (89 yhaddihe hipoaheembe
366nm for 3 days in CDC13. = It photocyclised to photochronme (9) which, in
tarn, undermenimédf,SJHer%@éﬂeshf?f T3 VPRI T FReF £ R YonicON iR et § 10) 5 °

01 de (10 gan, he el LU SOPYE LA™ 1S & B1ANOs el RrLed der h (1Y

toluene. On removal of the U.V. stimulation, the compound
U ~ (11) reverted to its colourless form (10).

Example 17 (Scheme 10) (Sheet 12)

Fulgide (1), obtained by the procedure described in
10 Example-a, can be reacted with ammonia in acetone to form
the sucéinamic acid (2)(R=H), followed by treatment with
etheral diazomethane to form the corresponding methyl
" ester. The ester éompound (2) (R=Me), can be treated with
freshly prepared sodium methoxide in methanol. The
15 resulting fulgimide (3) was photdchromic} showing a
colourless to red colour change on irradiaéibn at 366nm,
Y reversed by white light.
On irradiation at'366 nm in CDCl3 for 3 days,
w fulgimide (3) is converted into heliochromic compound (5)
s R 20 In sunlight, compound (5) undergoes a céiourless to
“ orange colour change to compound (6) and thermally fades to
the colourless forms.
Example 18 o Lo

l. Preparation of 4-acetyl-2-phenyl thiophene (Sheet 13)

25 Phenylacetaldehyde (1) (30g) was reacted with sulphur
(6g) and ethyl cyanocacetate (199)'1n the presence of

morpholine (17.5g) and ethanol-(SO-Ccs) to give the



toluene. On renoval of the U:V. stinulation, the conpound (11) reverted to
it g eedourl ess form (10). Exanple 17 (Scheme 10) (Sheet 12) Ful gide (1),
ob-ngﬁ by the procedure described in 10 Exanple 8, can be reacted with
ammoni 4 in acetone to formthe succinamic acid (2)(R=H), followed by

tre nt wth etheral diazonethane to formthe correspondi ng nethyl ester.
The ester compound (2) (R=Me), can be pbpeated with freshly prepared sodi um
met hoxi de in methanol . The 15 resulting fulgimde (3) was photochromc,
showing a colourless to red col our change on irradiation at 366nm reversgd
by white |i gityst@lliimeadimino®neste3662nm1in.egdCl3 for 3 days, ful gi m de¥3)
Is converted into heliochromc conpound (5) 20 In sunlight, conpound (5)
under goes a col ofhleessmiho es&rge (20| wars cleanye t-od compobadd{ 8 ocandm
thermal |y fades to the colourless forns. Exanple 18 1.  Preparation of

4- acet yl - 2- Afehly 12 ndhirspghened (Bhdi hBygobn ethappingeatcadidlidshfd@ iy (30g)
was reacted with_ sul phur (6g) and ethyl cyanoacetate (199). in the presence
of nor phol i r‘?é"(lldi?ag‘?oaﬁﬁie?%\a?lbYe(%‘bgc%‘églet%sE)?Ge(%’n‘e H%dz"(?]cyf%ﬁeﬂ i ne

am no ester (.2 11.69). The am no ester (2 S €O rt.d,to th l.azoni um
sal t andqe&ﬁ:dgﬁb%gHWng'g%?%ou et&%ﬂ%?ﬁ&f?ég £8118448 Uy -

Img in anol co |y
acidification with S5M HCl,. gave the acid (4) in

»
approximately 70% yield. The acid was converted to the

corresponding acid chloride (5) by reaction with SOCl,. k;J
The acid chloride (5) was reacted with magnesium
10 diethyl malonate ﬁo yield the compound (5A) as an
intermediate and the ketone (6) as the final product. The
resulting ketone can be converted to the corresponding
heliochfome as described in Example 1.

Example 19

‘15 4-acetyl-2-(3'4'~-dimethoxyphenyl) thiophene was
prepared as described in Example 18 using 3,4-
dimethoxyphenyl acetaldehyde as the starting'mater;al
instead of phenyl acetaldehyde. The-résulting methyl S’
ketone (75g) (compound (6) Sheet 15 - phenyl replaced by

20 3,4-dimethoxy phenyl) was condensed with dimethyl
succinate (140g) in the presence of sodium hydride (100g)
in toluene, followed by hydroljsis to form the diacid.
Cyclisation with hot acetic anhydride gave the E-fulgide
which was purified by chromatography on silica gel. On

25 irradiation at 366 nm in toluene, the fulgide was
converted into the heliochromic compound of formula (3),
Sheet 4, R = 3,4-dimethoxy phenyl. - On exposure to

sunlight or to a flash gun the compound turned deep blue.

