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COVPOUNDS AND METHODS 5 FOR THEI R MANUFACTURE Fi el d of the Invention Z{Iﬁe

pr esent Wé&%@g@? el ates to oxazi ne conpounds. In parti,gﬂlug&m@}ag‘gpure,

i nvention oxazi ne conpounds and nethods for therr manu

which to compounds are useful as photochrom c conpounds. Background 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 15 induced by sunlight. For exanple, spirooxazine and chronene
conpounds are known for excellent fatigue resistance. Additionally,

phot ochrom ¢ 2, 2-di substituted [2H 1, 4]-naphthoxazi ne conpounds, such as
those are disclosed in United States Patent No. 5,801, 243, are known. These
conpounds have better fatigue resistance than chronene conpounds, but are
di sadvant ageous in that nethods for theiy 20 preparation are extrenely
limted. Thus, a need exists for additional photochromc oxazi ne conpounds
t hat overcone the di sadvantages of the known conpounds. Description of the
Invention and its Preferred Enbodi ments The present invention provides
oxazi ne conpounds having aromatic, 25 heteroaromatic, or aliphatic

substituents at th oSl 1] [0} i i et Ltjqnally, a one
pot method with exﬁgﬁMb%&éS@Q%@mw A@%éﬁﬂ@éﬁg conmpounds.
30 SUBSTI PUTE SHEET RULE 261 FARTRE Wﬁ@é@mmg PCT/ US2002/ 038743 2
I n one enbodi ment, the invention l[‘;),r ovi des a conpound conprising the
ield of the Invention
The present invention relates to oxazine compounds. In particular, the
invention provides oxazine compounds and methods for their manufacture, which

10 compounds are useful as photochromic compounds.

Background of the Invention
Various classes of photochromic compounds have been synthesized and

suggested for use in applications in which reversible color changes or darkening is

15 induced by sunlight. For example, spirooxazine and chromene compounds are
known for excellent fatigue resistance. Additionally, photochromic 2,2-disubstituted
[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

20 preparation are extremely limited. Thus, a need exists for additional photochromic

oxazine compounds that overcome the disadvantages of the known compounds.

Description of the Invention and its Preferred Embodiments
The present invention provides oxazine compounds having aromatic,
25 heteroaromatic, or aliphatic substituents at the 2 position of the oxazine moiety.
Additionally, a one pot method with excellent yields is provided for producing the

compounds,
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formula : x |1 |1 5 wherein X is nitrogen or carbon; R and R213r®ene2obe

i ndependent |y hydrogen, hydroxy, nitro, cyano, aIIyI a linear or branched
(C, - C20)0 WPBHSTET3- C20) cycl oal kyl, (C, - C20) al koxy,  ( CIEEHBSRIBABet yI enyl
phenyl acetyl enyl , (C,-C2o)a|keny|, phenyl vinyl , a hal ogen, a

hal o( C, - C20) al kyl , hal o( C3- C20) cycl oal kyl , han(C,-C20)aIkoxy, substituted
with at | east one hal ogen 1o atom wherein the halogen is fluoro, chloro,
brono, or iodo, unsubstituted aryl, aryl substituted with (C,-C6)alkyl or
(C, -C6)al koxy or aryloxy, and preferably phenyl or naphthyl, unsubstituted
heteroaryl or heteroaryl substituted with (C -C6)al kyl or (C - C6)al koxy and
preferably furyl, thienyl, pyrryl, indolyl, or pyridyl, arylalkyl or

unsubt situted heteroaryl al kyl or heteroaryl al kyl substituted with

(C -Co6)al kyl or (C - 15 C6)al koxy, subdstituted or unsubstituted

ni t r ogen- cont ai ni ng heterocyclic ring, -N(R )R2 or CON(R1l) R2 wherein R, and
R2 are each |ndepend 6& hydr ogen, &C - C20) al kyl, (C3- C2o)cyc|oa|ky|
unsubst it ut ed %ﬁ@ﬂ Ith%dlb‘éep 108, (PEQVIGES: A ‘{O@POUBG)@FWS“BH e
(C,-C6)alhﬁé¥ lapr a -000R or -COOR or -COR group wherein Ris hydrogen,
(C, -C20) al (C3-C20) cycl oal kyl, or substituted or unsubstituted aryl or
20 heteroaryl; nis an integer fromO to 4; and A and A are each

i ndependent | y: 25 SUBSTI TUTE SHEET (RULE(RB) 14 JUNE 2006 WO 2003/ 057679 3

PCT/ US2002/ 035743 (a) a |inear, or 5 d (d-C12)al kyl,
(C3-C12) cycl oal kyl, aryl (G -CG) al k t eroaryl (Cl- C6) al kyl,
(g -¢Co6)al koxy(qg - 06) al kyl, (C2AC} , hal o(C 5 C12)al kyl ,
(C, - C12) hal oal koxy, or (CI - Cl) &l ovher ei n each of the aryl

5 wherein X is nitrogen or carbon;
R, and R; are each independently hydrogen, hydroxy, nitro, cyano, allyl, a linear or
branched (C,;-Czp)alkyl, (C3-Czo)cycloalkyl, (Cl-C;o)alkoxy, (C1-Cyo)alkylacetylenyl,
phenylacetylényl, (Ci-Cyo)alkenyl, phenylvinyl, a halogen, a halo(C,-Cyo)alkyl,
halo(C;3-Cap)cycloalkyl, halo(C,-Cy)alkoxy, substituted with at least one halogen
10 atom wherein the halogen is fluoro, chloro, bromo, or iodo, unsubstituted aryl, aryl
substituted with (C;-Cg)alkyl or (C,-Cg)alkoxy or aryloxy, and preferably phenyl or
naphthyl, unsubstituted heteroaryl or heteroaryl substituted with (C,-C¢)alkyl or (C;-
Ce)alkoxy and preferably furyl, thienyl, pyrryl, indolyl, or pyridyl, arylalkyl or
unsubtsituted h;ztcroarylalkyl or heteroarylalkyl substituted with (C-Ce)alkyl or (Cy-
15 Ce)alkoxy, substituted or unsubstituted nitrogen-containing heterocyclic ring,
-N(R)R; or CON(R;)R; wherein R and R; are each independently hydrogen, (C;-~
Cap)alkyl, (C3-Cag)cycloalkyl, unsubstituted phenyl or phenyl substituted with (C;-
Ce)alkyl or (C,-Cg)alkoxy, or a -OCOR or —COOR or ~COR group wherein R is
hydrogen, (C;-Cap)alkyl, (C3-Cyg)cycloalkyl, or substituted or unsubstituted aryl or
20 heteroaryl;
n is an integer from 0 to 4; and

A and A’ are each independently:

25
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preferably are phenyl or naphthyl and each of the heteroaryl may #68&

thienyl, pyrryl, indolyl, benzofuryl, benzothienyl, pyridyl, dlbenzo

di benzot hi enyl . _or carbazolyl; 10 (b) unsubstituted or r

tri-subsﬁY?&%éﬁygﬁﬁl groups, such as phenyl and napht%‘ﬁpﬂgﬁggtﬁgﬁ%stituted

or nono-, or di-substituted heteroaromatic groups, such as furyl, thienyl,

pyrryl, indolyl, benzofuryl" benzothienyl, pyridyl, dibenzofuryl, 15

di benzot hi enyl, carbazolyl; (d) a group of either of the fornulae: B wherein

B is hydrogen, (Cl-Cil2)al kyl, unsubstituted or nono- or di-substituted 20

aryl, such as phenyl and naphthyl wherein each of said aryl and

het eroaromati ¢ substituents in (b), (c¢) and (d) are nitro, am no, cyano,

hydr oxy, epoxy, vinyl, allyl, hydroxyethoxy, methoxyethoxy,

hydr oxyet hoxyet hoxy, met hoxyet hoxyet hoxy fluoro, chloro, brono, or iodo,
-Cl2)al kyl, (G -d 2)al koxy, (d-Ci12)alkylaryl, 25 aryl, aryl oxy,

aryl (Cl1-C12) al kyl, aryl (Cl-C12)al koxy, (Cl-C12)al koxyaryl, halo(d -

Cl2) al kyl, hal oaryl, cyclo(C3-Cl2)al kyl, cyclo(G -C12)al koxy, aryl oxyaryl,

aryl oxy(Cl-C12) al kyl , aryl oxy(Cl-C) 2)al koxy, acryl oxy, nethacryloxy, or 30

SUBSTI TUTE SI@FER (iRbhE 0P Obrarohed UKE-CiORy | C{C0JcaBIBARL, PUFI(URLRRAGY3E743 4
a heterocycli c ni tr]éen cont ai ni ng. substituent, inc :ﬂgéxw t hout

| i gl ][atl on, eCarlkyl pi (Ge H‘i%}’(%%ﬂ"}lkﬂpl &@lrpzﬁ) |Ya2|1}ai‘t§plro
o (2 s P ghncga . noP)fﬁfo%h&oQgr oPi( eebpganeg thib %%}.ah BF RAE |10

I di'no nor phol'i no,

2,6-di (C, - C4)paéfkmbtyl1{ra phériyhor naphthyhmdmaoh ofithe Betdrbarpbmay bel furp],, thienyl,

o o il bbbt B e b S Ao, 2

nono- or di'%%%idl&k'ted phenyl ,. a - COP, OCCR or -COOR group

10 (b) unsubstituted or mono- di- or tri-substituted aryl groups, such as phenyl and
naphthyl;

(c) unsubstituted or mono-, or di-substituted heteroaromatic groups, such as furyl,

thienyl, pyrryl, indolyl, benzofuryl, benzothienyl, pyridyl, dibenzofuryl,
15 dibenzothienyl, carbazolyl;

(d) a group of either of the formulae:

\=\s =

wherein B is hydrogen, (C;-Cjp)alkyl, unsubstituted or mono- or di-substituted

Jos]

20 aryl, such as phenyl and naphthyl
wherein each of said aryl and heteroaromatic substituents in (b), (c) and (d) are
nitro, amino, cyano, hydroxy, epoxy, vinyl, allyl, hydroxyethoxy, methoxyethoxy,
hydroxyethoxyethoxy, methoxyethoxyethoxy
fluoro, chloro, bromo, or iodo, (Cy-Ciz)alkyl, (C,-Cjz)alkoxy, (C;-Ciz)alkylaryl,
25 aryl, aryloxy, aryl(C;-Cizalkyl, aryl(C;-Cyz)alkoxy, (C,-C,;)alkoxyaryl, halo(C,-
Cpp)alkyl, haloaryl, cyclo(Cs-Cyp)alkyl, cyclo(Ci-Ciz)alkoxy, —aryloxyaryl,
aryloxy(C;-Cyz)alkyl, aryloxy(C,-C;,)alkoxy, acryloxy, methacryloxy, or

30
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wherein Ris hydrogen, (C -C 2)alkyl, (C3-Cl2)cycloal kyl, hal o( &4 3682 abdey! -
unsubstituted, nono- or di-substituted phenyl, or unsubstituted, nono- or di
10 subst Wowoedsaeqeht hyl , unsubstituted, nono- or di- suls=wisoeedsiuryl or
thienyl; (e) unsubstituted or nono-substituted pyrazolyl, pyridyl,

i mdazolyl, pyrazolinyl, imdazolinyl, or. acridinyl, wherein the
substituents are each independently (C,- C6)al kyl, (C, -C6)al koxy, fluoro,
chl oro, phenyl; or 15 (f) a group represented by either of the fornul ae:
wherein C and D are each independently carbon, oxygen, (C, -C, 2)alkyl
nitrogen, or (Cl-C, 2)acyl nitrogen and R3 and R4 are each independently
hydrogen or (C,- 20 C,2)alkyl. In enbodinents in which hal ogen is sel ected,
preferably it is fluoro, chloro or brono. 25 SUBSTI TUTE SHEET (RULE 26) 14
JUNE 2006 WD 2003/ 057679 PCT/ US20021038743 5 1In a preferred enbodi ment, X

S _carbon of nLAfsHic K niﬁagmgi?on?ﬁxﬁngr@'ﬁ%dtm?,ﬂﬁag@pg' Wi ifERon 1) 1 1 O

cyano, allyl, uor chl oro; brono, uor onet trich net hyl ,
pyrrol i di NON-(@;pey)atkyhgiperazinph N-arybpipetieing] , azivétimg;| indelihé,n@amrokidino,br anched

(C -Co)al kyl, (C, -Co)alkox - or, .- roup wherein Ris 5
hydrogen, (PXF€BIaPHFAdING, (Ql@&1@9&?&%@@:-a)?'gylawenﬂwg‘@r fromo0 to 2;
and A and A ; i lVe. - i : b L -C6) al kyl
(C3- Cb) oyl BRrRaPoFBEibl BRARMAR, 246-e) ChalyNiinlnd (A olite,
(C, - 08) al kothyqaZplidiip sletrghydrddhir(aiinopysoybsari-NRe)R.cor GANGR )Ry witkrein(Ryst i t ut ed
aryl, such as, pghenyl or. naphthyl , referab upstituyted in either or both
the meta or %&g %iantbn‘E,HeReB eWsE)ESPg%t @'@Ff)@tyhrogéﬁgﬁl)?Wﬁlabﬁ' ’
het er oar omaLydyfr f4RS- of UF-3ubstinfted Yhenyl,.a ~COR, ~OCOR or ~COOR group
wherein R is hydrogen, (Ci-Cr)alkyl, (Cs-Cizcycloalkyl, halo(Ci-Co)alkyl,
unsubstituted, mono- or di-substituted phenyl, or unsubstituted, mono- or di-

