WD 03/042195 5 20 25 PCT/ US02/ 35571 PHOTOCHROM C OXAZI NE COVPOUNDS AND
METHODS FOR THEI R MANUFACTURE Field of the Invention The present invention
rel at es twoasaziipe conmpounds. In particular, the inventi @Tarsoys3bes

oxazi ne conmpounds and nethods for their manufacture, which conpounds are
useful as photochrom c conpounds. 10 Background of the Invention Various
cl asses of photochrom ¢ conpounds have been synthesized and suggested for
use in applications in which reversible color changes or darkening is

i nduced by sunlight. For exanple, spirooxazine and chronene C unds are
known for excel | entPHQTOGHROMIE QXAAZRNE CRYRQUNIAS AN ME T SRTHEIR
2,2-di substituted 15 [2H 1, 4] - napht hoxMAMEAGHI¥EInds, such as those are
disclosed in United States Patent No. 5,801,243, are known. These
conmpounds have %etter fatigue resistaficld ofghedaveati®hrene conpounds, but are

di sadvant ageous in t hagydthtdRdsydnfbn felldsito oA B6miduRds. 3h Partdlsrctie! y
limted. Thus, a need exists for additional photochromc oxazine c?lorrpounds

that overcone t heinyestihpagmidey exazisie OMEORIE %@h%fﬁfdg@kw&q‘ﬁ?’iw f the
I nvention and its _Pr ec{uﬁgiﬁgusﬁﬁ%&’{:ﬁﬂ%%%mﬁ% g@ent invention provides

oxazi ne corrpoundsc?lnéfx)/ an aromati c substituent at the 2 position of the
oxazine noiety, as well as nethods for synthesizing these conpounds. In

one enbodi nent i t he invention pr OViFlgfcﬁ u&ﬁ)m%gengggpr i sing, consisting
essential ly of1 and consisting of Forntla . .

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, spirooxazine and chromene compounds are
known for excellent fatigue resistance. Additionally, photochromic 2,2-disubstituted

15 [2H-1,4]-naphthoxazine compounds, such as those are disclosed in United States
Patent No. 5,801,243, are known. These compounds have better fatigue resistance
than chromene compounds, but are disadvantageous in that methods for their
preparation are extremely limited. Thus, a need exists for additional photochromic

oxazine compounds that overcome the disadvantages of the known compounds.

20
Description of the Invention and its Preferred Embodiments
The present invention provides oxazine compounds having an aromatic
substituent at the 2 position of the oxazine moiety, as well as methods for
synthesizing these compounds.
25

In one embodiment, the invention provides a compound comprising,

consisting essentially of, and consisting of Formula I:
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30 WD 03/042195 2 I1kK (R2)rk™ -JI (R4n PCT/ US02/ 35571 5 wherein X is
nitrogen or carbon; RlL, R2, R3, and R4 are identical or different and each
i ndependewDlog/osys be hydr ogen, hydroxy, hal ogen, benzyl, POTAIB02/35571
trifluoronethyl, nitro, cyano, aryl, aryl (Cl-C4)alkyl, aryloxy, cyclo (C3
- C6)alkyl, (C1L C18)al koxy, halo (Cl1_C6)al koxy, (Cl- C4)al koxycarbonyl or
a heterocyclic nitrogen- containing substituent having 5 or 6 atons in the
ring, such as, without limtation, 10 pyrr&lidino, pi peri di no and
nmorpholino; and n = 1 or 2. Wien n = 1, there is one substituent on the
phenyl noiety or pyridine nmoiety and RL or R2 may be | ocated at the ortho,
neta, or para position of the phenyl ring. In a preferred enbodinent, X is
carbon or nitrogen; Rl, R2, R3, and R4 are 15 each independently hydrogen,
hydr oxy, fluoro, chloro, bronmo, benzyl, fornyl, trifluoronmethyl, nitro,
cyano, aryl, aryl (Cl- C4)al kyl, aryloxy, cycloqm®$s - C6)al kyl, (Cl-

4) al koxy, (Cl1 - C4)a|koxycarbonyk1 or a hetefogyclic nitrogen-containing
substituent having 5 or 6 atons i K as without limtation
pyrrolidino, piperidine, and nnrphc\" = 1 or 2. Mre preferably,
X is carbon or 20 nitrogen, R, R2, R: axe each hydrogen, fluoro,
chl oro, nethyl, methoxy, ethoxy, et A et hoxycar bonyl ,

pi peridi no, norpholino, or pyrrol KRHME and n ®Rgnor 2. 25 WO 03/ 042195
PCT/ US02/ 35571 3 I

5 wherein X is nitrogen or carbon; Ry, Rz, R3, and Ry are identical or different and each
independently may be hydrogen, hydroxy, halogen, benzyl, formyl, trifluoromethyl,
nitro, cyano, aryl, aryl (C; —Ca)alkyl, aryloxy, cyclo (Cs - Ce)alkyl, (C; —
C1g)alkoxy, halo (C,-Ce)alkoxy, (C1— Ca)alkoxycarbonyl or a heterocyclic nitrogen-
containing substituent having 5 or 6 atoms in the ring, such as, without limitation,

10 pyrrolidino, piperidino and morpholino; and n =1 or 2. When n = 1, there is one
substituent on the phenyl moiety or pyridine moiety and R, or Rz may be located at

the ortho, meta, or para position of the phenyl ring.

In a preferred embodiment, X is carbon or nitrogen; Ry, Ry, R;, and R4 are
15 each independently hydrogen, hydroxy, fluoro, chloro, bromo, benzyl, formyl, .
trifluoromethyl, nitro, cyano, aryl, aryl (Ci — Ca)alkyl, aryloxy, cyclo (Cs - Co)alkyl,
(C1 - Ca)alkoxy, (C — Ca)alkoxycarbonyl, or a heterocyclic nitrogen-containing
substituent having 5 or 6 atoms in the ring, such as without limitation pyrrolidino,
piperidine, and morpholino; and n =1 or 2. More preferably, X is carbon or
20 nitrogen, Ry Ry, R, and Ry are each hydrogen, fluoro, chloro, methyl, methoxy,

ethoxy, methoxycarbonyl, ethoxycarbonyl, piperidino, morpholino, or pyrrolidino,

andn=1or2.
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15 20 In a nore preferred enbodi nent the invention provides a conpound that
is 2,2-diphenyl-phenanthro (9, 10)-2H][ 1, 4]-oxazine,

2- (4- met hwypioe1ys ) - 2- phenyl 5 phenanthro (9, 10)-2H[ 1, 4]PCOASDL/BES]1

2- (4-fluorophenyl)-2-(4-met hoxyphenyl)- phenanthro (9, 10)-2H[1, 4] - oxazi ne,
or 2,2-Bis(4-nmethoxyphenyl)-phenanthro (9, 10)-2H[1, 4]-oxazine. The
conpound of Forrmula | may be prepared by thg follow ng Reactions A 10
through E. For all reactions, Rl, R2 and "n" are the sane as defined

her ei nabove. Benzophenones represented by Fornula IV below are commercially
avai l able or nmay be prepared by Friedel - C}afts reaction usi ng a benzoyl
chloride of Formula H and a benzene of For Friedel.-Crafts

reaction is descri bed Inanuspprgterred embgdypent ﬁl}gr"i“’éﬂ‘éqn pfﬁ"ﬁ‘?"tsé‘ cqppouRd Hat I
Reactions® (Vol . 2 4}RGH-pndrdnRAGHOPIA 4 TbsiRE IRALRROxy RS 2ipher 1Dy

Formulae Il and | |sso ved in dichl or onet hane and reacﬁﬁwﬂqln t he
presence of a Iievphsnzmdlrd(ﬁ? HOH28HE 1 -oxazje; Prédriluerpphepyl)-g{frmethoxyn “chl ori de,

to formthe corres b athrd R2) n
NG (R )i/ PR IR ofine S5 PREC Ao ARG nditd 8

represent ed by Fapj)-2HY1,4lvemazine. prepared by 25 alternative reactions as
shown in Reaction B and C. In reaction B, the benzophenone is reacted with
acetonitrile in the presence of an excess anount of sodi um hydroxide to
formthe 2, 2-di subst i tTht esmpauny bHFermnlallenayfbe Prapanetl by the folfwing Reactions A

10 through E. For all reactions, Ri, Rz and "n" are the same as defined hereinabove.
Benzophenones represented by Formula IV below are commercially available or
may be prepared by Friedel-Crafts reaction using a benzoyl chloride of Formula II
and a benzene of Formula III. The Friedel-Crafts reaction is described in George A,
Olah, "Friedel-Crafts and Related Reactions” (Vol. 3, 1964).

