WD 98/ 39318

PCT/ US98/ 03 PROCESS FOR PREPARI NG CCUNARI ES
BACKGROUND. S A1\ En o Field of the Invention reTsaby
present invention relates to a unique, novel, and cost effectlve process
for preparing hal osul fonyl and sulfonic acid esters or am des of

3-di azo- 2, 4- di oxo- benzo- heterocyclic conpounds such as

3-di azo- 4- oxo0- 3, 4- di FROCESS RFOR PREPARING'COVMARINSULFONATESt | C
intermediates in a wde variety of applications including

photoresi sts, opto-electronics, agricultural, and pharmaceuti cal
applications. Mdre 10 speci : nrelates to a
process for preparing sulfo ‘ S-S0 WUD?

3-di azo- 4- oxo- ?,em@thym@gﬁwmrl ns which are useful as photoactive
conpounds i n the photoresist formul ations having applications in the deep-
ul travi ol et5 regi on. The pfeséhtsimrehﬁon mlnt&tothmiﬁrd, novely dnd cost effective proceds i s

Il Kk t hag di d hot tive: d
e b i SRR L o S
are w |
Ly ey g e

can be tail or eghich ashsesiil sifthetiointebinkdintes @f a WhiSvakiefyas 813 lichtidhé MEludingosur e
to actini c radi ation such as ultraviolet in the 360-450 nmregi on. The

DNQs al so phateresighs, ?pt@t elestionics,agticultnak Mmmﬁcmul aeﬂmhenls tMozrgt i ni ¢
| ended_ wi t h

d
{hey tend 1% psHER, bl B uiph eified atPﬁ‘é“ﬁ’hE‘ﬁcPF‘?Pé ¢ il idd, "
exposure to raslgta*sbpa-mﬂa_eu BRESPOER éoumHMQ%vH?&VArEQ gﬁbhﬁ%ﬁv&f oups on

t he ot her hand inhibits dissolution of ph eno |c resins

result, fine pmmmuldsmﬁhn@hytocmst ﬁmrftﬂntmnsihmng]@phpmompmﬁmdeep

phot omasks and _actinic radi ati on sources, and such patterns are useful in
sem conduct or/“ﬁ'@?”é’ &ni cs i ndustry. The commercial ly used
phot or esi sts cont ai ni ng the DNQ@ are frequently 30 used in the 360-450-nm
regi on of the el ectronmagnetic spectrum However, the

15  Description of the Prior Art

It is well known that diazo compounds are used as “photoactive-

compounds” (PACs) in photoresist formulations. For example,
diazonaphthoquinones (DNQs) are widely used as PACs in positive photoresist
formulations. The DNQs, for example, contain a wide variety of ballast groups
20 which can be tailored to adjust the solubility of DNQs before and after exposure to
actinic radiation such as ultraviolet in the 360-450 nm region. The DNQs also
undergo phdtochemical transformation when exposed to actinic radiation.
Furthermore, when DNQs are blended with phenolic resins, they tend to promote
the solubility of the phenolic resins after exposure to radiation. The unexposed
25  DNQs having the ballast groups on the other hand inhibits dissolution of the
phenolic resins. As a result, fine patters (lines) can be formed using appropriate
photomasks and actinic radiation sources, and such patterns are useful in
semiconductor/microelectronics inciuslry.
The commercially used photoresists containing the DNQs are frequently
30  used in the 360-450.nm region of the electromagnetic spectrum. However, the
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current trend in the electronic industry is to devel op sem conduct or

devi ces hayphgaesig extrenely fine patterns. In order to Oﬁkﬁﬁb@sﬁﬂﬁﬁ fine
patterns there is a need to devel @ photoresist fornulation that can
be devel oped in the 240-260 nm(i.e., the deep ultraviolet, DUV,
region). 5 However, the currently comrercially used DNQs, after
exposure to |ight, absorb strongly between 240-260 nm region, and

t heref ore, prostientdeendrinithe elentroaic industry isPwGieveloptsemicBhiagpinodevices hating

formul ati ons. Therefore, it is an object, of ;this i nyentiqQn to provide
novel PACs V\/rﬁxgﬁ’_nﬁ eﬁ&“ﬁ?‘s'ni%?&ﬂ t ‘§§?}Pﬁ‘t“? H“ﬁeﬂ%hem‘“n%%\‘/"regfon and
thus are usefddlelop phdtyrddidicrhbftioh tfap Eﬁﬂ'ﬁ@&év@f}g?? In'thé 846286 nf 1.0 the

objective of this Invention to provide a cost ectlve, econoni ¢ process

for the deep plimasitolast DUV, réglon)ovel PACs of this invention. Prior
Art E'Ej’e foll owi ng references, are disclosed as back%rggund pri or
art. 15 3 wevepdhe cygently commergallymsed DNQs, afiey exposutsde light, ed

coumarins an D € .

0s. Pt Mo g sbRYg BENCER2%0 966 ofh BERECNT chRorobl RGN B as
conposi ti on SAACsinphoDEBS pldtoresisi fopmaldtibnss OTHegbie] s AoljEct ©F il NS
phenol i c- . al.dehyde resins sensitized with Meldrum s diazo or a

honol ogue t hdigtion tqprovide novel PAGsyvhigh havengg ormigiveel gbsprptiionsiimthes a | i ght
sensitive triegi/9%oi ' . } 371 -CQNL alnl. RYRY

phot or esi st conpos ?%ﬁ%%hg%eﬁdeWﬁ@kﬂgggm \ ?]%%g?gfyo&gscri bes
0- qui nondodi abjedtivesof thisrinvention tb provide AwoaeeTetive, ¢66fdnhic procee i tiezer s for
positive resists. The esters of 1-0x0-2-diazo- napht hal ene sul fonic
aci d i n whi ciprensgation of gha novebPACy pbthis invensionher at 4- or the 5- 25
position of a 3 (or 4)- hydroxynethyl-tricyclo[5.2.1.0.[err]]decane are

-

useful as sensitizers for positive resists, particularly at 365 nm
U S. Pat. No.Prbr®M®, 225 descri bes preparation of diazo and azo conpounds
usi ng azi dof ormam di um sal ts. WO 98/ 39318

3 The following referencssogs disdased as background prior agy, S. Pat.  No.

Composi tiidn cont a FiopERa ey 2 4Rad ) Aelier e bt SR ne
conpound whi Gidanedi6Rdaaall @ pRbceds for Peepafingitleineel y fine patterned resist
| ayer. U.S. Pat. No. 4,339,522 discloses an ultraviolet lithographic resist
composition and a process of making such composition which contains phenolic-
aldehyde resins sensitized with Meldrum’s diazo or a homologue thereof.
20 U.S. Pat. No. 4,588,670 discloses a light sensitive triester of o-quinone
diazide cdntaining positive photoresist compositions.
U.S. Pat. No. 4,853,315 describes o-quinone diazide sulfonic acid
monoesters useful as sensitizers for positive resists. The esters of 1-oxo-2-diazo- -
naphthalene sulfonic acid in which the sulfonic acid group is either at 4- or the 5-
25  position of a 3 (or 4)- hydroxymethyl-tricyclo[5.2.1.0.>%]decane are useful as
sensitizers for positive resists, particularly at 365 nm.
U.S. Pat. No. 4,942,225 describes preparation of diazo and azo compounds

using azidoformamidium salts.



U S Pat. No. 5,532,107 describes positive resist conmposition containing 5
phot osensi tive .agents, which are quinonedi azi de sul fonates o .S

tetra- hydro‘lwgs’3 Byerivatives of tri pheryl al kanes. I,C'Wdﬁw‘?@.[s Pat
No. 5,541, 033 di scl oses o-qui nonedi azi de sulfonic acid esters of

phenol i c conpounds and their use in radiation-sensitive conpositions..
Japanese Lai d-open Pat. No. Heisei 2-61640 discloses photosensitive 10
conposi tions conpri gigPaaNa! 351,935 isthdsRs pesitive-workink qidmRARRREL | Zer
having a 2- di azo- 1, 3-di keto group. Specific photosensitizer conpounds
i ncl uded prMdmann@MamﬂmesymnﬁmddnphmhmMexarrpl es
of substituents I ncl.uded 7-nethyl, 7-propyl,.. 7-nmethoxy,. and 6-chloro).
However, only ¢qapound whichiscapable ﬂl‘i‘ﬁ%gﬁéiﬁﬁﬂggf‘%rﬁ?%ﬁ@%ﬁnari n was
used in the photoregi $tpal No.f953H @At deRbkib it ist xﬂ;ﬁﬁgﬁﬁ% L3iifls open
Pat. No. Heisei 3- 7916%(})2‘& SCI°8s68 a negatels\?g?t“{/eplcﬂaeSl i At on sébhsi tive
resin conpasi t plastoseasitioe agents, whithaire quinaedinzide salfomites ofatis draetralyydroxy a

di azo keto group, Specifi.c ex | es of radiation sensitive materials

i ncl uded derpyatiyes pfdupheny ‘HE‘FR% tetral ones, tetrahydronaphthadi ones,

t et rahydr oqui nol oneg; [ §4Bd \ mm A1 .. _
3-di azo- 4- oxo- 3, 4- d;ﬁhsy' r(g'clg‘lgj]'(rjrséﬂ]h_ vvasgég 0" E%%H%ytfoglcﬁ %fth %Srt]erggﬁsi tive
material in thplendlic commpoiinds and their use in radiation-béiditivs ebmmpd&ifidns. Vol . 14, (pp.
167-168) describe the synthesis of 4,5-, . . 4,6-, or 4, 7-di hydroxy
coumari ns. JapanesaLjaidyppenrfat. o deipei 261940 disploses nhotasersitivee

I ncor por at her.el N. r . . ' . .
SUMVARY G@ngﬂwmsﬁﬁﬁgﬂg tn ﬁah'%ﬂ&%’/lg%%‘%g‘gfu‘*sf@‘xﬁeﬁ%‘t%?rehs‘;“e"ﬁﬁ 3 Z%vent i on
provi des a novgiaze-1 3sdikértd v Biedific photoslitizbr cstipdudas incide@f f ectivel y as

PACs in the DU region. The conpounds of the . WD 98/39318
PCT/ US98/ 0344 8monosubstituted 3-diazo-4-oxo-3,4-dihydrocoumarins (examples gf substituentsr esent

benzo- het er ocyBeiesy 2t Z3foh - RRieaT s ERuSEE, Hir BTy oun bel ow

[err] unsubstituted 3-diazo-4-0x0-3,4-dihydrocoumarin was used in the photoresist

15  formulation.
Japanese Laid-open Pat. No. Heisei 3-79670 discloses a negative-type
radiation sensitive resin composition containing radiation sensitive materials having
a diazo keto group. Specific examples of radiation sensitive materials included
substituted indanones, tetralones, tetrahydronaphthadiones, tetrahydroquinolones,
20  and chromanones. Unsubstituted 3-diazo-4-0x0-3,4-dihydrocoumarin was also
used as radiation sensitive material in this disclosure.
J. Med. Chem. 1971, Vol. 14, (pp. 167-168) describe the synthesis of 4,5-,
4,6-, or 4,7-dihydroxy coumarins.
All of the references described herein are incorporated herein by reference

25  in their entirety.