10  substituted naphthyl, unsubstituted, mono- or di- substituted furyl or thiényl;

(e) unsubstituted or mono-substituted pyrazolyl, pyridyl, imidazolyl, pyrazolinyl,
imidazdlinyl, or acridinyl, wherein the substituents are each independently (C,-
Cﬁ)alkyl,.(Cl-C6)alkoxy, fluoro, chloro, phenyl; or

15
(f) a group represented by either of the formulae:

T OO0

D R, R, -

wherein C and D are each independently carbon, oxygen, (C;-C;;)alkyl nitrogen,
or (C;-C2)acyl nitrogen and R3 and R4 are each independently hydrogen or (C;-

20 C z)alkyl .

In embodiments in which halogen is selected, preferably it is fluoro, chloro

or bromo.
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15 thienyl, pyrryl, indolyl, benzofuryl, benzothienyl, pyridyl

di benzofuryl, dibenzothienyl, or carbazolyl; wherein each of tﬂé%¥F§ﬁoﬁﬁd
het ercaromati ¢ substituents in (b) and (c) are independently nitro, am no,
cyano, hy\ ¥ey95%Hoxy, hydroxyet hoxy, nethoxyet hoxy, B&%@Wﬁéw9ethoxy,
met hoxyet hoxyet hoxy, fluoro, chloro, 20 bronmo, or iodo, vinyl, allyl,
trifluoronethyl, phenyl, (C -C6)alkyl, (C, -C6)al koxy, cyclo(C3-C6)alkyl,
cyclo(C, -C6) al koxy, (C-C6))al kylam no, di (Cl-C6)al kylam no, diarylan no,
phenyl acetyl enyl, phenylvinyl, a heterocyclic nitrogen-containing
substituent, including, wthout limtation, NC, -C6)alkyl pi perazino, Naryl-
pi peri zino, aziridino, indolino, pyrrolidino, pyrrolino, piperidino, (C 25
C4) al kyl pi peridi no, di(Cl-C4)alkyl pi peridino, 4-piperidinopiperidino,

nmor phol i no, 2,6-di (C, -C4)al kyl nor phol i no, thionorpholino, thioazolidino,
tetrahydroquinolino, pyrryl, or a NNR\)R2, CON(R )R2 wherein R, and R2 are
each i ndependentlhya prefetied parhodiraentCX) Bl dayhan $CRitG@Em,yR| amd Rylare ehehny! , or

-COR, - OCCR or - COCR R , - | kyl
( C3- CB) cycl%&&ﬁ%eﬂt QS?‘Y‘%éé{g:“E]“%&Ysﬁ‘ﬁ@&‘?%ﬁ’gf%fﬁgkﬁ%ezwuﬂw% 2006 WO
2003/ 05767%&&6%5&%@%@ ﬁ?&aﬂﬁ SipdHRirf, RhGrhREIATY, ébheﬂS{lC%&% Dlindr! s09€n;  R1,

R2 are each 1 ndepen entI l)E/dro gen, nltro cyan uoro, ‘chloro, brono,

pyrrol i di ncbxarphqzbfﬁneﬁ?a)@k}’l pﬁdhlknb){, Orph@@‘DR drefQOR gt@pﬂhe)rahﬂyis or
(C1-C4) r 0 0 2; and s A and A" are each

i ndepen enﬁyé%g ‘fl(hbg% g@%ﬁ ‘?]‘E&qk&) al kyl, (C3- C8)cycl oal kyl ,

unsubst i tutnqglmpfmé'geﬂﬁomngjhn@ubstl tuted phenyl preferably substituted in
either or both the neta andmgara positions with a substituent selected from

the group doxmlAtarqeachbindependsntlyni no, acyl, cyano, net hoxy, et hoxy,
met hoxyet ho fI e % y :
et hoxycar boﬁyx ea}l) C}%ﬂ{cﬂeﬁl t(?f #@1% gq’kgﬁ%%ﬁ? t}’%’rél(déli?ﬂ%}kyl
pi peri di no, }ﬁeréd?ﬂ(C‘dCJ)ﬁlkleBf (@\oC)alkoxy(C,-Cs)alkyl;
10
(b) unsubstituted or mono- or di-substituted aryl, such as phenyl or naphthyl,

preferably substituted in either or both the meta or para positions;

(c) unsubstituted or mono-substituted heteroaromatic groups, such as furyl,
15 thienyl, pyrryl, indolyl, benzofuryl, benzothienyl, pyridyl, dibenzofuryl,
dibenzothienyl, or carbazolyl;
wherein each of the aryl and heteroaromatic substituents in (b) and (c) are
independently nitro, amino, cyano, hydroxy, epoxy, hydroxyethoxy,
methoxyethoxy, hydroxyethoxyethoxy, methoxyethoxyethoxy, fluoro, chloro,
20 bromo, or iodo, vinyl, allyl, trifluoromethyl, phenyl, (C,-Ce)alkyl, (C;-Ce)alkoxy,
cyclo(C;-Ce)alkyl, cyclo(C,;-Cg)alkoxy, (C;-Cg))alkylamino, di(C,-Cs)alkylamino,
diarylamino, phenylacetylenyl, phenylvinyl, a heterocyclic nitrogen-containing
substituent, including, without limitation, N(C;-Cs)alkylpiperazino, N-aryl-
piperizino, aziridino, indolino, pyrrolidino, pyrmolino, piperidino, (C;-
25 Cyalkylpiperidino, di(C;-Cy)alkylpiperidino, 4-piperidinopiperidino, morpholino,
2,6-di(C,-C,)alkylmorpholino, thiomorpholino, thioazolidino, tetrahydroquinolino,
pyrryl, or a -N(Rj)R2, CON(R)R, wherein R; and R; are each independently
hydrogen, (C;-Ce)alkyl, (C5-Cg)cycloalkyl, phenyl, or -COR, -OCOR or -COOR
wherein R is hydrogen, (C,-Cs)alkyl, (C3-Cs)cycloalkyl, or phenyl.
30
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pyrrolidino, aziridino, acryloxy, nethacryloxy, phenyl acetyl enyl4 Jine2006
phenyl vi nyl ; Unsubstituted or nono-substituted heteroaromatic groups, such
as furylwobthizaryd7y and pyrryl subsituted with a substipCaars20eBs@sed from
the group consisting of (Cl- C4)al kyl, and phenyl. 15 Most preferably, the
i nventions provides a conmpound sel ected fromthe group consisting of
2, 2-di phenyl - phenant hro (9, 10)-2H-[ 1, 4] - oxazi ne,
2- (p- met hoxyphenyl ) - 2- phenyl - phenant hro (9, 10)-2H[1, 4) - oxazi ne, 20
- (p-fluorophenyl)-2-(p-nmet hoxyphenyl)-phenanthro (9, 10)-2H[I, 4] - oxazi ne,
, 2- Bi s(p- et hoxyphenyl ) -phenanthro (9, 10)-2H-[1, 4] - oxazi ne,
(p- met hoxyphenyl ) - 2- ( p- mor phol i nophenyl ) - phenanthro (9, 10) - 2H|
, 4] - oxazi ne, 2-(p-net hoxyphenyl)-2-(p-pi peridi nophenyl)-phenanthro (9,1
)-2H[ | ,4]-oxazine, 2-methyl-2-pheryl-phenanthro (9, 10)-2H [
, 4] - oxazi ne, 2 Weéferab yX- 2aidbgn nﬁfb% h ] - oxazi ne,
2-di phenyl - 6, ?faﬁelcm%ro ]gﬁenanﬁ?rg ﬁg 10) iIRl Rgm(ﬁ%?%lgglglgﬂr%&m&lﬁ
2_ (p- met hoxydregey) nitre, pyases, fluerol chigrobromo, myanhdmhr plpendmo, morpholino,

(9,10)-2H Xaz hoxyphenyl ) -6, 11-di ni tr o- phenant hro
(9 10% 2H%P}‘H‘}1§ lZ@C‘«)%k»ﬂ 8?@4‘1' ﬁgeﬂﬁ‘ﬁ’ﬁé%gnt ol o (5.6) 21 [
1, 4] - oxazi n[fis agent om0 02, AdET (RULE 26) 14 JUNE 2006 WD 2003/057679

PCT/ US2002/ 035743 2- (p- met hoxg})henyl - 2- phe %_ phenant hrol i no
(5, 6) - 2H [ 1A 43ndoxAlzjare eaghh dadepen Bayx Pp heragg lyedph@mﬁﬁelkybl (670

5,6)-2H et th
xazi no. coNRReIeL abstiutid for ﬁﬁ&&f 5%, SrPUSARaE ey PR o
di subst i t utsgBstitetey lin @itike oflboth thel metwmi ﬁ)@fl posiiiéis il rLshbstitaént 3slestedi UM
azide, lithium azide, diphenyl phosphor azi de ("DPPA"), or

trimet hyl siffom athed @rqupTRemIstinga ot omgam amipas @cyln ctYagp:ngnethoxy, ethoxy,
methoxyethoxy, fluoro, chloro, vinyl, allyl, methoxycarbonyl, ethoxycarbonyl, (C,-

2
2
2
1
0
1
2,

10 Cyalkyl, di(C,-Cs)alkylamino, piperazino, piperidino, arylperidino, morpholino,
pyrrolidino, aziridino, acryloxy, methacryloxy, phenylacetylenyl, and phenylvinyl;
Unsubstituted or mono-substituted heteroaromatic groups, such as furyl, thienyl, and
pyrryl subsituted with a substituent selected from the group consisting of (C,-
Cs)alkyl, and phenyl.

15

Most preferably, the inventions provides a compound selected from the
group consisting of:
2,2-diphenyl-phenanthro (9,10)-2H-[1,4]-oxazine,
2-(p-methoxyphenyl)-2-phenyl-phenanthro (9,10)-2H-[1,4]-oxazine,

20 2-(p-fluorophenyl)-2-(p-methoxyphenyl)-phenanthro (9,10)-2H-[1,4]-oxazine,
2,2-Bis(p-methoxyphenyl)-phenanthro (9,10)-2H-[1,4]-oxazine,
2-(p-methoxyphenyl)-2-(p-morpholinophenyl)-phenanthro (9,10)-2H-[1,4]-oxazine,
2-(p-methoxyphenyl)-2-(p-piperidinophenyl)-phenanthro (9,10)-2H-[1,4]-oxazine,
2-methyl-2-phenyl-phenanthro (9,10)-2H-[1,4]-oxazine,

25  2-cyclopropyl-2-phenyl-phenanthro (9,10)-2H-[1,4]-oxazine,
2,2-diphenyl-6,1 l-dinitro-phenanthro (9,10)-2H-[1,4]-oxazine,

2-(p-methoxyphenyl)-2-phenyl-6,1 1-dinitro-phenanthro (9,10)-2H-[1,4]-oxazine,
2,2-Bis(p-mefhoxyphenyl)—6, 11-dinitro-phenanthro (9,10)-2H-[1,4]}-oxazine,
2,2-diphenyl-phenanthrolino (5,6)-2H-[1,4]-oxazine,

30
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Wi thout limtation, triethylamne, diisopropyl am ne, diisopropyl
ethyl am ne, to pyridine, piperidine, norpholine, N-alkyl norphol 1#8uNg 2006
1, S-di azobi cycl o_{75, 4, Qundec- 7-ene ("DBIJ"), and a trisubstituted arsen

oxi de suc‘Noéé‘W"P‘dHenyl arsen oxi de may be used as reaR€T/H§2mgesw7s3 The

di substituted acrylic acid may be used to undergo a series of
transformations to formaza-ylide internediate, which my react with a

gui none such as phenant hrene (9, 10)-di one, phenanthroline(5,6)-dione, to
formthe 15 desired photochrom c oxazine 20 25 30 C 10 QTI T11TC 11 1'1|
Ir1111 r nn' 14 JUNE 2006 WD 2003/ 057679 8 Reaction A A" \COOH azi de source
A A CONS PCT/US2002/038743 Ar A NCO 11 IV V trisubstituted arsen oxide
(R)n/ X \=X\(R2)n, 111" .x 9

7
2-(p-methoxyphenyl)-2-phenyl- phenanthrolino  (5,6)-2H-[1,4]-oxazine
and
2,2-Bis(p-methoxyphenyl)-phenanthrolino (5,6)-2H-[1,4]-0oxazine.