15

In Reaction A, the compounds represented by Formulae IT and III are
dissolved in dichloromethane and reacted in the presence of a Lewis acid including,

without limitation, aluminum chloride, to form the corresponding substituted

benzophenone.
20
Reaction A
(Rnr@/ﬁ\m VA AICI; (R,)@/W\Q(Rz)n
CH,Cl,
il I v

The disubstituted acrylic acid represented by Formula VI may be prepared by
25  alternative reactions as shown in Reaction B and C. In reaction B, the
benzophenone is reacted with acetonitrile in the presence of an excess amount of

sodium hydroxide to form the 2,2-disubstituted acrylonitrile of Formula V, which



WO 03/ 042195 PCT/ US02/ 35571 4 process is described in J. Og. Chem, 44
(25), 4640-4649 (1979). After hydrolyzation with sodi um hydroxide in

et hyl ene wbyaswo#2193 ol | owed by acidification, 5 the disubstiPCotusd2/assrylic
acid may be obtained. Alternatively in Reaction C, a Hornor-Emobns reaction
as described in Tetrahedron, 52 (31), 10455-10472 (1996), may be conducted
starting froma benzophenone The resulted 3,3-disubstituted acrylic acid
ethyl ester of Formula 10 VII may be hydrol4yzed to formthe disubstituted

acrylic acid represented of Formula VI. R, R2 and "n" are the sane as
defined herein before. Reaction B (R )ch (RI) IV 15 Reaction CV 1. NaOH,
A ycol 2. HO 1. NaOH VI (R2)n (Et O 2POCH2COCEt nnr "COOH rvan Z. n~i

(R2) ~k / (R2) | pkodeds is described inJ. Org. Chem, 44 (25), 4640-4649 (1979) After
hydrolyzation with sodium hydroxide in ethylene glycol, followed by acidification,

5 the disubstituted acrylic acid may be obtained.

Alternatively in Reaction C, a Hornor-Emmons reaction as described in
Tetrahedron, 52 (31), 10455-10472 (1996), may be conducted starting from a
benzophenone. The resulted 3,3-disubstituted acrylic acid ethyl ester of Formula

10  VII may be hydrolyzed to form the disubstituted acrylic acid represented of Formula

VI. Ry, Rz and "n" are the same as defined herein before.

Reaction B

v

15
Reaction C

OOH

( R1)W(R ,)n (Et0)POCH,COOE
) X GG
= = NaH

v

In Reaction D, the 3,3-di-substituted acrylic acid is treated with thionyl
20 chloride, followed by reaction with sodium azide to form the 3,3-disubstituted but-2-
enoyl azide of Formula VIII. Under heating in nonpolar solvent including, without

limitation, benzene or toluene, the 3,3-disubstituted but-2-enoyl azide rearranges to



VI In Reaction D, the 3,3-di-substituted acrylic acid is treated with
t hi onyl 20 chloride, followed by reaction with sodium azide to formthe
3, 3-di subwDioBsBes but - 2- enoyl azide of Fornmula VIII. Und@ecThisar/sssglin
nonpol ar sol vent including, without I|imtation, benzene or toluene, the
3, 3-di substituted but-2-enoyl azide rearranges to WO 03/042195 formthe
i socyanate of Forrmula I X. 5 Reaction D (R#&kj,. (RI) 1. SOCI2 OOH (R2)rf

.J 2. NaN3 VI 5 VIII ON3 PCT/US02/ 35571 Ix 10 The critical step in the
synt hesi s of the photochrom c oxazines of Fornula | is shown in Reaction
E, in which an isocyanate derivative.of Formula I X is reacted wth a
symmetric qui non i imtation, a substituted or
unsubsti t ut ed phgh gg&%ﬁ eﬁgﬁglo%ékand substituted or unsubstit uted

1, 10- phenanthroline 5 6 dlone of Formula X, in the presence of a catalytic
amount of 15 tr| hen I pAr sen oxide in a suitable organic solvent under mld
condi tions for generally about 2 to about 10 hours, sufficient to
conpl ete the reactlon Organic solvents that may be used |nclude, wi t hout
limtation, benz e, di oxane, tetrahydofuran ("THF"), toluene, and the
like and conbi naf’ t her eof . Reacti O  (Rig

1.80Cl> -
OOH

2. NaN3 (Rz)n)\ /
Vi Vil . X

10 The critical step in the synthesis of the photochromic oxazines of Formula I
is shown in Reaction E, in which an isocyanate derivative of Formula IX is reacted
with a symmetric quinone including, without limitation, a substituted or
unsubstituted phenanthrene-9,10-dione and substituted or unsubstituted 1,10-
phenanthroline-5,6-dione of Formula X, in the presence of a catalytic amount of

15 tfiphenyl arsen oxide in a suitabie organic solvent under mild conditions for a time,
generally about 2 to about 10 hours, sufficient to complete the reaction. Organic |
solvents that may be used include, without limitation, benzene, dioxane,
tetrahydofuran (“THF”), toluene, and the like and combinations thereof. Reaction
temperatures will vary and typically range from about 40°C to about 120°C. Ina

20 preferred embodiment, a solvent such as benzene or toluene is used and the reaction
is carried out at about 50 to about 110°C for about 1 to about 15 hours. More

preferably, the solvent is toluene or benzene and the reaction is carried out at about

60 to about 80°C for about 2 to about 4 hours.

25



tenperatures will vary and typically range from about 40C to about 120C. In
a 20 preferred enbodi ment, a solvent such as benzene or toluene is used and
t he reactwon3/oix9tarri ed out at about 50 to about 110C f orcCahisor/3557t o about
15 hours. Mre preferably, the solvent is toluene or benzene and the
reaction is carried out at about 60 to about 80C for about 2 to about 4
hours. 25 WD 03/042195 6 Reaction E 5 Ix NCO x Ph3AsO PCT/ US02/ 35571 (R (R~
A -JRn)n Aternatively, the phot ochr om c®oxazi ne conpounds of the

i nvention may be prepared as shown in Reactions F and G In the reactions
Rl, R2 and "n" are the sane as defined hereinabove. In Reaction F, the
benzophenone of Fornmula Nis to converted to a 1, 1-di substituted epoxi de of
Formula XI by treatment with trimethyl sul foxiniumiodide and potassium
tert-butoxide ianinet yl sulfoxide ("DMSO'). This reaction is described
inJ. Og. Chem Re8§BOR %9y  6547-6561 (1997). Treatment of the substituted
epoxide with sodiumazide in N, N-dinethylformamde ("DVF') in the
presence of |ithij chloride fornms the,sufstituted 2-azido-1,1
-di substituted 1 hyl ene of Formul a . (Rin,

(R
(R an

Alternatively, the photochromic oxazine compounds of the invention may be
prepared as shown in Reactions F and G. In the reactions Ry, Rz and "n" are the
same as defined hereinabove. In Reaction F, the benzophenone of Formula IV is

10 converted to a 1,1-disubstituted epoxide of Formula XI by treatment with trimethyl
sulfoxinium iodide and potassium tert-butoxide in dimethyl sulfoxide (“DMSO”).
This reaction is described in J. Org. Chem., 62 (19), 6547-6561 (1997). Treatment
of the substituted epoxide with sodium azide in N, N-dimethylformamide (“DMF”)

in the presence of lithium chloride forms the substituted 2-azido-1,1-disubstituted

15 ethylene of Formula XII.

