30 NOV 2004 WO 01/92265 PCT/ US01/17018 1 | NDCOLI NOSPI ROPYRAN COVPOUNDS AND
METHODS FOR THEIR MANUFACTURE 5 Field of the Invention The present
i nvention relates to spiropyran conpounds. In particular, the invedtllH 2004

provi des iq98 h&ﬁgpiropyran conpounds and net hods for thekéngﬁﬁﬂ% cture,

I
whi ch conpoungs are useful as photochrom c conmpounds. 10 of the
I nvention Various classes of photochrom ¢ conpounds have been synt hesi zed
and suggested for use in applications in which reversible color changes or
darkening is induced by sunlight. For exanple, spiro(indolino)naphthopyrans
and spiro(indolino)qui nopyrans are described in GB Patent 2,174, 711.
Spiropyrans al so 15 are described in Brown, denn H ed., Photochrom sm (New

York, 1971) and DumnmafaNtsERGP RAN COMPBIEI AN MEEHODEEBRRRERT o™

(El sevier, 1990). Spiropyran erivat|M@§¢G§WC he best ni c
conpounds show ng phot ochrom sm phenonenon, but the structures of reported
spi ropyrans age 20 considerably [im Fn‘éﬂl'of verfii Heed exi sts both for

spi ropyran conpounds allowing further facile nodifications as well as

nmet hods for the synt lE®ipseseft itheuttselatespo sgifpyan compmmds db. pafiRelas g | on of
the Invention and its Preferred.Enbodi nents 25 The presept .invention

provi des i ndol i AB¥SHPBRIA swmmwﬁrfﬂmpﬂ%ﬂdﬁiaﬂgwas %ﬁﬂ’ﬁ@ichrom’ c

I ndol i nospi I opy rAGhuPRRRE WAHSh ctboldslardsse iR chfimié ¥SthptRaig i N9 these
conpounds. The indol i nospiropyran conpounds of the invention are
substituted on the indole ring with succinimde, which substitution permts

ring openi ng, of the succinimde afpa%kg_ggﬁu gftthgﬂwg&tiotnhe bul k and phot ochrom c
properties

Various classes of photochromic compounds have been synthesized and
suggested for use in applications in which reversible color changes or darkening is
induced by sunlight. For example, spiro(indolino)naphthopyrans and
spiro(indolino)quinopyrans are described in GB Patent 2,174,711. Spiropyrans also

15 are described in Brown, Glenn H. ed., Photochromism (New York, 1971) and Durr,
Heinz and Henri Bouas-Laurent eds., Photochromism (Elsevier, 1990).

Spiropyran derivatives may be the best known organic compounds showing
photochromism phenomenon, but the structures of reported spiropyrans are
20 considerably limited. Thus, a need exists both for spiropyran compounds allowing
further facile modifications as well as methods for the synthesis of diverse

spiropyran compounds.

Description of the Invention and its Preferred Embodiments
25 The present invention provides indolinospiropyran compounds, and
particularly photochromic indolinospiropyran compounds, as well as methods for
synthesizing these compounds. The indolinospiropyran compounds of the invention
are substituted on the indole ring with succinimide, which substitution permits ring
opening of the succinimide and modulation of the bulk and photochromic properties

30 of the compounds.



30 of the conpounds. 3 0 NOV 2004 WO 01/92265 2 PCT/ U SO 1117018 In one
enbodi nent, the invention provides a conpound conprising, consisting
essentially of, and consisting of the fornula: 51 wherein RL is C130®&D8 2004
al kyl, all |, mono- or disubstituted phenyl, phen{Gls | kyl, or
(Cs -CA)alﬁggggggﬂ%nyl (C1-A )alkyl, R2 and R3 are each 10 ﬁwgé%%%dently C1
-C4 al kyl, phenyl, nono- or di-substituted phenyl, benzyl, or conbined to
forma cyclic ring that'is cycl ohexyl, norbornyl or adamantyl ring, R4 is
hydr ogen, hydroxy, trichloromethyl, trifluoronethyl, fornyl, Cl1-C4 al kyl,
hal ogen, d - 4 al koxy, nitro, cyan, CL-@4 nonohal oal kyl, Cl1-C4

al koxycarbonyl, or an aromatic sharing the two adjacent carbon atons with
t he benzene portion of the 15 pyran ring to forma condensed .aromatic ring

r
i ncl udi ng, wi t hout IIﬂrﬁnﬁﬁmbwen‘n'éﬁm"ﬁ%‘%“Pﬁ%"é%éﬁt"ﬂ?’% COMRYS 8% nol i no, x
equals 1, 2, or_ 3 pl.ovi %5 . be | ocated on any of the
avai |l abl e carboﬁ”ﬁgéﬁ%%gﬁﬁ#hgﬁ%gﬁggﬁgﬁgﬁﬁgtgﬁ%gﬁgy benzopyran noi ety,
preferably on the 6, 7, or 8 position and when x = 2, each of the R4 may be
the sanme or different and |located at the 6 and 8 or 5 and 7 positions, 20
preferably aP the 6 and 8 positions. Rl preferably is a C1 -C4 al kyl,

phenyl, benzyl, allyl, or ethaxycarbonyl ethyl, R2 and R3 preferably are
each independently nethyl, et i, ald R4 preferably is C1-C4

al kyl, Cl1-C2 al koxy, chloro, £ fluoronethyl, or nitro. 25 In
a preferred enbodi nent, the [ ovi dgg~a onpound conpri si ng,
consisting essentially of, a gong 3

wherein R! is C;- Cis alkyl, allyl, phenyl, mono- or disubstituted phenyl, phen(C; —
Cs Jalkyl, or (C; —Ca)alkoxycarbonyl (C1—Cs Yalkyl, R* and R’ are each

10 independently C, ~C4alkyl, phenyl, mono- or di-substituted phenyl, benzyl, or
combined to form a cyclic ring that is cyclohexyl, norbornyl or adamantyl ring, R'is
hydrogen, hydroxy, trichloromethyl, trifluoromethyl, formyl, Ci-C4 alkyl, halogen,
C,- C, alkoxy, nitro, cyano, C;-C4 monohaloalkyl, C,-C4 alkoxycarbonyl, or an
aromatic sharing the two adjacent carbon atoms with the benzene portion of the

15 pyran ring to form a condensed aromatic ring including, without limitation,
naphthyl, phenanthrenyl, and quinolino, x equals 1, 2, or 3 provided that when x=1,
R* may be located on any of the available carbon atoms of the benzene ring of the
benzopyran moiety, preferably onthe 6, 7, or 8 position and when x = 2, each of the
R* may be the same or different and located at the 6 and 8 or 5 and 7 positions,

20 preferably at the 6 and 8 positions. R' preferably is a Cy —Ca alkyl, phenyl, benzyl,
altyl, or ethoxycarbonyl ethyl, R? and R® preferably are each independently methyl,
ethyl, or phenyi and R* preferably is C,-Cq alkyl, C1-C; alkoxy, chlore, bromo, iodo,

trifuoromethyt, or nitro.

25 Ins a preferred embodiment, the invention provides a compound comprising,

consisting essentially of, and consisting of the formula:



WO 01/92265 3 PCT/US01/17018 Il 5 wherein R4 is hydrogen, hydroxy,
trifluoromethyl, fornyl, methyl, ethyl, nethoxy, ethoxy, nitro, fl ubl8§0V 2004
chloro, brono, or iodo, and x is 1 or 2. Because the conpounds of fornulae |
and || conty@hgysesdicci ni m de portion, the properties of P@ﬁuﬁﬂﬂﬂﬂﬂ”ds, such
as solubility, sensitivity and the like, of the invention may be
mani pul ated by ring opening of the succinimde using any of a 1o variety of
known met hods. Suitable such nethods are described, for exanple, in 4 8(12)
Het er ocycl es, 2677-2691 (1998). Fornulae |I_and Il conmpounds may be prepared
by any conveni ent known nethod and preferébly are prepared using a solid
phase organic synthesis. The use of solid phase synthesis is advantageous
in that it provides ease in execution of the 15 reaction, ease in product
purification, and conveni ent handling of polar nolecules throughout the
synthetic protocol. AdditioBally, this approach permts use of comercially
avai l abl e starting materi al ess reactant to drive the
reaction to conpletion a S 3 de reactions. Key in the
synthesis is the wuse of |[a pojk s jol i ne of the fornmula: 20 M
30 NOV 2004 WD 01/92265 ¢ [ R%Y)and R3 are the sane
as for formula (1). The sol 't TR >d fromany of a variety
of hydroxy resins. Suitablelthydroxy resﬂns i S Wi t hout limtation,
hydr oxynet hyl pol ystyrene r&sin, VWang resm n (al sekndown as 4

5 wherein R® is hydrogen, hydroxy, trifluoromethyl, formyl, methyl, ethyl, methoxy,

ethoxy, nitro, fluoro, chloro, bromo, or iodo, and x is 1 or 2.