SUMMARY OF THE INVENTION
Advantageously, the present invention provides a novel class of compounds
which can function effectively as PACs in the DUV region. The compounds of the




5 wher ei n: (a) X is either oxygen or sulfur;
(b) Yis selected fromthe group consisting of a phenolic resin and a*

bal | ast group having the formula: 10 Rerr]-(Oferr], or

Rl err] - (RIWOPSBYI%rr] -, where (i) Rerr] and RP&IVYSIEPIH4E he
sane or different and are independently"SeI ected from the group

consi sting of al kyl having 1 to 16 carbon atons and val ence of

m aryl having 6 to 24 carbon atons and val ence of m and 15
aral kyl havi A . (i)
Rlerr] is sel e%stz’é%ﬂ?’%‘éi%ﬁ?ﬁ%ﬂg?%@éﬁgl S ‘l?drl\(gpcg?e&&sr&m‘ies Ofﬁ“fagogen,

al kyl havi ng bknehétéroepeivaliazast dikdio compounds of the Furibulad BWaddhofmitRlot# car bon

atons, and 20 aral kyl having 7 to 24 carbon atons; and

(iii) mis an integer having a value of 1 to 10; and (c)
Rlerr], Rerr], and R err] are the sane or different and are independently
sel ected fromthe gro conej stirfg X hydr ogen, MO
98/ 39318

PCT/ US98/ 03448 + br ofyi ne, or iodine,
| i near or branched al kyl d Qorvos efavienggt he fornul a
Cerr]Herr]Ferr], re qis eger [from 1tB 8, x and y are

integers fromO to 2g+1, and the sy
aryl having 6 to 10 carbon ato
car bon atons, al koxy havi
aryl oxy having 6 to 10 carbon atons a
10 carbon atons; and

Q@I kyl having 7 to 10
g 1 to 8 carbon atons,
aral kyl oxy having 7 to

v
5
wherein:
(a) X is either okygen or sulfur;
(b)Y is selected from the group consisting of a phenolic resin and a ballast
group having the formula:
10 R4~(O)m-, or Rs~(RgN)-, Where
(i) Ry and Rs are the same or different and are independently selected from
the group consisting of:
alkyl having 1 to 16 carbon atoms and valence of m,
aryl having 6 to 24 carbon atoms and valence of m, and
15 aralkyl having 7 to 24 carbon atoms and valence of m;
(i) R is selected from the group consisting of:
hydrogen,
alkyl having 1 to 16 carbon atoms,
aryl having 6 to 24 carbon atoms, and
20 aralkyl having 7 to 24 carbon atoms; and
(iii) m is an integer having a value of 1 to 10; and
(c) Ry, R, and R; are the same or different and are independently selected
from the group consisting of:

hydrogen,



10 (d) nis an integer having a value of 1 to 10. In

anot her as o his invention a process for the preparatigargéogiosfs
novel sulfonic acid esters or am des of Bused benzo-heterocyclic diazo
di keto conpounds of the present invention is also provided. Thus, the
process for preparing the novel sulfonic acid esters or am des of

fused benzo-heterocyclic 15 diazo di keto conpounds invol ves the steps of:
(a) subjecting a silnstine, chbninecbromitecbeiogdinec| i ¢ [err] - ket o-enol conpound to

suitabl e diazo transfer c¢ondjtions, i he sence of, a diazo tr er

agent for a é’ﬂF?“lQ!ﬁ’é‘m“i‘Efia?]de’ngffiW @%&émgmetéﬂp ac(gﬁ vt i ons

of tenperatur te0 f i dj | ket o
Wit ¥ ditidef from 1 1ol X Arb e R EORUD A1 it e Shok

conmpound; 20 e

sui tabl e hal oofixfmdatis ag+1, conditions in the presence of a

hal osul fonation agent for a sufficient period of tine and under
sui t abl e céndi t i onarythaviag§dedOnatboaragoms,.essure to formthe
correspondi ng hal osul |. di.aza di ket o. conpound; and (c)
subj ecting said hal® q%ﬂ’f}g ngoca@%@f%'n%omound to suitable 25

substitution reactiithxyhabilg 1RGN AdbmEn al cohol or an amne and a
sui tabl e base for a sufficient period of tinme and under suitable

condi tions of tenpargdoxy bawingi6 to 10 catborstomssando f or m t he correspondi ng

sul fonic acid ester am de ,of _fused benzo- het er ocycl i c di azo
di ket o conpound. arﬁftylov@e%ygggqig cargon atoms; and

PCT/ US98/ 03448 . . 6
0. .
DETAI LED DRscri pri () S AP iRepRiRayip ayqlue of 1 to 1 Unexpectedly, it has now

been found that sullhanothenaspecteditiis mvesiticnna ptesess ffor the prépameidn of the
benzo- heterocyclic diazo di keto conpounds exhi big | ow or no absorptions in

the deep ult rNV@I%FO%@P@ﬁSW&MQ@l g8 of fused; henzo-hetgroguclicdiaza diketp nono- or
L i e AT S ST s SRRSO,

readily made ~using a : onom ¢ pr _ , these
conpounds fi negrefaring the el sulfonielueidodtdrs ¥LamidePOLMeE] kdndehrterdtyclie DUV

phot oresi st fornul ati ons. The conpounds of the present
i nvent i on 1hav dliazZedileie gompoynds uvolvesithe steps ofbel ow. 10 [err]
(a) subjecting a substituted benzo-heterocyclic B-keto-enol compound to
suitable diazo transfer conditions in the presence of a diazo transfer agent for a
sufficient period of time and under suitable conditions of temperature and pressure
to form the corresponding diazo diketo compound;

20 (b) subjecting said diazo diketo compound to suitable halosulfonation
conditions in the presence of a halosulfonation agent for a sufficient period of time
and under snitable conditions of temperature and pressure to form the
corresponding halosulfonyl diazo diketo compound; and

(c) subjecting said halosulfonyl diazo diketo compound to suitable

25  substitution reaction in the presence of an alcohol or an amine and a suitable base

for a sufficient period of time and under suitable conditions of temperature and

pressure to form the corresponding sulfonic acid ester or amide of fused benzo-

heterocyclic diazo diketo compoun&.



wher ei n: (a) X is either oxygen or sulfur; 15 (b) Yis
selected fromthe group consisting of a phenolic resin and a bal l.ast

group having the formul a: Rlerr]-([err])[err], or

Rl err]-(Rwoogngierr] -, where (1) Rerr] and R[reym]sgmaahe
sane or different and are i ndependent |y 6sel ected from the group
consisting of: 20 al kyl having 1 to 16 carbon atons and val ence of

aryl having 6 to 24 carbon atons and val ence of m and

m
aral kyl having 7 to 24.caj (i)
Rlerr] is selected fromm EN{FIENTION hydr ogen,

WO 98/ 39318 Unexpectedly, it has now been found that sulf id
PCT/ US98/ 03448 P y onic acid esters or amldes of

al kyl havi ngfused benzp-heterpeyelia dinge diketo compounds exlﬂnylo“hmmm@sﬁmtmnm car bon
atons, and o 24, ar bon atons; and

(iii) mis al? |%egbthavh°§%|rﬁ€° Qﬁeﬁg?gdl tin, a °¥1?RFW8 mono- or (c)
Reerr], Rper p])]]ysﬂfbinﬂdi‘d Eder3 0f ainllRs SR IRsOfovdl Ldufditdls éé]ﬁbﬁf gdngf%%‘@ee”de“t Ty

sel ect ed romthe group consisting o
fl uorine, chmsng n@osttnﬁbwweecmmmmmess Thus these compoimd‘seﬂifd miht)basanched

whore o is afvRreEroomea: EAts) b Di piterssit Bymbltionem 0 10 2q+1, and

;Pg rrz um Of ’Th@g?%:}iﬂlilltﬁisﬁ)gw resent mvefglogél%%fnh)égﬁo%Waw £ BwA0 carbon
al kox;/ havi nhelowt 0 8 carbon at oms
10
n
v
wherein:
(a) X is either oxygen or sulfur;
15 (b) Y is selected from the group consisting of a phenolic resin and a ballast
group having the formula:
R4~(O)=, or Rs-(RgN)p=, where
(i) R4 and Rs are the same or different and are independently selected from
the group consisting of:
20 alkyl having 1 to 16 carbon atoms and valence of m,

aryl having 6 to 24 carbon atoms and valence of m, and
aralkyl having 7 to 24 carbon atoms and valence of m;
(i) Re is selected from the group consisting of: .
hydrogen,



15 aryl oxy having 6 to 10 carbon atons, and

ar al kyl oxy to 10 carbon atons; and (d)
i nt eger hav‘?ﬁ\géhé vgl ue of 1 to 10. 7 In the above gwpl rﬂaf“gns
and throughout the present specification, alkyl means |inear or

branched al kyl havi ng desirabl e nunber of carbon atons and 20 val ence.
Thus, a suitable R err] or R err] as specified herein may be an al kyl group

havi ng 1 to hbkythaviog 136 06earbbn wn)ce m where mis an integer
having a value of 1 to 10. The al kyl group is also often called as
ali phatic group an@rﬂdl}vms 649)26|qatboplaé°ms 190y cyclic) or cyclic.

Thus, sui tabl e acycli ]g leh x&gﬂr ?Aps of vagl encefll i ncl ude net hyl,

ethyl n- i SO- p #afyl, 1inear or br anched
pentyl : hexyl oct y iur)ran?ﬁanﬂ‘égéf'havﬂgqgﬁ}% Oftl%rlgdglﬁyl and hexadecyl. The
cyclic al kyl groups cyclic or poI’ycycI ic. Suitable exanple
of nmono-cyslic al kyk) gr, ®Ripand Redradee same orsliffareatt and ace mydepenfemlyydelected

cycl ohexyl, and cycl oheptyl , groups. The substituents may be any of the
acyclic al kyl frpm Ay €91 Aer ei n. Sui t abl e bicyclic alkyl
groups include, w t&%ehl m tation, substituted 30 bi cycl o[ 2. 2. 1] hept ane,
bi cycl o] 2. 2. 2] oct an cycl o[ 3. 2. 1] oct ane, WO 98/ 39318

PCT/ US98/ 03448 fluorine, chlorine, bromme or iodine, 8

bi cycl of 3. 2. 2] nonane and bi cycl o[ 3. 3. 2] decane, and the |ike. Exanpl es of
tricyclic argtrrduwhpﬁdﬂcmbmd fineroalyl grounsteving the formula GH,F,,

i oyl 8%304'3‘%@% it ) ERBEERSI o 8o 00y 0 ltapp o 5 25 T R R e,
As nentioned tyf&euna, ighq-;-pycl ic alkyl groups may 5 additionally contain

any of the acyclic aI kyl" groups as substituents. The
mul tival ent al kyl quylhasing6toddrdarvhen aterasn any of the al kyl groups

ment i oned herelnabov ccor a dival ent acyclic group may be
met hyl ene, eh%'ﬁ‘ dlletf’ﬂlyyéﬂ@ nafoms, 1 2. or 1,3 propyl ene, and so

on. Simlarly, a d'a‘ﬂ&i){?rﬂavmglto 8céﬁ?l§dncat6‘ﬂn§y| group may be 1,2- or
1, 3-cycl opentyl ene 1,4- 10 cycl ohexylene, and the like. A

di val ent tisi cycl o airieky l;avmg)mlmyo babamytonis ame tricyclic al kyl group
ment i oned her ei nabov rtic Iarly seful trigcyclic alkyl group in
this invention is Aﬂrékﬁéﬁﬁ% é‘hé‘? °‘FBP%9U’|“%§E S“dz 1.0.[err]] decane.

Sui t abl e exanpl es ]&%;& g’ 6 to 24 carbon atoms
i ncl ude phenyl , tofgt/i? Xy ye?&th %hy‘fm p]henyl bi s- phenyl s,
tris-phenyls and thﬂtﬂéabdveldeﬁmﬁhlmdahmhg]mmmKEpmt ép&iﬂneuiodpalk?ubstl t ut ed

with any of the appropriate al or, aryl groups rrentloned
her ei nabove. S‘WPFEP‘F“F OTSHBFW#]@(@“W%?W“@%“ T of carbon ‘&P@épﬁ as desired

ey be Ul | Raldle ke St REUESRSLAPEERIINSE ) R,

1to 16 carbon atoms of valence m, where m is an integer having a value of 1 to 10.
The alkyl group is also often called as aliphatic group and may be acyclic (i.e., non-
cyclic) or cyclic. Thus, suitable acyclic alkyl groups of valence 1 include methyl,
ethyl, n- or iso-propyl, n-, iso-, or tert-butyl, linear or branched pentyl, hexyl, octyl,

25  decyl, dodecyl, tetradecyl, and hexadecyl. The cyclic alkyl groups may be
monocyclic or polycyclic. Suitable example of mono-cyclic alkyl groups include
substituted cyclopentyl, cyclohexyl, and cycloheptyl groups. The substituents may
be any of the acyclic alkyl groups described herein.

Suitable bicyclic alkyl groups include, without limitation, substituted
30  bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclo[3.2.1]octane,



the Iike. 20 Represent ati ve exanpl es of nonoval ent aral kyl havi ng

7 to 24 carbon atons include phenyl methyl, phenyl ethyl, , .

di phenyl nethyl, 1,1- or 1, 2- di phenylethyl, 1,1-, 1,2-, 2,2-, or

1, 3-di pherybpg/sayd . and the like. Appropriate conbi ngichARPsis48
substituted aral kyl groups as descri bed8herein having desirable

val ence may be used as a polyval ent aral kyl group. 25 Sui t abl e
al kyl, aryl or aral kyl substituents as Rlerr], Rerr], and R err] may be
t he sane as _described herein. esentative exanples of |inear or
br anched bicyglo{%2 2nanpne, gnd bisgclpi33. Elg!eganpoaml the like nExanples ofitricydis, f or

per 11 uor opr ot Bloubs BRTE N aptbiech . Wiryelol A8 Kenteihls ML or cbucyl

WO 98/ 39318 - tricyclof4.2.1.2.” Jundecane, tricyclo[5.3.2.0.*%)dodecane, and
PCT/ US98/ 03448 As used herein, al koxy means straight or

br anched chamY&IQ{&Zyl Al dergne Asmentnonedhﬁrenaltmychc oliy] granpk inay | udes, for

| h b , b ,
T e i S s i
decanyl oxy, 4-met I‘DhUﬁ?ﬁiﬁJJﬂ&iﬁ’aﬂ%I %ﬂgﬂﬂ@%ﬁ%@ﬁé’m aﬂngaaea le octyl oxy.