T



aqueous ethanolic KOH followed by acidification with 5M HCl, gave

acid (4)

in

approximately 70% yield. The acid was converted to the

correspondi ng acid chloride (5) by reaction with SOC12. The acid chlor
(5) was reacted with magnesi um 10 diethyl nalonate to yield the conpoun
(5A) as an internediate and the ketone ( as the final product. The
resul ting ketone can be converted to the correspondi rig hel i ochrone as
desgri bed in Exanple 1. Exanple 19 15

4-asetyl - 2- (3' 4' - divyrt hpgyplemtImi bi ciepsunas ieparedeas Wessihbed d n
Exanpl e 18 using 3,4- dinethoxyphenyl acetal dehyde as the starting mate
i nstead of pheswllvaacehaloddhydee. Thaelies Whdorgp tmeinhWpdeatranaidpaiis (Gsuw
(6) Sheet 13 - phenyl replaced by 20 3, 4-di net hoxy phenyl) was condense
with di nethyl tecdnent1408usn tmetpr eseneeo Hfplsotboumaytdrnicda Hdg) in
foll owed by hydrolysis to formthe diacid. Cyclisation with hot
acetic anhydritde gafarenefethgl gpdeurhrbAngascpur bei var bgd chy oselecfriaphy on
sidica gel g

t ol uene,

converted int
3,#4- di et hoxy
cqrpound turned

N

10

15

20

25

CQEZS irradi ation at, 366, nmin tol uene, t he ful gi de was

&P IRT T bERr BAEE IS AR bR It BPRULENESS OIhédre £0ak ing

t%@%@%%: On exposure to sunlight or to a flash gun the
eep bl ue. 21

Investigations of the colour fade rate after removal
of the U.V. light stimulation, shows that this
substantiaily follows fifst order kinetics. This is in
contrast with thé fade rates of known photoreactive lenses
based on silver dispersions, whose fade rate decreases
rapidly with time so that a vefy considerable time delay
is required before the colour fade is substantially
compiete.

The.heliochromic compounds of this invention can be
added to a polymerisation_mixture from ybich plastiés
lenses are intended to be produced. For éxample, in one
test methyl methacrylafe (53 cm) containing the
heliochrome of formula 9 (shéet 1) (0.15g) and benzoyl
peroxide (O.ngf was polymerised by heating at 100°C for
30 minutes. The resulting polymer was found to be
heliochromic, which iddicates th&t the heliochromes are
partially resistant to peroxide~-induced degradation.

The discovery of photochroﬁic materials which can be

used to render plastic lenses photoreactive is a

di vi ded copperito give the pure ester (3).rFWdhonsfs of 5 the ester wth

t

rial
ound
d

particularly valuable one since, until the_present'

inVention, it has not been possible to ‘produce

‘photoreactive plastic lenses which are capable of



The hel i ochrom c conpounds described herein are sol vatochronic i.e’ their

ab}tion spectra depends upon the solvent. Thus, in the case of
k. )

fpactive | enses, the nature of the col our change can be varied b
ing 5 the plastics material form ng the | enses or the coating
t hereon. Investigations of the colour fade rate after renoval of the U V.

light stinmulation, shows that this subgtantially follows first order

ki neti cs.

phot oreactive | enses based on silver dispersions,

This is in 10 contrast with the fade rates of known

y

whose fade rate decreases

rapidly with time so that a very considerable time delay is required befete

t he col our

~conpounds of this inventioon can be added to a pol ynerisation m xture from

furdte rgosnbstmagr ¢ akhpncenpseed.l Ibumbe r Thie dellipgchrardnge

whi ch plasti@kclensesl ir ési RPERddd S ol HePpi AGUdEE For iBgaFpIofa i Dhe test
sheet

met hyl nethacrylate (53 ¢

1) (O 159)
1000C for

t ai .ni t he hel i och ff 9.
ooy £ FerBhA T 40P 5 P L AE) pOF) e PRE o8BS RELY |