Because the compounds of formulae I and II contain a succinimide portion,
the properties of the compounds, such as solubility, sensitivity and the like, of the
“ invention may be manipulated by ring opening of the succinimide using any of a
10 variety of known methods. Suitable such methods are described, for example, in
48(12) Heterocycles, 2677-2691 (1998).

Formulae I and II compounds may be prepared by any convenient known
method and preferably are prepared using a solid phase organic synthesis. The use
of solid phase synthesis is advantageous in that it provides ease in execution of the

I5 reaction, ease in product purification, and convenient handling of polar molecules
throughout the synthetic protocol. Additionally, this approach permits use of
commercially available starting materials and use of excess reactant to drive the
‘neaction to completion and to surpass the side reactions. Key in the synthesis is the

use of 2 polymer-supported indoline of the formula:

20



hydr oxynet hyl phenoxy resin or " - MP resin"), HWA-PEGA resin (or 4-
hydr oxynmet hyl phenoxyaceti ¢ acid and bi sacryl am doprop-| -yl
pol yet hyl enegl ycol ), HWPB-BHA resin (or 4-hydroxy- 3-met hoxyphenoxyBGtNiVi 204

acid benzhydyybagd ne), HWPB- MBHA resin (4-hydroxynet hyl '%Oljrl?smnmw
met hoxyphenoxybutyri ¢ aci d- net hyl benzhydryl am ne), and conbi nati ons thereof.

The theoretical |oading of the resin may be either low (e.g., |less than
about 0.1 mmole/g) or high (e.g., greater than about 0.4 nmole/g), but for
production of greater quantities of produgt, preferably is high, nore
preferably about 0.4 to about 1.5 mmole/g. Either of about 100-200 nmesh or
about 200-400 nesh resin nmay be 15 used. Preferred resins are an about

100- 200 mesh hi gh | oadi ng hydroxynet hyl polystyrene or a Wang resin. The
solid support used w |l depend upon the reactants selected, the solvent

used, and the prduoga RIdR], aedR’ arpihe pang 35 foF foravia by Thesolid serpertapay beuant i ti es

fof ti | t h ] Gl t . t
Vel | asef 1 i eFioond fiotCinydRs denfbt iyl Ry hechlyl SRR by i iBBHEN ° 2%,
swel | abl e i n # heyigiuy Bitatige Bydroxiinethahpalpdtyredie nesisj Wasngswesin (ildo kndepasd- on t he

amount of reactants use d the _reagtion sgal | . Ceneral ly, about |
ng to about 100 @dWP@&Yﬂ&ﬁﬂWHES‘%?eM&%ﬁM ?‘*féﬁgaﬁ'ﬁ%f.‘{my be
prepared by eit IphERE AR REBMBsackyfiriiBoop-21 Pl elisiddepR c69TPOUNd
of the foll owi n&%f)‘% “{829%5 AR SRR s oyl R s Sl LUl
R are as defi ndiMPBrBHAr resingon4-hydeoryIonethenehenayylrsyre &ttt i on schenes for

the preparation of ! 0e {2 8- MBI LA RYE -ty APmethyl-3-

10 methoxyphenoxybutyric acid-methylbenzhydrylamine), and combinations thereof.
The theoretical loading of the resin may be either low (e.g., less than about 0.1
mmole/g) or high (e.g., greater than about 0.4 mmole/g), but for production of
greater quantities of product, preferably is high, more preferably about 0.4 to about
"1.5 mmole/g. Either of about 100-200 mesh or about 200-400 mesh resin may be

15 used. Preferred resins are an about 100-200 mesh high loading hydroxymethyl
polystyrene or a Wang resin.

The solid support used will depend upon the reactants selected, the solvent
used, and the product desired. The resin preferably has types and quantities of
functional groups that permit efficient attachment of the reactants as well as efficient

20 release of the product. Additionally, the resin must be swellable in the solvent used.
The amount of resin used will depend on the amount of reactants used and the

reaction scale desired. Generally, about 1 mg to about 100 g of resin may be used.

Formula Il compounds may be prepared by either of two reaction schemes

using an aminoindoline compound of the following formula:

25




t he am noi ndol i no conpounds are as follows: Method B Suocinic Anhydr) @U
UK - O ~COOWDIC HOST Two etcps, >95%0 ~O~ 3 0 NOV 2004 WD 01/ 9 ' 2004
PCT/ US01/ 17018 in Method A, an am noi ndol i ne conpound of formula IV is
treated W Wongwmsi ni ¢ anhydri de under conditions suitablpeTiisofronmm
succinamc acid. More specifically, the reaction is carried out at a
tenperature of about O to about 60 C, 5 preferably about room tenperature,
under an inert atnosphere including, without |Ilimtation, argon or nitrogen,
for about 3 to 24 hours. The anmount of reagtants used w | depend on the
anount of product desired and typically will be about I ng to about 100 g,
preferably about 100 ng to about 10 g. A hydroxy resin along with

di i sopropyl carbodiinmde ("D C') and dimethylam no pyridine ("T)MAP") then
‘are 1o added to the m xture to forma suspen§|on bead. This suspensi on of
bead is shaken under conditions suit bIe t& cafry out a coupling reaction.
Suitable conditions for the reagtig gnperature of about O to about
60 C, preferably about room tenperé$ t 14 to 24 hours under an

i nert atnosphere. Progress of the ¢ aiFtlon may be nonitored by any
conveni ent neans including, wthout 1 Ilnqtatlsn R 1R or single bead
FT-IR Typically, the reaction formng the jindoline |oaded resinis
conplete after 24 hours at roomtenperature.

wherein R!, R?, and R? are as defined for formula L.
The reaction schemes for the preparation of the formula I compound using
the aminoindotino compounds are as follows:

Method A
R

Method B

3
a: H )(i’\/\
c‘;; o COOH
|
R R
C HN
C)/“‘m4 DIC HOBT [
D N
b
Two steps, >95% Two steps 100%




In Method B, bydroxy resin is shaken wth an excess of succinic anhydride
under conditions suitable to carry out a coupling reaction. SUitab'@UNUVzmg
conditions for the reaction are a tenperature of about 60 to 120 C,

pref erabl yu@hAKbe{0 to about 20 1000 C, for about 10 to abewbnmdeigours,
preferably about 24 to about 48 hours. The progress of the reaction may be
noni tored by any conveni ent neans and, generally, wll be conplete after 48
hours of refluxing. After conpletion of the reaction, excess succinic
anhydride is washed away and the resin, now coupled with the succinic acid,
is treated with an aminoi ndoline of fornufa N al ong with 1-hydroxy 25
benzotriazole (° BOBT") and DIC. Conditions suitable for the treatnent are a
tenperature of about 0 to 60 C, preferably roomtenperature, and an inert

at nosphere. In either nmethod, loading typically is over about 95 percent.

Any conveni ent net hod for t L.pg. | | RSOV B%ertdi G8n W t hout
limtation, as disc g‘éﬁ‘%ﬁ‘*?%@?@%ﬁ&&%ﬁ@%@ 7 PCT/ USO1/ 17018 63(3)
J. Og. Chem, g{Qfhic mﬁ,yaﬁd&ﬂﬁ%conﬁﬁbmjtméw&hhmmd'mg@r)& may be used
as an internal standard for purposes of' HNMR tesﬂgng. lpe ?”1?ﬁ’ dol i ne
conpounds of f epesifically \thereepction issaapet Q) 3t tempERRLLE B 3L 1 ARqUG | i ne

derivatives of t'{sl?er élﬁira odt?dod%@lﬁe aﬁ.@e,‘mg&%%eﬁ atmgg%%.le@rﬁq,hﬁﬁ,\gﬁh@ﬁ for

formula 1. Sui X roin rivatives for or mul a may be prepared
by nitration ofipifatien isfgonde hittoged, fesbest 3de 24 houredTheamount pfypacEuty usedoc .

i 11 ¢ i d | n v68REp<aon e et of A etant BB oo B T @ <G
about 10 hours zpaut 100 g, preferably about 100 mg to about 10 8. A hydroxy resin along with
diisopropy] carbodiimide (“DIC”) and dimethylamino pyridine ("DMAP”) then are
10 added to the mixture to form a suspension bead. This suspension of bead is shaken
under conditions suitable to carry out a coupling reaction. Suitable conditions for
the reaction are a temperature of about 0 to about 60° C, preferably about room
temperature, about 14 to 24 hours under an inert atmosphere. Progress of the
coupling reaction may be monitored by any convenient means including, without
15 limitation, FT-IR or single bead FT-IR. Typically, the reaction forming the indoline

loaded resin is complete after 24 hours at room temperature.