Exanpl es of aryl oxy havi ng arbon atons may I nclu noxy,

tol yl oxy, xylmentisnyed leneinatiose. Aceordinglyrp divalent agyclic gmhpmayﬁﬁ\mﬂhyllné,o 10
err] - phenet hyl oxy

car bon tons in e phen | met hoxy, a-, or [

2- phenyl pr opjl']m?& 1 Zaﬁhu]lgﬂ% 1’1" 21:{% 4,3 Argpylene, and £q,pn. Sipilagly, a&wafeats used
herein, the S t | ude all

perm ssi bl e gﬁ st | tu? dgltlﬂ }egerlgn?lgpgocﬁp%h&g@gn# ?dé’gqad;pect t he
permi ssi bbe sytiehaxylenn; mdithe like eA divalent tricgeld aﬂwlgnmp e digofahel

unbr anched, ]O@yd ic and ter%cycl ic, aromatic and non-aromatic
substi t uent st%‘fycg?% oup mentipned hsrripaboyy | A particplagly usefsbricyelicalkyli ncl ude,

for exanple, ﬁ*‘ﬁ@?ﬁﬂgﬁﬁ‘%ﬁﬁ% 2’%‘“&%‘-‘%%98*@?31}@%%9 zr]dseﬂﬁl e substituents

can be one o e sane f'orappropriate organic
‘conpounds. For puspndﬂeemdmplbsdmmabnomylgﬂﬁaphavmgﬂkenebﬁabﬂmn%mh as

nitrogen nmay, have r.o S bstl nt s .and/ or. an perm ssi bl e
substituents “dﬁrpgg‘m %i‘gr?ﬁaﬂ §&‘HhﬁEﬂSHE$’§]P%Y1ﬁhm§rPh§’éXIF andthene
val enci eg; of eTh&k imted
in any 285 rrhtéﬁner b?@%}%r m ssi ﬁ%ﬁgwfg%@%gpymﬁ%ghggr@%nds.
Particul arl yoparyl gruupslmentrmydmémmbovéll &m:laﬂje,ntpﬁmjmafeq)dl Wateat hfyl Whi ch

Rlerr] to are,unsubsti tufed ., In_these co ounds§err] to
Rlerr] are hﬁEﬂ"B@éﬁdesﬂFgB’ayt dise mm‘]ﬁl“é@é‘i‘?ﬂ&d‘%ﬁb@ﬁﬂ%e’@mn‘ﬁ i nvention

T one of b ey 871 B Ra b Rhiente Sytvidier apph{leflh PR Tbab Sl G § &

6- chl or osul f deylike3- di azo- 4- oxo- 3, 4- di hydrocounarl n having the

20 Representative examples of monovalent aralkyl having 7 to 24 carbon
atoms include phenylmethyl, phenylethyl, diphenylmethyl, 1,1~ or 1,2-
diphenylethyl, 1,1-, 1,2-, 2,2-, or 1,3-diphenylpropyl, and the like. Appropriate
combinations of substituted aralkyl groups as described herein having desirable

_ valence may be used as a polyvalent aralkyl group.

25 Suitable alkyl, aryl or aralkyl substituents as R, R;, and Rs may be the
same as described herein. Representative examples of linear or branched
fluoroalkyl groups having 1 to 8 carbon atoms include, for example,
trifluoromethyl, 1,1,2-trifluoroethyl, pentaflucroethyl, perflnoropropyl,
perfluorobutyl, and 1,1,2,3,3-pentafluorobutyl.
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[err] Wdbanosts I n anot her enbod nent of this ir'lven%lg'(g/rgJ 03448,

bal | ast group. As descri bed herein, a ballast group is intended to
mean a wi de variety of alkyl, aryl, or aralkyl 5 groups of desirable

val ence as descri bed herei nabove. Any of the ballast groups wel | known
in the art may be usAtied Rereinyalkoxp mednd StRight br bahtRd! chain afing 1 to
described in U S Pat. No. 4,588,670; U S. Pat. No. 4,853,315, U S Pat.
No. 5, 5010g3thonatems, agd inludes,Nor expngde maoxya ethowy, miaphxwmr e

i ncorporated herein_ b ref.erence ip their entirety. 10 It is
bel i e\eed t hat ‘i%mpé’ﬁ‘xz&'bgté’ﬂclﬁ?bdw”% ?‘?’t‘g“tﬂﬁ}’q %quoﬁﬁ%f‘e%m@my
critical to o j ' [ ﬁm{g& Shhy L sl r umar i n
conpound. %%%k}gglallgg?y’gggup pl ées se%%ﬁ@é?ﬁo%m?%%r ggif it is
used in thé pltiybectydoxsy. formulation. It is believed that the

appropriate selection of ballast group cap affect the solubility of

tﬁg pﬁot or esi st forf'%ﬂfn&’ieisdﬂ%a ?’%ﬂ‘“’f"&e@@‘f%?ﬂ‘b%g%‘élmads‘f‘dgﬂ%%nﬂly: further
ffects th i | |} . ilit f
affects the sfaagisqxggqrgir | 413 thE B! EatndlSs (Yﬁlr&lgllﬁ%cggﬁ\gﬁgz l&{;gb chtbRR! 1Y O

t he phot or 1ation. st groups that
may be used i atdms iachdy phdnybmethboy, cewa fiphenethglyxy, 2-phelfpfslyidyeshd hem t he
group consisting of aromatic or aliphatic nonohydroxy conpounds,
~di hydr oxy com&'&ﬁ-nds, tri hydroxy conpounds, tetrahydroxy 20 conpounds,

ent ahydr conpo ognds. dhept ahyds ox o ounds,
gct ahyéro%yconpnguﬁg@eﬁ%ﬁﬁ%%g%%%pgguﬁag?mdesggﬁﬁﬁt\régxif %ntempé%ﬁ%%nds,
monoami nes, diigdlkdeat] pentseiblebstith@its apevghtc cHBPHRAL] DEF broad aspdee RN nes,
octam nes, and decaam nes. Preferably, the ball as;mgroups are aromatic

or al : phﬁt:c mmhwﬂpﬁuw?mjaﬁuée w:li@msilrmﬁd#n " rdmndmd),ranchbd,her 25
ol Yyar oxy SartRSy AT Rebrodyil, BAsSiekl A mbuat Bt sub Fihe PEREAEE Gups

compounds. Iustrative substituents include, for example, those described

15 hereinabove. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
heteroatoms such as nitrogen may have hydrogen substituents and/or any
permissible substituents of organic compounds described herein which satisfy the
valencies of the heteroatoms. This invention is not intended to be limited in any

20  manner by the permissible substituents of organic compounds.

Particularly preferred 6ompounds of this invention are those in which R, to
R; are unsubstituted, i.e., in these compounds R, to R; are hydrogen. Also, the
preferred compounds of this invention are 3,4-dihydrocoumarin derivatives, i.e., X
is oxygen in Formula IV. In one of the preferred embodiments a particularly useful

25  compound is 6-chlorosulfonyl-3-diazo-4-ox0-3,4-dihydrocoumarin having the

formula:



WO 98/ 39318
In yet anoth
i nvention ar.
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er preferred enbodi nent, the preferred conpounds of this
e_sulfonic acid esters of substituted 3-diazo-4-oxo-3, 4-

di hydrocoW@p$8388 the fornmula: [err] 5 \AhéﬂCéI'r’US”IPIW?]
Rlerr], Rerr], Rerr], and "n" are as 4 i ned herei nabove Preferably, t he
val ue of "n" in this enbodinent is 1 to 8 In this enbodinent, t he
bal | ast group, Rerr], is sel ected fromthe group consisting of

phenol s; cresols; catechols; resgicinols; 1 hydr oqui nones; pyrogallols;
phl orogl uci nol's; nono-, di-gegtri droxynapht al enes; nmono-, di-, tri-
and tetrahydroxy blphenylenes\\$¢ s(hyoroxyc enyl iikanes; pol yhydr oxy
bi sphenyls of the formula: [qy# SFEr A (a) Qis
selected fro

an al kyl ene
containing 1
to 20 carbon

10

15

20

25

m t he group consisting @ : -SJerr]-, -SO, -CO,
group containing 1 to 6 i

an al kyl i dene group

to 6 carbon atons, ~an qnal 0 dene group containing 7

atons; and

In another embodiment of this invention Y is a ballast group. As described
herein, a ballast group is intended to mean a wide variety of alkyl, aryl, or aralkyl
groups of desirable valence as described hereinabove. Any of the ballast groups
well known in the art may be used. A number of different ballast groups are
described in U.S. Pat. No. 4,588,670; U.S. Pat. No. 4,853,315; U.S. Pat. No.
5,501,936; and U.S. Pat. No. 5,532,107, all of which are incorporated herein by
reference in their entirety.

It is believed that judicious selection of the ballast group is extremely
critical to obtain desired intended benefit from the 3,4-dihydrocoumarin compound.
The ballast group plays several roles particularly if it is used in the photoresist
formulation. It is believed that the appropriate selection of ballast group can affect
the solubility of the photoresist formulation formed therefrom. The ballast group
further affects the shelf/formulation stability as well as the thermal stability of the
photoresist formulation. _

Suitable ballast groups that may be used in this invention, for example, may
be selected from the group consisting of aromatic or aliphatic monohydroxy
compounds, dihydroxy compounds, trihydroxy compounds, tetrahydroxy
compounds, pentahydroxy compounds, hexahydroxy compounds, heptahydroxy
compounds, octahydroxy compounds, nonahydroxy compounds, decahydroxy
compounds, monoamines, diamines, triamines, tetraamine, pentaamines,
hexaamines, octamines, and decaamines. Preferably, the ballast groups are
aromatic or aliphatic polyhydroxy compounds as described herein, i.e., either
polyalcohols or polyphenols. Most preferably, the ballast groups are polyhydroxy
aliphatic compounds having at least two hydroxy groups.



20 (b) mis an integer having a value of 1 to 8; and
substi t ut edubloksysqs 0l 5 2. 1.0[err]]decane of the formila: petrusotfesaqs

98/ 39318 1 PCT/ US98/ 03448

12 [err] where: 5 (a) R is a linear or branched al kyl
or fluoroal kyl group having the formula Cerr]Herr]F[err], where-q is
an integer froml to 4, x and y are integers fromO0O to 2g+1, and t he

sumof x and y is Jdnwet amthir preferred embddiment] thegweferred gemponmds ofthds val ue of
1 to 8. ) I.n this preferred enpodi pen ecific_exanples of Rerr]
group may be Ifvenign é@t%‘ggW@ﬁﬂteﬁ@rbqr%Hgs‘ﬁteégr%ﬂﬂaéﬁorrat ic or

al | phat | ¢ COMGIS.duibibe the oRGLRY 7

R, o R o
o-_l
0>

wherein R, Rz, Rs, R4, and “n” are as defined hereinabove. Preferably, the value
of “n” in this embodiment is 1 to 8. In this embodiment, the ballast group, R, is
selected from the group consisting of phenols; cresols; catechols; resorcinols;

10 hydroquinones; pyrogallols; phloroglucinols; mono-, di-, trihydroxynaphthalenes;
mono-, di-, tri- and tetrahydroxy biphenylenes, tris(hydroxyphenyl)alkanes;
polyhydroxy bisphenyls of the formula:

(OH),,

<8

15
where:
(2) Q s selected from the group consisting of -O-, -S-, -SO,-, -SO-, -CO-,
an alkylene group containing 1 to 6 carbon atoms, an alkylidene group containing 1
to 6 carbon atoms, and an aralkylidene group containing 7 to 20 carbon atoms; and
20 (b) m is an integer having a value of 1 to 8; and

substituted tricyclo[5.2.1.0*5]decane of the formula:



15 [err] I n one of the nost
preferred enbodi nents the 3-di azo-4-o0xo-3, 4- di hydr ocounmari nsul f oni c
acid esters of the present invention are unsubstituted and have t he

fol | owi ng WOI9H9348  [err] 2 PCT/US98/03448

-(R'OH),,

where:

5 (a) R’ is a linear or branched alkyl or fluoroalkyl group having the formula
C.H,F,, where q is an integer from 1 to 4, x and y are integers from 0 to 2q+1, and
the sum of x and y is 2q+1; and

(b) m is an integer having a value of 1 to 8.
In this preferred embodiment, specific examples of Ry group may be
10  selected from the group of polyhydroxy aromatic or aliphatic compounds listed

below:

15



10 - wherein R err] and n are as defined above. Unexpectedly and

sur pri si nglyg 9?, bag now been found that proper sel ecti onpetruk¥sazads can
have a great e Pect on the solubility of 13 the PAC fornmed therefrom
before and after exposure to DUV light. Accordingly, 15 particularly,
preferred R4 in this enbodinent is at |east a divalent alkyl, aryl or

aral kyl group, i.e., n = 2. M)ﬁb preferably, n hasozhval ue of 2 to 6 in
this VO 98/ 39318

PCT/ US98/ 03448 14
enbodi ment. Al so, preferred al kyl % preferred enbodi nent are
t hose whi ch have at | east 6 carbon agjons. As specific

exanpl es of sulfonic add esters of 3,4-diggydrocoumarins in this
preferred enbodi nent, follow ng conpounds nay be nentioned: 5

bi s(6-sul fonyl - 3-azo- 4- oxo- 3, 4-di hydr ocoumnari n) bi sphenol - A having the
forml a: [err]

HO
HO ‘ l
OH O ; and

OH

H
In one of the most preferred embodiments the 3-diazo-4-o0x0-3,4-

dihydrocoumarinsulfonic acid esters of the present invention are unsubstituted and

have the following formula:

II i
n
O 0

wherein R, and n are as defined above. Unexpectedly and surprisingly it has now

10

been found that proper selection of Ry can have a great effect on the solubility of
the PAC formed therefrom before and after exposure to DUV light. Accordingly,

15  particularly, preferred R, in this embodiment is at least a divalent alkyl, aryl or
aralkyl group, i.e., n =2. Most preferably, n has a value of 2 to 6 in this



10 1', 1', 1 '-tris-4-(3-diazo-4-o0xo0-3, 4-di hydrocounmari n-6-

sul f onyl oxyphenyl ) et hane havi ng the fornul a: WO 98/ 39318

PCT/ US98/ 03448 15 Jerr]

4, 4" - bi s( golesmdersd- 0xX0- 3, 4- di hydr ocoumar i n- 6- sul f onyl oxy) bearmshs3a4se
having the fornmula: [err] 14

embodiment. Also, preferred alkyl groups in this preferred embodiment are those
which have at least 6 carbon atoms,
As specific examples of sulfonic add esters of 3,4-dihydrocoumarins in this

preferred embodiment, following compounds may be mentioned:

5 bis(6-sulfonyl-3-azo-4-0x0-3,4-dihydrocoumarin)bisphenol-A having the
formula:
! X
0 70
_ 0:8:0 0:S:0
0O .0
ji 0] 0] 1

N; TN,

o ) .

10 1’,1’,1’-tris-4-(3-diazo-4-0x0-3,4-dihydrocoumarin-6-

sulfonyloxyphenyl)ethane having the formula:



5

2,3,4-tris(3-di - 4- 0x0- 3, 4-di hydr ocoumari n- 6- sul f onyl oxy) b e
havi ng ! he WOPRART: VO 98/ 39318 FOFBNRARA

PCT/ US98/ 03448 16 [err]
4, 8- bi s(3-di azo- 4- oxo- 3, 4-di hydr ocounari n- 6-
sul fonyl oxynethyl )tricyclo[5.2.1.0[err]] decane having the formul a:

0O

4,4’-bis(3-diazo-4-ox0-3,4-dihydrocoumarin-6-sulfonyloxy)benzophenone

_ (@]
o,

0:S:0 0:S:0

N o] o) N,
O O .

5 2,3,4-tris(3-diazo-4-oxo0-3,4-dihydrocoumarin-6-sulfonyloxy)benzophenone

having the formula:

having the formula:
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When pol yhydroxy conpounds are used as the ballast groups, sonetines |t

i s advant ay@e&n93tshat not all of the hydroxy groups are est ecrfusesiossas h t he
3, 4- di hydrocoumari nsul fonyl chl oriéde. Representative exanpl es of
partially esterified 3,4-dihydrocounarinsulfonates i ncl ude, but not
limted to, 1', 1'-bis-4-(3-diazo-4- :

0x0- 3, 4- di hydr ocoumari n- 6- squononxyphen*&) 1 '-(4-hydroxyphenyl) et hane
haV|ng the formul a: [err]

1 '-4-(3-di azo-4-oxo- 3, 4- dlhydrocounar|q3 > hbonyloxyphenyl) 1, 1'- 10
bi s(4- hydr oxyphenyl ) et hane havi ng the for mulja:

[err] N, O
(0] o) o
N 0"8:0 o
I| O
™ SO
peas
O
0:S:0
0]
NZ N ©
O

4,8-bis(3-diazo-4-0x0-3,4-dihydrocoumarin-6-
sulfonyloxymethyltricyclo[5.2.1.0**]decane having the formula;

E!
23S N,
o o)
A\ /
S=0 o) 6]
0O O
o) N,



4- ( 3-di azo- 4- oxo- 3, 4- di hydr ocounari n- 6- sul f onyl oxynet hyl ) - 8-

(hydr oxynmetfulohhid,eyclo [5.2.1.0[err]]decane having the fo[;q-yéﬁ@%?sfﬁ?ﬁ
8

98/ 39318 17

18 [err] A wide variety of phenolic resins may al so
be used to formesters of 3, 4- di hydr ocoumari nsul fonates of the .
present invention. Any phenolic resin that is known in the art which

will react with thewhel polyhydroyy cdmpodids ueb xed ustieiballase groupeyonietintek it hi s
i nvention may be used. Phenolic resins that are suitable for this

pur pose nay belS gé\raetagewsrthatmm lal of the hy deaxysgroupsrage esterifiadowith thec4ns ;

PO o SR o RS Ry S U R R

mxtures ther epa-dm arocaainxﬁﬁumﬁwmuageoﬁaoé Hinkitbd/ o)1, §3bIRONSLAXRAY " €ne) ;
pol y(hydroxystyrene co- 10 hydroxymet hyl styrene);

pol y( hydr o¥ys thwﬁé-ddlydmmumaymﬁ-m}ﬂonylpxyzplm))yl)d F-I@-hydroxyﬂwhyt)ethaﬂee d

pol yvi nyl phe like. A particularly preferred.
phenolic reS| ;&@?@lmnﬁwr oxystyr ene) and the resulting sulfonate
ester has the forrrula

HOQ?L

1’-4-(3-diazo-4-0x0-~3,4-dihydrocoumarin-6-sulfonyloxyphenyl)-1°,1°-
10 bis(4-hydroxyphenyl)ethane having the formula:
HO

Ne Q Q}

4-(3-diazo-4-0x0-3,4-dihydrocoumarin-6-sulfonyloxymethyl)-8-
(hydroxymethyl)tricyclo[5.2.1.0>]decane having the formula;



[err] 15 where mis an integer having a value of 25 to 200, and n IS
an i nteger having a value of 1 to 10. WO 98/ 39318 '

19 . PCT/ US98/ 03448 | n anot her
facet of YWP28BM&ntion there is also pypovided a novel, uniPGTAISIBAIA48
efficient process for preparing sulfoni® acid ester or am de of fused
benzo- het erocyclic diazo di keto conmpounds conprising the steps of:
(a) subjecting a substituted benzo-heterocyclic [err]-keto-enol conpound to
5 suitabl e diazo transfer conditions in the presence of a diazo transfer
agent for a suffici @§nt period of tine and under suitable conditions
of tenperature and pressyfye to formthe correspondi ng diazo di keto
conpound; ecting said diazo di keto conpound to
sui t abl e hal osul f onat idn onftiodd in the pldsence of a

hal osul fonati on agent{ for a sufficie rlod of ti nd under
suitabl e conditions off enperature a : 6

correspondi ng hal osul fonyl diazo di ke¥o conp ‘ (c)

subj ecting said hal osul fonyl diazo diketo d to jguitable

substitution reaction in the presence of an >0Ndi gy ani ne and a

sui tabl e base for a sufficient period of tlne and der suitable
condi tions of tenp ure an 6%5 pressure to formthe correspondi ng

sul foni ¢ aci d est &t Wile Vafipyol phenqlicaesinsangyalso beuseﬁé?@?@é?%ﬂﬁ@faﬂazo di ket o

COmDOUT ooy AR oo o o RS
[err] known in the art which will react with the halosulfonyl 3,4—d1hydrocoumarm
5 compound of this invention may be used. Phenolic resins that are suitable for this
purpose may be selected from the group consisting of novolak resins; poly(4-
hydroxystyrene); copolymers of hydroxystyrene and a member selected from the
group consisting of acrylate, methacrylate and mixtures thereof;
poly(hydroxystyrene-co-t-butyloxycarbonyloxystyrene); poly(hydroxystyrene-co-
10 hydroxymethylstyrene); poly(hydroxystyrene-co-acetoxymethylstyrene); alkyl
substituted polyvinyl phenols; and the like.
A particularly preferred phenolic resin is poly(4-hydroxystyrene) and the
resulting sulfonate ester has the formula;

prd _—

i

OH

0,20

0 o
N2

15 where m is an integer having a value of 25 to 200, and n is an integer having a
value of 1 to 10.



20 wherein X, Rerr], Rerr], and R err] are as defined hereinabove.

Uilizing t ﬁ&g i tuted benzo-heterocyclic [err]-keto-enol 91%48
(Formul a I)Gﬁ | s§{t§el i eved that the proceggs of the present inventlon
proceeds as . shown in Schene | bel ow WO 98/ 39318

PCT/ US98/ 03448 20

Schene | [err] _
In another facet of this invention there is also provided a novel, unique, and

efficient process for preparing sulfonic acid ester or amide of fused benzo-
heterocyclic diazo diketo compounds comprising the steps of:
(a) subjecting a substituted benzo-heterocyclic B-keto-enol compound to
5  suitable diazo transfer conditions in the presence of a diazo transfer agent for a
sufficient period of time and under suitable conditions of temperature and pressure
to form the corresponding diazo diketo compound;
(b) subjecting said diazo diketo compound to suitable halosulfonation
conditions in the presence of a halosulfonation agent for a sufficient period of time
10  and under suitable conditions of temperature and pressure to form the
corresponding halosulfonyl diazo diketo compound; and
(c) subjecting said halosulfonyl diazo diketo compound to suitable
substitution reaction in the presence of an alcohol or an amine and a suitable base
for a sufficient period of time and under suitable conditions of temperature and
15 pressure to form the corresponding sulfonic acid ester or amide of fused benzo-
heterocyclic diazo diketo compound.
The starting material, i.e., the substituted benzo-heterocyclic f-keto-enol

compound has the formula:

Ri  oH
AN
R, X o
R,

20  wherein X, Ry, Ry, and R; are as defined hereinabove.
Utilizing the substituted benzo-heterocyclic B-keto-enol compound

(Formula I) it is believed that the process of the present invention proceeds as

shown in Scheme I below:



In Schenme |, steps (a) through (c) correspond to those steps (a) through

(c) mentioned herein. The substituent Y in Formula Ill is selected
fromthe group 5 consi sting of brom ne, chlorine, and fluorine; and the
subst i t uerWWO'98/3938 For nul a IVa is selected fromthe gr ®OF/ES9s83I«de i ng of

a phenolic resin, and a ballast group 20 havi ng the forml a:

Rerr]-(Oferr]-, or Rerr]-(Rerr]NJ[err]-, where Rerr], Rerr], Rerr],

and mare as defined above. The substituents Rerr], Rerr], Rerr],
X, and n in Forrmulae |I through IV areS! gs defined above. 10 In
step (a), the diazo transfer reaction carried out using any of the

wel | -known nethods in the ar For instance, a descripg on of a diazo
transfer reaction may b&4four@ in U S. Pat. No. 4942, %25 and in Og.
Syn. Col |l ective Vol . 5, {pp. [ ncorRIor at ed

herein by reference in theis gQti o Rger Teyad e hat
p-tol uenesul fonyl (tosyl) [azi de $E15 di azq transfer
agent to formthe diazo copp I/, WO 98/ 39318

PCT/ US98/ 03448 0O
The amount of tosyl asze usqd in)gtep (()a) IS geﬁ%rall stoichionetric

step (a) t has_ n
as_an effecti

amount, i.e., one nole of azilde per nole of the starting mategpal 1. It is
pr ef er abl e t hat slight Rgcess of tosyl azide is Rgpl oyed in order to
achi eve conplete converil on of starting material to|the diazo
conpound II. It is also prefe'&blethat 5 the reaction ils catep@) out in
the presence of a suitable base. Exanples of such bage incl ude
triethylamne, pyridine, imdazole, and the |iKke. The

tenperature at chgtep ;fl) i &y conductgd ranges from@bout Fﬁqo [eDr]C to
about 50 [errY I about 2 [err]CtoY'e.Qoth 40 [[err] . The

pressure in thi s notpCrRtical ,and cahS > i
at nospheric, or ) N2 e %88(,(? onocaiﬁmas fep (ay il
to affolit 4 hour s

general ly range

soneti mes under an ineg pospher&such as nitrogen or 6;
the procedure of stg@ (a) YyutliXed R€ein, the substithzed b

het er ocyclic [err]-kezc o-enpl compound (Formula I, Schene |) undergoes

sui tabl e diazo transfgr reaction to formthe correspondigg diazo

di keto compound, Fornula 193 |1, Schenme |. In ste ((m) t he

di azo conpound i s hal osul f onat qﬂ{lo formthe correspondi ng

hal osul fonyl diazq coppound, Fornula Ill, Schene |. A variety of

i d
known net hods can In Scheme Listeps )dwpgb(ratcen’pmnémﬂ@sewme_ hthrough (c)
For exampl e, filsifoRed REFR| e shistifliie & iFortituH fs3B3LEE il A P0p OF the

5  consisting of bromine, chlorine, and fluorine; and the substituent Y’ in Formula
IVa is selected from the group consisting of a phenolic resin, and a ballast group
having the formula: R4~(O)pn-, or Rs-(RsN),-, where Ry, Rs, Rg, and m are as
defined above. The substituents R;, Ry, R, X, and n in Formulae I through IV are
as defined above.