at

| ' ' found tQ. 1 i e,
whioh | nai kb hERagsn THiad A A ARMALToF IR LI 15 1 PBBTOm €

per oxi desi nduced é@gféﬁakkoanom%ledéé@pysryhefugnghowm Giggefdal s which,

can be 25 used to render plastic . ( . .
val uabl e one &i$€8; Whidde thfe Pe8SRMlt iIAWEPNt bBNy dalr BieSa DOt ak&Eem PRSI bl e

elfrocnro are partially resistant (0]

enses photoreactive’i's a particul ar

to produce photoreactive plastic | enses which are capabl e of

10

15

20

25

acrylate and methacrylate lenses. Methods of
manufacturing plastic lenses afe described for example in
U.S. Patent No.s 3,944,637, 2,542,386 ard 3,404,861, the
disclosure of which is iﬁcbrpqrated herein by reference.
The most commonly uéed material for plastic lenses is
diethylene glycol bis (allyl carbonate) usually.known as
CR-39 (CR-39 is a tradelmark of P.P.G., Ltd.). The
heliochromic compound may be mixed or combined into the
CR~-39 catalysed liquid monomer, degassed and poured into
glass moulds.and curéd, e.g. as described 'in U.S. Patent
No.2,542,286, the disclosure of which is incorporated
herein by reference for further details of the érocedure

for moulding or casting pléstic lenses.

l'y

A variety of techniques are available for.preparing'

heliochromic plastics articles in accordance with the
teaching of this invéntion. The heliochromic compounds
need not be incorporated directly into of coated onto the
plastics articles, but can be employed in the form of
fulgide or fulgimide precursoré and'converted in situ,

during or after the incorporation or coating step, into

the correspbndihg'heliochrqmic compound, e.g. by heating

» . !

"

£



22 undergoing nore than a small nunber of col our change cycles. It is
possible in principle to incorporate or coat any type of plastics (or
‘glass) lens but generally it is envisaged that the conpounds of this
invention willbe 5 used to render photoreactive the usual types of plast
| enses; these are essentially polycarbonate and al kyl acrylate and

nmet hacryl ate | enses. Met hods of manufdcturing plastic | enses are
described for exanple in U S Patent hb s 3,944,637, 2,542,386 and

3,404+861, the 10 discl osure of S i ncor orated h rein b reference
The wost comuhf y W¥ed! ke ?'br pl é’srf‘f%rFéEEesifi‘-eiél EtF&T%éﬁ/e §CfyH bis

(2131 carbona e}, ol IOU 25 ERAD. f £F,89ck 8 2 LA FBLKnQlR - G

I 0C m c conp onbi ned o th
CR-39 catal ysegh 14 gitd JPRIRSs @%%S§%d£geﬂol9@ﬂ&€‘iivéntl@nglegss moul ds and
cured, e.g. as described in Pat ent 2,542,286, the disclosure of
which i's incorporatged rhsgelb@ehay fiRfd eNE6r f ekamptdereWet abhhs e@fe ddteive
procedure for noulding or casting plastic | enses. 20 A variety of

t eghni ques a% eamwvankabbe fpare uepari ng héhicoaipond e dl dntticcsa aptliad tescs n
acgordance with the teaching of this invention. The heliochrom c conpounds
need not be i rcotpolavedudiy ety iemd by coatedtomd imespbssaindsially
articles, but can be enployed in the form-of 25 ful gide or ful gimde

precursors and®¥vaearf&®s rF%’}df‘ut 10Pi Af bPagtt e Ko 5 ERSP R thent oS
coating step,

o *?Lg a melt or solution of the fulgide or fulgimide,
s '

which is the precursor of the desired heliochromic

10compound. Preferably the treatment is effected at

.elevated temperature, e.g. about 180°C, in order to

increase the rate of diffusion of the fulgide or fulgimide

into the plastics article. Although at'this temperature,

the fulgides and fulgimides undergo conversion to the

15corresponding heliochromic compound, it is believed that

the fulgide or fulgimide diffuses preferentially into the

plastics article. Possibly this is beceuse the

s | heliochromic compounds tend to have higher melting points

than their precursors. In any event, crystals of

- 20heliochromic compound are observable in the precursor
by helts used to treat the preformed plastics articles.