Following the procedure described in J. Org. Chem., 33 (6), 2411-2416
(1968), dehydration of the 2-azido-1,1-disubstituted ethylene by treatment with
thionyl chloride in pyridine results in the 2-azido-1,1-disubstituted ethylene of
20 Formula XIII. A subsequent Staudinger reaction by treatment of the 2-azido-1,1-
disubstituted ethylene with triphenylphosphine forms the ylide represented by

Formula XIV.

Heating the ylide with a symmetric quinone of Formula X in any suitable
.25 solvent for a time sufficient to complete the reaction affords the desired oxazine of
FormulaI. The organic solvent used may be, without limitation, benzene, dioxane,

tetrahydofuran, toluene, and the like and combinations thereof. Reaction



Foll owi ng the procedure described in J. Og. Chem, 33 (6), 2411-2416
(1968), dehydration of the 2-azido-1, 1-disubstituted ethyl ene by treatnent
with thiwoyBoehbdride in pyridine results in the 2-azi doPCIjUSE2/35571

-di substituted ethylene of 20 Formula Xl 11. A subsequent Staudinger
reaction by treatnment of the 2-azido-1,1- disubstituted ethylene with

tri phenyl phosphine forns the ylide represented by Formula XlIV. Heating the
ylide with a symmetric quinone of Fornula X in any suitable 25 solvent for
atime sufficient to conplete the reaction affords the desired oxazi ne of
Formula |. The qr I O 0°Citdn i nzene,

di oxane, tet raﬁﬁ%@‘%}h@ﬁght 0 uaggz}%‘ijcg%}’%n %f{%gﬁ%gﬁ% gé%tfoﬂgaltzlbgﬁﬁ her eof .
Reacti on WO 03/ G4a1i8b tithe BOH 468002 ©5b6FUt 2¢ boyye o e preferigd lembodimgnt athel salyest cal | y
ranges from about 60C to about 120C and .react i f o]
about 24 hours. WSFEQ%SP@P%WHQH“&% deteaspon ﬁ%"l{é@f”&tﬁ ouﬁ@é‘aiﬁégﬂg%(%gene or
tol uene and tbe gedput O dbsutGHouised out at about 70 to about 100C 5 for
about 5 to about 5 hours. Reaction F R Me3SI L 11 A NaN3 (RI) ~0~- Kk 2jn
tBuk IV (R2) (R PPh3 (R2) )GV XIll 10

Reaction F
Me3SI
tBuOK
v
socl,
Pyridine
(RN,
PPhy
x
P—— it s—————
N=PPh3
(R2)
Xv
10
Reaction G

Ra)n

S (Rn . ZR
" N=PPh; * A \ —_— x

(R (Rs)ﬁ/ = _R\(R an \J
xiv X (R I (Rgn

The oxazines of the invention may be used in any applications in which

15 organic photochromic substances are typically employed including, without



Reaction G (2) )aVv =PPh3 (R3)r?-=x "(R a)" X N=PPh3 X11 The oxazi nes of
the invention nay be used in any applications in which 15 organic

phot ochr owD®3sud183 ances are typically enpl oyed incl udi ng, PGIrtuseussswWo

03/ 042195 8 PCT/US02/ 35571 linmitation, ophthalmc |enses, w ndows,
autonotive transparencies, polynmer filns, and the like. The oxazines of
the invention nay be utilized in an organic solvent or in organic polyner
host. The organic solvent may be any suitable solvent including, 5 without
limtation, benzene, toluene, nethyl ethyl ketone, acetone, ethanol,

met hanol , tetrahydrofuran, dioxane, eth acetate eth%%eme @#{COl xyl ene,

X |
cyl cohexane, N- netimjtatip ophhalaacisasss, vandpwsAqmqiye HANsPUERRSS BRI BA S Pher eof

The host pol ymer aH@&hEQiké THEGQBAESITthe VRS meypbd utitisedilay Rdahia golytm e,
pol ystyrene, polycarbonate and cellul ose acetate The ampunt of. oxazine
used is such that in prgatiopelymeanhost. Tbeersamie lyeat mexbe gy Spitab °[3’ﬁ6‘t ‘gﬂ‘fﬁ‘&ﬁn c

conpound, or m Xt yre of 1@&@8&%@%& 1d1Sen@ PRkt et keloRe, WobisHe, bl ar e

i ncorporated exhibits t esir ‘resultant” color, g., a substantially
neutral col or whemethemnoly tetrelydedferan, didxane, ethakacetgienthyiene slyrrb XWefunt  of

phot ochrone used in the solut] i dsReng: ree
of darkeni ng desi F@(ﬁo}%fﬁ?f]eugu'%%tﬁ’e pgédgﬁ%&ét’ dggéllfk'% )gnqabout Zgn%j/%ﬂet%%pgg}g\?vei ght
of the host pol ymaost polymer maybe a transparent polymer such as polymethacrylate, polystyrene,

polycarbonate and cellulose acetate. The amount of oxazine used is such that the
10 organic host material to which the photochromic compound, or mixture of
compounds, is applied or in which they are incorporated exhibits the desired
resultant color, e.g., a substantially neutral color when activated with unfiltered
sunlight. The amount of photochrome used in the solution or polymer matrix

depends on the degree of darkening desired and usually is about 0.001 to about 20 %

15 by weight of the host polymer.

The invention will be clarified further by a consideration of the following,

non-limiting examples.

20 Examples
Example 1

Step 1.
Into a 100 ml three-necked flask was charged solid KOH (3.30 g, 0.05 mole)
and 25 ml acetonitrile under argon which was then heated to reflux. Benzophenone
25 (9.1g, 0.05 mole) in 20 ml acetonitrile was added in a stream with stirring. After 8
hours of reflux, the hot reaction solution was poured onto 100 g crushed ice and
extracted with dichloromethane (3 x 15 ml). The combined organic extract was

washed with water, dried over anhydrous sodium sulfate, and filtered. Solvent was

30



The invention will be clarified further by a consideration of the
followng, non-limting exanples. 20 Exanples Exanple | Step 1. Into a
100 M thweesnenked fl ask was charged solid KOH (3.30 g, ®@CcOsowbasyr and 25
m acetonitrile under argon which was then heated to reflux. Benzophenone
25 (9.1g, 0.05 nole) in 20 mM acetonitrile was added in a streamw th
stirring. After 8 hours of reflux, the hot reaction solution was poured
onto- 100 g crushed ice and extracted with & chloronmethane (3 x 15 nml). The
conbi ned organic extract was washed with water, dried over anhydrous

di |fate, and filtered. Sol 3 / .9 P 2/ 35571
emoved, the T st BTPSERLPOY Bte 1y TP GLAEE I GRAC PRl S (el 0

(ether- hexane 1 pefand$ :8lasielént), 70.Leofpries oilrwas obtained (yield: 17b4)HNMR (yi el d:

779 . 'HNVR showed the pr ogluct to have a str. ctur.t§3c§)5Ls' stFnt IWi‘H;e

3, 3- di pheny! - acr yiskaed;thg Rrodust oyl FEYSRSGONSIECIE Wikl 50 PRy -Gy IRoe 50 (m

ICH). Step 2. The: é@@g)ygsqgrégfllggiﬁmm@ ab101®Q, 2. 81 mmol) produced in

Step | and sodi um hydroxide (11.2g, 280 mmIS were refluxed in a m xture

of 180 m ethylene 1o glycol and 1 m water for 3 days. The reaction

m xt ure was coolegﬁﬁgmn and diluted with 100 mM water, acidified with 5 M
il

hydr ochl oric acid the pHwas < 1, filtered with suction and washed
with water conpl et el y. THafe3-sdiphényl-parylanitiiled5. 768, 38dmme)) preducedin Stepbendt e, and

tashed i S BB U A OB Ik v s ohsgin and

10 glycol and 1 ml water for 3 days. The reaction mixture was cooled down and diluted
with 100 ml water, acidified with 5 M hydrochloric acid until the pH was < 1,
filtered with suction and washed with water completely. The solid paste was
dissolved in ethy] acetate, and washed with dilute hydrochloric acid. The organic
layer was separated and the aqueous layer was extracted twice with ethyl acetate.