10 In step (a), the diazo transfer reaction can be carried out using any of the
well-known methods in the art. For instance, a description of a diazo transfer
reaction may be found in U.S. Pat. No. 4,942,225 and in Org. Syn. Collective Vol.
5, pp. 179-183; both of which are incorporated herein by reference in their entirety.
It has now been found that p-toluenesulfonyl (tosyl) azide works as an effective

15 diazo transfer agent to form the diazo compound II as shown in Scheme I.



20 sulfonating agents such as sulfuric acid, fumng sulfuric acid, or

sul fur tri Quhdgae a subsequent step, the sulfonic aci,ngnggg@,gw S
hal ogenat ed u5|ng phosphorus pent abal i des such as
phosphor uspent achl oride to formthe hal osul fonat ed conpound, 1. A

description of the sulfonation reactions nmay be found in G| bert
"Sul fonation and Rel ated Reactions,” pp. 62-83, 87-124, Interscience, New
York, 25  1965; i nth qmmmt@(ﬂtml adide wsed i Step @)asagéneraiWﬁqichibmeﬁic

Advant ageously, it has now und tha azo co
hal osulfonat eo“&‘?qné'c‘ter’fnﬁﬂ’ef’ ?é@ B@I‘?‘r’]ﬁ g‘ Hal ité”fl’\‘ﬁ eé‘ﬂg?ep

(i.e., Step(f\%ﬁtsh teﬂééés%t@sﬁ%ﬁé#‘énﬁﬂbfed%b?dé&'&ﬂc e gsul fonic

aci d, bronosul foni aC| d osul foni c aci The reaction

pr oceeds snoot dunyemiod ufemuﬂnﬁmuankietbahmﬂﬁmydmﬁﬁmd IIil hioalso preferable that| i n
quantitati ve yi el ds., The apount ,of hal osul foni¢ WO 98/39318 -
29 the reaction 1s carried qut-in @3@3?%4@ a sultable baqgﬂ-@)@ms,qf seelt s step
i's generally E t he

hal osul f oni c Z%ag%m;glgﬁéthﬁam y| & ?i'!nhﬁ%h?’h@%gﬁ% u'“{:t 11 A particularly
preferred hal opmd feﬁipbfaﬂﬁ@laﬂWh&h(‘sHpC(ﬁPﬁltbﬁMéﬂ @ﬁgé% from about 10 °C to The

tenperature at which step (b) is conducted ranges fromabout 30 [err]Cto 5

about 80 [err]aboupp@f G,rla‘sfeyabiy Gamabout 20.6C teabdur 49 SCaFhetpréBufedn thiCstefThe

Dt e 6. 07 Pion pud Bl e CmBBtncsbidl RngBPRish s R HARPBSR ) i 1
general ly foanqphéfeamomﬁﬂésﬁ@tebqugeneﬂﬂy&an%@ from abdieU/Fh&lr tb APGR'4 and

sonmeti mes under an inert atnosphere such as nitrogen or argon. Using
the procedure hlfmsodongex)andtsometmelsmﬁleeammemaemesphstemmhesinnhoganoﬁo di ket o

d (F la | Sch bl f
Ceaction Lo 1 oA HUSEEAIRRERGHHFG o el 03 QMY horaine hs SUPRN] CeRDUnG.
F I I
i az0. compoundHPPEBStte-snel sompound (Forklie, g&éﬁgﬁ“ﬁlﬁ?ﬁ?ﬁoﬁﬁﬁésﬁ? Ton in

the presence ofiazntraisteeiredction t@foraithe Cofréspbadiig tfago diketoCeunimung Fératla
sulfonic acid ester or am de of fused benzo-heterocyclic diazo di ket o

conpound, Porrﬂal%PhFW&I Schenme |I. A wide variety of knovvn met hods in

the art can be use ter m e, Formula I Va.
For exanpl e, oespu@ onypﬁﬁég)%g%‘b@dgﬁﬂﬂs‘ﬁfwte ?/‘" &acted with a
variety of co@kpﬁmgqlawsu&mymazmoh@bﬁad,mnﬁmarmssmm Awlifonic acid
ester or amde, Fornula 20 [Va in the“Eresence of a suitable base as an

aci d scavengervariety of known methpgs capbeamsohtochalesulfondte the: dizge compmndild
scavenger may ,pbe used, in. st e C). I tapl e hase inclydes an

i nor gani ¢ bas ?Lfé‘ﬁllnglse’ E‘g‘f‘lg?}él& Mﬂéﬁf‘gf’]"e?@&abﬁeg usyg any oygﬂekal i netal
hydr oxi de,20an siiféaating'Bpbats se RWHaRC adld Qixxl{nhiﬂg}{[ﬂlhg?ﬂrér] | i et al

aIKOX|de (an ionic organi c base), such as err [err],
etc.; an al kalad subsequent step, the sulfonic acid formed is halogenated using phosphorus

pentahalides such as phosphoruspentachloride to form the halosulfonated

compound, III. A description of the sulfonation reactions may be found in Gilbert

“Sulfonation and Related Reactions,” pp. 62-83, 87-124, Interscience, New York,
25 1965, incorporated herein by reference in its entirety.

Advantageously, it has now been found that diazo compound, II can be
halosulfonated directly and selectively at 6- position in a single step (i.e., step (b))
using a halosulfonic acid such as chloro.mllfonic acid, bromosulfonic acid, or
fluorosulfonic acid. The reaction proceeds smoothly and results in halosulfonyl

30 diazo compound, Il in quantitative yields. The amount of halosulfonic acid



25 metal organic salt (an ionic organic base) such as potassium acetate,

etc.; and an am ne (a non-ionic organi c base) such as pyridine, or a
tri-lower-al kyl am ne, e.g., tripropylam ne, trinethylam ne,

tri et hyl amowe®/seaaghi nder ed base such as 1, 4- PCT/US98/03448

di azabi cycl o[ 2. 2. 2] oct ane, and 4-di net ra,a am nopyridine, etc. Amonia can
al-so be used as a base in step (c) of the process of the present

i nventi on. WO 98/ 39318 '

PCT/ US98/ 03448 o s . . g . .
Advant ageous eipplayed jnthis ftep is generally Sefchinmetris, B%‘H‘var’tfg@sexﬁﬁisc“%%beed her ei n-

are parti cul galo¥yifodid s Fesﬁ@fﬁif%@iﬁﬁ@%& @nm‘ucf gﬁswﬁﬁﬁaaa&} plefgrddr esent

i nventi on. More particularl?y,” the hindered es such as
1, 4- di azabi c}nallos.ilﬂmih ﬂibmtchlwoalﬁimcamd 4-di met hyl am nopyri di ne are

preferrod E’?Sifcé SRt Hrautich fep ?m%&p%t?fmﬁqgﬁa Pourah i, O
pol yal cohgl s , g&g&@ﬂgﬁiﬁmﬁm@'o& 3o rebiutéRlRisatepohol s

or am nes In sté € process o the present 1 nventi on.
Parti cul ar |y (b)is ebteeritieal and can be syimtmdspharie; atesphbxia oo seperethospheric. her ei n t o

formthe corhispondl ngmgul,fonl&alQ acid esters, Fornula |Va. Appropriate
ol 6

amount s of t HAedeastipn Hmes isien () wall genegally range fromabgyt 4Qhours to e fully
substituted | | Va as
descri bed he?é?%q;rﬁél@ge}exné&%?&gﬁ%ﬁ?%rﬁ#oﬁ%r| c‘ﬁgﬁrfetq)unt %?S%groggeﬁt excess of

t he al aedgoal Umgetma procedurie of eteg €b) dmlm!dtlmrein hh@fubgtitatedsdiado t he

sul fonic acid_ester, nperature at which step (c) is

conduct ed9r afieto F?%Pﬁ‘@édﬁ?@'ﬁa e Seheme B “!!QGISOWG@bISQ{’]@F‘ﬂf%a“?R ef er abI y
from about 2%51%%; g; 9 %rr%sg% % alo ngl{ (ﬂ% tb @ofng tf*?)?mu]a (c)

is not critica can pe ey e

at nospheri c. 111 SchehlRd. reaction times |n step (c) WI | general I y range from
about 2 hours to about 8 hours or | onger and sonetines under an inert
at mospher e such asInnﬁept(@)gﬂwh@losulfonyldmgonommaundglﬂhﬂasupmtﬁddgrsmtable step (c¢)
outlined here| the substi.t yted hal oSy % 20 di azo d}. kettg conpound
(Formula 1115 H’é”Fﬁ 9hae d’é%seg?ﬂ? b an ARG pp form the o ot on t o
form the jgor rc%ﬁegﬁ dg sEoiO i edter ot a?ﬁae BfRfsecPB@n%—h@ie?&o‘Srcﬂé Hi&ae

conpound, Fornula IVa, Schene |. Particularly, preferred-sulfonic acid

esters or dikm‘rcminpounld)/ﬁommm I'égr8chemé br Aewidb yaridty of knavwes mettfods i s

i nvention are, the 3-di az 0-.3, 4- di hydr og, r|n onlc aci d
esters as dedBs#ben bf‘e\lseﬁ 40 orm the suffonic hoid ggter or,AREAS HPRED GIM} t

11 ustrat i on FarashAoa MR RRIAE Il B roncted B4 Pésem

i nvention.  alcohols or amines to form the corresponding sulfonic acid ester or amlde Formula

20 IVain the presence of a suitable base as an acid scavenger.
Any base which will fanction as an acid scavenger tﬁay be used in step (c).

A suitable base includes an inorganic base such as a metal hydroxide, preferably an
alkali metal hydroxide, an alkali metal carbonate, e.g., KCOs; an alkali metal
alkoxide (an ionic organic base), such as NaOCH;, KOC(CHs)s, etc.; an alkali

25  metal organic salt (an ionic organic base) such as potassium acetate, etc.; and an
amine (a non-ionic organic base) such as pyridine, or a tri-lower-alkylamine, e.g,,
tripropylamine, trimethylamine, triethylamine, a hindered base such as 1,4-
diazabicyclo[2.2.2]octane, and 4-dimethylaminopyridine, etc. Ammonia can also

be used as a base in step (c) of the process of the present invention,



WO 98/ 39318

PCT/ US98/ 03 . 2

Exanpl es (Cﬁ'??ggrsgﬂls In the Bganples that foll om?cirﬁ"??f?ﬁ“fsom ng
abbrevi ati ons are used: THPE - 1', :

1", 1'-Tris(4-hydroxyphenyl)ethane 5 THF - Tetrahydrofuran .