5 A mild synthetic methodology for preparing the oxazine compound of
Formula I is shown below as Reaction A, wherein a disubstituted acrylic acid, a
quinone, an azide source such as sodium azide, lithium azide, diphenylphosphoryl
azide (“DPPA”), or trimethylsilylazide (“TMSA”), an organic base including,
without limitation, triethylamine, diisopropyl amine, diisopropyl ethylamine,

10 pyridine, piperidine, morpholine, N-alkyl morpholine, 1,8-diazobicyclo[S,4,0Jundec-
7-ene (“DBU”), and a trisubstituted arsen oxide such as triphenyl arsen oxide may
be used as reacting agents. The disubstituted acrylic acid may be used to undergo a
series of transformations to form aza-ylide intermediate, which may react with a
quinone such as phenanthrene (9,10)-dione, phenanthroline(5,6)-dione, to form the

15 desired photochromic oxazine

20

25
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(R2)n 1 5 The key internediate of the reaction is a highly reagyJvee 2006

i socyanate derivative. The isocyanate nmay be in situ generated from

substi t wieghodesytd ¢ azi de which in turn nmay be for nedPCHUSINZ/0387din
substituted acrylic acid. The isocyanate is converted to aza- ylide in the
presence of catalytic anmpbunt of tri-substituted arsen oxi de including,
without Iimtation, triphenyl arsen oxide. The arsen ylide reacts

i medi ately with 10 qui none derivative to formthe desired oxazi ne conpound
and regenerated triphenyl arsen oxide. The generation of the isocyanate
fromacrylic acid may be conducted by rearrangenent of carboxylic azide
derivative generated fromacid using various reagent conbinations under
various conditions known in the art including, without Iimtation, acyl

chl ori de-sodi um azi de, chl orof or mat e- godi um azi de, DPPA, TMSA, i5 in the
presence of organic base inclduing, without limtation, triethylantine,

di i sopropyl am ne, diisopropyl ethylam ne, pyridine, piperidine, norpholine,
N al kyl npegetiehiAne, DBU, and the |ike. DPPA and TMSA, nethyl SUBSTI TUTE
SHEET (RULE 26) 14 JUNE 2006 WD 2003/057679 PCT/ US2002/ 038743 9

chl or of or mat e- sodi um azi de, and net hyl chloroformate-lithium azide are
preferred jazide sourgggsafdde advgntage of the above-desgribed methodol ogy
is that al,>6?¥%9§ S—ht-erredi at eSy=my be genrerat-ed—rn %FFﬁm wi_t hout
purification. 2 eact i on may beACond&@Ned either step-{ise 8?9 pref erably,
as a one-pot meaction. In the step-wyse reaction, as shownyin Reaction A

di -substituted acrylic acid is transfornmed into di- substituted acrylic acid
chloride by treatment with acyl chloride such as t&ioryl chljoride, acetyl
chloride, or oxalyl chloride. The acrylic acid chlo~le is then treated to
with sodium azide or |ithiumazide to generate sy i!l} ed a yggggg%yg or
may be reacted with chloroformate such as neth HHOr o or mht € od e fhe
presence of organic base to form m xed anhydth@?Xthe'ﬂﬁ‘mg]ed Wi th sodi um
azide or lithiumazide to generated substituted acyh azide.’

(Re)n

Ne¢
A)E

A' O X

QY

(Ra)n

5 The key intermediate of the reaction is a highly reactive isocyanate derivative. The
isocyanate may be in situ generated from substituted acrylic azide which in turn may
be formed in situ from substituted acrylic acid. The isocyanate is converted to aza-
ylide in the presence of catalytic amount of tri-substituted arsen oxide including,
without limitation, triphenyl arsen oxide. The arsen ylide reacts immediately with

10 quinone derivative to form the desired oxazine compound and regenerated triphenyl
arsen oxide. The generation of the isocyanate from acrylic acid may be conducted
by rearrangement of carboxylic azide derivative generated from acid using various
reagent combinations under various conditions known in the art including, without
limitation, acyl chloride-sodium azide, chloroformate-sodium azide, DPPA, TMSA,

15 in the presence of organic base inclduing, without limitation, triethylamine,
diisopropyl amine, diisopropyl ethylamine, pyridine, piperidine, morpholine, N-
alkyl morpholine, DBU, and the like. DPPA and TMSA, methyl
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15 Alternatively, substituted acrylic azide nay be obtained by

DPPA or TMBA in the
secondar Ly Lar
di i sopr oéh 5002@1#%,26:"
nmor phol i ne, N al kyl
arrangenent of acyl
conmpound of Formul a

reaction wth
presence of organic base. The organic base n’éc]c 23’
y am ne including, wthout Iim'tatl am ne,
di i sopropyl ethylam ne, pyridine, ‘SEP ;dmﬁyy
nor phol i ne, DBU, and the |iKke. Upon heating, a
azide occurs to 20 formthe isocyanate derivative of the
111. The isocyanate derivative may be reacted with

gui none such as phenant hrene(9, 10)-di one or phenanthroline(5,6)-dione in
the presence of catalytic anmount of trisubstituted arsen oxide such as
tri phenyl arsen oxide to formthe desired photochrom c oxazine. 25 The

oxazi ne co

npounds may be obtai ned by nore efficient, high yielding,

one-

pot

met hodol ogy shown as Reaction B. 30 SUBSTI TUTE SHEET (RULE 26) 14 JUNE 2006
WD 2003/ 057679 Reaction B 10 (R )n Azd® 1) so rc . a A ~~COH 2).

base (R2)n

10

15

20

N
n

30

Gijoroforingtgtsodidm ez;d%\r@@nmetkyld@ﬂqrnﬁ)rmate-llﬂnum aZIde are preferred

azide sources.

One advantage of the above-described methodology is that all of the
intermediates may be generated in situ, without purification. The reaction may be
conducted either step-wise or, preferably, as a one-pot reaction. In the step-wise
reaction, as shown in Reaction A, di-substituted acrylic acid is transformed into di-
substituted acrylic acid chloride by treatment with acyl chloride such as thionyl
chloride, acetyl chloride, or oxalyl chloride. The acrylic acid chloride is then treated
with sodium azide or lithium azide to generate substituted acyl azide, or may be
reacted with chloroformate such as methyl chloroformate in the presence of organic
base to form mixed anhydride, then treated with sodium azide or lithium azide to

generated substituted acyl azide.

Alternatively, substituted acrylic azide may be obtained by reaction with
DPPA or TMSA in the presence of organic base. The organic base may be a
secondary or tertiary amine including, without limitation, triethylamine, diisopropyl
amine, diisopropyl ethylamine, pyridine, piperidine, morpholine, N-alkyl
morpholine, DBU, and the like. Upon heating, a arrangement of acyl azide occurs to
form the isocyanate derivative of the compound of Formula III. The isocyanate
derivative may be reacted with quinone such as phenanthrene(9,10)-dione or
phenanthroline(5,6)-dione in the presence of catalytic amount of trisubstituted arsen

oxide such as triphenyl arsen oxide to form the desired photochromic oxazine.

The oxazine compounds may be obtained by more efficient, high yielding,

one-pot methodology shown as Reaction B.
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inlIn this method, the reaction may be conducted sinply by m Xi pgJene 2006
substituted acrylic acid, an azide source, preferably DPPA or TMS azide, a
m | d or gMRI2B0HRIE? such as triethylan ne, diisopropyl &&TAB2003{088&dpr opyl

et hyl am ne, pyridine, piperidine, norpholine, Nalkyl norpholine, DBU, a
gui none such as phenant hrene (9, 10)-di one, phenanthroline(5, 6)-dione, and a
catalytic anount of triaryl arsen oxide such as triphenyl arsen oxide, in a
sui tabl e organi c solvent under 10 heating for a tinme sufficient to conplete
the reaction, usually between about | and about 15 hours. Reactive
effective anounts of the m xture constituents are used neaning an anount
suitable to produce the desired oxazi ne conpound. The anopunt of 15
trisubstituted arsen oxide may be about 1 nol percent to 20 nol percent,
preferably about 2 to 10 nol percent,ionore preferably about 5 nol percent.
The azi de Readtioa Bsuch as DPPA and TMS azide is preferably used in about 1
to 5 equivalents conpared with the di -substituted acrylic acid. The anopunt
of organi c base used may be about I to about 100 equival ents, preferably
about 1 to 10 equivalents, nore 20 preferale about 2 to about 6 (ran

equi val ents. Quinone such as ggen@nt hr end)fg%e9yce di one, 7
phenant hrol4 ne(5, 6) -di one, ma used i p.afeut 0.5 to 1.5 egui LRl exts,

preferably 675’5&&08,56 to 0.8

. azide sburce ase 3'5"8‘ ; ' n)_; ). RLSE0EKAR okig 2R
0.7 : 0.05. 25 PCT/USZOO 38743 SuUB UTE SHEET (RULE 26) 14 J

2003/ 057679 PCT/ US2002/ 038743 11 Useful organic sol vents include, wWjmhout
limtation, benzene, dioxane, getrahydofuran (THF), toluene, "and Xyl ene,
and the Ilke and m xtures thereof. Reaction tenperatures will vary and
typically range fromabout 40 C to about 1500 5 C. In a preferred

enbodi nent, t helsahisemethod, e redction beay ebte conductidu singplanbly tiking a

5 substituted acrylic acid, an azide source, preferably DPPA or TMS azide, a mild

2 . 5:

organic base, such as triecthylamine, diisopropyl amine, diisopropyl ethylamine,
pyridine, piperidine, morpholine, N-alkyl morpholine, DBU, a quinone such as
phenanthrene (9,10)-dione, phenanthroline(5,6)-dione, and a catalytic amount of
triaryl arsen oxide such as triphenyl arsen oxide, in a suitable organic solvent under
10 heating for a time sufficient to complete the reaction, usually between about 1 and

about 15 hours.

Reactive effective amounts of the mixture constituents are used meaning an

amount suitable to produce the desired oxazine compound. The amount (;f

15  trisubstituted arsen oxide may be about 1 mol percent to 20 mol percent, preferably
about 2 to 10 mol percent, more preferably about 5 mol percent. The azide source

such as DPPA and TMS azide is preferably used in about 1 to 5 equivalents
compared with the di-substituted acrylic acid. The amount of organic base used may

be about 1 to about 100 equivalents, preferably about 1 to 10 Equivalents, more

20 preferably about 2 to about 6 equivalents. Quinone such as phenanthrene (9,10)-
dione, phenanthroline(5,6)-dione, may be used in about 0.5 to 1.5 equivalents,
preferably about 0.6 to 0.8 equivalents. The preferred ratio of acrylic acid : azide

source : base :-quinone : triaryl arsenoxide isabout 1:1.2:5: 0.7 : 0.05.

25
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reaction condition is carried out at about 50 to about 110 C for4 ahadooe t o
about 15 hours. Mre preferably, the solvent is toluene or benzene and the
reacti onypSo@asfgred out at about 60 to about 80C for RODWS2M@2038743 hours. to
The substituted acrylic acid may be prepared by the either of two reactions,
Reactions C and D, illustrated as follows. Reaction C O (Et O 2POCH2000Et A 1
NaOH A" '""_ --A NaHA 2. HCI P: OOH A-COCEt VIVII11 15Reaction D O NaOHA1L.
NaOH, G ycol A'L A- CH3CNACN2. HC A" OOH -A V1V11lt Reaction C, a
Honor - Enmons reaction as described in Tetrahedron, 52(31), 20 10455-10472
(1996), may be conducted starting froma ketone of Formula V. The resulting
3,3-disubstituted acrylic acid ethyl ester of Formula IV may be hydrol yzed
to formdisubstituted acrylic acid of Fornula HH A, A are the sane as
defined hereinabove. 25 SUBSTI TUTE SHEET (RULE 26)

Useful organic solvents include, without limitation, benzene, dioxane,
tetrahydofuran (THF), toluene, and xylene, and the like and mixtures thereof.
Reaction temperatures will vary and typically range from about 40° C to about 150°

5 C. In a preferred embodiment, the solvent is nonpolar benzene or toluene and the
reaction condition 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 4 hours.

10 The substituted acrylic acid may be prepared by the either of two reactions,

Reactions C and D, illustrated as follows.

Reaction C

j\ (Et0),POCH,COOEL A 1. NaOH A :
KA NaH A: "COOEY 2 Hel A7 \cooH
vi Vil 1

15 ReactionD

j)l\ NaOH A 1. NaOH, Glycol A>__\C
AR CHiCN A® CN 2 HCI A OOH
Vi vil .

Reaction C, a Hornor-Emmons reaction as described in Tetrahedron, 52(31),

20 10455-10472 (1996), may be conducted starting from a ketone of Formula V. The
resulting 3,3-disubstituted acrylic acid ethyl ester of Formula IV may be hydrolyzed

to form disubstituted acrylic acid of Formula II. A, A' are the same as defined

hereinabove.