15 The combined ethyl acetate solution was dried over anhydrous sodium sulfate, and
filtered. The solvent was removed in vacuo until the total volume was about 40'ml.
The solution was filtered through a short silica gel column and washed with ethyl
acetate. After removal of the solvent in vacuo, the residue was titrated with a small
volume of hexane-ethyl acetate (4 :1), recrystallized from ethyl acetate/hexane.

20 Colorless crystal (5.34g) was obtained (yield: 84.8%). THNMR showed that the
product to have a structure consistent with 3,3-diphenyl-acrylic acid.

IINMR (CDCL): § 6.38 (s, 1H), 7.24-7.35 (m, 1H), 7.40-7.46 (m, 3H).

Step 3.
25 A suspension of acrylic acid (225 mg, 1 mmol) in dry benzene (4 ml) was

refluxed with excess thionyl chloride (0.20 ml) for two hours. Removal of the
solvent and excess thionyl chloride under reduced pressure gave the required 3,3-
diphenyl-acrylic acid chloride. The acyl chloride in dry THF (2.5 ml) was cooled to

0°C and treated with a solution of sodium azide (130 mg, 2 mmol) in water (2 ml).

30



15 The conbi ned ethyl acetate solution was dried over anhydrous sodi um
sulfate, and filtered. The solvent was renoved in vacuo until the total
vol une wawoaboux193l0 m . The solution was filtered througirca/shwsisrsilica
gel colum and washed with ethyl acetate. After renoval of the solvent in
vacuo, the residue was titrated with a small vol une of hexane- et hyl
acetate (4 :1), recrystallized fromethyl acetate/hexane. 20 Col orl ess
crystal (5.34g) was obtained (yield: 84.8%10 ' HNMR showed t hat the product
to have a structure consistent with 3, 3-di phenyl-acrylic acid. 'HNWR

(CDC13): S 6.38 (s, 1 7.24-7..35 ( %Q t 3. 25 A
suspensi on of acr@li‘qrel;%fgfﬂ’af ?ﬁdﬁg" q}‘o&#ggy?rsZefA Jatﬁglr?zrmzvv% fdrgs)ﬁ\%as
refluxed wth excgssurkWadBittacted wathiether (20« HﬂnlDﬁahdﬁﬁéd Witk arthydioss sodamoval of
the solvent and excess thionyl chloride under reduced pressure gave the

required 3, 3- dipiwfatgl -acrylic acid chloride. The acyl chloride in dry TF1F
(2.5 mM) was cqQoled to OC and treated with a solution of sodium azide (130
ng, 2 mol) in"water (2 n). 30 WO 03/042195 10 PCT/ US02/ 35571 The m xture

was stirred at 0 C f orRemadvalefdheseiventaindertreducy pressure)afipeded gygliay o ﬂ?@o ) Xt ur e

ves extract od i t g4 Ut Lot 18 EhlensBGoflicRi 10 RONAEAVGaSH 04D

hich w,
sul fate. 5 Renoval™8f "Ehe?so1Vent ~un uce press re afforded a yell ow
oi | (200 ng) whimdf mmnmanemmnﬁ@rs&mmnsgmxmdngmlm(wmm After

9, 10- phenanthren U|none , n r.iph rr.sen oxide (16
ng) in dry tol ue °$Ff‘13h(yj(ﬂf 1635, db‘% 06%%“}?4’@ e %s i I%is glg&lt) éﬁ’d

di chl or onet hang- h@éﬁ\?ﬁ@lhi’atmn fro&ﬁdldﬂmmbt}lax&ﬁdxéﬂe 2cecmg of tht kiesrred plotochromic

di chl or omet hane- hoi)éggg was2 8b%anqgl as whth ?shgﬁt?)! pra?e yeﬂhof crysgaﬂyleﬁl 52.7%).

Example 2
Step 1.

15 Trimethylsulfoxonium iodide (1.12 g, 5 mmol) and potassium tert-butoxide
(0.59 g,-5 mmol) were stirred in DMSO (10 ml) at room temperature for 10 minutes.
Benzophenone (0.77g, 4.2 mmol) was added and the mixture stirred at 40°C for 24
hours after whiéh it was cooled, crushed ice and water were a}dded and extracted
with ether (3 x 15 ml). The combined etherate solution was washed with water,

20 dried over anhydrous magnesium sulfate and filtered. Solvent was removed and a
pale yellow oil resulted that contained mostly 1,1-diphenyloxirane, which was used
directly in Step 2 without purification.

'JHNMR (CDCls): & 3.29 (s, 2H), 7.30-7.40 (m, 10H).

25 Step 2. |
The oil obtained in Step 1 along with sodium azide (0.36 g, 5.5 mmol) and

lithium chloride (0.32 g, 7.5 mmol) in DMF (20 ml) were stirred at 80°C under
nitrogen for 24 hours, cooled, water (20 ml) was added, and the mixture was -
extracted with ether (3 x 20 ml). The combined etherate solution was washed with

30 water, dried over anhydrous magnesium sulfate and filtered. After removal of the



oxazi ne was obtained as white (slightly pale yellow crystal (yield:
52.7% . Exanple 2 Step 1. 15 Trinethyl sul foxoniumiodide (1.12 g, 5 mmol)
and pot aswowaioddps - but oxide (0.59 g, 5 mmol) were stirre@CrrusbVES7(10 m)
at roomtenperature for 10 m nutes. Benzophenone (0.77g, 4.2 mol) was
added and the m xture stirred at 40C for 24 hours after which it was

cool ed, crushed ice and water were added and extracted wth ether (3 x 15
m ). The conbined etherate solution was washed with water, 20 dried over
anhydrous nagnesium sul fate and filtered. Solvent was renoved and a pale

yellow oil resulted that contai ned nost henyl oxi. ane whi ch was
used directly i nSayemIibVagre, iy est rWaPPE%Qﬁ]d(?H (ﬂﬁ%ﬁr 5 288l 5 "o (s,

2H), 7.30-7.40 (”Edlélwbmeﬁgnesﬁ&%ea Theneit). Abblarmdnu(msﬁg)apaslobaimmg With
sodi um azide (0.3 ) and I|th|umcgl%|d¢(0 32 g, 7.5 mol) in
DVF (20 m) were btfiarqdeﬁﬂe‘afashﬂ@dlﬂﬂ@f*gat’r‘i?‘ﬁ’? PM24 hours, cool ed, water

(20 M) was ad ed; mlggggq gﬁf‘;o@(gg treth- 144 (n,ablegr (3 "x 20 m).
vva

The conbi ned et herate S 1'on washed with 30 water, dried over

anhydr ous magnesi HONOMIR (EDELRNENMR (GRIGH]: Sﬁﬂié’lszs&ﬁghdw 8£12818c1448. 03/ 042195
11 PCT/ US02/ 35571 sol vent in vacuo, the residue was purified by

chromat ography on silica gel (dichloronmethane-hexane 1 : 2 as eluent). A
colorless oil (0. $6wpa) vvas obtained. Infrared spectra showed a strong

Sbsor U002 2100 O A U e (itadfin SERR( REH & mly 5

127.8, 128.5, 11943th§myﬁ§}ﬂ6hd% (0.2 ml) and pyridine (2 ml) were refluxed for 2 hours. After being
cooled, water (10 ml) was added carefully into the reaction mixture under ice-water
cooling, and extracted with ether (3 x 5 ml). The combined etherate solution was
washed with 4 M hydrochloric acid, water and brine, dried over anhydrous
magnesium sulfate, and filtered. After removal of the solvent, éyellow oil (120 mg)

15 was obtained. Infrared spectra showed strong absorption at 2097 cm’, "THNMR

showed that the resulted product was pretty pure 2-azido-1,1-diphenyl ethylene.
IHNMR (CDCl): § 6.69 (s, 1H), 7.18-7.42 (m, 10H).