In Method B, hydroxy resin is shaken with an excess of succinic anhydride
under conditions suitable to carry out a coupling reaction. Suitable conditions for
the reaction are a temperature of about 60 to 120° C, preferably about 70 to about

20 100° C, for about 10 to about 60 hours, preferably about 24 to about 48 hours. The
progress of the reaction may be monitored by any convenient means and, generally,
will be complete after 48 hours of refluxing. After completion of the reaction,
excess succinic anhydride is washed away and the resin, now coupled with the
succinic acid, is treated with an aminoindoline of formula IV along with 1-hydroxy

25 benzotrazole (“HOBT”) and DIC. Conditions suitable for the treatment are a
temperature of about 0 to 60° C, preferably room temperature, and an inert

atmosphere.

In either method, loading typically is over about 95 percent. Any convenient
method for testing loading may be used including, without limitation, as disclosed in




15 In solid phase synthesis of the indolinospiropyran conpounds of the

I nvention, a resin |oaded with indoline, generally about 100 ng to gg wb %00
g, preferably about 100 ng to about 10 g, as in fornula IIl may be @I Y 004
and treategshitsany of a variety of salicylal dehyde derdcyafshyeminder
conditions suitable to form the desired indolinospiropyran conpound.
Suitable conditions for carrying out the 20 synthesis are a tenperature of
about 50 to 120 C under an inert atnosphere for a tinme of about 14 to about
11 days, preferably about 14 hours to about 3 days- Suitable salicylal dehyde
derivatives are of the formula: 30 NOV 2004 WO 01/92265 8 CHO OH VI wherein
R4 and x are as for formula |I. The solid phase synthesis proceeds as
follows: 0 A5 PCT/US01/17018 The synthesis is carried out in any suitable
solvent, preferably in dioxane, dinethylformam de ("DWF"),

N-net hyl prrol i done ("NMP"), tetrahydrofuran (""IHF"), or conbinations
thereof. Release of the formula I conpound fromthe solid support may be
carried out in any convenient manner such as by a base | o catal yzed process

using any suit > s 4k DEg (198) Oltexaniettiyldisiionine (FHMDSQH) gay beDBU,
sodi um net hoxi ekﬁﬁg?ggé?unftert-bd?%%?xidq. In general, about 3 to about 4
30 NOV 2004 WD 3dd 82dGhternal standard for purposes of HNMR festing.

5 The aminoindoline compounds of formula IV may be prepared by reduction

of nitroindoline derivatives of the formula:

ON

10 wherein R}, R?, and R are as for formula I. Suitable nitroindoline derivatives for
formula V may be prepared by nitration of indoline derivatives as described in
101(8) Budl. Soc. Chim. Bdg., 719-739 (1992). The indoline derivatives may be
nitrated by nitric acid in cold sulfuric acid below 10° C, preferably below 7° C, over

about 10 hours.

15 In solid phase synthesis of the indolinospiropyran compounds of the
invention, a resin loaded with indoline, generally about 100 mg to about 100 g,
preferably about 100 mg to about 10 g, as in formula III may be split and treated
with any of a variety of salicylaldehyde derivatives under conditions suitable to form
the desired indolinospiropyran compound. Suitable conditions for carrying out the

20  synthesis are a temperature of about 50 to 120° C under an inert atmosphere for a

time of about 14 to about 11 days, preferably about 14 hours to about 3 days.

Suitable salicylaldehyde derivatives are of the formula:




9 PCT/US01/ 17018 equival ents of salicyl al dehyde derivative is used to react
with about 1.1 to about 10 equivalents, preferably about 2 to abo?u RUY Q[;m;e
preferably about 3 to about 4 equivalents of resin |oaded with indoline.
The conpoumasusfzdgshe i nvention are useful in any of the wicdmsvaiiety of
applications, such as ophthalmc | enses, w ndshields, w ndows, and the |ike
in which photochromismis useful. Mre specifically, an effective anmount of
the conpounds of the invention are incorporated into or coated onto an
ophthalmc lens, o windshield, window, or like article. The article into
whi ch the conpound is incorporated or onto which it is coated will darken
W th exposure to ultra-violet light and revert to its original color or
colorless condition in when not exposed to LTV 1light at anbient
tenperatures. An effective anount of the conpound is an anount of about
10'5 to about 10--2 nol/I|, preferably abogdo 10" to about 10-3 nol/l. 15

Met hods for incorporating into or % such articles with photochromc
conmpounds such as those of the inveniN re.well knowin the art. The
invention will be clarified by consi e fol | ow ng, non-limting
exanpl es, 20 Exanples Exanple 1 5 - -1,3, 3-yrinmethyl-indoline.
2,3,4-Trimethyl-indoline (17.3, 0.1 nole) was added to 45 m cold sulfuric
25 acid drop-wise at below 5 C w ﬁt'rring. 7.0 g Nitric acid (1 nole) in
18 nL sul f uri cwherrig R Haod %8¢ & f EEPﬂLOp-Wi se with stirring over 1 hr while
keeping the tenperature below 7 C. Stirring was continued for 3 hrs at 7 C

After allow ng the fheddit@hise sykieid proteddsas follbws:ger at or overni ght, the
or ange- brown sol uti on was

The synthesis is carried out in any suitable solvent, preferably in dioxane,
dimethylformamide (“DMF"’), N-methylprrolidone (“NMP”), tetrahydrofuran
(“THF™), or combinations thereof. Release of the formula I compound from the
solid support may be carried out in any convenient manner such as by a base-

10 catalyzed process using any suitable base including, without limitation, piperidine,

DBU, sodium methoxide, potassium tert-butyloxide. In general, about 3 to about 4



poured onto crushed ice and neutralized carefully wth aqueous sodiun
hydroxide to 30 a pH of 4-5. The resultant orange-red precipitate VEpNJy 2004
filtered by suction and washed 30 NOV 2004 WO 01/92265 PCT/ US01/17018 10

t hor oughl y wh his@t er before being taken up with ether. Thea edhgfdse
solution as dried with anhydrous sodi um sul phate, solvent was renoved and

the residue re 5 crystallized fromnethylene chloride to give 13 g of a

yel |l ow- brown solid. The vyield of 5 -nitro- 1, 3,3 -trinmethyl-indoline was
59. 6% Exanple 2 5-Amino-1,3,3-trinethyl-indoline. 10
5-Nitro-1,3,3-trinethyl-indoline (8.16 g, 40 nole) was added to a sol ution
of stannous chloride (53 g, 280 nmole) in 200 m hydrochloric acid with
stirring. The mixture was gently refluxed for 16 hrs. The cold reaction

m xture was poured onto crushed ice, made alkaline with a concentrated

sol ution of sodi um hydroxide d.extracted with eth ce X,R00 m).
The conbi ned et BgHvalens Sél‘%)’&l@f’[}ﬁyﬂ?]éer‘fgt"(ﬁé? 'éseﬂﬁ‘?r t\ﬁ{{th%%?%géo‘gé i um
sul phat e and dec¢gl:Qf. Lhtly 3bsifiBlth atRDS! Mor®brefesdblly MdpuE 2 idModut Hol vent was
removed and the% e’i{‘%ﬁ%ﬁ&fﬂ%tal l'i zgd frorge hyl 3{acet ate to 5.96 g of a

yel | ow sol i d, aeq@dalésts io€redindbadsd avithnadoline.3 3-trirnet hyl - indoline. 20
Exanple 3a 1,3,3-Trinethyl-indoline-5-yl-succinic am de Wang ester. Under
nitrogen at mfsphere, 5- amino-1,3,3-trinethyl indoline (1.94 g, 10.3 nmole)
in 5 nl anhydrous tefhadysporhdy cfitheNasentio @@ uskfaiin ansef thowidendaridtiiiofi n

25 Stirred al T oBCHEIRSCUER Bt B hrses, MHHC LR HHoPEr R ot RS | oadi ng
L o T et e PO
t enper at ur e f or c@mpounds of the invention are incorporated into or coated onto an ophthalmic lens,
10 windshield, window, or like article. The article into which the compound is
incorporated or onto which it is coated will darken with exposure to ultra-violet light
and revert to its original color or colorless condition in when not exposed to UV
light at ambient temperatures. An effective amount of the compound is an amount
of about 10 to about 10 ~ mol/l, preferably about 10°* to about 10 mol/l.
15 Methods for incorporating into or coating such articles with photochromic

compounds such as those of the invention are well know in the art.