25
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14 JUNE 2006 WO 20(13/057679 PCT/ US2002/ 038743 12 In reaction D, keéﬁﬁg i's
reacted wth acetonitrile in the presence of an excess anpunt b
base i ncMORMFIsMI% hout |imtation, sodi um hydroxi de toprctosrobss743
2,2-disubstituted acrylonitrile of Fornula V. This process is described in
J. 5 Og. Chem, 44(25),'4640-4649 (1979). After hydrolyzation with the base
in a suitable organic solvent, followed by acidification, the disubstituted
acrylic acid of Formula Il may be obtained. The oxazi ne conpounds of the

i nvention may be used singly, in 10 conbination, or in conbination with

ot her types of photochrom ¢ conpounds, including without limtation

napht hopyran and spirooxazi nes, or conbinations thereof. The oxazi nes of
the invention may be used in any applications in which organic photochromc
substances are typically enployed including, without Ilimtation, ophthalmc
| enses, w ndows, autonotive transpareﬂéles polymer films, 15 and the Ilike.
The oxazines may be utilized in an organic solvent which solvent may be any
sui tabl e sol ven u en met hyl

et hyl ket one, ace %%gléhdmano%ﬁéq% %gﬁ%&&lﬁ%g?%ﬁm%ﬂ@?ﬁﬁ%p} ‘gf et hyl

acetate, eideyd aneunyloy & ehitable/base éncludihg, avichounn mﬂynaﬁ,tdwimmhydrehue ltdlone and
the like and m xtures thereof. 20 Alternatlve:ﬂ%/h,l t he oxazines may be used

in an or gafrm the:grdisubsiiutedgorylonitrile ok Formmla V. Ahis pregessisdesenbedondzi ne nay
be dissqlv S t 0S ed with other
corrpone%t 56% 0?]?1%& ’ngg 2§ﬁg4tdé1r6|434§ %)er%‘g 2 Nzt ﬁggc‘)@azwr%gsrré lgb

i ncor por at sujtablst organicaalveny fellywedesy doidification tﬁeahalbaﬁtmﬁd atchﬁldmﬁd ofraterial .
As yet anot her al ternatl ve, the oxazine may be inbibed into or coated onto
a surface bermukellmeaytbepbiaineds)  preferred host materials are optically clear
plastics including, without |imtation, polyners, copolynmers, or a mxture
of polyners. Exenplary host 30 materials include, without limtation,
poly(ally carboTin ejxazipe! yappounds pof ytaer yivehttien may be used singly, in

10 combination, or in combination with other types of photochromic compounds,

including without limitation naphthopyran and spirooxazines, or combinations
thereof. The oxazines of the invention may be used in any applications in which
organic photochromic substances are typically employed including, without
limitation, ophthalmic lenses, windows, automotive transparencies, polymer films,
15 and the like. The oxazines may be utilized in an organic solvent which solvent may
be any suitable solvent including, without limitation, benzene, toluene, methyl
ethylketone, acetone, cthanol, methanol, tetrahydrofuran, dioxane, ethyl acetate,
ethylene glycol, xylene, cylcohexane, N-methyl pyrrolidinone, and the like and
mixtures thereof.
20
Alternatively, the oxazines may be used in an organic polymer host by
various means. For example, the oxazine may be .dissolved or dispersed into the
host material and polymerized with other components of the host material.
Alternatively, the oxazine may be incorporated into a coating applied to one surface
25 of the host material. As yet another alternative, the oxazine may be imbibed into or

coated onto a surface of the host material.

Preferred host materials are optically clear plastics including, without
limitation, polymers, copolymers, or a mixture of polymers. Exemplary host

30 materials include, without limitation, poly(ally carbonate), polyepoxy, polyacrylates,
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SUBSTI TUTE SHEET (RULE 26) 14 JUNE 2006 WO 2003/1157679 PCT/ US2002/ 038743 13
pol yet hyl ene, pol ypropyl ene, pol yvinyl chloride, polynethacrylat%EJU 6
(a- C12 hacryl at es, pol yoxy(al kyl ene net hacryl ates, cellul ose
acetate,kgggwhwggé triacetate, cellulose acetate butyréFEVU§@8V@$leelIulose,
poly (vinyl acetate), 5 poly (vinyl alcohol), polyurethanes,

pol yt hi our et hane, polysil oxane, polyanlide, polystyrene, and copol yners
selected fromthe group consisting of acrylates, nethacrylates, nethyl

nmet hacryl ates, ethyl ene glycol bis nethacrylate, vinyl acetate, vinyl
butyral, urethane, thiourethane, diethylene glycol bis(allylcarbonate),

di et hyl ene gl ycol dinethacrylate, diisopropenyl benzene, and the |ike. 10
The amount of oxazine used is an anount such that the organic host nateri al
to which the photochrom c conpound, or m xture of conpounds, is applied or
in which they are incorporated exhibiigs the desired resultant color.
Typically, within limts, the nore oxazine used, the greater the color

intensity. Generally, about. 15 0.001 to about 20 % by wei ght of the pol yner
host is us®alyetyslepaopelypropiene.dpealyvinyl dhlonidee polyamnetbagrylates; Pl t he

oxazi nes ofa & I J i j ikl anti oxi dant s,
WV absor ber%‘ggﬁgnr#%&gi}%tgglpgwggg%@ eg%ﬁﬂ@g%?tﬁégg%\glbgef]?g{%eé used to inprove
phot ochr onmicelhfdosepfisdetats; celhflosenacenateubiitoratepacatyl callploky,ngoly (wihyl acetatehe oxazi ne
conmpounds of_ the invention are colorless or pal emﬁgl, ow, and rapidly

devel op SanPpht GarY dephobatnobyirethancs, polythioyrgthane, | RRysiiaxane xpolyanaide. | |
exhibit a w g f td.\at . f vi ol et
radi ati on, %&%ﬁf’%rg’aﬁ%dé ’coﬁgl I ?n\@%%éﬁgeéo\ﬁgutﬁglégutf ocogﬁlgfelﬁ% réa}y?é%t‘l% wi de
range of f agthagrylaesamsthypmethachythtes; éthylemnglgcdl disngethacrylave) eviydbéetdteur to
several secopds dependi on the structure of the oxazi conpoupnd and
sol vent or VI rﬁg{yr sé‘&e.tﬂ%‘?e H‘é?“tr? Mear d?&%ﬁ%a@gy%‘i mﬁgﬂ%{%’éw onmpounds
of the pre%{%ﬂ?ﬁn\ggﬁ%l&&eﬂﬁ@ryﬂa?e,ﬁh?&g%ﬁ}%y%%xﬁ}é%ﬂ%? ra of the col ored

formof the a ed oxaziné typic
10

The amount of oxazine used is an amount such that the 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. Typically, within
limits, the more oxazine used, the greater the color intensity. Generally, about

15 0.001 to about 20 % by weight of the polymer host is used.

Nonphotochromic dyes may be used in conjunction with the oxazines of the
invention to adjust the tint. Additionally, antioxidants, UV absorbents, anti-radical
agents and the like may also be used to improve photochromic properties.

20

In solution or in a polymer matrix, the oxazine compounds of the invention
are colorless or pale yellow, and rapidly develop an intense coloration under UV
irradiation. The oxazines will exhibit a wide range of color when activated by a
source of ultraviolet radiation, from orange, reddish-orange, purple, to blue gray. A

25  wide range of fading is also provided, the range being from one half hour to several
seconds depending on the structure of the oxazine compound and solvent or matrix

used.

One particular advantage of the oxazine compounds of the present invention

30 is that the absorption spectra of the colored form of the activated oxazine typically
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Cl IRCTITI ITF SW=FT 101 | F 9t;1 14 JUNE 2006 WD 2003/ 057679 14JUNE200
PCT/ US2002/ 038743 14 shows two or three absorption bands covering a

range i rweoisebplses7spectra. For exanpl e, PCT/US2002/038743

2- (p- met hoxyphenyl ) - 2- ( p- pi peri di nophenyl ) - phenant hro (9, 10) - 2H

[ 1, 4] - oxazi ne, upon activation in organic solution or in polynmer exhibits a
gray color that fades quickly. The conpound's UV-visible spectra showed

t hree bands covered 5 the whole visible region, which is ideal for
application in sungl asses, spectacle |enses, and contact |enses. The
invention will be clarified further by consideration of the follow ng,
non-limting exanples. 10 Exanples Exanple 1 Step 1. Into a 100 mi

t hree- necked flask was charged solid KOH (3.30 g, 0.05 nole) 15 and 25 nj
acetonitrile under argon which was then heated to refl ex. Benzophenone
(9.1g, 0.05 nole) in 20 m_acetonitril® was added in a streamw th stirring.
After 8 hehaws tveq |axthreenabsosptione Handsopoxering ¢ wideeangp i vistble spestra.00g

o gani ¢ edrapteng HHELR PRIV LR ARE- L shedtely) (uI02EfT U "
sul fate, andtjidxhtiaeefon aevato w\@gmﬂasdslﬁﬁ@veﬁn pbnmrmhmue a\egy ddldri fied by
flash chromat ogra phy on silica US;H her - hexane 5 as, eluent), and 7.9

g of a col bl fades mqklmabe&smp%ﬁs -Bisble spegtra Shm&%@ ¢ayeredr oduct to
e & 5T RS SRR A, 5ol B A (15

3, 3- di phenghses,candlcomtaétriédses.(5. 769, 2.81 mmol ) produced in Step | and sodium
hydr oxi de (11.2g, 280 nmol) were refluxed in a mxture of 180 m ethyl ene

The invention will be clarified further by consideration of the following,
non-limiting examples.
10

Examples
Example 1

Step 1.
Into a 100 ml three-necked flask was charged solid KOH (3.30 g, 0.05 mole)

15 and 25 ml acetonitrile under argon which was then heated to reflux. Benzophenone

(9.1g, 0.05 mole) in 20 ml acetonitrile was added in a stream with stirring. After 8

hours reflux, the hot reaction solution was poured onto 100g crushed ice and

extracted with dichloromethane (3 x 15 ml). The combined organic extract was

washed with water, dried ovér anhydrous sodium sulfate, and filtered. Solvent was
20 removed, the residue was puriﬁed by flash chromatography on silica gel (ether-

hexane 1 : 5 as eluent), and 7.9 g of a colorless oil was obtained. Yield: 77%.

'HNMR showed the product to have a structure consistent with 3,3-diphenyl-

acrylonitrile.

'HNMR (CDCly): § 5.75 (s, 1H), 7.27-7.50 (m, 10H).

Step 2.

The 3,3-diphenyl-acrylonitrile (5.76g, 2.81 mmol) produced in Step 1 and
sodium hydrokid‘e (11.2g, 280 mmol) were refluxed in a mixture of 180 ml ethylene
glycol and 1 ml water for 3 days. The reaction mixture was cooled and diluted with

30 100 ml water, acidified with 5 M hydrochloric acid until the pH was less than 1,
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glycol and I m water for 3 days. The reaction m xture was cool ed and
diiuted with 30 100 Ml water, acidified with 5 M hydrochl oric adddUNE2006+¢ he
pH was less_than 1 SUBSTI TUTE SHEET (RULE 26) 14 JUNE 2006 WO 2003/ 057679
PCT/ US200%9 848936795 filtered with suction and washed JEnHVSOBYITH: h wat er .
The solid paste was dissolved in ethyl acetate, washed wth dilute
hydrochl oric acid. The organic |layer was separated and the aqueous | ayer
was extracted twice with ethyl acetate. The 5 conbined ethyl acetate
solution was' dried over anhydrous sodium sulfate, and filtered. Solvent
was renoved in vacuo until the total volume was approximately 40 m . The
solution was filtered through a short silica gel colum and washed with
ethyl acetate. After renoval of the solvent in vacuo, the residue was
titrated with a small volunme of hexangsethyl acetate (4 :1) and
recrystallized fromethyl 10 acetate/hexane. Colorless crystal (5.34g) was
obtained. Yield: 84.8% 1HNMR showed the product to have a structure

consi st ent ﬁmrhd:?‘ftghcﬁuﬁh@hw%c‘?@?® carpletely wifpvwvatecDdhe) solid pasggwas, 1H),

G pheny s JEiebvalif £ guehe! Whsndlhyin SioRe Byardcdndighold s reatiiaver |

mol ), trieayképaidied abd b, aq'iemmh)'er vadsesxtraétbd ewite WvittD ety actatd. 1 46e N0,
nmol ) and triphenyl arsen oxide, ( 0 05 n dry toluene (12
was heat &d eqsnla st a&etn@uséuuqq 1w ﬁ‘i’dWﬁ't agh:é%w sadium cslfate; and

di chl t

Gl Chi or omet NG SARER: vas rmBFedTn o) he r‘ﬁ%‘f‘&ﬂ%gﬁggﬂ{%“fa‘aﬂ“

Crystal *?‘3“??8?‘“?%”@?"“ o (e ah e 8y
crystal. Yield: % X m m ,
g;]l.g (:SL ,Zzll-ﬁ thylgacgtateg %ger(rﬁpozg)[)? %2 g)évegt BE‘;CH? tgi—éemdi‘s vﬁ@‘iﬂ@fﬁd(lvm3{2786
128.4, 128, %“Jlﬁvéﬂ%"éléﬁq'exg’?fgestﬂﬂ %%%{44(4 1D 3d ‘%é'ggtaf lized i}““é‘p% e

10 acetate/hexane. Colorless crystal (5.34g) was obtained. Yleld 84 8%. 'HNMR

3_0[\)

7
)

showed the product to have a structure consistent with 3,3-diphenylacrylic acid.
'HNMR (CDCl5): § 6.38 (s, 1H), 7.24-7.35 (m, 1H), 7.40-7.46 (m, 3H).

Step 3.

15 A mixture of the diphenylacrylic acid (225 mg, 1 mmol) of Step 2, DPPA
(95%, 348 mg, 1.2 mmol), triethylamine (506g, 5 mmol), phenanthrene-9,10-dione
(146 mg, 0.7 mmol) and triphenyl arsen oxide (16 mg, 0.05 mmol) in dry toluene
(12 ml) was heated to 60°C over 3 hours. After chromatography (silica gel,
dichloromethane-hexane 2 : 1 as eluent) and recrystallization from dichloromethane-

20 hexane, 308 mg of 2,2-diphenyl-phenanthro (9,10)-2H-[1,4]-oxazine, was obtained
as a colorless (slightly pale yellow) crystal. Yield: 100%.

'HNMR (CDCls): § 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).

25 “CNMR (CDCL): 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.