Step 4. ,
20 To the 2-azido-1,1-diphenyl ethylene prepared in Step 3 in dry toluene (5 ml)

was added triphenylphosphine (157 mg, 0.6 mmol) at room temperature under

nitrogen. After 0.5 hour stirring, 9,10-phenanthrene-9,10-dione (104 mg, 0.5 mmol)

was added. The mixture was heated at 80°C overnight. Photochromic product was

obtained by chromatography on silica gel (dichloromethane-hexane 1 : 1 as eluent)

25  and re-crystallized from dichloromethane/hexane, as pale yellow crystal (45 mg).

'HNMR (CDCls): 6 7.24-7.29 (m, 6H), 7.46-7.70 (m, 8H), 8.12 (s, 1H), 8.43-8.52
(m, 1H), 8.53-8.62 (m, 3H).

PCNMR (CDCh): 8 79.5, 122.5, 122.7, 122.8, 123.0, 125.1, 126.9, 126.9, 127.1,
127.3, 127.6, 128.4, 128.6, 129.8, 131.3, 128.0, 141.4, 155.7.
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The 2-azi do-1, 1-di phenyl net hanol obtained in Step 2 (160 ng, 0.67 mmuol),

10 thionyl chloride (0.2 mM) and pyridine (2 m) were refluxed for 2 hours.
After beiwgo3oeabed, water (10 m) was added careful |y intPeTiUSe2/835aCt i On

m xture under ice-water cooling, and extracted with ether (3 x 5 m). The
conbi ned etherate solution was washed with 4 M hydrochloric acid, water
and brine, dried over anhydrous magnesiumsulfate, and filtered. After
renoval of the solvent, a yellow oil (120 nd) 15 was obtained. Infrared
spectra showed strong absorption at 2097 cmi ' HNVR showed that the
resulted product was pretty pure 2-azido- 1, 1 -diphenyl ethylene. 'HNWR
(CDC13): 5 6.69 (s, 1H), 7.18-7.42 (m 1011). Step 4. 20 To the 2-azido- 1,
1 -di phenyl ethylene prepared in Step 3 Examplg3tol uene (5 nl) . was added
tri phenyl phosphine (157 ng, 0.6 mmol) at roomtenperature under nitrogen.
After 0.5 hour st¥f#ing, 9, 10-phenanthrene-9, 10-dione (104 my, 0.5 nmol)
was added. Thesm xt ur @owastirrbe ispehsiah oBdAiuayierdnide (H5%, PI50T g 20rmumol ingFHid uct

was obtai ned by chromat oqr n silic | . (.di ghl or onet - 1: 1
as eluent) 25 a%dwg‘ﬁ:‘f’iﬁé‘ggﬁpﬁ i@@aP‘?s]Btfﬂ“ ?&'ﬂ‘i%&'tlé}’r?é‘qug%% H%( %g,e’gkgﬁ(%gﬁe
R o e W R PR LT T D
, 8. s, , 8.43-8. m .53-8. ) ;
79.5, 122.5, 122.rgst ofthe tpthy]physphonq sastate solubign yas 1‘%}.‘ 6‘,°1F’%’§? ugder ‘°f?*g‘.“‘é,
127.6, 128.4, 128,85n 80 mihates. SAftdrA3. nutdHdE sfirrinkDthe feactddh MQubswar42195 12

Exanpl e 3 PCT/ US02/ 35571 Step 1. 5 To a stirred suspension of .sodium
hyd?de (95% 10. 5@nsfgqedzigtorm§pgpiqg,{hqqetand added dropmseg arl)oﬂmg solution gp 4-

methoxybenzophenone (4.38 g, 20 mmol) in THF (20 ml). After 24 hours reflux,
most of the solvent was removed. To the cooled residue was added a saturated
solution of aqueous sodium chloride (20 ml) and extracted with dichloromethane.
Removal of dichloromethane gave a pale yellow oil (5.42 g) containing mostly (E)
15  and (Z)-3-p-methoxyphenyl-3-phenyl-acrylic acid ethyl ester as characterized by
'HNMR and which was used directly in Step 2 without further purification.

Step 2.
The oil obtained in Step 1 was hydrolyzed in a solution of KOH (5.07 g,

20 methanol (30 ml)) under reflux for 1 hour. The cooled reaction mixture was poured
into ice-water, acidified with dilute hydrochloric acid until the pH was < 1 and
extracted with ethyl acetate (3 x 20 ml). The combined organic solution was dried
over anhydrous sodium sulfate, the solvent was removed, the residue was re-
crystallized from ethyl acetate/hexane and a white solid was obtained. The mother

25 liquid was subjected to chromatography and re-crystallization. A total 0f 3.826 g
desired product was obtained as white solid and 0.677 g unreacted ketone was
recovered (yield: 75.3%). "HNMR showed that the recovered product to be a
mixture of (E)- and (Z)-3-p-methoxyphenyl-3-phenyl-acrylic acid.
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(15 mM) was added 2-3 m a solution of triethyl phosphono acetate (4.48 g,
20 mol) in THE (20 m ). A tiny drop of ethanol was added to initialize

t he reactwongoshen the rest of the triethyl phosphono acetratrarsspBisti on was
added dropwi se under ice-water cooling over 40 mnutes. After 15 m nutes
of stirring, the reaction mxture was 10 transferred into a dropping funnel
and added dropwi se to a boiling solution of 4- nethoxybenzophenone (4.38 g,
20 mol) in THE (20 nml). After 24 hours refPBux, nost of the solvent was
renmoved. To the cool ed residue was added a saturated solution of aqueous
sodi um chl ori de (%0 91) and extracted with dichl oronmet hane. Renoval of

di chl or onet hane g B2 pale yellow oil (5.42 g) containing nostly (E) 15
and (Z) - 3- p- net hoxypheThelpraegire nf/$tem ofExamplech Wasgepapted exeept thatss-p-
characterized by ' HNMR and pch, . j t A vy t3.
further purificat?8 9xy§?%nal'%h%¥é%%??y%g¥g?%g | E\%@p%q&\%%n%d%%zed in
a sol ution of KOHiipfen9Facgylic20idrretdactnith 3, BBphenynthremedminone (44 mg, 01 mmeldyr .

The cool ed reacti on mxture was. red «, LAt Q | Cces (Y- TcIs IR g Wi th
di | ute hydrochl or?‘@t%}feﬂﬁdr‘ﬁef’ Px‘fiﬁgﬂﬂa \kg%rrﬁ?%gageﬁzd' egtdre%%? ggété\%h?ﬂm\gt hyl
aCﬁt gte (3 xd_20 n@,aalzi]{@'tb@yentawh j l(mgaﬂsﬁ%)sol ution was dri _ed over v
anhydr ous sodium sul fate e sol ve e e -
crystal lized fronlmml(cggé?3§t3e7ﬂéogg'heg§%8{ gﬁ%T ?Z Pizgﬁ%g'a/?sj&ggp@i%nge&é The
not her 25 1iquid was subj ect edgd h, 8135, 9MAL 068 @D BI),B0Y (6£HD| 8.82-862 (madH)on. A

total of 3.826 g _desired product was obtained as white sol ig ancg 0.677 ¢
unr eact ed ket ane VENMR @RGIor &85.2,894 414.652209122:7 1348, dpdfelF2On 4> b he

recovered product to be a mpxLyreof -12%09127.5. 1283, 128.6, 129.8, 131.2,
(Z) - 3- p- met hoxyphenyl -3-pheny]?5'gtf2ﬁ%f éﬁdagc’i 7800 957045105 13 10

PCT/ US02/ 35571 133.3, 138.0, 141.6, 155.9. 159.7.