The invention will be clarified by considering the following, non-limiting
examples.
20
Examples
Example‘l
5-Nitro-1,3,3-trimethyl-indoline.
2,3 4-Trimethyl-indoline (17.3, 0.1 mole) was added to 45 ml cold sulfuric
" 25 acid drop-wise at below 5° C with stirring. 7.0 g Nitric acid (1 mole) in 18 mL
sulfuric acid then were added drop-wise with stirring over 1 hr while keeping the
temperature below 7° C. Stirring was continued for 3 hrs at 7° C. After allowing
the mixture to stand in the refrigerator overnight, the orange-brown solution was
poured onto crushed ice and peutralized carefully with aqueous sodiun hydroxide to

30 apHof4-5. The resultant orange-red precipitate was filtered by suction and washed



hours and then filtered through glass sinter, washed with THE (4 x 15 m),
DVF (4 x 15 m ), dichloronethane (4 x 10 m) and dried in vacuo. A E{J%VQZPUL
bead was 30 obtained. 30 NOV 2004 WD 111/92265 PCT/ US01/17018 11 50.9 ng o
the bead wagogihésed in 1 ml THF and rel eased with 0.01 Mchlsgsahgti on of
potassiumtert-butoxide (3 x 0.2 M , 3 x 15 mn.). The conbined THE 5

sol ution was shaken with finely powdered sodi um di hydr ophosphat e and
anhydrous sodi um sul phate and filtered and washed with THF. Sol vent was
renoved in vacuo. Chloroformwas added to fghe resi due and then renoved in
vacua to renove trace THE The residue was dried in vacuo and 1 nl, 0.01 M
hexanet hyl di sil oxane in CDCl 3 was added. Fromthe integral of the proton of
N-Me or succinyl versus that 10 of the internal standard, the |oading of

1,3,3-trimethyl ,~indgkine- 5-vyl-succinig anmd na.,.est.er was cal cul at ed
Lo e 66 6 b L idP I M waiey s SRR ke D B oS TR S R i . 5o
g, 3.84 mmole), 2ried @ith aBhydidus Ipdiua sulphidi€,isbivent 3k temaved add thiEes(dde 38 MMDI €)

DVAP were refluxed in THE for 48 hrs, cooled down, filtered through glass
sinter and washednsiailized femmethyleng chjoride togire 1338 of 3 yetigpybrown solidorTheet hane (2

x 10m ) , nethan el . Yo e jane (2 x10 m). After
drying in vacuo, %lcg%% étré??%mﬁl Irugdsoﬁlﬂk\ivvggs)g@%%t ained. 20 A1.37 g (1.5

nmol e) suspension bead of the resin, 5-amno-1,3,3-tri nethyl indoline
(3.76 g, 2.0 mol e), HOBT (12 % water, 3%2 ,.2.1 mole) and DIC (265 ng,
2.1 mole) in 15 nl THE were shaken over ?”d'ﬁ‘?e%lt room tenperature under

nitrogen, filteredahhbamhuthabf-isdokner and washed with THE (3 x 5 ),
water 25 (2 x 5 ml), Dl\/lE (2 x 3 mM), THE (3 x 3 m) and dichl oronethane (3 x
3 ). After 10 5-Nitro-1,3,3-trimethyl-indoline (8.16 g, 40 mmole) was added to a solution

of stannous chloride (53 g, 280 mmole) in 200 ml hydrochloric acid with stirring.
The mixture was gently refluxed for 16 hrs. The cold reaction mixture was poured
onto crushed ice, made alkaline with a concentrated solution of sodium hydroxide
and extracted with ethyl acetate (4 x 200 mi). The combined ethyl acetate solutions
15  were dried with anhydrous sodium sulphate and decolorized with a small amount of
active carbon. Solvent was removed and the residue re-crystallized from ethyl
acetate to 5.96 g of 2 yellow solid, an 80 % yield of S-amino-1,3,3-trimethyl-

indoline.

20 Example 3a
1,3,3-Trimethyl-indoline-5-yl-succinic amide Wang ester.

Under nitrogen atmosphere, 5- amino-1,3,3-trimethyl indoline (1.94 g, 10.3
mmole) in 5 ml anhydrous tetrahydrofuran was added drop-wise to 5 ml THF in
solution with 1.0 g (10 mmole) succinic anhydnde over 1 hr. The mixture was

25  stirred at room temperature for 7 hrs. Wang resin (theoretical loading 1.28 mmole/g,
5g, 6.4 mmale), diisopropy! carbodiimide (1.26 g, 10 mmole) and DMAP (61.1 mg,
0.5 mmole) were added. The suspension was shaken at room temperature for 24
hours and then filtered through glass sinter, washed with THF (4 x 15 ml), DMF (4 x
15 ml), dichloromethane (4 x 10 ml) and dried in vacuo. A 7.82 g bead was

30 obtained.



drying in vacuo, a 1.725 g purple bead of
1,3,3-trinethyl-indoline-5-yl-succinic amde Wang ester was obtaine@ g 00
| oadi ng was deternmned to be quantitative wusing the nethod as describe %
Exanpl e 3a. w%%uN§M 2004 WO 01/92265 12 PCT/ US01/ 17018 Exaggb%&ﬁ“§m

3

- 5ucci ni m do-1" -trimethyl-spiro-[2H 1 -benzopyran- AdGP I nej

The bead split from Exanple 3a (0.243 g, corresponding to 0.2 nmole 5
theoretical |oad) was swelled in 3 mM DM under nitrogen for | hr, then
shaken with 100 ng (0.8 nmole) salicylal dehyde at 60 C for 14 hrs then
cooled, filtered through glass sinter and yashed with DM (5 x 3 nl) and
stayed at 3 ml DMF overnight. Filtering was again carried out as well as
washing with DM (3 x 3 m), dichloronmethane (3 x 3 M), THE (3 x 2 m) and
anhydr ous THE (3 x 2 m). 10 The bead suspended in 2 mM THE was added to

20 minut es, fi1tered S TBSHAGCeRR LR A AJARLS Fced YR OOAN R
procedure was r eQ@ﬁthﬂoﬂﬁth@m& tdrt-bBtoRidd 73 1. 2 n€10 31 M mikhE THE Lothtindy
pot assi um tert-butoxi de.” The conbi ned THE sol ution was 15 shaken wth a

smal | anount of fsphtpy wpsshibercwitls replpewdensdrodivrodibydsenhoshatetand emhydrcmsl vent

renoved, and the [ s

obt ai ne d for 6%(? gin(}ﬂfphgﬁr éﬁ&jﬁft%gy %%L}Qagaw Tﬁanol%rﬁ%pag%moved n vacuo

5- 5ucci ni m do 1" Chlardforirwasatidelto th%péslidi:e[aﬂdﬂthkn b@lmd)yfﬁﬁu&tﬁembmeddene] 20
Exanmple 5 6-Bromp-_5'-succini m do-1

et hyl - spi r o- [ 2H THenggdis. s srieq 'r‘i‘d’(?f"l'%@}d ! m[ P04 M pemstividisipxanedap| e 4

was repeated excemcrt Ras atedr Pr'@iﬁl th§ hdgeat |&iﬂé%9ﬁoﬁm Fucny? VBB ke Ves
used. The yield of 94.3 %opurit
10 of the intermal standard the loadmg of 1,3,3-trimethyl-indoline-5-yl-succinic amide

Wang ester was caiculated to be 95.6 %.

Example 3b
Wang resin (theoretical loading 1.28 mmole/g, 3.0 g, 3.84 mmole), 2.0 g (20
15 mmole) succinic acid, and 47 mg (0.38 mmole) DMAP were refluxed in THF for 48
hrs, cooled down, filtered through glass sinter and washed with THF (3 x 10 ml),
DMEF (3 x 10ml), dichloromethane (2 x 10ml) , methanol ( 3 x 10 ml) a.ed
dichloromethane ( 2 x10 ml). After drying in vacuo, 3.524 g of a white resin was
obtained.
20
A 1.37 g (1.5 mmole) suspension bead of the resin, 5-amino-1,3,3-trimethyl
indoline (3.76 g, 2.0 mmole), HOBT (12 % water, 322 mg, 2.1 mmole) and DIC
(265 mg, 2.1 mmole) in 15 ml THF were shaken overnight at room temperature
under nitrogen, filtered through glass sinter and washed with THF (3 x 5 ml), water
25 (2x5ml), DMF (2 x 3 mi), THF (3 x 3 ml) and dichloromethane (3 x 3 ml). After
drying in vacuo, a 1.725 g purple bead of 1,3,3-trimethyl-indoline-53-yl-succinic
amide Wang ester was obtained. The loading was determined to be quantitative

using the method as described in Example 3a.




brono-5'-succinimdo-1',3",3 -trinmethyl-spiro-(2H1-benzopyran-2, 2' -indol i ne
] was 25 118% Exanple 6
6- Chl oro-5'-succinimdo-1"',3" ,3 -trinmethyl-spiro-[2H 1- benzopyran 2, é h{%d@pf'

ine] . The e of Exanple 4 was repeated except th 30
salicyl al dehyg?ﬂ(1 ng, 0.6 mmol e) was used. The yield O?ﬁ(@ﬁu /! A?’Bﬁr. ty