Example 2
Step 1.
30 To a stirred suspension of sodium hydride (95%, 0.507 g, 20 mmol) in THF
(15 ml) was added 2-3 ml a solution of triethylphosphono acetz;lte (4.48 g, 20 mmoi)
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30 To a stirred suspension of sodium hydride (95% 0.507 g, 20 4 MinNg 2006 THE
(15 M) was added 2-3 ml a solution of triethyl phosphono acetate (4.48 g,
20, moigwaShedBRfHT! | TF SHFEFT IPI11 F 9 14 JUNE 2006 oA 30438446 79

PCT/ US2002/ 038743 16 in THE (20 m ). A tiny drop of ethanol was added to
initialize the reaction, then the rest.of the triethyl phosphono acetate

sol ution was added dropwi se under ice-water cooling over 40 m nutes. After
15 minutes of stirring, the reaction mxture was 5 transferred into a

droppi ng funnel and added dropwi se to a boiling solution of 4-

met hoxybenzophenone (4.38 g, 20 mmol) in THE (20 m ). After 24 hours reflux,
nost of the solvent was renoved. The cool ed resi due was added to a saturated
sol uti on of aqueous sodiumchloride (20 m) and extracted with

di chl oronet hane. Renoval of dichl oronethane gave a pale yellow oil (5.42 Q)
whi ch contained mainly to (E) and (Z)-3 p-nethoxyphenyl - 3-phenyl -acrylic
acid ethyl ester as characterized by 'HNVR and was used directly in the

next step w furt | fi i Qn.. il . ohbtained in Step |
e hydr ol yb i trogtty Aty Ron bt Ebindidras 3038 © jmlideetis iR i b8 e

reflux for rdstlfiie tribkeylshoepiRtior Renitd Ot e &1ded Hrdpwise dnddriié@wafeg- Wat er
acidified wwth dilute hydrochlaoric acid until the pH was less than 1 and

extract ed Woekingover| 40 minuigse Adtex 15 gnipujes of g thEQRCHOR KAre iagt i on was

dried over .an : ogli \e L he.resi due was
recrystadll i@ggglﬁlé%%ﬁ%ts"h%ﬁma}éét a eﬁ %réiggéé.@%o#t% etggo ?;gﬂ%\gé'ﬂt&é% §|fr‘1‘éd. The
mot her 20 |meéhwxgbedpheriohe ¢4.38l gf Q0 alholyth THR@mHNdAfrec24/Bowk réffad, i on. A
total of 3.826 desired product was obtained as white solid and 0.677 ¢
unr eact ed Heasheb thiasolvent wasderpved; dihg: copledamsidue R added\iel atsatnratede

recover ed .M - . .
(2)-3-p- me'lt% h@gyg/%tﬁg%‘f‘%s gﬂ%ﬁ%ﬁx&géﬁ%{{zg @C)I %fﬂn%gragttegav l& dlfﬁlé’r%rp%tg%ncf ure of
Step 3 of Reavhiofldickisromethant galvecaxmadpyelidwadil .42 g) which contained mainly

met hoxypheny] - 3- phenyl -acryl.i c i 54.5 ng,, I, mmol) was used instead of
3, 3- di Bher(é} 1R oaygf@ngggmﬂw(}é-g@{y?mggldcﬂihyl estex) as characterized by
2- (- met NOXURIER WA was B5481A%ketly in the next step without further purification.

Step 2.
The oil obtained in Step 1 was hydrolyzed in a solution of KOH (5.07 g,
15 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 less than 1
and extracted with ethyl acetate (3 x 20 ml). The combined organic solution was
dried over anhydrous sodium sulfate. Solvent was removed and the residue was
recrystallized from ethyl acetate/hexane. A white solid was obtained. The mother
20 liquid was subjected to chromatography and recrystallization. A total of 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.

25 Step 3.

The procedure of Step 3 of Example 1 was repeated except that 3-p-
methoxyphenyl-3-phenyl-acrylic acid (254.5 mg, 1 mmol) was used instead of 3,3-
diphenyl-acrylic acid to obtain 290.7 mg of 2-(p-methoxyphenyl)-2-phenyl-
phenanthro (9,10)-2H-[1,4]-oxazine, as pale yellow crystal. Yield : 100%.

30
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phenanthro (9,10)-2H[1, 4] -oxazine, as pale yellow crystal. Yield : 100% 30
SUBSTI TUTE SHEET (RULE 26) 14 JUNE 2006 WD 2003/ 057679 PCTI US2002/Jy282886 17

" HNVR  ( Ci¥ed 3b: 74 (s, 3H), 6.84 (d, 2H, J = 8.7 Hz) =7 (m 5H),
7.50- 7.60 ?ar%mg’ﬁ)’?g, 7.61-7.66 (m 3H), 8.07 (s, 111), .%‘gyé%%zé"3?§d3 4H) .
13CNWR (CDC13): 5 55.2, 79.4, 114.0, 122.5, 122.7, 122.8, 122.8, 122.9,
125.1, 5 125.2, 126.8, 126.9, 127.0, 127,5, 128.3, 128.6, 129.8, 131.2,
133.3, 138.0, 141.6, 155.9. 159.7. Exanple 3 Step 1. 10 A m xture of
anisole (11.9 g, 0.11 nole) and p-fluorobenzoyl chloride (97% 16.34 g, 0.1
nol e) in. dichloronethane (50 m) was added al um num chl oride (14.67 g,
0.11 nole) in small portions with stirring under ice-water cooling. After
addition, the reaction mxture was stirred at roomtenperature for 1 hour,
poured into a mxture of crushed ice (400 g) and hydrochloric acid (20 m),
and stirred until the 15 orange col or Hischarged. The m xture was then
extracted with dichloronethane, dried over sodiumsul fate, passed through a

emved, nENE GRS ST GRS b ot AT P eOn e, and
21.96 g of %Mg@eﬁ_gl_qy“q@bm?-gﬁ% ﬂgmﬂtgﬁz,gﬂ;z;@qm?a 4% 1HNVR showed the

product to have tructure ¢éo p

f | uor ophenyICNMRe (GDEHRNE 5§12, KOtdorid4.0, REAVR (22011908, 922.839209, 1351, 6.97' (d,
2H, J = 8.7 _Hz) 7'136(29dd’ 2H, J = 8.7 Hz) 7.76-7.84@{9 4H) . 25 Step 2.
The procedulé2el268ep269,dR 78 dApiSe 128-3ak2810 J238e 43 b2 B33, 380, p41.6,

f1 uor ophenylss - (& foxyphenyl ketone (4.60 g, 20 mvl) was used instead of p-
met hoxybenzophenone and the reaction time was 48 hours. The resulting oil
contained mainly (E) and (Z2)-3-p-fluorophenyl - 3-p-net hoxyphenyl acrylic acid

Example 3
Step 1.
10 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,
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
15 orange color discharged. The mixture was then extracted with dichloromethane,
dried over sodium sulfate, passed through a short silica gel column and washed with
dichloromethane. The solvent was removed, the residue was recrystallized from
dichloromethane-hexane, and 21.96 g of a colorless crystal was obtained. Yieid:
95.4%. 'HNMR showed the product to have a structure consistent with p-
20 fluorophenyl-p-methoxyphenyl ketone.

'HNMR (CDCls): 5 3.89 (s, 3H), 6.97'(d, 2H, ] = 8.7 Hz), 7.13 (dd, 2H, J = 8.7 Hz),
7.76-7.84 (m, 4H).

25 Step 2.

The procedure of Step 2 of Example 2 was repeated except that p-
fluorophenyl-p-methoxyphenyl ketone (4.60 g, 20 mmol) was used instead of p-
methoxybenzophenone and the reaction time was 48 hours. The resulting oil
contained mainly (E) and (Z)-3-p-fluorophenyl-3-p-methoxyphenyl acrylic acid

30 ethyl ester, which was used in the next step without further purification.

SUBSTITUTE SHEET (RULE 26)



30 ethyl ester, which was used in the next step w thout furtheri4June2006
purification. SUBSTI TUTE SHEET (RULE 26 14 JUNE 2006 WD 2003/ 057679

PCT/ US20@22008&74% 18 Step 3. The oil obtained in Step ECHMES0RWBEHMIyzed in a
m xture of KOH (5.2 g) and 5 nethanol (30 m) for 80 m nutes. The m xture
was then cool ed, solvent was renoved in vacuo, and water (30 m) was added.
The m xture was filtered with suction, washed with water, and the filtrate
extracted with ether (15 nl). The aqueous |ayer was separated and acidified
with 4 Mhydrochloric acid until the pH was less than 1. The solid was
collected by filtration and recrystallized fromto dichl oronethane/ hexane,
4.8 g white crystal was obtained. Yiléld: 88.1% 1HNMR showed the recovered
product to have a stricture consistent with a mxture of (E) and (2

3- p- fl uor ophenyl - p- net hoxyphenyl -acrylic acid. Step 4. 15 The procedure of
Step 3 of Exanple 1 was repeated except that 3-p-

f I uor ophggepl3; p- met hoxyphenyl -acrylic aci d (272.3 ng, | mmol) was used

i nstead of 3, 3-di phenyl acrylic acid to formthe oxazi ne

2- (p- f | uor oph&hg P obtasd ipStePok Yak ydrolyz %@amlhmae pBK OB (53] and4] - oxazi ne,

68 P MO0 iy Kt 80 mibflsl ( THE iigfurd gk BT RS Sy s £ %00
3H), 8. Oenfaved lih ivhcuo3 add watef 130 nnl) Iy, adBedh4- Bhebmixture Wdslfiltered 3@NVR ( CDCI 3) :

6 55.2, 79.0, 114.0, 115.3, 115.6, 115.6, 122.6, 122.7, 122.8, 125.0,
125.0, 1sustion, waghed wifly water, gnd the fd@%&ﬁ@xﬁﬁt&d awtblzéleg (13 7)).5 Thez1 1, 132. 8,

25 137.2 a stlrred

suspensi o%u]eglg ﬁggr]\ﬂs T{e%éég a‘ﬁ? 031: ﬁﬁéﬁ %ﬁﬁ r% S‘ aﬁ_@:%@otﬂe Eﬁom ) was

added draps ilg&e thasdl uThersolid was ecblleptedpthps”nh@tmam&t aé@ys(talhﬁﬂgﬁ'oﬁ’ﬂ mol) in
10 dichloromethane/hexane, 4.8 g white crystal was obtained. Yield: 88.1%. 'THNMR

showed the recovered product to have a structure consistent with a mixture of (E)

and (Z) 3-p-fluorophenyl-p-methoxyphenyl-acrylic acid.

Step 4.

15 The procedure of Step 3 of Example 1 was repeated except that 3-p-
fluorophenyl-p-methoxyphenyl-acrylic acid (272.3 mg, 1 mmol) was used instead of
3,3-diphenyl-acrylic acid to form the oxazine, 2-(p-fluorophenyl)-2-(p-
methoxyphenyl)-phenanthro (9,10)-2H-[1,4]-oxazine, as a pale yellow crystal.
Yield : 99.6%.

20
'HNMR (CDCl): § 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,
125.0, 125.0, 125.1, 126.8, 127,3, 127.6, 128.4, 128.8, 128.9, 129.5, 131.1, 132.8,

25 1372,137.2,137.7,155.4, 159.6, 164.1.

Example 4
Step 1.
To a stirred suspension of sodium hydride (0.48g, 20 mmol) in dry THF (20
30 ml) was added dror -ise a solution of triethyl phosphonoacetate (4.48g, 20 mmol) in
dry THF (25 ml) under nitrogen with ice-water bath cooling. After 40 minutes, the

SUBSTITUTE SHEET (RULE 26)



dry THE (25 nl) under nitrogen with ice-water bath cooling. After 40
m nut es, the SUBSTI TUTE SHEET (RULE 26) 14 JUNE 2006 WD 20113/ 09#dPYE 2006

PCT/ US20 solution was transferred to a droppi funnel added
i %26%5%%?7 uxin eprf% BYOHES n dry

dropwi se to are g solution of bis- (p-nethoxyph

THE (20 ml) over 20 m nutes. The reaction m xture was refluxed for 48 hours
and was then hydrolyzed with a saturated sodiumchloride solution (40 m).
The aqueous phase was extracted with ether (3 x 5 70 m). The conbi ned
organic extracts were dried, filtered and concentrated to afford a residue
whi ch was purified by chromatography eluting with nethyl enechl ori de/ hexane
(1 : 2). Acolorless oil (4.23 .g) was obtained. Yield: 67.8% 'HNVR showed
that the recovered product to have structure consistent wth

3, 3- bi s(p-net hoxyphenyl)-acrylic acid ethyl ester. 10 HNMR (CDC13): S 1.16
(t, 3H J =7.1 Hz), 3.81 (s, 3H), 3.8%® (s, 3H, 4.07 (q, 2H J =7.1 Hz),
6.22 (s, 1HpJutionswag dransfeared) to-aodropping, figmel {dded Aippwise ©. 4 reflyxing. 15 (d,

A b (o i oS ke g et Roegd By TR 8 %t o) mipytes. e

obt ai ned i nreRitidR nlixidewhyéflakedaorl48 Rows? and wisihHea A9drol J‘Zeﬂ Rethiy REeNee of KOH
(3.7 g, 66 mmol) for 1 hour under reflux. The cool ed reaction m xture was

pour ed i nt osodien ollorde obvioni (30 mik i Thef agugous pM@WBﬂ@ﬂIM\mﬂhbﬂ)ﬂ @Goacid unt il

the pH t 0 Th | ti f d, hed wi
Wate erp ¥ % ﬂﬁ ?q“}béﬂe%f ?@ﬁﬁ?‘g{ﬁu% Ie‘f’%f‘ eqc‘)rfflél g\ﬁg’sedA%fe"E’% E%‘?t?cg t‘(eS 6 g)
was obt al neﬁforafl @l dresi@®® 7RBch 1WMVR piisiiRde byt h&u&ﬁs@wpﬁﬁ RIAHGCIwip have a

structure consistent with 3, 3-bi s(p- nethoxyphenyl)-acrylic acid. 25 IHNI\/R

(CDC13): 8 metazle(n@hlqmd;/hemsz(l (). 3M)colaless ofl4. 21 1g), was eBaingd. Xeld) =
T s oL T St o ey ot e
that 3, 3- bl wit3,3-bis(p-methoxyphenyl)-acrylic acid ethyl ester.
10
'HNMR (CDC): 6 1.16 (¢, 35, J = 7.1 Hz), 3.81 (s, 3H), 3.84 (s, 3H), 4.07 (g, 2H, J
=17.1 Hz), 6.22 (s, 1H), 6.84 (d, 2H, J = 9.1 Hz), 6.90 (d, 2H, J = 9.1 Hz), 7.15 (d,
2H, T =9.1 Hz), 7.24 (d, 2H, = 9.1 Hz).