While the precursors may be employed in the form of

melts and are generally Quite stable in molten condition

at a temperature of about 180°C- for a few hourf,precursor

25can also be imbibed into the plastics articles from a

.sdlution. Solvents employed should, of course, be inert

and are preferably high boiling, e.g. boiling at

temperatures above 200°C so that the imbibation from a



respondi ng heli ochrom c. conpound, e.g. by heating 23 at U V.
fat i on. Conversion in situ provides an advantageous .route to the
ure of heliochromc plastics articles, such as .phot.oreactive

It has been found, for exanple, that an effective 5 ampunt of

precursor is incorporated into a plastigcs article, such as a | ens by
contacting in substantially oxygen-free conditions at

| east one surface of

the lens with a nelt or solution of the fulgide or fulgimde, which is the
precursor of the desired heliochrom c 10conpound. Preferably the

treat nent

the plasti osrdet it eincrdaseoudle atattehict t@infpfusitam.e, the ful gi des and
ful gi m des undergo conversion to the 15 correspondi ng heliochromc
compound, it is belthwap shat siod van §f deady2 pargienindy def taked of a

preferentially into the astics article. Possi bl this .is because
the heli och"r%%‘i‘ gi n%f

p&efts kSHnOf hei r

B18&fpdMBLOYERd b RATESHiSfhePY RIS

br ecur 905 ¢ s Wn EXENG: s 1Shal § 0% 20 RELLOSIY P orpound. ae

S
e precursor use réat the preforme

isoblf ¢ohedaat el excat eide Beoper attured, cvergd abayier{€Kré, inin
order to increase the rate of diffusion of the fulgide or fulgimde into

astircs

£ .
T

articl es. WLdged ey ey SO0 hRY S8 Al akedni LHSe! RRE ok oBREES rand ar &

generally quite stable in nolten co

for a few hpalefeRlr e $0h dyestuff) than does the material to be

treated (in this case the plastics'article). As a result
the precursor is effectively partitioned betweéen solution
10in the solQent and solid solution in the plastic and thus
diffuses into the plastics article. Generally high
boiling points solvents such aslfluofinated hydrocarbons
or silicone oils are suitable from this viewpoint when
imbibing the précursgr into CR39 plastics articles.
15Usually a saturated solutiék of.thé precursor in the
selected solvent is used, which would not normally exceed
a concentration of a few per cent of the precursor. :The
following Examples illusttate this aspect of the
invehtion:-
20Exam21e 20
a quahtity of the fulgide p;éparéd in Example 2
(Sheet 3, formula (1), R=H) was melted.ih a concave
.depression in a hot plate heated to a temperature of
180°C. The surface of a cured CR-39 plastic; lens was
25treated with the molten precufsbr by laying its cdnvéx
surface (whose curvature roughly corresponded with the

concavity of the'depréssibn)'in the depression in the hot

Ition at a tenperature of about [err] ,

=

o

Iy

]
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-25can also"be inbibed into the plastics articles froma solution. S
enpl oyed shoul d, of course, be inert and are preferably high boilin
boiling at tenperatures above 2000C so that the inbibation froma
solution can be carried out at elevated tenperature in order to increase
the rate of diffusion. In the case of solvents, advantage nay be taken of a
techni que enpl oyed in disperse dyeing of textiles or 5 fibres where a
solvent -is sel ected which possesses a |esser affinity for the solute (in

t hi sxcase the precursor rather than a dyegguff) than does the material to
be t+eated (in this case the plastics article). As a result the precursor
is effectively partitioned between sol ution 10 in the solvent and solid
solution in the plastic and thus diffuses into the plastics article.
General 'y high . bqili I, Nt ol.yent fhuoninat hydrs I S. or
silicone Oi|SP&P%eSU&ga%ﬁésf§8 t |ssar§%%%i%? ﬁhgn;F%%i%?ﬁb¥ﬁaﬁ¥§%69%?ursor
into CR39 pl dst icontacti viish. theUngdtep nrequtsar cfo5ol RPBFSoOf the
precursor in the selected solvent is used, which wuld not nornmally exceed

i Tstrate this. ATRAT GPifie HERRHESHE . ERALRR% 98 CRRANSY BP Lhe
f ¥l gi de preparadiiatfomnften’an AM 2 lamp at 25°C and was found to be
2 5 heliochromic, darkening to 5.5% transmission. On removal
h of the stimulation from the lamp, the time required to
> fade to half the initial optical density was 32 seconds.
The fatigue life (T1/2) was 2000 minutes. T1/2 is the
time taken for the induced optical density to decay to
10 half its initial value when exposed continuously to Air
Mass 2 radiation.