15 Example 4

Step 1.
A mixture of anisole (11.9 g, 0.11 mole) and p-fluorobenzoyl chloride (97%,

16.34 g, 0.1 mole) in dichloromethane (50 ml) was added aluminum chloride (14.67
g, 0.11 mole) in small portions with stirring under ice-water cooling. After addition,

20 the reaction mixture was stirred at room temperature for 1 hour, poured into a
mixture of crushed ice (400 g) and hydrochloric acid (20 ml), and stirred until the
orange color discharged. The mixture was extracted with dichloromethane, dried
over sodium sulfate, passed through a short silica gel column and washed with
dichloromethane. Solvent was removed, the residue was re-crystallized from

25  dichloromethane-hexane, 21.96 g colorless crystal was obtained (yield: 95.4%).
1HNMR showed the product to have a structure consistent with p-fluorophenyl-p-
methoxyphenyl ketone.
'HNMR (CDCL): & 3.89 (s, 3H), 6.97 (d, 2H, J = 8.7 Hz), 7.13 (dd, 2H, J = 8.7 Hz),

7.76-7.84 (m, 4H).
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Step 3. The procedure of Step 3 of Exanple 1 was repeated except that 3-p-
nmet hoxyphenyl - 3- phenyl -acrylic acid (254.5 ng, 1 mmol) was used instead of
3,3- 5 diwbeagi2ziatrylic acid to react with 9, 1 0-phenant BCe#Sozsssnone (44
ng, 0.21 nmmol) and triphenyl arsen oxide (5 ng). Wirk-up gave 23.5 ng
desired photochrom c oxazine as yellow crystal (yield : 5.66%. 'HNWR
(CDC13): 8 3.74 (s, 3H), 6.84 (d, 2H, J =8.7 Hz), 7.29-7.42 (m 5H), 7.50
7.60 (m 3H), 7.61-7.66 (m 3H), 8.07 (s, 1M, 8.42-8.62 (m 4H). 13CNMR
(CDC13): 8 55.2, 79.4, 114.0,122.5,122.7,122.8,122.8,122.9,125.1,

125. 2,126. 8, 126. QSt%éé 0, 127,5, 128. 3, 128. 6, 129. 8, 131 2

133.3,138.0,141.6 9.159.7. 15 Exanple 4 Step mxture of anisole
(11.9 g, 0.11 nole) an’ﬂlepprt@ded'érpgf)&nzd)nywpéﬁlHé”@@ei‘%dex%t &R, 0.1 nole)

i n dichloromnet han ‘E‘i("ﬁ‘(h]‘en)(m‘%ﬁm?’gg &ﬁ,l@él}blrggé | CHY bl Sval dstd Gteadlof 0- 11

nole) in small g ewater cooling. After
addi tion, 20 Bhebdnﬁ@ﬂﬁnmarrdﬂmmaeumsww%dwum The msvltiegrpibeantained for 1

hour, poured into 1 Xt ur chushel e aci d
(20 m), and sti r’f‘%ﬁfllmdﬁ de(?ﬁ-é-p- AT nylg'l o’&létgg’?%h 1'Spgcc'i'ﬁ %%Q%YE% é&«?re was
extracted with dighitpvesmsetanstep 8lmwitholt firvter pifidation sul fate, passed through
a short silica gel colum and washed with dichl oronethane. Solvent was

renoved, the residue was re-crystallized from 25 di chl or onet hane- hexane,
21.96 g col orl essgiggystal was obtained (yield: 95.4%. |HNWVR showed the

et L e S SRR L L SRSt BEL
(dd, 2H, J = 8.7 ffhanol (730%1@) for 86 minGtesdEdoled34hd solvent was removed in vacuo. Water
' (30 ml) was added, the mixture filtered with suction, and washed with water. The
filtrate was extracted with ether (15 ml) and the aqueous layer was separated and
acidified with 4 M hydrochloric acid until the pH was < 1. The solid was collected
15 by filtration and re-crystallized from dichloromethane/hexane, 4.8 g white crystal
was obtained (yield: 88.1%). THNMR showed the recovered product to have
structure consistent with a mixture of (E) and (Z) 3-p-fluorophenyl-p-
methoxyphenyl-acrylic acid.

20 Step 3.
The procedure of Step 3 of Example 1 was repeated except that 3-p-

fluorophenyl-p-methoxyphenyl-acrylic acid (272.5 mg, 1 mmol) was used instead of
3,3-diphenyl-acrylic acid to react with 9,10-phenanthrene quinone (60 mg, 28.8
mmol) and triphenyl arsen oxide (5 mg). Work-up gave 75 mg desired
25 photochromic oxazine as yellow crystal (yield : 17.3%).
IHNMR (CDCls): 6 3.74 (s, 3H), 6.85 (m, 2H), 7.04 (m, 2H), 7.38 (m, 2H), 7.46-
7.60 (m, 3H), 7.62-7.70 (m, 3H), 8.02 (s, 1H), 8.43-8.47 (m, 1H),
8.54-8.63 (m, 3H). '
BCNMR (CDCl): 8 55.2, 79.0, 114.0, 115.3, 115.6, 115.6, 122.6, 122.7, 122.8,
30 125.0, 125.0, 125.1, 126.8, 127,3, 127.6, 128.4, 128.8, 128.9,
129.5, 131.1, 132.8, 137.2, 137.2, 137.7, 155.4, 159.6, 164.1.



WO 03/ 042195 14 Step 2. PCT/US02/ 35571 The procedure of Step | of Exanple |
was repeated except that p- fluorophenyl-p-nethoxyphenyl ketone (4.60 g, 20
nmol ) waswodm4i1est ead of 5 benzophenone and the reacti onPCTESONEZS7US
hours. The resulting oil contained nostly (E) and

(Z2) - 3-p-fluorophenyl - 3- p- net hoxyphenyl acrylic acid ethyl ester which was
used in Step 3 without further purificationg Step 3. 10 The oil obtained in
Step 2 was hydrolyzed in a mxture of KOH (5.2 g) and nethanol (30 m) for
80 mi nutes, cooled, and solvent was renoved in vacuo. Water (30 m) was
added, the mixture filtered with sucti onExamplt Wwashed with water. The
filtrate was extzqz%ct d with ether (15 m) and the aqueous | ayer was
separated and a FFied with 4 M hydrochloric acid until the pH was < 1.

The solid was col | ect @d alstrréd/suspdnkioa bf @divaniydride (Or4ggt 20 thinaB dn dny AHF (20
di chl or onet hane/ hexane, . 4 white cr al S _pbt ai ne leld: 88 .19%.
THVR shoved 1+ he Mgy et disPutin e sSlpfon' Sy PRieBaro B fa it 20 Bimpfich, "
m xture of (E) aragm(ﬁsmr)ﬁ;hwmmgemwith jre-witker batk ypdlimpy AfiRe A hinttesahed. 20
Step 3. The procedure of Step 3. of anple 1 repeat ed except that 3-p-
f1 uor ophenyl - p- nﬁ?leYjWe‘Fﬁ?ngﬁﬁq P14 cggpé’gfgcfu'(“fl?\g&%dﬁiﬂg’“iseﬁﬂﬁlr%f“%ﬁg splutiop
instead of 3, 3- @m&]@@merheﬁfp\nleigq) jafdrd it @ry TREF(R0 Y1) dveP20 hirfhtep N EREREALENE
qui none (60 ny, 28.8 m’m!ﬁiﬂ and tripheny|] arsen oxide (5 ng). Wr k-,ulg gave
75 ng desired 25 reftxed f3e 48 ihars ard wasithep hydolyzedith g satprgted sqdium oy
"HNMVR (€D 3) 3o Scodds doiontho mf: e 4qibordiphase waddxtkaed ik ettfer @Bx f0n2H) .
7.46- 7.60 (m° 35%’,&7. Byio o m m %l%ﬁ],e(’sf%azse(?, TH), 8. 43-8. 47 (m Mh
The combined organic extracts were dried, filtered and concentrated to afford a
residue which was purified by chromatography eluting with
methylenechloride/hexane (1 : 2). Colorless oil (4.23 g) was obtained (yield: 67.8%).
THNMR showed that the recovered prodqct to have structure consist¢nt with 3,3-
15  bis(p-methoxyphenyl)-acrylic acid ethyl ester | 4
'HNMR (CDCl): § 1.16 (t, 3H, J = 7.1 Hz), 3.81 (5, 3H), 3.84 (s, 3H), 4.07 (g, 2H, J
=17.1Hz), 6.22 (s, 1H), 6.84 (d, 2H, ] = 9.1 Hz), 6.90 (d, 2H, J =

9.1Hz), 7.15 (d, 2H, J = 9.1 Hz), 7.24 (d, 2H, ] = 9.1 Hz).