15 Step 2.
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 KOH (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 pH was less than 1.
20 The resulting solid was filtered, washed with water, and recrystallized from
ethylacetate/hexane. A white solid (3.6 g) was obtained. Yield: 93.78%. 'HNMR
showed the recovered product to have a structure consistent with 3,3-bis(p-

methoxyphenyl)-acrylic acid.

25 'HNMR (CDCh):  3.82 (s, 3H), 3.85 (s, 3H), 6.22 (s, 1H), 6.85 (d, 2H, J = 9.0 Hz),
6.91 (d, 2H, J=8.7 Hz), 7.17 (d, 2H, J = 8.7 Hz), 7.24 (d, 2H, ] = 8.7 Hz).

Step 3.
The procedure of Step 3 of Example 1 was repeated except that 3,3-bis(p-

30 methoxyphenyl)-acrylic acid (284.3 mg, 1 mmol) was used instead of 3,3-diphenyl-
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30 net hoxyphenyl)-acrylic acid (284.3 ng, 1 mmol) was used i nst¢3dnop2006

3, 3-di phenyl SUBSTI TUTE SHEET (RULE 26) 14 JUNE 2006 WD 2003/ 057679

PCT/ US2G08h03m%439 20 acrylic acid to form PCT/US2002/038743

(2, 2-Bi s(p-net hoxyphenyl ) -phenanthro (9, 10)-2H[1, 4]- oxazine, as a pale
yellow crystal. Yield : 93.2 % 5 1HNWR (CDC 3): 8 3.75 (s, 6H), 6.85 (d,
2H, J =8.7 Hz), 7.41 (d, 2H, J = 9.1 Hz), 7.52-7.60 (m 1H), 7.62-7.68 (m
3H), 8.03 (s, 1H), 8.43-8.47 (m 1H), 8.54-8.63 (m 3H). 13CNWMR (CDC13): 8
55.2, 79.3, 113.0, 122.5, 122.7, 122.8, 122.9, 125.1, 126.8, 10 127.3,
127,5, 128.5, 129.8, 131 2, 133.5, 156.1. 159.7. Exanple 5 Step 1. To a
stirred suspension of sodium hydride (95% 0.253 g, 10 nmmol) in 15 di oxane
(20 m) was added dropwi se a solution of triethyi phosphono acetate (2.31 g,
10 mmol ) in dioxane (5 m). After 20 njnutes stirring, p-nethoxyphenyl-p-
nor phol i nophenyl ketone (2.28 g, 8 rrrm:fo) was added and refluxed for 45
hours, and nost of the solvent was renoved. Water was added to the cold
residue and the mxture was extracted with ethyl acetate. Renoval of
solvent gave a pale, yellowoil 20 which was used directly in the next step
Wi t hout f urathdic peid ftoc dbinon (2,%5Big(pAnetidryphényl)epltcaantbrd i (9,169)-2b-[1,4%s

hydrol yzed in .a sol utjon.,of KOH ( g,k nethanol (15 m) under reflux
for 1.5 ho®<aZAga8A P r;@yg\vcgfsq_'ql.héigq)ré%% ® the 25 reaction nixture was
added tosice-water, filtered with suction and washed with water. 0.4 g

unreacted ketone was recovered. The filtrate was extracted with ether, the
aqueous | ayHINMBYCBEr 8844 (srfd)a6i80i(6, 2H It 817 i)} Udé (8y2H,dchOdrHe),aci d, and

s dr 1 ed Tover-Oh iy B AD26h88 (hn 40h $15 &5 11hed LB 90 (B § B4 he "
resi due wagpg0 recrystallized fromethyl dichloromethane/ hexane and 1.72 g

of a yellow ¢rystal was
BCNMR (CDCL): & 55.2, 79.3, 113.0, 122.5, 122.7, 122.8, 1229, 125.1, 126.8,

10 127.3,127,5,128.5,129.8, 131.2, 133.5, 156.1. 159.7.

‘Example 5

Step 1.
To a stirred suspension of sodium hydride (95%, 0.253 g, 10 mmol) in
15 dioxane (20 ml) was added dropwise a solution of triethylphosphono acetate (2.31 g,
10 mmol) in dioxane (5 ml). After 20 minutes stirring, p-methoxyphenyl-p-
morpholinophenyl ketone (2.28 g, 8 mmol) was added and refluxed for 45 hours,
and most of the solvent was removed. Water was added to the cold residue and the
mixture was extracted with ethyl acetate. Removal of solvent gave a pale, yellow oil

20 which was used directly in the next step without further purification.

Step 2.
The oil obtained in Step 1 was hydrolyzed in a solution of KOH (2.0 g) in
methanol (15 ml) under reflux for 1.5 hour. After removal of the solvent, the
25 reaction mixture was added to ice-water, filtered with suction and washed with
water. 0.4 g unreacted ketone was recovered. The filtrate was extracted with ether,
the aqueous layer was separated and acidified with dilute hydrochloric acid, and
extracted with dichloromethane (3 x 20 ml). The combined organic solution was
dried over anhydrous sodium sulfate. The solvent was removed, the residue was

30 recrystallized from ethyl dichloromethane/hexane and 1.72 g of a yellow crystal was

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) 14 JUNE 2006 WD 2003/ 057679 PCT/ US2002/ 038743 21
obt ai ned. 1HNMR showed that the recovered product to have structlf-BNE2006
consistent with a mxture of (E) and

(2) - 3- p- NEPRYRPEIENYI - 3- p- mor phol i nophenyl - acrylic aci BCTHSHPURSE3 The
procedure of Step 3 of Exanple 1 was repeated except 'that 3-p-

nmet hoxyphenyl - 3- p- nor phol i nophenyl -acrylic acid (339.4 ng, 1 mmol) was used
i nstead of 3, 3-di phenyl-acrylic acid to form 358 ny of

2- (p- met hoxyphenyl ) -2-(p- norphol i nophenyl) - phenant hro
(9,10)-2H-[1, 4] - oxazine, as pale brown solid. Yield: 10 100% Exanple 6
Step 1. To a stirred suspension of sodiumhydride (95% 0.253 g, 10 mml) in
THE 15 (15 m) was added dropwi se a solution of triethyl phosphono acetate
(2.31 g, 10 mol) in THE (5 m). After 20 m nutes stirring,

p- met hoxyphenyl - p- Piperidinophenyl ketone (2.95 g, 10 mmol) was added and
refl uxed fopbfairddys HMMR shosted ofthdthehes aksmeiednwgsodutowe dhaveh etré@aleed

resi due was added water and racted with ethyl acetate., Renpval of the
sol vent gavEonsisient Witha Wiﬁ@%ﬂ!@ﬁﬁ)—%@mﬁém@éﬁn t3eungrpholinopheayhext st ep
wi t hout furgg,%cgapi fication. Step 2. The oil obtained in Step I was

hydrol yzed in“a solution of KOH (2.8 g) in nethanol (15 m) under refl ux
for 1 hour. After renoval of solvent, the reaction 25 m xture was added to

ice-water, filtered with suction and washed with water. 1.35 g unreacted
ket one wds PE®Gvered. The filtrate was extracted with ether, the aqueous

| ayer was separa , ik | | Bhyei h C i L, ALiltered
with suction, aﬁﬁgé’q&fg%bg?‘?eﬁ %if/jvE;s(%ulﬁg ﬁﬁoﬁepgi{t'ﬁgdé&%hﬁ%}gqgfﬂ)md t hat
t he recovenethoxyplibngt-3{pembmphelimiphenyl-acrelic acidi @824tmgj 1 mmol)i wasuusedof ( E)

and (2)-3-p

instead of 3,3-diphenyl-acrylic acid to form 358 mg of 2-(p-methoxyphenyl)-2-(p-
morpholinophenyl)-phenanthro (9,10)-2H-[1,4]-oxazine, as pale brown solid. Yield:
10 100 %.

Example 6

Step 1.
To a stirred suspension of sodium hydride (95%, 0.253 g, 10 mmol) in THF
15 (15 ml) was added dropwise a solution of triethylphosphono acetate (2.31 g, 10
mmol) in THF (5 ml). After 20 minutes stirring, p-methoxyphenyl-p-
piperidinopheny! ketone (2.95 g, 10 mmol) was added and refluxed for 5 days, and
most of the solvent was removed. The cooled residue was added water and
extracted with ethyl acetate. Removal of the solvent gave a pale yellow oil which

20 was used directly in the next step without further purification.

Step 2.
The oil obtained in Step 1 was hydrolyzed in a solution of KOH (2.8 g) in
methanol (15 ml) under reflux for 1 hour. After removal of solvent, the reaction
25 mixture was added to ice-water, filtered with suction and washed with water. 1.35 g
unreacted ketone was recovered. The filtrate was extracted with ether, the aqueous
layer was separated, acidified with dilute hydrochloric acid, and filtered with
suction, and a 1.18 g of yellow solid was obtained. 'HNMR showed that the
recovered product to have structure consistent with a mixture of (E) and (Z)-3-p-

30 methoxyphenyl-3-p-piperidinophenyl-acrylic acid.
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30 net hoxyphenyl - 3- p- pi peri di nophenyl -acrylic acid. CL10CTI Tl I{HQUNER0DO1 11
C OC\ 14 JUNE 2006 WD 2003/057679 PCT/ US2002/ 038743 22 Step 3. The procedure
of Step woofovdwsagmol e 1 was repeated except that 3-p-  PCT/US2002/038743

met hoxyphenyl - 3- p- pi peri di nophenyl -acrylic acid (337.4 ng, | mmol) was used
i nstead of 3, 3-di phenyl-acrylic acid to form 336.8 ng of the desired

phot ochrom ¢ 5 oxazi ne,

2- (p- met hoxyphenyl ) - 2- (p- pi peri di nophenyl ) - phenanthro (9, 10)-2H[1, 4] -
oxazine, as a pale yellow solid. Yield : 96.5 % Exanple 7 Step 1. 10 The
procedure of Step 2 of Exanple 2 was repeated except that acetophenone
(2.43 g, 20 mmol) was used instead of p-nethoxybenzophenone and reaction
time was 4 days. The resulting oil (3.78 g) was used in the next step

wi thout further purification. 15 Step 2. The oil obtained in Step 2 was
hydrol yzed in a m xture of potassium ﬁ@drOX|de (5.Q7 g) and net hanol (30
m) for 1 hotP 3- The nixture was then cooled and the sol vent was renoved in

vacuo. Water (3)(()1-15@ %’i%ﬁ"l“éd&e eh0 td?eEi lgule v@a{gdrep&fféd %8&%0?%%9@?&%“” ed

out with ether each). The aqueous | ayer was epar a and
acidified V\tnbﬁho#yﬂﬂch){l&—p{pkﬂcddimpmmaamlﬂct lacidn€33FH4 was 11 emsol) s dsedThe

solid was coll ected fil ratlon nda2 ol.id was obtaj ned.
Yield: 74% mSteﬁilﬂﬁ R)é"’é‘yi r3eEY iR @ B"cg ?ff)'ﬁﬁae%r tRhekachramieonsi st ent
with a mgxt . Step 3.
The pr ocedure 0 @E[}lgﬁ&ﬂrpﬁ%]ﬁ% W%ﬁ%@?@g@” except (9?@3%}%[21‘54 hy- 3-

phenyl - acrybxamnapaschﬁa?ﬂﬁelmwmghdlYnﬂd)i 96.5%86 used instead of
3, 3-di phenyl -acrylic acid, and phenant hrene-9, 10-di one was used i n anpount
of 191.2 nmg, 0.9 mml, and the reaction tenperature was 80C to form 122 ny

of the 2-nmethyl-2-phenyl - Example 7
Step 1.
10 The procedure of Step 2 of Example 2 was repeated except that
acetophenone (2.43 g, 20 mmol) was used instead of p-methoxybenzophenone and
reaction time was 4 days. The resulting oil (3.78 g) was used in the next step

without further purification.

15 Step 2.

The oil obtained in Step 2 was hydrolyzed in a mixture of potassium
hydroxide (5.07 g) and methanol (30 ml) for 1 hour. The mixture was then cooled
and the solvent was removed in vacuo. Water (30 ml) was added to the residue and
extraction was carried out with ether x 2 (15 ml each). The agueous layer was

20 separated and acidified with 4 M hydrochloric acid until the pH was less than 1. The
solid was collected by filtration and a 2.4 g white solid was obtained. Yield: 74%.
'HNMR showed the recovered product to have structure consistent with a mixture of

(E) and (Z) 3-methyl-3-phenyl-acrylic acid.