6-chloro- 5 -succinimdo-1',3,3 trinethyl-spiro-[2H 1

benzopyran-2, 2' -indoline] was 30 NOV 2004 WO 01/92265 13 5 10 PCT/ US01/ 17018
Example 7 6-F-5"-succini mdo- 1",

3,3 -trimethyl -spiro-[2H 1-benzopyran- 2, 2j2>i ndoline]. The procedure of
Exanpl e 4 was repeated except that 5-F-salicylal dehyde (84 ng 0.6 mmol e)
was used. The yield of 97.6 %purity 6-F-5'-succinimdo-I"' , 3" -
trirnmethyl-spiro-(2H 1-benzopyran-2, 2" - Exgmplede] was 119. 4 % Exampl e 8

6- Nltro 5' -succ

do-1',3",3 -tri %#H@ﬂ'mg‘bq(’rb%il—ﬂrfe%gnsfgﬁ}% I-benzopyran-dt mdﬂh"e] The procedure
of Exarml e 4 was repeme%a@mﬁﬁ&m@i%p@sam nmﬁglobﬁydpaha@g\w@@ mindR0 Ny,

0. 6nmol e) was used. The yield % purity 6-nitro-5 -succinimdo- 15
1',3,3 -trimst ngaeorsqwma@mwswbléadzmwﬂ&}wuz efmﬁtftﬂﬂilﬁE]I hpdhenishakeg wigh
Exarrpl e 9 6,8-

- benzopyr an- 2, 2 hl OE)Q% ﬁ'éﬁo ﬂ‘}@ %%8 %ﬁ)(gf]h& %olfg\%{{ser?%%mg ed
5?2?5” O]E hgtY g f)% glﬂkrsl%{ﬂté}raﬁéalash@&hahmm/@ex § ixﬁﬁaﬂamay@d ﬁtanimbnr oseighsed. The
I-E;ltenngywas again carried out as well as washing with DMF (3 x 3 ml),
dichloromethane (3 x 3 ml), THF (3 x 2 ml) and anhydrous THF (3 x 2 mi).
10
The bead suspended in 2 ml THF was added to 0.25 ml (0.1 M) THF
solution of potassium tert-butoxide, stayed for 15 to 20 minutes, filtered and washed
with 1 ml anhydrous THF. The release procedure was repeated using 0.1 to 0.15 ml
{0.1 M) THF solution of potassium tert-butoxide. The combined THF solution was
15 shaken with a small amount of finely powdered sodium dihydrophosphate, filtered,
solvent removed, and the residue dried in vacuo. An 80.5 mg viscous oil was
obtained for a 106.6 % yield of 96.4 % purity 5-Succinimido-1',3",3'-trimethyl-

spiro-[2H-1-benzopyran-2,2'-indoline}.

20 Example 5
6-Bromo-5'-succinimido-1',3',3'trimethyl-spiro-[2H-1-benzopyran-2,2'-indoline}.
The procedure of Example 4 was repeated except that 5-bromo-
salicylaldehyde (121 mg, 0.6 mmole) was used. The yield of 94.3 % purity 6-
bromo-5’-succinimido-1',3’,3’-trimethyl-spiro-{2H- 1-benzopyran-2,2‘-indoline] was
25 118 %.

Example 6
6-Chloro-5'-succinimido-1°,3’,3"-trimethyl-spiro-{2H-1-benzopyran-2,2'-indoline].
The procedure of Example 4 was repeated except that 5-chioro-
30  salicylaldehyde (95 mg, 0.6 mmole) was used. The yield of 97.6 % purity 6-chioro-
5¢-succinimido-1",3’,3"-trimethyl-spiro-[2H-1-benzopyran-2,2'-indoline] was




6, 8-dichloro-5-s uccini m do- I', 3,3 -trimethyl-spiro- [2H
-benzopyran-2,2' - indoline] was 107.7 % 25 Exanple 10 6, J0 NUY 2004
8-Di brono-5' -succinimdo- |',3 ,3 -trinethyl-spiro-[2H1-benzopyran-2,2'-

i ndol i ne] . wheupnecedure of Exanple 4 was repeated exceptpd¢padodrfs

di bronosal i cyl al dehyde (167 ng, 0.6 nmole) was used. The yield of 97.6 %

purity 30

6, 8-di bronp-5' -succinimdo-1',3" ,3 -trinmethyl-spiro-[2H | -benzopyran-2, 2' -

i ndoline] was 106.6 % 3 NOV 2004 WD 01/92265 PCT/ US01/17018 14 Exanple | |
6,8-Diio0do-5" -succinimdo-1',3 ,3 -trinethyl-spiro-[2H 1-benzopyran-2,2'-ind
oline]. The procedure of Exanple 4 was repeated except that 3,5 5

di i odosal i cyl al dehyde (225 ng, 0.6 mmle) was used. The yield of 97.7 %

purity
6,8-diiodoo-5'-5éﬁ§4ﬂrﬁdo-l',3',3'-trinethyl-spiro-[2FL1-benzopyran-2,2'-in
doline] was 99. ’Exanpl e 12 10

6- Br ono- 8- met hoxy-5' -succinimdo-1"',3" ,3 -trinmethyl-spiro-[2H 1- benzopyran-2
,2'- indoline]. The procedure of Exanple. 4 S repeat ed except that

5- br onp- 2- hydoxy- 3- nethoxybenzaldehydgh?TMg nmy, 0.6 nmole) was used. The

5 T T et hy ! S P o T A R SR ndolingl 1 0
Exanpl e 13 The procedure of Example 4 was repeated except that S-F-sahcylaldehydc (84 mg,
S Mol i nel ) Lo suoe i AR L3 6Ly Bl SRSt 4 penzopyran-2

trimethyl-spiro-[2H-1-benzopyran-2,2'-indoline] was 119.4 %.

10
Example 8
6-NiUo-5'—§uccinimido—l * 3" 3'-trimethyl-spiro-[2H-1-benzopyran-2,2’-indoline].
The procedure of Example 4 was repeated except that 5-nitrosalicylaldehyde
(100 mg, 0.6mmole) was used. The yield of 97.9 % purity 6-pitro-5'-succinimido-

15 1’,3",3'-trimethyl-spiro-[2H-1-benzopyran-2,2'-indoline] was 119.8 %.

Example 9
6 8-Dichloro-5'-succinimido-1',3",3'-trimethyl-spiro-{2H-1 -benzopyran-2,2'-
indoline].

20 The procedure of Example 4 was repeated except that 3,5-
dichlorosalicylaldehyde (115 mg, 0.6 mmole) was used. The yield of 97.8 % punty
6,8-dichloro-5'-succinimido-1',3’,3'~trimethyl-spiro-[2H-1 -benzopyran-2,2'-
indoline} was 107.7 %,

25 Exampie 10
6,8-Dibromo-5'-succinimido-1,3",3'-trimethyl-spiro-[2H-1 -benzopyran-2,2'-
indoline].

The procedure of Example 4 was repeated except that 3,5-
dibromosalicylaldehyde (167 mg, 0.6 mmole) was used. The yield of 97.6 % purity

30 6,8-dibrom0-5'—succinimido-l’,3',3'-tﬁmethyl-spiro—[2H-1-benzopyran—Z,Z’-
indoline] was 106.6 %.




20 The procedure of Exanple 4 was repeated except that 2-hydroxy-5-nethyl-
1, 3- benzenedi car boai dehyde (99 ng, 0.6 nmole) was used and the suspgqpﬁupmﬂpf
bead was shaken for 24 hrs at 60 C. The yield of 96.1 % purity

S-fornyl - 6-\pg1,Wahss PCT/USOL/1T
5'-succinimdo-1",3",3 -trinmethyl-spiro-[2H 1- benzopyran-2, 2" -i nc?o?i ne] was
98.6 % 25 Exarrple 148 Hydr oxy-5' -succi ni m do- |, 3',3'-tr|rrethyl-spiro-

[ 2H 1- benzopyran-2,2' -indoline] . The procedure of Exanple 13 was repeated
except that 2,3- dihydroxybenzal dehyde (100 ng, 0.6 mmle) was used. The

yi el d of 8-hydroxy-5'- 14

succinimdo-1',3",3" -trinethyl-spiro-[2H 1- benzopyran-2, 2' -indoli ne] was
112.6 % 30 30 Nov 2004 WD 01/ 92265 PCT/US01/17018 15 Exarrpl e 15

6- Met hyl - 5' - succi ni mi Example 11

do-1',3",3" -tri benz n rocedure
of Exarrpl e 4 vvagg ?eli%gg ed's%cﬁcém' gitlhgt gﬁa{etﬁﬂfpfr ZSI_:'IBJ fkcgﬁ%y%aé'h@% L2""1rrg 0.6
mol e) was used and tfg @&B&@%fEﬁar@ﬁleb%ﬁ‘rég@eﬁedédaédt%tats 60 C for 24 his
andthenfor 14 hrs at 80 C. The yield of 96.3 %opurit 6- met hyl -5

-succinim dé- 1dll@ﬂsa@C¥|@lﬂP}FVéﬁ h%?ﬁ 35 Ortommple) Wﬂﬁ)'eslﬁo'ﬁ‘}@!aﬁldznffff 7|"fﬁ@umyne] was
95.9 % 10 Exanp}e '
8- Met hyl - 5' - SUCC(I% Rim %DO'S_L sucginigidor | iBrT%fthIa-hglpfpr“ 8'[E§ﬂ-'3?"58%5‘5%a”ﬁ'-d?{"f‘] -i ndol
i ne]. The procedwisons vExanpl e 15 was repeated except that 3-nethyl -
sal i cal dehyde (82 ng, O,6rnnmole) was used. The yield of 96.3 % purity
6-methyl -5"- 15
succinim do 1',3,3 -trinmethyl -spiro- [2I-j;xq,mkam§opyran 2,2 -indoline] was

103.7 % Exarrpl e 17
10 6-Bromo-8-methoxy-5'-succinimido-1',3",3"-trimethyl-spiro-[2H-1-benzopyran-2,2'-

indoline}.