PHS - Pol y(4-hydroxystyrene) HPLC - Hi gh performance liquid

chr omat ogr aphy Advantageously, it Hak hawedrdes @t tina G?giic bases described Hedém -
Nucl ear magnetic resonance spectroscopy, usually of either proton, 10

[err]H, and/ orarepartigHarty suitablerhagesin stepi(c) of the process of tizggesenbinveatiamt i al

' | orj et ry. . - APCl - . ctro - At nospheri c
Seannt 19 CaL ol fabiguianty, e hinderd 5Bl hu ot B S BRI o B | ot
i nsertion pr Obﬁdimeﬂl_?laminpp}'ridiﬁé' afe grefeﬁ&&myg (ggfe?;:(t}ﬁ &t the ?m%éﬁ's%frtﬁé?()py 15

General Anal ytical Technidques Used for the erization A variety of
anal yti cal 5t eqineseptiesentione used to characterize the 3, 4-di hydrocounarin

conpounds of the present invention i ch i.ncl uded, t he_f ol | owi ng: | R
| R spectra of sarrpl"gé’a%}’é’?f"&éﬂs e'amamgs,mieear%atmsb@anmmo- or

B uker 400" v Fovaloot¥iE anitbiled sitonet ferdn MY RRREA L E9HBHE SRR R, O °
respectively. amines ittllep:(c) #ilthe prgeReiTiiy _&nomvantmwmﬁmﬂ’ﬁ%?f&e&élﬁo

Li quid Chromat ogr aph as follows: Mbile phase - nethandl /0. 1% acetic
aci d in water cogpaundsare the dlenhols mentionefl/hepeindo tform thea®arespnnding sulfonic

Al l h Allsph S- 9. Ml 150 S 4.6 DSC. Per ki
Bl mor 77000 OGO s Favl Y, ARereP s o i 4PHeH gloabphgre vsed i ot "
val ue) of the %yaﬁfdnmhsmwﬁdﬁu@ao Phrtially YfRfitubdl subfdfiicGRI dsfigls, " AL € _was

mai nt ai ned at err]Cmnuté, generally, over a tenperature rangé of 50
[err] C to 400 IVaas desaribpchertine Ihigeneralan stoidhiométrio gmoumtroradighti excessioftiei ned

K‘/}a s 50 s gt/c {nr gﬁé:?(g}hpl wNBeinAp ocy{ﬁé?rg g?@ggliéftaﬁé ;iglhg cr)]f tTlSe Isﬂl%m%c Eclﬁcri] glstgg rfvg.SQ7 000
PCT/ US98/ 03448 The temperature at which step (c) is conducted ranges from gbdut 10 °C to
15 about 50 °C, preferably from about 20 °C to about 40 °C. The pressure in this step
(c) is not critical and can be subatmospheric, atmospheric, or super atmospheric.
The reaction times in step (c) will generally range from about 2 hours to about 8
hours or longer and sometimes under an inert atmosphere such as nitrogen or
argon. Using the procedure of step (c) outlined herein, the substituted halosulfonyl
20  diazo diketo compound (Formula ITI, Scheme I) undergoes suitable substitution
reaction to form the corresponding sulfonic acid ester or amide diazo diketo
compound, Formula IVa, Scheme 1. Particularly, preferred sulfonic acid esters or
amides, IVa that can be formed by the process of this invention are the 3-diazo-4-
ox0-3,4-dihydrocoumarin-6-sulfonic acid esters as described herein.
25 This invention is further illustrated by the following exampleswhich are
provided for illustration purposes and in no way limit the scope of the present

invention,



M5-DI P of sanples were taken using a Finnigan 4500 Mass spectroneter.
W-Vis of sanples were taken using a Hewl ett Packard Vectra 486/ 33VL WV-Vis

spect rophot onet er 5 Exanmple 1
Pr epar at i owodiB/3831B azo- 4- oxo- 3, 4- di hydr ocoumarin PCT/USIB®3448100 ni
round-bottom flask fitted with a nechanB&al stirrer, nitrogen i nl et

and bubbl er was charged 4-hydroxycoumarin (3 1 g, 18 8 mmol) dlssolved I n
10 dry THF (21.6 g) and trlethylan1ne (1.8 g) A sol ution of

p-t ol uenesul fonyl azi de (5.3 2{3 in dry THF (14.4g) was

t hen added to this solution dropw a period of 15 m nutes. The
reaction was continued until all of 4- hydr oxycoumarin had reacted as
nonitored by HPLC (ca. 2.0 hours). The preci pitated reaction product
was filtered on alstie Exatplésthat followcthe follbviitie abliréviativne afeusedas packed in
powdered dry ice roduce a se crop of crystals which were al so
i sol ated by fi Itrm ? ﬁel CM&%X&W@Y’&%@@ were dried overni ght under

vacuum at ;60 [err nge col ored crystals of 3-di azo-4-oxo-3, 4-
di hydr ocourrarl n; h?gf g&ydﬂt@@%% yield). The crude product was further
purified by di ssoIPHstholg:@ -hydf eﬂs? acetone and precipitating by pouring
into 20 150.0 g ice-water y| el di ng el low crystals. The product was
characterized by HPLGe mnstagpp recrystallized from
acet one-wat er nel tgd 5 err]C, [err]CG-NMR in DMSO d6 sol vent
showed 9 singl et Iﬁné@%ég?%em%ﬂp&w ng chem cal shifts, inppm

173. 748, 157.754, mm&le#%ﬁgaa&reéo%ﬁn%eaﬂ&éoﬁﬁ%mﬂ%%f@ﬂﬁer 1 proton,
117.741, 77. 922 25 Exanpl e

Prepar at i18n OH; &dfen earlon 1%, 56muckidi azo- 4- oxo- 3, 4- di hydr ocounari n

A 250 nL three- neﬁﬁsetgl fff?nd b ttomflﬂsk equi pped with a nmagnetic 30
stirrer, water n | er, thernoneter and

tenperature MSVAHEY -Qﬁﬁ%ectroscopy-Atmospheﬁc pressure chemical ioniZ8tion
PCT/ US98/ 03448

MS-DIP - Mass spectrometer-Direct insertion probe

UV-Vis - Ultraviolet-Visible Spectroscopy

15 General Analytical Techniques Used for the Characterization: A variety of

analytical techniques were used to characterize the 3,4-dihydrocoumarin
compounds of the present invention which included the following:
IR: IR spectra of samples were taken using a Nicolet 205SXB FT-IR
spectrometer.
20 NMR: 'Hand ®C NMR spectra were recorded on a Bruker 400 MHz
spectrometer with 5 mm probes at 400 and 100 MHz, respectively.
HPLC: HPLC was performed on a Hewlett Packard 1090 Liquid Chromatograph
as follows: Mobile phase - methanol/0.1% acetic acid in water (gradient method);
UV detector @ 254 nm; column - Alitech Allsphere ODS-2, 5 micron, 150 mm x
25 4.6 mm, |
DSC: A Pérkin Elmer 7700 DSC was used to determine the T, (melting point,
peak value) of the photoactive compounds of this invention. The heating rate was
maintained at 10 °C/minute, generally, over a temperature range of 50 °C to 400
°C. The flow rate of nitrogen or air is maintained at 20 mL/min.

30  MS-APCI of samples were taken using a Finnigan SSQ7000 Mass spectrometer.



controll er was charged with 3-di azo-4-oxo- 3, 4-di hydrocoumarin (10.1 g, 53.7
nmol ) prep ccordance with Exanple 1 and chl orosul f oni i .1
g). Tﬁ@ggg}zgg%lgon m xture was then hegted to 50 [err]C ahgTﬁn&?%sggsﬁed
at 50 [err]C for 42 hours, during which tinme HPLC anal ysis showed 99%
conversion. The reaction 5 was allowed to cool and was poured slowy, in
portions, with stirring, into 420 g ice cold ethanol (the tenperature

of the ethanol MSUDIM of saifpldsaviire bkl weidS b Pirnl 4500Ma_ks§gp@h@uietarhe
addition). The ethanolic slurry was filtered, and dried in an oven

over ni ght undddVxMisef ssmpleswefedakenmsing a/ HewlettPackard Vectna 486/33VL UV-Vis

6- chl or osul fo%l - 3- z‘i ?zo- 4- 0x0- 3, 4-di hydrocounarin (81 %yield). The
product was c POHEQR P%‘aﬂby [err]C 10 NMR, DSC and UV-Vis. The results
are as follows: the vacuumdried sanple nelted at 184.7 [err] C
[err]CGNMR in THF-d[err] solvent, showed 9 singlet lines at the -
foll owi ng dhenmi cal shifts, inppm 172. B®8nplé158. 932, 157. 050, 141.502,

134. 467, 126. 202, 121.104, % .Q91, 77.983. The UV ahsorption spectrum
of the product i n THECRaGLoD \azerdrqxond frdihydrocouamamii i on factor, DF
= 109, 182. 05 yi el ding, 15 [err]lmax = 232 nm [err]lmax = 29,532.1
liters/mole cm and [err]max = 288 nm [err] 2max =9,472.8 liters/nole
cm To a 100 mL round-bottom flask fitted with@fBélfanital stirrer, nitrogen
Preparation of Bis(6-sul fonyl-3-diazo-4-oxo-3, 4-di hydrocounmari n) bi sphenol A

20 inletrpndsbubbleaxyyas changed; d-hydeoxyeonmariat (3 dog, 38. Sumneod hdisspivediin ast
groups to the t pactive conpaungds h resent .invention. .A 500 nL
t hr ee- neckdd, %J&ﬂp%@gf%mgﬁty%r& e%gi'p%égl“ﬁﬂﬂ?&%ﬂﬁw '?flyif’f"fi‘?er,
wat er bath, thgrapogupl i 199FHIF (14. y ; d with
a solution of izg%her]olnﬁgd?%ﬂ.% g 16(194%??%3&12?&%?@&@%%‘86% g})@m

Tri et hyl am ne €8r 8 pghiodvaf1s minutesd dBx¢ reactioh iveassontinvied motl alped 4 and t he

ti 1 Xt | | d, t ir f fi i A lLut| f 6-
chi or osul f onyl Ere a0 gmath R sehorsh afpanberst ALY (5: 3933988 ol ;1 om
Exanpl e 2) i n phkfpitatéPreddtiodBsrodnld Séhs Hi@RYY o?xfe’aoﬁfr?ﬂkﬁﬂ&n&ei bR RShiateoved

to stir at roomtenperature for about ours, the reaction m xture
was then 36 fwispackell inpomaleredalry ioe to psaduch hasecomd wropt 0Baystdls eviich werat € was

grc%c Iuglgggft)gg 4;33r1]sonils&gted by ﬁltrati(yl\lp 'P}?e/ c%%lebjﬁ?ed filtercakes were dried oveppight under ¢ s

| ts wel ght Of agiAlPE0OC!E Vbtainl BinkColbidi Ry HIL6F Y iS-sldid-ghed and the
filtercake was dried overnight at 60 [err]Cunder vacuum providing 12.5 g
pi nk s ol dikfgirogivenaring gields2. 5 gu(70.6%myiek).s Thé vmde produbriwgs filnther of orm  The

et 2 myified 7 Aissolvig it in 750 £ of Soefine 124 precipiating by powing o
20  150.0 g ice-water yielding pale yellow crystals. The product was characterized by

C NMR, and DSC. A sample recrystallized from acetone-water melted at 159.5
°C; >C-NMR in DMSO-ds solvent showed 9 singlet lines at the following chemical

shifts, in ppm: 173.748, 157.754, 153.316, 136.239, 125.231, 125.063, 118.696,

117.741, 77.022.

25

Example 2
Preparation of 6-Chlorosulfonyl-3-diazo-4-o0xo-3,4-dihydrocoumarin

A 250 mL three-necked round-bottom flask equipped with a magnetic

30  stirrer, water bath, nitrogen inlet and bubbler, thermometer and temperature



5 solution was filtered and the filtrate was stirred with 1.8 g of

decol ori zi ng char coal and was filtered. The product was precipitated
by pouring over 2122 g of petrol eum ether, filtered, and dried in a
vacuum ovewo 9smedrni ght at 60 [err]C, yield 8.9 g (72%CT/o898/0@a»duct
was characterized by [err]C NVR, DSC a UV-Vis. The product nelted

with deconposition at 200 [err]C. [err]CGNVRin CDCl[err] solvent 10 showed
15 singlet lines at the followi ng chemcal shifts, in ppm 171.999, °

127, 444, 121 S9nfsaler was charges i 3-dis-gné-3 -ty ocommara 1045 445 The v
artut on factaroD el Pacrsfugeshitt Wkl |4l SRYEEIERATT, 100 < 2

[err]l max = Ghereh3tion hiittareswasthen hentedtdd0 W andinmintained @B50.8C ford2 [ er r ] 2max

= 20, 956. 83 Ilters/nDIe cm
Exanpl e 4  hours, during whightiseg HPY,C apalysis showed 99% conversion. The reaction

sul T ony! oy pRERMEREEEF R dnd w4l PHHLE HBWRE A Rorigns, with sictne, jntn 420
repeated in feail ehénol(thd témiserfifecsTith® &thhld slurry waskept bale® 10PCbal | ast

group and anounts of materials used were as set forth bel ow.
Mat eri al s throughout the addmon) The ethanolic slutry was filtered, apddried in an oven ~ THPE

0.7 2.3 | | f - 3- di -
cou rrgr |( n (f %’éﬁéﬁﬂ?@r Y ?c““m ot SsBets 39i° 118 I"ﬁﬁ‘%ﬁ) '%m““]émyi‘?‘rqd "{@(E)’hyl ani ne

1.7 g (16. 4 q0@lo)l3 4-dihydrocoumhfiit (81 % yield). The product d
45 g The product vva%colmsnoﬁﬁ)t(ed oajg‘eZ) elzr&u/g ﬂaescgfra ean)?n soI i ds.
Recryst alibi zNMBnNDSC duddiVEVik.oThé cesnltpat ns Fallowsetheamcuinh dried sample

t ol uene- petrol et her | d {e 9

|:)C'|';'I U898P034W?te at 184.7 gl %C-ﬁMRV\IhI THF-dg solvent,\/\élﬁowed 9 smg%et lings at the

crystals. s;ﬁiﬁﬂr A y Cq n Vis. The
results are gslﬂ&ﬂgﬁﬁe he ’r%&hg{ @%dgdlggéziﬁ errq]§gso?b?3r%7NNR in
DVBO-d[err] 126.2030121€104, mpom 71983] Mhe &IV hbsogn 10&tsgéd1ﬁuﬁ6ffhé wirodhceheni cal
shifts, in ppm 172. 374, 156. 888, 156.763, 142.277, 147.048, 134.875,

130. 639, 129 nBIbelsgb/estawas determinerhat paiilution frctorgDF F= ORIRE. O57yiegw, 51. 330,
29. 799. _f%s |on tru of th [ ducisln THE sol vent
;521 nggmgz( =~ l}lﬂ, f a%%’%%f P rs[m ole cm; anslea 8 li' max

was dete
=9,472.8 liters/mole cm.