25 Step 3.

The procedure of Step 3 of Example 1 was repeated except that 3-methy-3-
phenyl-acrylic acid (272.3 mg, 1 mmol) was used instead of 3,3-diphenyl-acrylic
acid, and phenanthrene-9,10-dione was used in amount of 191.2 mg, 0.9 mmol, and
the reaction temperature was 80°C to form 122 mg of the 2-methyl-2-phenyl-

30 phenanthro (9,10)-2H-[1,4]-oxazine, as pale yellow crystal. Yield : 41.9%.

SUBSTITUTE SHEET (RULE 26)



30 phenanthro (9,10)-2H1]I, 4] -oxazine, as pale yellow crystal. Yield :
41.9% SUBSTI TUTE SHEET (RULE 26 14 JUNE 2006 WD 2003/ 057679 14 JUNE 2006

PCT/ US20 4323 Exanple 8 Step 1. The procedure of 1 of Exanmple 7
was repeg\t?dezg'%gﬂiéggt that cycl opropyl 5 phenyl ketone (ch.ﬁgggﬁ',w%7ﬁml) was

used instead of p-nethoxybenzophenone and reaction tinme was 4 days. The
resulting oil (4.42 g) was used in the next step w thout further
purification. Step 2. to The procedure of Step 2 of Exanple 7 was
repeat ed. except the oil (4.42 g) of Step 1 was used. 3.31 g of a white
solid was obtained. Yield: 88% 'HNVMR showed the recovered product to have
structures consistent wwth a mxture of (E) and (2

3-cycl opropyl - 3- phenyl -acrylic acid. 15 Step 3. The procedure of Step 3 of
Exanpl e 1 was repeated except that 33

cycl opropyl - 3- p- pi peri di nophenyl -acrylic acid (188 ng, | mmol) was used
instead of 3,3-diphenyl-acrylic acid to form 195.5 ng of

2-cycl opropyl - 2- ( p- piperidinopheﬁyﬁmﬂﬁﬁenanthro (9,10)-2H[1, 4] - oxazi ne, as
a pale yq#épflsolid. Yield 20 : 80% Exanple 9 The oxazi ne conpounds of the
Exanpl es re dissolved in organic solvent, then exposed to W irradiation
at 365 ri m f orThe pracedure @ Stephkof Bkample @ svaaepdatadeckceptsthatrcyclopeopse col or ati on

and lost their colgr jn e dark. The fading. was _expressed by the tinme that
't took MIFMYKEIRsF9BE ﬁ@éﬂ@@i Was pseddpgtpad, of prmethoxyhenzgplingge ardl di sappear .

The maxi MUDBRSRAPWaOBSddyR. [T YesSltiRk Silf QUIOB) Ha§ ey G the bl e bel ow
The typi call agg%rp#on ggectra isnclpggés@?&m@)oar?ds: one ‘Beln%%}veﬁ% run and
one abovevith®ddt funthrer piinificatednat i ve i ntensity of the two band depends on the
structure of the

Step 2.

10 The procedure of Step 2 of Example 7 was repeated except the oil (4.42 g) of
Step 1 was used. 3.31 g of a white solid was obtained. Yield: 88%. 'HNMR
showed the recovered product to have structures consistent with a mixture of (E) and

(Z) 3-cyclopropyl-3-phenyl-acrylic acid.

15 Step 3.

The procedure of Step 3 of Example 1 was repeated except that 3-
cyclopropyl-3-p-piperidinophenyl-acrylic acid (188 mg, 1 mmol) was used instead
of 3,3-diphenyl-acrylic acid to form 1955 mg of 2-cyclopropyl-2-(p-
piperidinophenyl)-phenanthro (9,10)-2H-[1,4]-oxazine, as a pale yellow solid. Yield

20 :80%.

Example 9

The oxazine compounds of the Examples were dissolved in organic solvent,

then exposed to UV irradiation at 365 nm for 15 seconds. The solutions developed

25 an intense coloration and lost their color in the dark. The fading was expressed by
the time that it took for one half of the optical density initially colored to disappear.

The maximum absorptions in the visible region are given in the table below. The
typical absorption spectra includes two bands: one below 470 nm and one above 490

nm. The relative intensity of the two band depends on the structure of the

30 photochrome. The stronger the electron-donating ability of the substituents at the 2

position, the stronger the intensity of the absorption band at the longer wavelength.
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30 photochrone. The stronger the el ectron-donating ability of t{gJung2006
the stronger the intensity of the

substituents at the 2 position,
absor pt ivoo 2tuand7eas t he | onger wavel engt h. Sl
JUNE 2006 WD 2003/ 057679 PCT/ US20112/ 038743 24

Exanpl eHexanet ol ueneDl oxaneAcet oni tri | eMet hanol
448 nm 2247 s,

nnB58 s,
nni54 s,

s, 470 nm 488. 8 s,
nmm 548 s,
55920.4 s,

nnb7. 6
nnk6. 6

conpound conprising the fornula: }

| i near

and R2 are each independently hydrogen, hydroxy, nitro, cyano, allyl,

Example |Hexane 1toluene Dioxane Acetonitrile Methanol

1 660s, 451 nm [780s, 456 nm 858s, 447 nm |540s, 444 nm 528s, 448 nm

2 247 s, 474|247 s, 478 nm 2425, 469 nm {154 s, 466 nm 72 s, 471
nm nm

3 269s, 478nm  [242s, 478 nm  [154 s, 466 nm 816 s, 470

- . nm

4 888 s, 487(82.8s,493nm (7445,486nm [49.2s,483 nm 204 s, 487
nm nm

S 48 s, 510 28.55,563 nm [114s, 569 nm 36 s, 577
nm - ' nm

6 315 s, 559|204 s, 588 nm |16s, S5B1nm {4.9s, 590 nm
nm —

7 207 s, 430{190s, 110 s.‘ 423 nm 576 s, 438
nm ——— nm

8 8.1 6 s, 432{79.3s, 436 nm [86.6s5,430 nm  [52.55s, 427 nm 266 s, 395
nm nm

S.
S,

or

447 nnb40 s,
466 nnv2 s,
48782. 8 s,
563 nmll. 4 s,
581 nm4. 9 s,
438 nmnm 881.6 S. 43279.3 8, 436 nnB6.6 s.
395 nmmm SUBSTI TUTE SHEET ( E 26) 14 JUNE 2006 25 CLAIMS 1. A
5 erein X is nitrogen or carbon;

51028.5 s,
588 nnl6 s,

444 nnb28s,

471 nmmm 3269 8. 478 nnRk42 s,
493 nnv4. 4 s,
569 nnB.6 s,

| RSTI TI

| 660s,

486 nmi9. 2 s,

590 nm nm 7207 s,

474247 s,
478 nml54 s,

| PETRISZWT/0BFH3 11 F 14

451 nnv80 s,
478 nnR42 s,
466 nnB1l. 6
483 nnk0.4 s,
577 nm--nm 631.5 s,
430190s, 110 s,
430 nnb2.5 s,
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branched (Cl-C20)al kyl, (C3-C20)cycl oal kyl, (Cl-C20)al koxy, 14 JUNE 2006
(C1- C20) al kyl acetyl enyl phenylacety%ggyl, (C-C20) al kenyl, phenylvinyl, a
hal ogen, a hal o( Cl-C20)al kyl, 10 hal o - C20) cycl oal kyl , hal o( Cl- C20) al koxy,
substituted with at | east one hal ogen atom wherein the halogen is fluoro,
chloro, brono, or iodo, unsubstitutedapvg ., ary; substituted wth
(C1-Co) al kyl or (Cl-0C6)al koxy, or aryroxy, unsubstituted heteroaryl,

het eroaryl substituted with (Cl-C4)al kyl or (Cl-C6)al koxy, aryl al kyl or
substiayted het er oar Lalkﬁ%, Qﬁperoarylakyl substituted with (Cl-C6)al kyl
or (CLloA)omPoYyd cuppiyng e ol s unsubstit uted nitrogen- cont ai ni ng
heterocyclic ring, -N(RI)R2 or CON(RL) R2 wherein Rl and R2 are each

i ndependent |y hydrogen, (Cl-C20)alkyl, (C3-C20)cycloal kyl, substituted
phenyl, phenyl substituted with (Cl-C6)al kgTAQr (Cl-C6)al koxy, or a - OCOR
or -COOR or -COR group wherein Ris hydrcgen,I(Cl-CQO)alkyl,
(C3-C20) cycl oal kyl, or substituted? psubstxi tuted aryl or heteroaryl; n
is an integer fromO to 4; and 20 A v Are each i ndependently: (a) a
linear or branched (d -C12)al kyls { ycl oal kyl , aryl (C1-C6) al kyl,

het er oaryl (Cl- C6) al kyl , (Cl- CB)s2 . €o) akkyl, (Cl-C12)al koxy, hal o(C1-
Cl2) al kyl, (Cl-C12)hal oal koxy, or (Cl-Cl 3)al kffl thio; 25 (b) unsubstituted or
nono- di- or tri-substituted aryl groups ™ in each of the substituents
are nitro, amno, cyano, hydroxy, epoxy, Vinykysallyl, hydroxyethoxy,

met hoxyet hoxy, hydroxyet hoxyet hoxy, nethoxyet hoxyethoxy chloro, brono, or

i odo, (Ci1-C12)al kyl, (Ci1-C12)al koxy, (d-C12)al kylaryl, aryl, aryl oxy,
aryP(Cl 1whgreeX 2008028 @IAIky| |~ aryl (Cl - C12) al koxy, (Cl-C12)al koxyaryl,
hal o( C1- C12) al kyl , hal oaryl, cyclo(C3-Cl12 al kyl, cycl o(Cl-d 2)al koxy,

aryl oxyaryl, aryl oxy(Cl-Cl2)al kyl, aryloxy(Cl-C 12)al koxy, acryl oxy,

met hacr yl RkyandoR2 ardeiddr oclgpdndentty hydgeem, lydndxai mithg cuabst altyleatlinedr o)

bstitut -, i - tjtyuted h i ;. (d
s | e T el (5 S oty B L R AR A AP et iehy 9 OUP
phenylacetylenyl, (C1-C20)alkenyl, phenylvinyl, a halogen, a halo(C1-C20)alkyl,
10 halo(C3-C20)cycloalkyl, halo(C1-C20)alkoxy, substituted with at least one halogen atom

wherein the halogen is fluoro, chloro, bromo, or iodo, unsubstituted aryl, ary; substituted
with (C1-Cé6)alkyl or (C1-Cé6)alkoxy, or aryloxy, unsubstituted heteroaryl, heteroaryl
substituted with (C1-C4)alkyl or (C1-C6)alkoxy, arylalkyl or substituted heteroarylalkyl,
heteroarylakyl substituted with (C1-Cé6)alkyl or (C1-C6)alkoxy, substituted or
15 unsubstituted nitrogen-containing heterocyclic ring, -N(R1)R2 or CON(R1)R2 wherein
R1 and R2 are each independently hydrogen, (C1-C20)alkyl, (C3-C20)cycloalkyl,
substituted phenyl, phenyl substituted with (C1-Cé6)alkyl or (C1-C6)alkoxy, or a -OCOR
or -COOR or -COR group wherein R is hydrogen, (C1-C20)alkyl, (C3-C20)cycloalkyl, or

substituted or unsubstituted aryl or heteroaryl; n is an integer from 0 to 4; and

20
A and A' are each independently:
(@) a linear or branched (CI1-Cl12)alkyl, (C3-Cl2)cycloalkyl, aryl(C1-Cé6)alkyl,
heteroaryl(C1-Cé6)alkyl, (C1-Cé6)alkoxy(C1-C6)alkyl, (C1-C12)alkoxy, halo(C1-
C12)alkyl, (C1-C12)haloalkoxy, or (C1-C12)alkylthio;
25

(b) unsubstituted or mono- di- or tri-substituted aryl groups wherein each of the
substituents are nitro, amino, cyano, hydroxy, epoxy, vinyl, allyl, hydroxyethoxy,
methoxyethoxy, hydroxyethoxyethoxy, methoxyethoxyethoxy chloro, bromo, or
iodo, (C1-Cl12)alkyl, (C1-C12)alkoxy, (C1-C12)alkylaryl, aryl, aryloxy, aryl(Cl-



or B B 10 wherein B is hydrogen, (C 1-C 12)al kyl, unsubsti tut edlp‘{m{mlg or
di -substituted aryl; (e) unsubstitutﬁg or nono-substituted pyrazolyl,
pyridyl, imdazolyl, pyrazolinyl, im fazol i nyl, or acridinyl, wherein the
substituents are each independently (O - C6)al kyl, (Cl-C6)al koxy, fluoro,

chl oro, phenygh; . r K ]&gﬁg, 1 . f ae: or
Ra wherein C glnzagl%y%?‘?(lg%%:%l?%gep hggggﬁgméar g%}’%%!%@n?%%@&@ﬁ%l

ni trogen, or cyclIEETARacjikylnidyclogehClahliR&yanatylRayanyt esdoxy(Gdepenakyl | y
hydrogen or (O - 20 Cl2)al kyl. 2. The conpound of claim.]1, erei.n each of
the aryl and T A S SR A AYIPR)  Ohnd F%?roa}vf@cniw%%enam no,
cyano, hydr oxyont£RR% ¥ubskitueul;, al kyl, hydroxyethoxy, nethoxyethoxy,

hydr oxyet hoxyet hoxy, met hoxyet hoxyet hoxy fluoro, chloro, bromp, or 25 iodo,