20 Step2.
The 3,3-bis(p-methoxyphenyl)-acrylic acid ethyl ester (4.23 g, 13.5 mmol)

obtained in Step 1 was hydrolyzed in 22 ml methanol in the presence of potassium
hydroxide (3.7 g, 66 mmol) for 1 hour under reflux. The cooled reaction mixture
was poured into ice-water (50 ml), acidified with dilute hydrochloric acid until the
25 pH was < 1. The resulted solid was filtered, washed with water and re-crystallized
from ethylacetate/hexane. White solid (3.6 g) was obtained (yield: 93.78%).
THNMR showed the recovered product to have a structure consistent with 3,3-bis(p-
methoxyphenyl)-acrylic acid. ,
'HNMR (CDCly): § 3.82 (s, 3H), 3.85 (s, 3H), 6.22 (s, 1H), 6.85 (d, 2H, J =9.0 Hz),
30 6.91(d,2H,J=87Hz),7.17(d,2H,J=87Hz), 724 (d,2H,J =
8.7 Hz).



8.54-8.63 (m 3H). 13CNWR (CDC13): 8 55.2, 79.0, 114.0, 115.3, 115.6,
115.6, 122.6, 122.7, 122.8, 30 125.0, 125.0, 125.1, 126.8, 127,3, 127.6,
128. 4, 128083/042285 9, PCT/US02/35571
129.5,131.1, 132.8,137.2,137.2,137.7,155. 4,159. 6, 164. 1. WD 03/ 042195

PCT/ US02/ 35571 15 Exanple 5 Step 1. To a stirred suspension of sodium
hydride (0.48g, 20 mol) in dry THE (20 5 m) was added dropw se a
solution of triethyl phosphonoaetate (4.48g!6 20 mol) in dry THE (25 m)
under nitrogen with ice-water bath cooling. After 40 mnutes, the solution
was transferred t droppi ng funnel, added dropw se to a refl uxing
solution of bis p rret hoxyphenyl ) ketone indry THE (20 m ) over 20

m nutes. The reacti on Theipreagdere néiStep & bf Esappplef lowasagpeated excegtitiatdedabis(pen

hydr ol yzed vvlthastur sodi um | orqi 4 "

aqueous phase was™ 8‘3‘%5’&% Sg)' C%?'ﬁ’ agig ?ﬁ - (rg‘gx1 %oﬁﬂ%yﬁge@%‘e{e Qng’gﬁglgﬁ%sldani c

extracts were dl’l&dyhcfabidtter@d witto t@plmaattthraﬂeeqﬂmtone (afomg,@ 2ommoligsadiue whi ch

was purified by chr a Wi th t hyl.ene rlde/hexane 1:
2y Col or | ess i Itpheraksrghn duie Sty et syp FmedssEAFROloiarinR SRR ( ha
the recovered pr q@u@ivcb@tall@wdslsmture consistent with 3,3 15

bi s( p- met hoxyphe - lic ac ethyl este H H,
J=7.1H), 3 8r1]] C133583475((§’6P§F685@’6{FJ(_§|% C;DO@)Z?L? #z‘)lﬁz)e 22

(s, 1M, 6. 84(d 2H J= 1 Hz) 145,7.62.763m, 3H), 8.3 (5, 1D, 843847
9. 1Hz), 7. 15(d, 2H, J= 9 1H), 7. 24Sd ZHg‘? .. R (erH) (m,

3, 3- bi s( p- net HBxyphenyl ) - acr;}ﬁ&%ﬂc?@@%m ester (4.23 g, 13.5 nmol)
obtained in Ste ] t 0] 59l f
ot asei um hydr ox IGIARSCHES LEEL 7o, 73 SafE 102705 110 185 ERBRE ol e

reaction m xture 127.3, 127,5, 128.5, 129.8, 131.2, 133 5 156.1. 159.7.
Example 6
15 The oxazine compounds produced in Examples 1, 3, 4, and 5 were dissolved

in organic solvent, then exposed to UV irradiation at 365 nm for 15 seconds. The
solutions each developed an intense coloration and then lost the color once the UV
radiation was discontinued. The maximum absorption in the visible regions are
given in the Table below. The typical absorption has two bands. A strong

20 absorption around 450-490 nm depends on the structure of photochrome and
solvent, together with a weaker absorption at longer wavelength which is

approximately 100 nm longer.

Table 1.
25 Amax (nm)
Hexane Toluene Dioxane Acetonitrile Methanol
1 451 456 447 444 448
3 474 478 469 466 471
4 473 478 468 465 470
30 5 487 493 486 483 487



was poured into ice-water (50 m), acidified with dilute hydrochloric acid
until the 25 pHwas < 1. The resulted solid was filtered, washed with water
and re-crwetoalohiliged from ethyl acetate/ hexane. Wi te sol i @#CT81S62/8857Was
obtained (yield: 93.78%. 'BNVR showed the recovered product to have a
structure consistent with 3, 3-bi s(p- nmethoxyphenyl)-acrylic acid. 'HNWR
(CDC13): S 3.82 (s, 3H), 3.85 (s, 3H), 6. 22 S, 1H) 6.85 (d, 2H, J =9.0
Hz), 30 6.91 (d, 2H,  J = 8.7 Hz), 7.17 (d 2H, J = 8.7 Hz), 7.24 (d, 2H, J
= 8.7 Hz). WO 03Ms##®5 pCT/ US02/ 35571 16 Step 3. The procedure of Step 3
of Exanple | was repeated except that 3, 3-bis(p- nethoxyphenyl)-acrylic
acid (284.3 ng, 1 mmol) was used instead of 3, 3-diphenyl- 5 acrylic acid to
react with 9, 1 0lphenAsempmd cauprisigdh ?ﬂ?ﬁm‘ﬁ‘ﬁ, 0.2 nmmol ) and tri phenyl
arsen oxide (5 ng). Work-up gave 8 ng desired ot ochrom ¢ oxazi ne as
yellow crystal (yield : 1.8%. 'HNMR (CDC13 .75 (s, 6H), 6.85 (d, 2H,
J =8.7 H), 7.41 (d, 2H J = 9@ 60 (m 1H), 7.62-7.68 (m
3H), 8.03 (s, 1H), 8.43-8.47 (m 4-8.63 (m 3H). 13CNWR
(CDC13): 5 55.2, 79.3, 113.0, 122.F .8, 122.9, 125.1, 126.8,
127.3, 127,5, 128.5, 129.8, 131.2, 159.7. Exanple 6 15 The
oxazi ne conpounds produced in 3 4 X nd 5 were dissolved in
organi ¢ sol vent, then exposed to Trradiati o at 365 nmfor 15 seconds.
The solutions each devel oped an intensé coloration and then |ost the col or
once the W radiation was discontinued. The maxi mum absorption in the

visible regions aifreifigfidoed S12arbaR!iG, Hickguhd RN bithlif@perlbhyr pLi on has
WO Dands stron

grogen hydroxy, halogen, benzyl, formyl, trifluoromethyl, nitro , cyano, aryl, aryl

(C1 —Cy)alkyl, aryloxy, cyclo (Cs — Cs)alkyl, (C; — Cis)alkoxy, halo (C;-Ce)alkoxy,

(C; — Cy)alkoxycarbonyl or a heterocyclic nitrogen-containing substituent having 5

or 6 atoms in the ring; and n=1 or 2.

10
2. The compound of claim 1, wherein X is carbon or nitrogen; Ry, Ry, Rs, and

R, are each independently hydrogen, hydroxy, fluoro, chloro, bromo, benzyl,
formyl, trofluoromethyl, nitro, cyano, aryl, aryl (C; — C4)alkyl, aryloxy, cyclo (C; —
Ce)alkyl, (C, — C4)alkoxy, (C; — Cs)alkoxycarbonyl, or a heterocyclic nitrogen- '

15 containing substituent having 5 or 6 atoms in the ring; and n=1or 2.

3. The compound of claims 1 or 2, wherein the heterocyclic nitrogen-containing

substituent is pyrrolidino, piperidine, or morpholino.