The procedure of Example 4 was repeated except that 5-bromo-2-hydroxy-3-
methoxybenzaldehyde (139 mg, 0.6 mmole) was used. The yield of 98.6 % purity
6-Bromo-8-methoxy-5'-succinimido-1',3",3'-trimethyl-spiro-{2H-1-benzopyran-2,2'- -

15 indoline] was 96.1 %.

Example 13
8-Formyl-6-methyl-5'-succinimido-1',3" 3"-trimethyl-spiro-[2H-1-benzopyran-2,2'-
indoline].

20 The procedure of Example 4 was repeated except that 2-hydroxy-5-methyl-
1,3-benzenedicarboaidehyde (99 mg, 0.6 mmole) was used and the suspension of
bead was shaken for 24 hrs at 60° C. The yield of 96.1 % purity B-formyl-6-methyl-
5'-succinimido-1',3’,3'-trimethyl-spiro-[2H-1-benzopyran-2,2’-indoline] was 98.6 %.

25 Example 14
8-Hydroxy-5'-succinimido-1°,3’,3'-trimethyl-spiro-[2H-1-benzopyran-2,2'-indoline).
The procedure of Example 13 was repeated except that 2,3-
dihydroxybenzaldehyde (100 mg, 0.6 mmole} was used. The yield of 8-hydroxy-5'-
succinimido-1',3" 3'-trimethyl-spiro-[2H-1-benzopyran-2,2’-indoline] was 112.6 %.

30




6- Met hoxy-5' -succinimdo-1',3",3 -trinmethyl-spiro-[2H |
-benzopyran-2, 2' -indoline]. The procedure of Exanple 4 was repeat eql ﬂw?@?ﬁ
t hat 2-hydroxy-5 20 net hoxybenzal dehyde (91 ng, 0.6 nmole) was used and e

suspensi on ‘gég.?ﬁg,% was shaken at 60 C for 18 his and thegpdqhidiis at 80

C. The yiel 1 %purity

6- met hoxy-5"'-succinimdo-1'",3" ,3 -trinethyl-spiro-[2H 1-benzopyran-2,2'-i ndo
line] was 97.2 % 25 Exanple 18

8- Et hoxy-5' -succinimdo-1',3",3 -trinethyl g piro-

[ 2H 1- benzopyran-2,2' -indoline] . The procedure of Exanple 17 was repeated
except that 2-hydroxy-3- ethoxybenzal dehyde (99 ng, 0.6 mmol e) was used. The
yield of 96.4 % purity 8- Example 15

et hoxy-5'-succinimdo-1',3",3 -trinethyl-spiro-[2H 1-benzopyran-2, 2' -indolin
e] was 30 98. 896-MethylNOsuczogaidnd',.313 somebyiFpregd 4/ terppgrang, Hoiadaline). 19

8- Met hoxy-5' - succi ni m.do-

1',3,3 -trinethyl - swe&rwrf-%gﬁwﬁﬁﬁ?fpfmﬁ ﬁ’ff(g?tit?laé]s'.meﬂ@']‘l'he procedure
of Exanple 4 vassalieyedtipde¢5rapLo.¢ Madold)weanbddland tieXbspamsionofbeadWhd €) Was
used. The yield of 96.6 % purity 8-nmethoxy-5"-succinimdo-1',63",3" -

tri net hyl - spi r o- {hakemati§8h EdpRdidms andathen f&aiﬂ nrsa 8¢V Theoneld ofids. Eiprsite 20

6-Tri fl uoronmet hoxy-5 ~succini mdor.l',, 3. 3 -trimefhyl-Spiro-[26H:1-benzopyran-
> 2| i ndol 1 nel  YirshsEEPRuGE B R s e arin Rt
2- hydr oxy-5- trihdmyoegnet hoxybenzal dehyde (95 ng, 0.46mmol e) was used and
t he suspension of 15 bead was shaken at roomtenperature for 18 hrs and
then for 3 hrs at 601 C. The yield of
6-trifluoromgfhoxy-5'-succinimdo-1",3",3" -trinethyl-spiro-[2H 1-
benzopyran-2,2' -indoline] was 88 %
Example 16
8-Methyl-5"-succinimido-1°,3",3"-trimethyl-spiro-[2H-1-benzopyran-2,2'-indoline].
The procedure of Example 15 was repeated except that 3-methyl-
salicaldehyde (82 mg, 0.6mmole) was used. The yield of 96.3 % purity 6-methyl-5'-

15 succinimido-1',3’,3'-tnimethyl-spiro-[2H-1-benzopyran-2,2"-indoline] was 103.7 %.

Example 17
6-Methoxy-5'-succinimido-1’,3*,3'-trimethyl-spiro-[2H-1-benzopyran-2,2'-indoline).
The procedure of Example 4 was repeated except that 2-hydroxy-5-

20 methoxybenzaldehyde (91 mg, 0.6 mmoie) was used and the suspension of bead was
shaken at 60° C for 18 hrs and then for 14 hrs at 80° C. The yield of 96.1 % punty
6-methoxy-5'-succinimido-1’,3’,3'-trimethyl-spiro-[2H-1-benzopyran-2,2" -indoline)
was 97.2 %.

25 : Example 18
8-Ethoxy-5'-succinimido-1',3',3'-trimethyl-spiro-[2H-1-benzopyran-2,2’-indoline].
The procedure of Example 17 was repeated except that 2-hydroxy-3-
ethoxybenzaldehyde (99 mg, 0.6 mmole) was used. The yield of 96.4 % purity 8-
ethoxy-35'-succinimido-1°,3",3'-trimethyl-spiro-{2H-1-benzopyran-2,2'-indoline] was
30 98.8%.




Exanpl e 21 20
6- Hydroxy-5"'-succinimdo-1"',3 ,3 -trinethyl-spiro-[2H 1-benzopyr

l'inej.

The procedure of Exanple 4 was repeated except that 2,5-

dihydroxylgﬁﬂégkgghyde (100 ng, 0.6 mmol e) was used and t?;@gu
a

bead was

At 60 C for 24 hrs and then for 15 hrs &

of 6-hydroxy- 5'-succinimdo-1',3,3
trimethyl-spiro-[2H 1-benzopyran-2,2' -i ndoline] was 25 103.2% Exanple 22
6-tert-Butyl-5 -succinimdo-1',3,3 trinethyl-spiro-[2H1-benzo
i ndoline]. 30 The procedure of Exanple 21 was repeated except th
5-tert-butyl- salicyl al dehyde (107 ng, 0.6 nmmole) was used. The
96. 6% purity 6-tert 30 NOV 2004 WO 002265 PCT/ USO1/17018 17

but yl
] was

-5 -succinimdo-1',3 ,3 -trinmethyl-spiro-[2H | -benzopyran- 2,
89.4 % 5 Exanple 23

8-tent-Butyl -5 -succinimdo-1",3", 3'-trmePﬂyﬂgsp|ro [ 2H 1- benzo

i ndol i ne] _

3-tert- butyI sal i cyl ai dehyde (107 ngd 0.6 mmol e) was used and

suspensi on of3 bead wd®e procedukeiExamp

.5 T 2 % ey B A b 2

Exarrpl e 24 15  trimethyl-spiro-[2H- 1-benzopyran—2 2'-indoline] was 110 %.

ido-1',
6, 8-

D-tert-butyl-5"-succinimdo-1,3,3 -trinethyl-spiro-[2H 1-b

2' - indoline].