Example 21
A saturated solution was prepared of the same fulgide'

as used in Example 20 in the fluorocarbon solvent sold by

15 Minnesota Mining and Manufacturing Company (3M) under the

trade name FC 70. This solvent had a boiling point of

217°C. The resulting solution was heated to 180°C and a

2mm thick coplanar CT39 lens was immersed in the solution

&_/ for one hour while maintaining the temperature at 180°C.
20 After removal from the solvent, the lens was found to be
heliochromic and darkened to an induced optical density of

¥ 0.7 when irradiated with an AM 2 lamp. Thermal reverse
was very rapid at ambieht temperature when removing the

@

“ white light irradiation.

25 Reference is made herein to our British Patent
Applicatinon No.8422201 (Publication No.2146347a) filed
concurrently herewith, inventors Baskerville et al
(hereinafter called the Baskerville application), which
describes preparation of heliochromic plastics articles,

30 such as photoreactive lenses, by incorporating precursors



(Sb,;el 3, formula (1), R=H) was nelted in a concave depression in a hot
pl &t eated to a tenperature of [err]. The surface of a cured CR-39
pl s lens was 25treated with the - nolten precursor by laying its convex =
SUNnf (whose curvature roughly corresponded with the concavity of the
depression) in the depression in the t 25 plate. In this way the
surface of the lens was maintained i contact wwth the nolten precursor for
. 2 hours. After this treatnment the |l ens was exposed to radiation froman AM
2 lanp at 250C and was found to be 5 hel i ochrom ¢, darkening to 5.5% O
transm ssi 9p. tdesgid sopefr h idmeihi ot
required tggf gggt%ggglxghtr%gmigni f?ﬁd%upﬁ%alefdetﬁ{s@i%yg\?\n&grﬁgzmtsd;cjbﬁgg? The
fatigue |ijpeabtlilcZnoiasaiddddd BEHSing ddmBoisitlithd | Mad@kyrd phgt he

i nduced optical density to decay to 10 halt its initial value when exposed
conti nuoustyet hediochhomiz rathpaundn.ieim ei®ltWesplasaiedasblioléon was
prepared of the sane ful gide as used in Exanple 20.in the fluorocarbon -
sol vent sofidridydsthel mewddd nd nd ng cast MgufsdceRir Palg iGonpan@ {B2F under
the trade name FC 70. This solvent had a boiling point of [err],_ The

resul ti fg SEPAEMERathRESOS: t TheedishasBremAf nFhR ERkenr: £¥89 Iens

was | mrersed i.n sol ution for, f)nr.]gai']. ur while maint aiéﬂ Qgrter}en tg)r,rper at uref_

<

a lléggion is s i incorporate
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20 After rermVaI fromthe solvent, the lens was found to be heliochronc

and darkened to an induced opti cal ity of 0.7 when irradiated with an
AM 2 | anp. Thernal reverse was ve r api i ent tenperature_when
removing the white |ight irradiatiﬂmﬂ Reference is madehsrdin to
our British Patent Application No. L ”lW”ﬂmon No. 214634 A | ed
concurrently herewith, inventors Baskervitles &hereinafter called the

Baskerville application), which describes preparafion of heliochronic

pl astics articles, 30 such as photoreacti?fe |l enses, by incorporating
preedrsors 26 of the heliochromc conpounds of this invention into
plastic moul di ng;gapgscasting conpositions, and formng the heliochromc
conmpound in sitoTmmthe plastic article during the noul ding or casting step
or in an after 5§ treat t reqQf...The-discl e i.l.l_e
application is 3ﬁec’i§f chg‘\rh%/‘}rlnﬁcggpotrha%]eagg%éﬁn yg?q'té’ g&gﬂ(‘?@?#ﬁh‘iﬁ. CLAI V5
1. A conpound of the follow ng general fornula:- [ERR]

)

5
N _ (1)
-
N\
10 | Ad::c:represents an adamantylidene or a
substituted adamantylidene group;
Ry represents hydfogen, alkyl, aryl, aralkyl
or a heterocyclic group,
X represents oxygen or >NR,, in which R, is
15 : hydrogen, aryl, alkyl or aralkyl and
\ _
_ represents an aromatic
— )
;‘_‘:‘
s 20 . group, an unsaturated heterocyclic group or a

benzannelated heterocyclic group.