20 4. The compound of claim 2, wherein X is carbon or nitrogen, R;, Rz, R3, and
R, are each independently hydrogen, fluoro, chloro, methyl, methoxy, ethoxy,

methoxycarbonyl, ethoxycarbonyl, piperidino, morpholino, or pyrrolidino.

25



20 absorption around 450-490 nm depends on the structure of photochrone and
sol vent, together with a weaker absorption at |onger wavel ength which is
appr oxi mewelog/04005 nm | onger. Table 1 . 25~.. (nm PCT/US02/35571
HexaneTol ueneDi oxaneAcetonitrile Methanol 1451456447444 448 3474478469466
471 4473478468465 470 305487493486483 487 WO 03/ 042195 PCT/ US02/ 35571 17 W
claim 1. A conpound conprising the forrmula;, (Rl) I 5 wherein X is nitrogen
or carbon; Rl, R2, R3, and R4 are each indeB‘endentIy hydr ogen, hydroxy,
hal ogen, benzyl, fornyl, trifluoronmethyl, nitro, cyano, aryl, aryl (d
-C4)al kyl, aryl oxy, cyglcompdudd selétddcttdy the gtdup corsistingibk 22 diphem}l Phenanthro
(A _Co6)al koxy, (Cl- C4)al koxycarbonyl or a heterocyclic
ni t rogen- cont ai ni Pt 3Bk 4-ea#rnen2{A-mgthaxypBenyf-2phsAll-Rhsnanthee (310-2Hand n = |
or 2. 10 2. The ¢ hd-(6)18b i ShefhoXyptenARPRABNRYO (91 )X BBEN4]-
R1, R2, R3, and R@E@%‘r’%aéh(i ,nde‘g‘é‘i"a*é“??f‘y h dryop%ren’fmﬁ dr oxy(’fl?ﬁor glf)fl]
chl oro, brono, Sheexagine, aﬂflérzn%lﬁ(*mqﬂ@f?‘b'mblbr@gmﬂ, ofPiPh2H4 Ldlexaziae.y| | aryl
(C1- 4)al kyl, aryloxy, cyclo (C3 - C6)al kyl, (Cl- C4)al koxy, (Cl1-
C4) al koxycarbonyl, or a heterocyclic nitrogen

6. A process for producing a photochromic compound, comprising the step of’

heating an isocyanate derivative of the formula:

(Rq)

NCO
(Rp)

10

with a symmetric quinone of the formula:

Q 0

S/ ﬁ \?
(Ra)t "= “XNMRgN

X

wherein in each formula X is nitrogen or carbon; Ry, Rz, R3 and R are each

15 independently hydrogen, hydroxy, halogen, benzyl, formyl, trifluoromethyl, nitro ,
cyano, aryl, aryl (C; —Cq)alkyl, aryloxy, cyclo (Cs — Ce)alkyl, (C; — Cyg)alkoxy, halo
(C1-Ce)alkoxy, (Ci—~ Cs)alkoxycarbonyl or a heterocyclic nitrogen-containing
substituent having 5 or 6 atoms in the ring; andn=1or 2
and wherein the heating is carried out in the presence of a catalytic amount of a

20 triphenyl arsen oxide.



15 contai ni ng substituent having 5 or 6 atons in the ring; and n =1 or 2.
3. The conpound of clains 1 or 2, wherein the heterocyclic
ni t rogen-wonBaipbhig substituent is pyrrolidino, piperidirer/uso2/ssrphol ino.
20 4. The compound of claim2, wherein X is carbon or nitrogen, Rl, R2, R3,
and R4 are each independently hydrogen, fluoro, chloro, nmethyl, nethoxy,
et hoxy, nmethoxycarbonyl, ethoxycarbonyl, pjperidino, norpholino, or
pyrrolidino. 25 WD 03/042195 PCT/ US02/ 35571 18 5. A conpound sel ected from
t he group consisting of 2,2-diphenyl-phenanthro - (9,1 0)-2H[ 1,
4] - oxazi ne, 2-(4-nethoxyphenyl)-2- phenyl phenanthro (9,10)-2H
[1, 4] - oxazine, 2-(4-f]| oro hen he .
(9.10)-2H[1,4] B oxa T hHEote, %22"?68 Q%‘&‘“ ‘X’pme r}‘ys“?’ﬁ“?‘q %ﬁ}é‘nb jigted
(9,10)-2H1[1, 4] - oxgqoqﬁenaﬁthreﬁeprm@&ﬁ &cmbqanmﬂxmungnbmtmladmdomla‘)m c
conpound, conprising the step of heating an isocyanate derivative of the
formula: I X 105vmtﬁh°&a%‘9¥?ﬁﬁ ’i6r,d“2ﬂ§| none of the formula: x wherein in each
formula X is nitrogen or carbon; R, R2, R3 and R4 are each 15
i ndependent |y hydrogen, hydro z halo en, benz for trifluoro hyl ,
nitro, cyano, asyl, Ehwfo?e@?o M, R Fre‘“élief}eé is 8%%“?63““%? |, (d
- C1$)al koxy, hal oy ( @%%Ail?>f50°c(f&]aho§‘b)ta%&ﬂ¢ﬁm@nyl or a heterocyclic
nitrogen-containing su %Stltuent having 5 atons in the ring; and n = |
or 2 and wherein the heating is carried out |n t he presence of a catalytlc
anount of a 20 triphenyl arsen oxide. W 03/042195

10 9 A process for producing a photochromic compound, comprlsmg

heating an aza-ylide compound of the formula XIV:

(Ry)
J
(Ra) O

T =PPh3

Xv

15 with a symmetrical quinone of the compound:

Q O

/2o
- (Ray(— =X MRen

X

wherein in each formula X is nitrogen or carbon; R; Rz, R3and R, are each

independently hydrogen, hydroxy, halogen, benzyl, formyl, trifluoromethyl, nitro ,
20  cyano, aryl, aryl (C; —Ca)alkyl, aryloxy, cyclo (C; — Ce)alkyl, (C1 - Cig)alkoxy, halo

(C1-Cs)alkoxy, (C; — Cs)alkoxycarbonyl or a heterocyclic nitrogen-containing

substituent having S or 6 atoms in the ring; and n=1 or 2.



19 PCT/ US02/ 35571 7. The process of claim®6, wherein the quinone is
substituted or unsubstituted 9, 10-phenanthrene-9, 10-di one, or substituted
or unsubswptoawedd®d, 10-1, 10 5 phenant hrol i ne-5, 6-di one. 8. PChAISPr/85ess of
claim6, wherein the heating is carried out at a tenperature of about 40C
to about 120C for about 2 to about 24 hours. 10 9. A process for producing
a photochrom c conpound, conprising heati nf% an aza-ylide conpound of the
formula XIV: =PPh3 XIV 15 with a symetrical qui none of the compound: X
wherein in each formula X is nitrogen or carbon; Rl, R2, R3 and R4 are each
i ndependent | y hydi@genTheprocessof,clairalOpgherein erminbne is substitutedtor udshibstitwaedt hyl |

nitro, 20 cyano, ar ryl. (C3,- a [0)4 Co6) al kyl ,
(Cl - c18)al koxy, h%i%pﬁe("é‘!"%éﬁ‘g’ll 7 l&? {%P“ﬁ“‘é ’é%&‘i?ﬁ‘é‘@&fﬁ@&@rl a

het erocycli c ni tr ogshendiftizblirens 6:gionsubsti tuent having 5 or 6 atoms in the
ring; and n = 1 or 2. WD 03/042195 PCT/ US02/ 35571 20 10. The process of

claim9, wherei’n the quinone is substituted or unsubstituted 9, 1

0- phenant hrene- 9, 1110- dllﬂﬁﬁodéés&’uﬁﬁﬁDtv\ﬂe%inﬂa&ctiéﬁ%kﬁﬁiddtd&f&(it&npe}&uéoflo‘
phenant hr ol i ne-5, 6- di one, 11. The process of claim9, wherein reaction is

carried out at a téﬁﬂér@f@n%abef‘t 129Ho tor alagitd tapbawdthoursoc for about 4 to

about 24 hours.