10 Example 20

an-2,2'-indo
30 NOV 7004

enS|on of

e yield

pyran-2, 2' -
at
yi el d of

2' -indoline

pyran-2, 2' -

The Bresduy-o'- ﬁfccnﬁhﬁdﬂlﬂ’@ 2Ltrivishyl- SRAAEH 1 O%EOPjrad- Qét—lnﬁohne]
wasfrepeated exeept hatdd-vandhn {Vrmg0.6r s at

enzopyran- 2,

6-Trifluoromethoxy-5'-succinimido-1',3’,3"-trimethyl-spiro-[2H-1-benzopyran-2,2'-

indoline].

The procedure of Example 4 was repeated except that 2-hydroxy-5-

triflnoromethoxybenzaldehyde (95 mg, 0.46mmole) was used and the suspension of

15 bead was shaken at room temperature for 18 hrs and then for 3 hrs at 60° C.
yield of 6-trifluoromethoxy-5'-succinimido-1',3",3'-trimethyl-spiro-{2H-1-

benzopyran-2,2'-indoline] was 88 %.

Example 21

The

20  6-Hydroxy-5'-succinimido-1',3",3"-trimethyl-spiro-[ 2H-1-benzopyran-2,2'-indoline].

The procedure of Example 4 was repeated except that 2,5-

dihydroxylbenzaldehyde (100 mg, 0.6 mmole) was used and the suspension of bead
was shaken at 60° C for 24 hrs and then for 15 hrs at B0° C. The yield of 6-hydroxy-

5-succinimido-1,3",3'-trimethyl-spiro-[ 2ZH-1-benzopyran-2,2’-indoline] was
25 103.2 %.

Example 22
6-tert-Butyl-5'-succinimido-1',3',3’-trimethyl-spiro-{2H-1-benzopyran-2,2'-
indoline].

30 The procedure of Example 21 was repeated except that 5-tert-butyl-

salicylaldehyde (107 mg, 0.6 mmole) was used. The yield of 96.6 % purity 6-tert-



The procedure of Exanple 4 was repeated except that 3, 5-di-tert-butyl-
sal i cyl ai dehyde (180 ng, 0.6 mmoi e) was used and the suspension of E’QWVVR{E
shaken at 60 C for 18 hrs and then for 14 his at 80 C. The yield of 95 %

purity 20

6, 8- di tert%)u{{l?lzz-ﬁg' -succinimdo-1',3",3" -trinethyl-spi ro-PFEIIH-ST-ng'rﬁzopyr an- 2,
2'- indoline] was 101.2 % Exanple 25

7- Met hoxy-5"'-succinimdo-1',3",3 -trimethyl-spiro-[2H 1-benzopyran-2,2'-indo
line]. 25 The procedure of Exanple 4 was repeated except that 2-hydroxy-4-
met hoxybenzal dehyde (91 ng, 0.6 mmvol e) was;used and the suspension of bead
was shaken at 60 C for 58 his and then for 14 hrs at 80 C. The yield of

7- met hoxy-5" -

succi ni m do- 1 ', ButyBS~suctinizhiiyll%, B -trimdtiBilspirdd 2B Opyniapy@dn2,2 ifddhhd) Wk Was
82.1 % 30 30 NOV 2004 WD 01/92265 PCT/ US01/ 17018 18 Exanple 26

5, 7- Di et hoxy- 5824ecinim do-1',3',3' -trim et hyl -

spi ro-[ 2H 1- benzopyran-2,2' - 5 indoline]. The procedure of Exanple 4 was
repeat ed except that 2-hydroxy-4,6- dinethoxybenzal dehyde (240 ng, 2.0

mmol e) was used and the suspension of DbEsanpi®@% shaken at 60 C for 24 hrs

and then for 11 _daysg at 80 C . The yield of 96.8 % puyrity )

5, 7- di met hoxy- 5'839%%8?3’ 15%‘@8'-“{““9?1!%53-1‘1‘?‘?%’ Fm'é%ﬂm‘B@QPZﬁD@,%enzopyr an 10
2,2'-indoline] wagigq. 9 % Exanple 27

8- Met hoxy-6-nitro-5" -succin]-mdo-1',3",3 -trimethyl-spiro-[2H 1-benzopyr an-
2,2' - indoline]. 15 Tsoprcedofe dfifixappladl sypb repedtedencEptahas Beedbutyhd

correspondi ng t Q. 0. I th etical |oading.was swelled in 3m DWW
under ni trogen F%@y]%ﬁﬁgm S(E%’Ikrg%ﬁf\i)é o@{j‘ was useg and the suspension otq)eaé.l was
10  shaken at 60° C for 18 hrs and then for 14 hrs at 80° C. The yield of 96 % purity 8-
tert-butyl-5’-succinimido-1',3",3"-trimethyl-spiro-{2H-1-benzopyran-2,2'-indoline]

was 97.7 %.

Example 24
15 6,8-Di-tert-butyl-5'-succinimido-1",3",3"-trimethyl-spiro-[2H- 1 -benzopyran-2,2'-
indoline].

The procedure of Example 4 was repeated except that 3,5-di-tert-butyl-
salicylaldehyde (180 mg, 0.6 mmole) was used and the suspension of bead was
shaken at 60° C for 18 hrs and then for 14 hrs at 80° C. The yield of 95 % purity

20 6,8-ditert-butyl-5'-succinimido-1',3",3'-trimethyl-spiro-[2H-1-benzopyran-2 2'-

indoline] was 101.2 %.

Example 25
7-Methoxy-5'-succinimido-1',3’,3'-trimethyl-spiro-[ 2H-1-benzopyran-2,2’-indoline].
25 The procedure of Example 4 was repeated except that 2-hydroxy-4-
methoxybenzaidehyde (91 mg, 0.6 mmole) was used and the suspension of bead was
shaken at 60° C for 58 hrs and then for 14 hrs at 80° C. The yield of 7-methoxy-5'-
succinimido-1',3’,3"-trimethyl-spiro-[2H- 1-benzopyran-2,2"-indoline] was 82.1 %.
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met hoxy-5-nitro salicyl al dehyde (83 ng, 0.42 mvle) at 60 C for 14 hrs. The
suspensi on was cooled, filtered through glass sinter, washed with II&\/WJ\(H}D&( 1
m), stayed at 3 mM DM overnight, filtered again and washed with DVF (3 X
1 nil), TTW@bhdeZsx 1 m), dichloronethane (3 x 2nml) and piu%31e n). To
t he bead suspended in 1 m THE was added 1 m, 0.1 M THE sol ution of DBU,
stayed for 10 hrs, filtered and washed with THE (2 x 1 m). The rel ease
procedure was repeated twi ce. The conbined THE sol uti on was passed by a
short silica colum eluted with THE to renove DBU. Solvent was renoved and
the residue dried in vacuo for a 104.6 % 2fz yi el d of

8- net hoxy-6-nitro-5'-succinimdo-1',3",3" -trinethyl-spiro-[2H 1-
benzopyran-2,2'-indoline] . 30 NOV 2004 19 What is clained is: 1. A conpound
conprising the fornula: I wherein RL is Cl1-Cl13 al kyl, allyl, phenyl, nono-
or disub- stituted phenyl, phen(Cl--C,)%{lF;a{L1 28T (C1--4) al koxycar bocl yl
(C1--C,,)alkyl, R and R3 are each indepé -paently Cl--C4 al kyl, phenyl,

nono- or di - substi-bitheRoxyeR¥dcinimRROE Bt 3"-tAhetd @ndird FREIL 10bdn@dpfran-Zycl i ¢ ring
that is a cyclohexyt, norbornyl or adamantyl ring, R4 is hydrogen,
hydroxy, trichl érdoheelhyl, trifluoronethyl, fornyl, Cl-Ca alkyl, hal ogen

Cl- C al koxy, nitro, ﬂ% q{ng! KK exdedi ! bonyl, or an
aromatic shar- ing t?eégp%g a J‘g@gﬁ%ﬁg%ar osﬁggtongxm%t%%gﬁg&e(ﬁgﬁﬁe portion
of the pyran ri dindthoiybenmiieinyde (2tisag 22F mmate) evas ised andithet suspensipradfhedd 2, or
3. 2. The CorrpOl\Jvrz]ig st?gker? la.taGIOmleor 2\2,\111 1(1arrs(2\}1cf| thgn folrﬁ 1 %ay%]éi %" C. ?’Lé( ?(/il:l’d of 96.8 %

purity 5,7-dimethoxy-5'-succimmido-1',3",3 '-tdmethyl—sﬁiro— [2H-1-benzopyran-

10 2,2-indoline] was 82.9 %.

Example 27
8-Methoxy-6-nitro-5'-succinimido-1',3’,3"-trimethyl-spiro-[2H-1-benzopyran-2,2'-
indoline].