2. A heliochromic compound having the foll-wing

general formula:-



: err] represents _ ntyl i1 dene or a su stituted :

10 Ad [err] —ap—adamantyl i dene c bst i d

adagrant I'idene group; [err] repre ““ﬂ.kyl, aryl, aralkyl or a

hetieyogyclic group, X represents in which.[err] is 15 ;
ani’ [ & -

hy en, aryl, alkyl or aral kyl ] Perf] * represents an
aromatic [ERR] 20 . ‘group, an unsaturated heterocyclic group or a
benzannel at ed heterocyclic group. 2. _A heliochrom c conpound havi ng
the foll ow ng general fornula:- 28 [ERfd 5 wherein [err] X and Ad [err]

have the sanme significance as in Caim1l1, and 10 [ERR] is derived froma,~
2,5-; 2,4- or 3,5-dinethoxyphenyl group 15r r from$a 2- or 3- furyl or ﬁgg
2- or 3- thienyl group, which may benzannel ated pr substituted. 3'.
A conpound according to claim?2 (ANj) ur ©r thienyl group is

deuterated or substity&gd wi t hfone or ar?kl or hal ogen groups.
. X
Y C /
() :
5 Ad J} | ]
i d Ad C" h the same significance i
wherein Rl X gn A ~ ave e sa g
as in Claim 1, and : ' Q;)
(W2
10
Y
is derived from a 2,5-; 2,4- or 3,5-dimethoxyphenyl group
15 or from- a 2- or 3- furyl or a 2- or 3- thienyl group,
which may be benzannelated or substituted.
3. A compound according to claim 2 in which the -
furyl or thienyl group is deuterated or substituted with o/
one or more nitro, aryl, or halogen groups. e
20 4. A compound accordi-ng'to claim 2 in which Ry is a ®
_ .
lower alkyl or aryl group. j

5. A compound according to claim 1 in which the

ring represented by.

25



-

20 4. A conpound accordlng toclaim2 in.which [err] is a | ower

al kyl or aryl group. 5. A 66ﬁﬁ6nnd~aeee#dLng_Lo claim1l in whic
ring represented by 25 29 is a 5-nenbered
het er ocycli ¢ or’ benzannel at ed heter u!””mimrﬂm “ai'ni ng oxygen or
sul phur and at | east one doubl e bond. t hod of preparing
conmpound having the 5 general fornula set forth in claiml which
conprlses subj ecting a conpound of . the follow ng general formula (I1V) to
heat,i hg in a solvent to a tenperature above 1000C or to concomtant U. V.
radiation and heating or to treatment with a Lewis acid and recovering the
10 rearrangenent product: - ' 0 [ERR] 15 wherein Ad [err]
represents an adagaatythdmbered sebstddwd ki adanenizyninddae ogr agpe eyl ic
represents hydrogen, al kyl, aryl,aral kyl or an heterocyclic group and 20
Ar represents a subgtcoutainbng upsydst | ¢t edl pewr edrd rathgleasth sneaedbsbld
het erocyclic or benzannel ated heterocyclic ring containing oxygen or

SU! phur bond. .

- 6. A method of preparing a compound having the

]

- 5 general formula set forth in claim 1 which comprises

subjecting a eompound.of the following general formula
\vf (IV) to heating in a solvent to a temperature above 100°c¢
N or to cencomitant U.V. radiation aed heating or to
treatment wieh a Lewis acid . and recovering the

10 rearrangement product:-

0
. A )
Ad C (IV)
Ar — 0
|
Ry
~~ .
15 wherein A4_C represents an adamantylidene or
K,: substituted adamantylidene group, Ry
) represents hydrogen, alkyl, aryl,aralkyl
. or an heterocyclic group
g and -
= .20 Ar represents a substituted or unsubstituted
benzene ring or a S-membered heterocyclic or
benzannelated heterocyclic ring
containing oxygen or sulphur"
and
“ 25 X represents oxygen or >NR,, wherein

R, is hydrogen, aryl, alkyl or aralkvl.