Example 3
Preparation of Bis(6-sulfonyl-3-diazo-4-o0x0-3,4-dihydrocoumarin)bisphenol A
20
This Example illustrates the method of attaching ballast groups to the

photoactive compounds of the present invention. A 500 mL three-necked, round-

bottom flask equipped with a magnetic stirrer, water bath, thermocouple, nitrogen

inlet and bubbler was charged with a solution of bisphenol A (3.9 g, 16.9 mmol) in
25 THF (50.0 g). Triethylamine (8.3 g) was then added to this solution dropwise and

the reaction mixture was allowed to stir for five minutes. A solution of 6~

chlorosulfonyl-3-diazo-4-o0x0-3,4-dihydrocoumarin (10.078 g, 35.2 mmol; from

Example 2) in THF (196 g) was added dropwise and the reaction was allowed to

stir at room temperature for about four hours, the reaction mixture was then

30 filtered to remove any insoluble impurities. The filtrate was precipitated in nine



121,993.22 yielding, [err]lmax = 228 nm [err]lmax = 115,055.73 liters/nole
cm and ¢! 2max = 288 mm [err]2max = 28,927.91 lite le C

10 wo 43%551]8 B@r’rpl e 5 E’%H%?g?)}é‘?@at i on
of 4,4 -Bis (3-diazo-4-o0xo0-3, 4-di hydrocoumari n- 6-

sul f onyl oxy) benzophenone . Exampl e 3 was substantially repeated
in Exanple 5 with the exception that 15 the type of ballast group and
amount s of nattimesitssweiglitcofwetroleam ¢tlér. fThetrbsultftigQiirry was filtered and theMat eri al s
Anmount 4, 4' - di hydr oxy- benzophenone 0.7 g (3.4
mol ) 20 filtereake yyasalvied oveinight at 60,9C andsroagrum,diroyiding 12.5 g pink

iog n’gr '( 2 6.( f5r %%)E?g n’ﬁxee cx%he prﬂcht was dissolvzed% gg4 éngﬁlo}oform. The sol-ul_triclnga ;[Ngg lam ne

509 The praHEd withB78igswhtet Al dfedlove Zﬁ%syﬁa%hgsh RisulitBk 1! 1 ds. The
product was 25 char acterig?gd bﬁ ﬁLﬂerr] C llﬂ\lﬁ/%& and DSC. urhgu?gguﬁ?g are as -
(4

fol l ows: tHe plobuipntwas filter trate wes stirpedswith ©:8 gadixieeolbrizingehinc6al

[err]CG-NMR in O soAv nt showed . .14 sbingle,t | ines at the follow ng
chemi cal shi f t30d W35 Hltered. (e praduct s prepipitated by ppyring gyer 2192 gof3 151, 555,
135.702, 134. lehdilethér filtdraf; afddried 4w a ¢4émm i 6bdt.

119 585  78. 089, 30 o en MG B8 39318“7' oven, at ;i 899

PCT/ US98/ 03448 (72%). The product was characterized by *C NMR, DSC and @ik eThe
Preparation of 2,3,4,-Tris (3-diazQ-4-0x0-3 4-dihydrocounmarin-6-
sul f onyl oxy) b5t Bielted with ‘é°°mp°sm°n at200,90. o6 iy (¢M2Clagelvent| y r epeat ed

in Exanpl €06 hbled 1§ stpfef RhdsOe tﬁerl%howing chemical shifts, in ppm: 171.999, 156.833,
156.475, 149.533, 147.198, 135.124, 132.912, 128.263, 127.444, 121.742,
119.466, 119.291, 77.206, 42.700, 30.692. The UV absorption spectrum of the
product in THF solvent was determined at a dilution factor, DF = 116,494.72

yielding, A lmax = 228 nm, e1max = 84,528.6 liters/mole cm; and A2max = 288

15  nm, e2max = 20,956.83 liters/mole cm.

Example 4
Preparation of 1',1',1',-Tris-4-(3-diazo-4-ox0-3,4-dihydrocoumarin-6-
sulfonyloxyphenyl)ethane
20 |
Example 3 was substantially repeated in Example 4 with the exception that
the type of ballast group and amounts of materials used were as set forth below:
Materials Amount
THPE 0.7 g (2.3 mmol)
25 6-Chlorosulfonyl-3-diazo-4-0x0-3,4-dihydro-
coumarin (from Example 2) 2 g (7 mmol)
Triethylamine . 1.7 g (16.4 mmol)
THF | 45g

The product was isolated as 2.4 g (97% yield) of pink solids. Recrystallization

30  from chloroform-petroleum ether, then toluene-peiroleum ether yielded white



the type of ballast group and amounts of materials used were as set forth
bel ow: I\/at erials

Anount , 3,4, -Tri hydroxy benzophenone 4% 9.2
mmol ) w°98’39368 Chi or osul f onyl - 3- di azg 4- oxo0- 3, 4- di hydrol’c"'i'éﬁ”’”3 8
coumarin (from Exanple 2) %g (35.5 mmol)

Tri et hyl am ne 8.3 g (82 mmuol) .

THF 230 ¢ The product

was i sol at edcaftafs. M#EMWaQEH&a&&Mﬁt’%NMQESQdHﬁtUVWE peduct

was characteri'zed by [err]C NVR, and DSC. The results are as fol | ows: the
product 15 mshlteareasfdkms[ dhep@du@tanelteﬂaﬂ%ﬂﬁ@l\’@bﬂ{lﬂrmpl\d%nt showed

30 singlet es a ow, n hem cal in ppm. . 189. 986
172. 104, 1725@ ‘gbﬁsm&@%‘?@éet the%ﬁ""ﬂ& 0&%03@59’9??%5@26%72‘ 156. 572,

143. 508, 135. 5 3 . 803,
129. 780, 12912(2388 ]11:2% 7%2’3142%707 3%048 2134ﬁ§ 13%9&9 g%s%éﬁ . 199,
120 077, 119128B666,1120.1485]1191383, 72.998,151(330729.798. Z‘hQUVZS’m’Lﬂﬁo?EQ

Tris

rrple? M xtures of 1'-Mno, 1',1 '-Bis-, and 1',1'
Sul f onat e Es#R§ctrupy ofthe prognet/in THF solvent was determined at a dilution factor, DF =

Bampi o 7 11 MakOY Re BT s AR e AR s floS Blrstncle smans ¢ a1 1

substituted Rall.asty ini%ﬂgx‘“%@%? h lE‘éﬁ: conpound. Exanple 3 was
i'n

substantially repeate e exception of nodifications in
procedure as set forth bel ow A 1 I|ter three necked round-bottom fl ask
equi pped with a nmechanical stirrer, water bath, thernoneter, nitrogen
inlet and®bubbl er was 30 charged wi E%agples ution of THPE (8.7 g, 28.4
ngr?'} )US|9g / -(IJ-EZ 4(8130 gﬁ’reparatlon of 4, 4% ??ld?égg Hoxo-3 ;4-dihydrocoumarin-6- 5 |
Triethylam ne (20.7 g) was addegulfbn9lowyyenAsplledds@ reaction mxture was

al | owed to stir for an additional 3-5"m nutes. A solution of

6- chl or osul f onyl - 3- di azo- 4- 0Xx0- 3, 4-di hydrocoumarin (16. 3 g, 57 mmol:

prepared in accor C t T 7 ded
dropwi se, and the*f u'afte:@owa%\ﬂElz’gtnﬁagvéﬁ’etaBedé%ﬁ?‘a fe's ‘g"%]i‘ 85%‘%"? ure.

Af ter ongs howe tybé16f baBias grovip mqnmﬁtm&eﬂtt@dsedav&@ ab 6& fb@t taetow and
neutralized by dropw se addition of conc. (16.36 g) while malntaining

t he tenperature of the reaction mxture at about 12 [err]C. The
reaction sol ution was filtered to renove any insoluble inpurities.
The filtrate was precipitated, with

Materials Amount

4,4'-dihydroxy-benzophenone 0.7 g (3.4 mmol)

20 6-Chlorosulfonyl-3-diazo-4-oxo-3,4-dihydro-
coumarin (from Example 2) 2 g (7 mmol)
Triethylamine 1.7 g (16.5 mmol)
THF 50g

The product was. isolated as 1.9 g (78% yield) of pink solids. The product was

25  characterized by °C NMR, and DSC. The results are as follows: the product
melted with decomposition above 175 ©C. *C-NMR in DMSO-d; solvent showed
14 singlet lines at the following chemical shifts, in ppm: 193.183, 172.343,
157.034, 156.783, 151.555, 135.702, 134.965, 131.779, 130.502, 125.714,
122.339, 120.297, 119.585, 78.069.

30



stirring, into five times its weight of hexane (1930 g), filtered and dried
ina 10 v n-overnight at 58 [err]C, yield 21.56 g o ol ids
(97% . The%aggk%\rigduct was taken up in @8loroform washed Wﬁ?ﬁl%gmg@eg‘r‘&
dried over sodium sulfate, and treated with decol orizing charcoal.
Precipitation into petrol eum et her provi ded of f-white crystals. The
product was a m xture of nono-, bis-, and tris- sul fonate esters of
THPE and the di azo-di hydrocounarin. TEBxaggg®sition of the 15 mxture was
determ ned to be nmono- 8 % bis- 42% and tris- 50% by HPLC. The

product was furtherPreperatien of 2,3 4¢Tisis (3-diazp-d-03ar3, 4l drogoumavinvd-s and t he

results are as follows: the ocht melt%d at 219.1 [err]C [err] CGNWR
in DMBO-d[err] sol vent shov@‘ﬁ{oﬂ Ogy)?ﬁp@p PREs at the fol | owing
chem cal shifts, in ppm 172.357, 156.884, 156. 858, 156. 780, 156. 753,

155. 578, 155.277, 148.389, 147.270, 147.054, 20 146.833, 134.874, -
130. 743, 180. 656, E28mpled wi@betantially26pdatid in ExAmple% with the extegtiob6ifiat
121. 161, 120.@39, 12&?1100, 119. 384, 114.792, .114.542, 77.978, 51.337,
50. 864, 50. 36the typp afhallast gropyandamaunts of paaterinls ysed were @5 patiferth bplowt r um of

t he produchst.n: JHF sol vent was determ ned at a dj ion factor, DF =
158, 000 vyi el di ngM [err]Imax = 230 nm [err]l maxq*—141 ,t500 liters/nol e
cm and[ er r] 2max2:3,48filiydrodycienkepiifore 25 23, 000 | it @ B (®henfoh) WO
98/ 39318 31

PCT/ US98/ 03448  6-Chlorosulfonyl-3-diazo-4-oxo-3,4-dihydro- Exanmpl e 8

sui Fonat e 5 o Y o ) 2 os ' he. pr d0ABUhIGIOR
partially substi t[%ﬁglagﬁhyrreri C product with a p@pjmg??{nﬁgolforrpound.