15 162 mg of the bead split from Example 3b and corresponding to 0.14 mmole
theoretical loading was swelled in 3mi DMF under nitrogen for 1 hr, shaken with 8-
methoxy-5-nitro salicylaldehyde (83 mg, 0.42 mmole) at 60° C for 14 hrs. The
suspension was cooled, filtered through glass sinter, washed with DMF (5 x 1 ml),
stayed at 3 ml DMF overnight, filtered again and washed with DMF (3 x 1ml), THF

20 (3 x 1 ml), dichloromethane (3 x 2ml) and THF (3 x 2 ml}. To the bead suspended
in 1 ml THF was added 1 mlL 0.1 M THF solution of DBU, stayed for 10 hrs, filtered
and washed with THF (2 x 1ml). The release procedure was repeated twice. The
combined THF solution was passed by a short silica column eluted with THF to
remove DBU. Solvent was removed and the residue dried in vacuo for a 104.6. %

25 vyield of 8-methoxy-6-nitro-5'-succinimido-1',3",3"-trimethyl-spiro-[2H-1-
benzopyran-2,2’-indoline].




phenyl, benzyl, allyL, or ethoxycarbonyl ethyl, R2 and R3 are each

i ndependently nethyl, ethyl, or phenyl and R is Cl1-C4 alkyl, Cl-C2 al koxy,
chloro, brono, iodo, trifluoromethyl, or nitro. 3. The conpound oﬁUqﬂﬂim@p”
wherein when x=1, R4 is Located on any of the avail able carbon atons of the
benzene ring of the benzopyran moiety. 4. The conpound of claim3, wherein
R4 is |ocated on the 6, 7, or 8 positibh of the benzene ring of the
benzopyran noiety. 5. The conpound of claim1l, wherein when x=2, each R4

is the sane or differentwhangd Jigeated at the 6 and 8 or 5 and 7 positions of

the benzene ring of the; benzapXT AN i Rl He, conpound of claim 4,

wherein each R~ is locate t he and 8 positions of the benzene ring of
t he benzopy- ran noiety. 31J t to v 2004 20 7_ A conpound copprising t he
formula: [t ~wherein R~ is hydrogen, hydroxy, trifluoromethyl, formyl,

met hyl, ethyl, methoxy, ethqgky, nitro, flgaorre, chloro, brono, or iodo, and
xis 1 or 2. S. An article c risi a co und of the fornula: | wherein R
is C1-Cl18 is alkyl, ai[y[[ p =\ substituted phenyl,
phen(Cl- 4)al kyl, or (Cl C4)N 1-C,1b%kal, R and R3 are

each indepen- Y4 ?f( :

/‘\N
L
8] Rl o

whersia R* is C,~C 5 alkyl, allyl, phenyl, mono- or disub-
stituted phenyl, phen(C,-Cy)alkyl, or (C,~-C,)
alkoxyearboayl (C,-Calkyl, R* and R> ace each indepen-
dently C,-C,, alkyl, pheayi, mono- or di-substituted phenyl,
benzy!, or combined to form a cyclic ring that is a
cyclohexyt, norbornyl or adamaaty! ring, R* is hydrogen,
kydroxy, trichloromethyl, trifluoromethyl, formyl, C,-C,
alkyl, halogen, C,-C, alkoxy, aliro, c¢yano, .C,-C,
monohaloalkyl, C,~C, alkoxycarboryl, or an aromatic shar-
ing tbe two adjacent carbon atoms with the benzene poction
of the pyran ring to form a condensed acomatic rng, and x
equals t, 2, or 3.

2. The compound of claim 1, wherein R* s a C,-C, alkyl,
phenyl, benzyl, allyl, or ethoxycarbonyl ethyl, R* and R® are
each indepeadeatly methyl, ethyl, or phenyl and R* is C,C,
alkyl, C,—C, alkoxy, chloro, bromo, iodo, trfluoromethyl, or
nitro.

3. The compound of claim 1, wherein when x=1, R* is
located on any of the available carbon atoms of the benzene
ring of the benrzopyran moiely.

4. The compound of claim 3, wherein R* is located on the
6, 7, or 8 position of the benzene ring of the benzopyran
moiety.

5. The compound of claim 1, wherein when x=2, each R*
Is the same or differsat and located at the 6 and 8 or 5 and
7 positions of the benzene ring of the benzopyran moiety.

6. The compound of claim 4, wherzin eack R* is located
at the 6 and 8 positions of the beazens ring of the benzopy-
ran mowty.




dently C, -C4al kyl, phenyl, nono- or di-substituted phenyl, benzyl, or
conbined to forma cyclic ring that is a cyclohexyl, norbornyl or adamanty|
ring, R is hydrogen, hydroxy, trichloronethyl, trlfluorornethyljuﬁqwmmm

C -Ca alkyl, halogen, Cl-C4 al koxy, nitro, cyano, Cl1-Cl nonohal oal kyl,

Cl- Ca al koxycarbonyl, or an aromatic shar- ing the two adjacent carbon atons
with the benzene portion of the pyranqg ng to forma condensed aromatic
ring, and x equals 1, 2, or 3. 9. The article of claim$§, wherein in the
compound R is a Ci- | kyl ho 4] |yl , or ethoxycarbonyl
ethyl, R and R are gﬁcﬁ % Ow&léHﬁ{srpq %x&nnﬁ£thyl or phenyl and R is
Cl-4 al kyl, Ci1-Cc al koxy, chloro bronD i odo, trlfluoronethyl or nitro.
10. The article of claim$S, wherein in the compound when x!1, R is |ocated
on any of the avail able caﬁbon atons of -yt e benzene ring of the benzopyran
moi ety. 30 NOV 2004 21 11. The articl e ok £l aim 10, wherein in the conmpound
R is located on the o, it he benzene ring of the
benzopyran noiety. 12.
x=?, each R be the sane or ‘®he 6 and 8 or 3 and 7
positions of the benzene nag of the bquopp moiety. 13. The article of
claim 12, wherein each R i% |located ats;the 6\and/8 positions the benzene
ring of the benzopyran

wheeein R* is hydeogen, hydroxy, wrifluocomethyl, formyl,
methyl, ethyl, methoxy, ethoxy, nitro, fluaro, chloro, bromo,
or 1odo, and x s 1 or 2.

8. An article comprising a compound of the formula:

i R? R}
AT —
/" ’L F Qﬁ\ (R
Nt S
O R! _

wherein R! is C,-C,; is alkyl, allyl, pheayl, mono- or di
substituted phenvl, phen{C,-C)aikyl, or (C, -C,)}
1L[\0\yf'arbony1 (C,~C.)alkyl, R* and R® are each indepen-
dently C,~C,alkyl, pheayl, mono- oc di-substituted phenyl,
beazyl, or combined to form a cyclic ring that is a
cyclohexyl, notbormyl or adamaatyl ring, R* is hydiogen,
hydroxy, trichloromethyl, trifluoromethyl, formyl, C,-C,
alkyl, halogea, C,-C, alkoxy, nitro, cyano, C,-C,
monohaloalkyl, C,-C, alkoxycarboayl, or an aromatic shar-
ing the two adjaceat cacbon atoms with the benzene portion
of the pyran ring to form a condensed aromatic ang, and x
equals 1, 2, or 3.

9. The acticle of claim 8, wherein in the compound R* is
a C,-C, alkyl, pheayl, beazyl, allyl, or ethoxycarbonyl
ethvl, R* and R? are each indepeadently methyl, ethyl, or
pheayl and R* is C,-C, alky!, C,~C, alkoxy, chloro, bromo,
iodo, trifluoromethyl, or nitro.

10. The acticle of ¢laim 8, wherein in the compound when
x=1, R" is located oa any of the available carbon atoms of
the benzene ring of the benzopyran motety.



noi ety. 14_ The article of claim@8, wherein the article is an ophthalmc

l ens. 15. An article conprising a conpound of the fornmula: tt wherein R is
hydrogen, hydroxy, trifluoromethyl, fornyl, methyl, ethyl, methpkWlVeppoxy,
nitro, fuoro, chloro, brono, oriodo,anclxislor? 16. The article of claim

15, wherein the article is an ophthal FI;'[C | ens.

11. The articls of claim 10, whereia (a the compouad R*
is located on the 6, 7, or 8 position of the benzeae cing of the
benzopyraa moieiy.

12. The acticle of claim 8, whereta in the compouad whea
x=2, each R* be the same oc different and located at the 6 and
8 or 5 aad 7 positions cf the benzeae ring of the benzopyran
moiety. :

13. The article of claim 12, wherein sach R* is locaied at
the 6 and 8 positions the benzene dag of the benzopyran
motety.

14. The article of claim 8, whersin the article 15 an
opathalmic leas.

15. An article comprising a compound of the focmula:

wherein R* is hydrogen, hydroxy, trifluoromethyl, formyt,
methyl, sthyl, methoxy, ethoxy, aitro, fluoro, chloro, bromo,
or lodo, ancd x 15 1 or 2.

16. The acticle of ctaim 15, wherein the article 5 an
ophthalmic lens.