and 25 X representS oxygen or >NR2, wherein [err] }s h’ydrogen,

aryl Xyl or aral kyl . 30 7. ccordlng toclaimé6 in 7
whi ¢ % epresents a benzene r| rHII“ll mmmﬂmf - or-3,5- di methoxy
subs\{ugnts or a 2- or 3- furyl or tchi enyh g¥oup * A net hod
according to claim?7 in V\:hl ch the furyl or thienyl group I s benzannel at ed
or substituted with | ower al kyl or phenyl3009. A phot oreactive

ophthal mic or plano |l ens having a heliochrom ¢ conpound coated on a surface
thereof or 10 lam nated or incorporated in the material of the |lens, the-
hel i ochrom ¢ conpound having the property of reversibly formng a col oursd.&
structural forrmon irradifstmethwdhadobrdiglgt tadeB.ethmnGngrtowaich Ar
colourless or paler structural format normal anbieéent tenperature in the 15
absence of U. Vr%ﬂﬁﬁﬁaﬂ'—isoﬁ beReend Fuirstl IR B hakngg 2rBe if Addonig 3,5-

.structure (a
() (é? Ltho Qubstituents or a 2- or 3- furyl or thienyl

group. -

5 8. A method acéording to claim 7 in which the furyl M

or thienyl group is benzannelated or substituted with 'i
lower alkyl or phenyl. )

9. A photoreactive ophthalmic or plaho'lens having ~

W

a heliochromic compound coate. on a surface thereof or
10 laminated or incorporated in the material of the lens, the
'helioehromic compound having the pfoperty of reversibly
forming a coloured structural form on irradiation with
U.V. light and returning to a.colourless or paler
stfuctural form at normal ambient temperature in the
15 absence of U.V. stimulation, the coloured form having the

following structure (a)

(a)

20

»oe £ W (~ ' (‘
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31.and being capabl e of conversiomto its colourless or paler form (b)_by-
formation of a central 6-nmenbered;giady T RR] 5 R, X and Ad ¢
the sane significance as in clai n*ﬂ'l!ﬁm m“ﬂ‘mm ot oreacti ve. opht hal
pl ano | ens havi'ng a 10 hel i ochrom onpound coaked on a surface there Or
| am nated or incorporated in the material of the lens, the heliochromc
conmpound havi ng the follow ng general forgyla:- (1)
C 0 wherein [err], X and Ad Chave the sane significance as 20 in claiml,
and [ERR] is derived froma 2,5 or 3,5-di net hoxyphenyl group; froma 25 2-
or 3 furyl or froma 2- or 3- thienyl group, which may be benzannel ated or
substi t ut ed. 33dlbeing capaBlphofocencéiybtohets RESOESidy Ies<LIar Pallr

wherein the lens is formed froma pol ycarbonate or a pol yal kyl nethacrylate .
or acrylate. 12. form Abphdtyor facmiard caphthfialarn ceort rgllané- hemsbanhedhring,

wherein

- S

v ) —_—~

N 'Ry, X and Ad C have the same
S

- ' significance as in claim 1.

N

10. A photoreactive ophthalmic or planc lens having a
10 heliochromic compound coated on a surface thereof or
laminated or incorporated in the material of the lens, the

heliochromic compound having the following general

. formula:-
15
(1)
. i : . s e
= wherein Ry, X and Ad\’c\have the same significance as
e 20 in claim 1, and

is derived from a 2,5 or 3,5-dimethoxyphenyl group; from a’
25 2- or 3- furyl or from a 2- or 3- thienyl group, which may

- be benzannelated or substituted.



5 cf ises a blend of heliochrom ¢ conmpounds, as claimed in claim1 or _J -
claf, coated on a surface th

mat of the lens. Tﬂﬂ“j“‘“!l“ﬁ“‘l!‘ﬁ! d or inCOfpf)rat‘ed in the

32

11. A photoreactive 1lens according to claimlQ -

wherein the lens is formed from a-polycarbonate or a
polyalkyl methacrylate or acrylaﬁe.

12. A photoreactive ophthalmic or plano lens which

wi

comprises a blend of heliochromic compounds, as claimed in

ci;im 1l or cLaim 2, co;ted on a surface thereof or 2
laminated or incorporated in the material of the lens. c
'\/“;
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