(C1sC12) al kyl, (C1-C12)al koxy, (Cl-Ci2)al kylaryl, aryl, aryloxy, aryl(Cl- C
12) al kyl, ~aryl (C.l -.C 12)al koxy, - 2) al koxyaryl . halo(C 1-C ! 2)al kyl,
hal oaryl , (c?%ﬂ(bé?t&gﬂf}%ok’ﬁr,dY'é%gﬂ%@@?rgwggﬁ%ﬁyl oxyaryl ,

aryl oxy(Cl-Cl2)al kyl, aryloxy(Cl-C12)al koxy, acryl oxy, nethacryloxy, or a
heterocyclic nitrogen-containing substituent. 30 14 JUNE 2006 27 3. The
conpound 6F) agreumefleithgmedrthe forxulas: car bon or nitrogen, RL and R2 are each

i ndependently hydrogen, nitro, cyan, allyl, fluoro, chloro, brono,
trichloromethyl, pyrrolidin pi peri di no, norpholino, phenyl, benzyl, a
linear or branched (Cl-C6)al k== ( Cl- Ca&) al kexy==—aB- OCOR or - COOR group
wherein R is hydrogen, (Cl-C6)alkW, or 5 (C3-C6)cycloalkyl; nis an
integer fromO to 2; and A and A Pare each independently:

10 wherein B is hydrogen, (C1-C12)alkyl, unsubstituted or mono- or di-substituted aryl;

(e) unsubstituted or mono-substituted pyrazolyl, pyridyl, imidazolyl, pyrazolinyl,
imidazolinyl, or acridinyl, wherein the substituents are each independently (C1-
Cé6)alkyl, (C1-C6)alkoxy, fluoro, chloro, phenyl; or
15

(f) a group represented by either of the formulae:

wherein C and D are each independently carbon, oxygen, (C1-C12)alkyl nitrogen, or
(C1-Cl12)acyl nitrogen and R3 and R4 are each independently hydrogen or (Cl-
20 C12)alkyl.

2. The compound of claim 1, wherein each of the aryl and heteroaromatic substituents in, (c)
and (d) are nitro, amino, cyano, hydroxy, epoxy, vinyl, allyl, hydroxyethoxy,
methoxyethoxy, hydroxyethoxyethoxy, methoxyethoxyethoxy fluoro, chloro, bromo, or

25 iodo, (C1-Cl12)alkyl, (Cl-Cl2)alkoxy, (C1-Cl2)alkylaryl, aryl, aryloxy, aryl(Cl-
C12)alkyl, aryl(C1-C12)alkoxy, (C1-Cl2)alkoxyaryl, halo(C1-C12)alkyl, haloaryl,
cyclo(C3-C12)alkyl, cyclo(C1-Cl12)alkoxy, aryloxyaryl,  aryloxy(C1-C12)alkyl,
aryloxy(C1-C12)alkoxy, acryloxy, methacryloxy, or
a heterocyclic nitrogen-containing substituent.

30



(a) a linear or branched (Cl-Cg)al kyl, (C3-C6)cycloal kyl, aryl ({flyskRosY!
heteroaryl (C 1-C4)al kyl, or (C 1-C6) allzzoxy(c 1-C6) al kyl; 10 (b)
unsubstituted or nono- or di-substitutéd aryl, such as phenyl or naphthyl;
and (c) unsubstituted or nono-substituted heteroaromatic groups. 4. The

conmpound Hfe E(l)rﬁb(mn% om%ﬁ' D, SAeRiRfX tif&afion oARGrdRhE rl@laraHMI Gre each

substituents 1 n (b) d (c) are independently nitro, am no, ano, hydroxy,
epoxy, hyidepepdertlyx ylydm@emenhm( yetahax yllylhyfhm&,y ehlooy ybltomm yt,rlch oromethyl,
nmet hoxyet ho

h fl | d henyl ,
T A R ik ek
(C1-C6)) a{dqyt:ammg e ﬁCd;c@?) a3l kgbar gl@updmwhmmydrs acehk ANyt

e

phenyl vinyl, or a heterocyclic nitrogen-containing subs uent 20 5. The
conpound ©#3-EPyeloalkylher ei n the heterocyclic ni trogen- cont ai ni ng
substituent is é‘qﬁ aI k i perazino, N-aryl-piperizino, aziridino,

IO BT o

i ndol i no, an\"S g pt3(}r2|’ pi peridino, (Cl-C4)alkyl piperidino,

di (Cl1- C4) aldg¥lApiafredacHinie e;ﬂeﬁﬂperl di nopi peridino, morpholino,
2, 6-di (C1- C4) al kyl nor phof)l no, thionor %Qol i no, thioazolidino

t et r ahydr Gquisnoliness, fyr byanchesy  §C1-(6Rilyke, (ChGOReyrRRIkither éIYMCIirC%HKYhZ are

o, 2 LIS BRI SR Ty o phenn. o

(C390C0) cy@) Qﬁ!;dbyinutsdrorpdmybr dbsubdiitatedanylpsiiet ao phalyhbrmdphthydeadi n X i s
carbon or ni trogen R2 are each independently hydrogen, nitro, cyano,
fluoro, cif)yppd SWPWT maporybstitnisd heﬁsr%m%mﬂioupﬁm phol i no, 30 phenyl,
benzyl, (Cl-C4)al kyl, or (Cl-C4)al koxy; nis an integer fromO to 2; and A
and A' are each independently a linear or branched (Cl-C4)al kyl,

( C3- C6 e bk sainkyind ofieisiob 3t Whme'eueaoh ofrthecaryl and lfitersarostattic istibsitysdngsipl (band

unsubsti t ut t ut. het er oar ona roups. 3 . _The conpound
of "ot ai m 814 ARG nIERRHERD. O ieBnE: e tbeaniieR B, by EonlBRRt it oc
inishe rrehletnaﬁyeth lP@Hﬂ)x @tﬁbk BB \’\hieﬂlo&yétﬁbﬁ}teltﬁd;@nﬂuﬁﬁi ealoed brogw bhe
group consi sting o 14 JUNE 2006 2 nitro, am no, yano, net hox

et ony modhoxipet, ks, panybr@;1-€olabyb, (Gli- G?]lalkoab’l 9}’010(%€61§J49’é,a¢m§2ﬂ- y
oo RN S BB BB

]lghenyl ﬁcef)benmyﬁyl (ﬂf%d%’i@é}%'h\i|nﬁb6geﬂ1@dnthhﬁ1§”@b§tﬁtﬁé{t0mit| c groups are selected
romthne

20 5. The compound of claim 4, wherein the heterocyclic nitrogen-containing substituent is
N(C1-Cé6)alkylpiperazino, N-aryl-piperizino, aziridino, indolino, pyrrolidino, pyrrolino,
piperidino, (C1-C4)alkylpiperidino, di(C1-C4)alkylpiperidino, 4-piperidinopiperidino,
morpholino, 2,6-di(C1-C4)alkylmorpholino, thiomorpholino, thioazolidino,
tetrahydroquinolino, pyrryl, or a -N(R1)R2, CON(R1)R2 wherein R1 and R2 are each

25 independently hydrogen, (C1-C6)alkyl, (C3-Cé6)cycloalkyl, phenyl, or -COR, -OCOR or -
COOR wherein R is hydrogen, (C1-Cé6)alkyl, (C3-Cé6)cycloalkyl, or phenyl.

6. The compound of claim 1, wherein X is carbon or nitrogen; R1, R2 are each independently
hydrogen, nitro, cyano, fluoro, chloro, bromo, pyrrolidino, piperidino, morpholino,

30 phenyl, benzyl, (C1-C4)alkyl, or (C1-C4)alkoxy; n is an integer from 0 to 2; and A and A'
are each independently a linear or branched (C1-C4)alkyl, (C3-C6)cycloalkyl,
unsubstituted or mono-, or di-substituted phenyl and unsubstituted or mono-substituted

heteroaromatic groups.

35 7. The compound of claim 6, wherein the mono- or disubstituted phenyl group is substituted

in the met; par; or both positions with a substituent selected from the group consisting of



5 group consisting of furyl, thienyl, and pyrryl subsituted w tj3 JyNE 2006
substituent selected from the group fé)nm sting of (Cl-C4)al kyl, and phenyl.
8. A conmpound selected fromthe group consisting of:

di phenyl - phenant hro(9, 10) - 2H[ 1, 4] - oxazine, 10

p- met hwy,pheiny! hci@ BRADY e’ aéth&f (fotAdRyedlox ], 1i1ddro0¥@std) ,V112/l allyl,
p-fluoro henyl - met hoxyp ?CQ qghenant hr o( 9, 10) - 2H | - oxazi ne,

2-
(
, 2- Bi s(pn @*B@Rlsbphélny byhOph@mmtyhr plkgkt [dlcCA}%)aHdeno plperazmo
p
(
1

21
2-
2-
2
2-
2-

h h h
E”‘;nf?t %ﬁé@bﬁg %ryﬁofi@gwp.‘ﬁ%ﬂa; é"%ﬁf ﬁ%ﬁg&f* %?@%l ?}E‘f‘fﬁ fr:éi‘ Zoine
- %/cl og?%%g 1a2 ﬂmyll}@ﬁgﬁgﬁlhr 0(9, 10)-2H]| 1m4]c- g%ge ¥ SCtS dfi}gnhérfyl

nitr Cgrwmgqmsﬁng(og fglo’j,_tmqnyll ang pym(]awb,qléuted with a substituent selected from

2 t h th 9,10)-2H[ 1,4 i ,
2. 2751 o (A B B b B o A o 50 10) 204 [ 1, 41 oxazi ner
20 2, 2-di phenyl - phenanthrol i no(5 6) - 2H[ 1, 4] - oxazi ne,

2- ( p- met hoxyphenyl iﬁf phenyl (phenant hrol i no(5, 6) -2H[ 1, 4] - oxazi ne; and
2, 2- Bi 8(p-cpepA &hagtoRp eONSHENG 06) - 2H- [ 1, 4] - oxazine. 9. A method

for prod OA4R( ng the steps of: 25 m xing

reacti Ve‘%%?g)htgﬂ){}%%ﬁ%rﬁ%o F@%i %g??%ﬂlfeéd acrylic acid, an azide source, a
m gl or gr(y-methosgphehy§-2dpiengbplesnanthai(9,1 6)-Olndeoxdzigne, a qui none and a
catal ytic ampunt oftriaryl arsen oxide, in an organic. solvent heating the

m xture foftP-Buerppkenyl)3- (R:H’éﬂloxt’ﬂl%'r}pﬂh@ﬂaélﬂ%fﬁ@ FQZHA bAl-0%2i185 m t he oxazi ne

conmpound. azide source is
di gﬁenyl osp%g ﬁ'&gﬁéﬁ}ﬁ)d?lﬁ)efnta rré?]’hgq SIl y1 %ﬁggt he base is
triethyl @p-ﬂh&th(ddyphﬂgﬂpb-@ mmmoﬂilergbgﬂmpmhxe(mwmﬂme,fl] opyzinedi ne,
pi peri di ne, norpholine N- al, one IS

phenant hr?eﬁve@sthpéypmpw@ @FPIBW gfpﬂlﬁpﬂﬁ-ipﬁl I ni’@%%i%% Lao%g®e: i aryl arsen
oxige is 5 gl%th%/[ Q%@ﬁ'}yll plf%ﬁérﬂﬂro@i'l@%H [1,4]-oxazine,

2-cyclopropyl-2-phenyl-phenanthro(9,10)-2H-[ 1,4]-oxazine,
2,2-diphenyl-6,11-dinitro-phenanthro(9,10)-2H-[ 1,4]-oxazine,
2-(p-methoxyphenyl)-2-phenyl-6,11-dinitro-phenanthro(9,10)-2H-[1,4]-oxazine,
2,2-Bis(p-methoxyphenyl)-6,11-dinitro-phenanthro(9,10)-2H-[1,4]-oxazine,

20 2,2-diphenyl-phenanthrolino(5,6)-2H-[1,4]-oxazine,
2-(p-methoxyphenyl)-2-phenyl-(phenanthrolino(5,6)-2H-[ 1,4]-oxazine; and
2,2-Bis(p-methoxyphenyl-phenanthrolino(5,6)-2H-[1,4]-oxazine.

9. A method for producing an oxazine compound comprising the steps of:

25 mixing reactive effective amounts of a substituted acrylic acid, an azide source, a mild
organic base, 1,8-diazabicyclo[5,4,0Jundec-7-ene, a quinone and a catalytic amount
of triaryl arsen oxide, in an organic solvent

heating the mixture for a time sufficient to complete the reaction to form the oxazine
compound.

30

10. The method of claim 9, wherein the azide source is diphenylphosphoryl azide, or
trimethylsilylazide, the base is triethylamine, diisopropyl amine, diisopropyl ethylamine,
pyridine, piperidine, morpholine, or N-alkyl morpholine, the quinone is
phenanthrene(9,10)-dione or phenanthroline(5,6)-dione, and the triaryl arsen oxide is

35 triphenyl arsen oxide.