Exanpl e 3 was substantially repeated in Exanpl e 8 exception
of nodificationsTHF procedure as set forth below. A 230g500 ni

t hr ee- necked und-bot t om f | ask ui i fh_a nagnpetic_stirrer, water
bath, ther nnniﬁ%l’r,mﬁf"t‘%b‘éﬂaﬁeaIaéggaﬁﬁ%%ﬁﬁ‘ér"fﬁﬁ@ Pgedncki The arodyetut i on
of PHS 10 (1 |13 mgg 0 ' o 170 g).
Tri et hyl am ne@ag’clﬂrr?cée%eg;ﬂ? V\ﬁdg a e@a rop'wﬁgérégﬁgg?‘%gg?%%@%sr '(t)l% %ﬁg?&ure was

al | owed t 05 st imeltédat 221 °C. *CaNMR indDMIS03d Ssolventisidived/3 05 glétilings &fthe
6- chl or osul f onyl - 3-di_.azq- 4- 0x0-3, 4- di hydrocourmarin (1.6 g, 5.6 mmol)
in THF (124 glollpsangcheatical skifisiin ppui 4891986 172.104,cH72: 0150 15b804I155\398, t 0 sti r
at room tenpe 1 splgher 5%’]6342hf§$r H i h 0 residual
starting mat e?ﬁé#éfﬁégg)ghlct ron mx 7&? g%@?g%@g% fﬁsa{ﬁ’ ?ﬁ%ﬂ bat h and
neutralized by3369muBso7adIlig 8030 129.78mN29.586] 148%633) 1961056 1W8i7a52i ni ng the
reaction tenperature around 124err C. The reaction mxture was filtered to
renove 120.240, 120.199, 120.077, 119.586, 119.495, 119.181, 117.422, 78.212, 78.120.
' 20
Example 7
Mixtures of 1’-Mono, 1°,1’-Bis-, and 1°,1°,1>-Tris Sulfonate Esters of 4-(3-diazo-

4-0x0-6-(3,4-dihydrocoumarin)sulfonyloxyphenyl)ethane.

25 Example 7 illustrates the preparation of a mixture of fully and partially
substituted ballast molecule with a photoactive compound. Example 3 was
substantia]ly repeated in Example 7 with the exception of modifications in
procedure as set forth below. A 1 liter three-necked round-bottom flask equipped
with a mechanical stirrer, water bath, thermometer, nitrogen inlet and bubbler was

30 charged with a solution of THPE (8.7 g, 28.4 mmol) in THF (130 g).



any insoluble inpurities. The filtrate was precipitated, wth stirring,
into ten tines Its weight of hexane. The resulting slurry was
filtered, dried in a vacuumoven 20 overnight at 60 [err]C;, yield 11.2 g
of white swiodgso1g7% yi el d). The product was char act erp@pgsdaywssdg- Vi s
as follows: the UV-Vis absorption spect3dm of the product in THF
solvent was determned at a dilution factor, DF = 46, 948. 36 yi el di ng,
[err]lmax = 230 nm [err]lnmax = 91,245.78 liters/nmole cm and [err]2max =
20 liters/mole cm (based on a repeat unit

282 nm..[err]2 = 29, 96

MW = 2633, 2&“&5¥fa}nﬂ%&7 g%Mstgﬁ%dfPﬂWﬁem@HﬁfGWamﬁwaﬁ allesvedat ed by
certain of t{besti?rﬁgx%' ; _&m&ge,'-' I ongtrued as being
limted thereby; but ddrat 03?1’3,[5 e : Risﬂi\l/ﬁenﬂ ?gﬁ%élﬁggs&p&g%@?;a%ﬁéﬁgeneri C
area as her eoxdBfedikydiocouinmmind16.3@] 5D ufinol; prepared inf dceaidandtswith Exaapedi nent s
can be made v%',t hout departing fromthe spirit and scope thereof.

VO 98/ 39318 2)in THF (270 g) was added dropwisegand the reaction was allowed to stir at

PCT/ US98/ 034 N Al VB What
is clai rresg ir;h?’m temperagur eAA&%(‘:nel%ngb?heﬁ%’ﬁlgP HP&‘%W?%?W&“%#B ieehath o
ami de of fasarl featralized by dropwise MdifsP65/ 6Nt CHOI A6BEH)AIR HARNAR MM .
conprising the steps of: . . (a) subjecting a substituted

benzo- het er otjperatup of the reagtion anisture stngboun t2 €. flbe reaction solutiorawas t r ansf er
in the presegce a diazo tr er agent sufficient riod of
time and un erg‘glt‘{’a '“é’eé%msﬁ&g 5P ‘?‘?pé‘?‘ﬁ@?@empre"m‘meg’ with
pressure to &pfing, ke fernRsRhe Wigh of hédate fdsot ﬁmm ' (b)
subj ecting said di azo di keto co glgur]d toeglui tagg’l e hal osu l?égr%tai on

condi ti o5 i Yacuna qyer ueraighbat 38 4G yield 21 568 ofgrellayesnlids (97%). Jbkf i ci ent

period of { and .ungder suitable,conditions ,of tepperajure and
pressure to ?rgplﬁgtt%aesqgl(m upmcg@fﬂi?’%p% F*B"tﬁﬂa&ru&?@nﬂe"d? B YHRE o
conpound of @idctreated with dédoloriitli AatdoaD m&itgitﬂﬂn%!ﬂeﬁﬂﬁhnpétﬁgro di ket o

e

conpound to suitable substitution 15  reaction int presence of an
al cohol or aprodided offanbiteccrystals.aBhe ptosluet Wax a mixture of mono-, bis-, and tris-

sulfonate esters of THPE and the diazo-dihydrocoumarin. The composition of the

15  mixture was determined to be mono- 8 %, bis- 42%, and tris- 50% by HPLC. The
product was further characterized by *C NMR, DSC, and UV-Vis and the results
are as follows: the product melted at 219.1°C. "C-NMR in DMSO-d; solvent
showed 32 singlet lines at the following chemical shifts, in ppm: 172.357, 156.884,
156.858, 156.780, 156.753, 155.578, 155.277, 148.389, 147.270, 147.054,

20 146.833, 134.874, 130.743, 130.656, 129.828, 129.027, 125.596, 121.759,
121.463, 121.161, 120.139, 120.100, 119.384, 114.792, 114.542, 77.978, 51.337,
50.864, 50.363, 30.190, 29.994, 29.806. The UV-Vis absorption spectrum of the
product in THF solvent was determined at a dilution factor, DF = 158,000 yielding,
Almax =230 nm, e1lmax = 91,500 liters/mole cm; and A2max = 288 nm, £2max =

25 23,000 liters/mole cm.



suffi-cient period of time and under suitable conditions of tenperature and
pressure tonfgoifge corresponding sulfonic acid ester or ampdg bsbirgs

fused enzo- heterocyclic diazo @tketo conpound of 20 2. The
pressure as set forth in claim1l wherein said substituted benzo

het er ocyclic [err]-keto-enol conpound the fornmula: [err]

(a) X is either oxygen or sulfur; WO 98/ 39318

33 PCT/ US98/ OBxahfiple 8 (b) Rerr], Rerr],

and Rlerr] are the sanme aqr different and are, i ndependently selected
fromthe group EEparationped PB%.(“’hYdeYStYfene)G'dlaZPrﬁd‘P’@g%ﬂ:dihydmcoumm-ﬁ'
fluorine, chlorine, brom ne, or iodi ne,su'?

| i near or branched
al kyl and fluoroal kyl groups having thé ats

ornul a

Cerr]Herr]F[lerr], where g is an integer froml to 8 x and y are integers
fromO to 2q+1l, and the sumof x and y is 2g+1, .
aryl having 6 to 1Exmpleos illustates the preparation of a partially substituted polymeric

product with a photoactive compound. Example 3 was substantially repeated in
Example 8 with the exception of modifications in procedure as set forth below. A
500 mL three-necked round-bottom flask equipped with a magnetic stirrer, water
bath, thermometer, nitrogen inlet and bubbler was charged with a solution of PHS

10 (13.3 g, 110 mmol based on monomer repeat units) in THF (170 g). Triethylamine
(6.8 g) was added dropwise and the reaction mixture was allowed to stir for an
additional 3-5 minutes. A solution of 6-chlorosulfonyl-3-diazo-4-oxo0-3,4-
dihydrocoumarin (1.6 g, 5.6 mmol) in THF (124 g) was added dropwise and the
reaction was allowed to stir at room temperature. After one hour, HPLC analysis

15  showed no residual starting material. The reaction mixture was cooled in an ice
bath and neutralized by dropwise addition of conc. HCI (8 g) whilé maintaining the
reaction temperature around 12 ©C. The reaction mixture was filtered to remove
any insoluble impurities. The filtrate was precipitated, with stirring, into ten times
its weight of hexane. The resulting slurry was filtered, dried in a vacuum oven

20  overnight at 60 ©C; yield 11.2 g of white solids (77% yield). The product was
characterized by UV-Vis as follows: the UV-Vis absorption spectrum of the
product in THF solvent was determined at a dilution factor, DF = 46,948.36
yielding, A 1max = 230 nm, elmax = 91,245.78 liters/mole cm; and A\2max = 282
nm, 2max = 29,969.20 liters/mole cm (based on a repeat unit MW = 2633.2).

25 Although the invention has been illustrated by certain of the preceding
examples, it is not to be construed as being limited thereby; but rather, the
invention encompasses the generic area as hereinbefore disclosed. Various
modifications and embodiments can be made without departing from the spirit and

scope thereof.



aral kyl having 7 to 10 carbon atons, 10 al koxy having 1 to-8
car bon at ons, aryl oxy having 6 to 10 carbon atons, and
aral kyl oxy having 7 to 10 carbon atons 3. The process as set
forth in cvaissBBisherei n sai d hal osul f%@yl di eze di keto 13PCT/US98/03448

conpound has the formula: [err] _ wherein: (a) X
Is either oxygen or sulfur; (b) Y is bromne, chlorine, or
fluorine and 20 (c) Rerr], Rerr], and Rerr] are the sanme or
different and are independently sel ected fromthe group

consi sting of: hydr ogen, fluorino,

chlorino, brom ne, or iodine, Cr O 39318

PCT/ US98/ 03448 - 34

| i near or br Mhatégkleimediissand f1 uor oal kyl groups having the Lor mila
err]Herr] E[ery wher e Is an integer from1 to 8 x and y are integer
ﬂ om%) LT O brootliShr Efgpwf}ﬂf%aa%glﬁestgmﬁ apidg of ftged benzooq + 1,

aryl havigg 6 t GeftfodyRliO 8z HiRE® compounds comprising the steps of:
(a) subjecting a substituted benzo-heterocyclic B-keto-enol compound to
suitable diazo transfer conditions in the presence of a diazo transfer agent for a
sufficient period of time and under suitable conditions of temperature and
pressure to form the corresponding diazo diketo compound;

10 ~ (b) subjecting said diazo diketo compound to suitable halosulfonation
conditions in the presence of a halosulfonation agent for a sufficient period of
time and under suitable conditions of temperature and pressure to form the
corresponding halosulfonyl diazo diketo compound; and
(c) subjecting said halosulfonyl diazo diketo compound to suitable substitution

15 reaction in the presence of an alcohol or an amine and a suitable base for a
sufficient period of time and under suitable conditions of temperature and
pressure to form the corresponding sulfonic acid ester or amide of the fused

benzo-heterocyclic diazo diketo compound.

20 2. The process as set forth in claim 1 wherein said substituted benzo-heterocyclic

B-keto-enol compound has the formula:

Ri oH
AN
R, X~ 70
R —_—
::,)le:::e — [ {”/l!/ Ul iy //l!l///*l\l/

UG



5 aral kyl having 7 to 10 carbon atons,

al koxy havi W) 3958, aryl exy havi Nng 6 topdPnRos s
atons, and aral kyl oxy havi3dg 7 to 10 carbon atons. 10 4.
The process as set forth in claim1 wherein said sulfonic acid ester or
am de of fused benze heterocyclic diaze dikete conmpund has the
formula [err] R3

wher ei n: (W) R, Reo,i20d Kstareethe samg on different ahd aire;indepEndently stlpeced i s

selected fromthe consi st,i.n a phenolic resin, and a ball ast
group having the frﬁwﬁggroup consisting ‘ﬁ{ Rlerr]-(Oferr], or
Rlerr]-(Rerr])[err]-,y WP (i) Rerr], and Rerr] are the
sane or different and are rndependently sel ected fromthe
group consisting of: 2€uorine, chlorine, brommead)ﬂﬁhﬂinbaVi ng 1 to 16 carbon atoms

and val ence of m 5 havi n? 6 to 24 carbon atons and
val ence of dm and linear or branched atkyland flyproalisyl grpups havirmyithe fotpana at ons
and val ence of m i S ect fromthe_group
consi sting of: CH.Fy, where g]@éq gge@rrr l'rom 1 {So %@89r391§§%ers fr%m 6’

PCT/ US98/ 03448 to 2q+1, and the sum of x and y is 2q+1, 35

al kyl having 1 to 16 carbon at ons,
aryl having 6 to 10 carbon atoms,

aralkyl having 7 to 10 carbon atoms,

10 alkoxy having 1 to 8 carbon atoms,
aryloxy having 6 to 10 carbon atoms, and
aralkyloxy having 7 to 10 carbon atoms.

3. The process as set forth in claim 1 wherein said halosulfonyl diazo diketo

15 compound has the formula:

wherein:
(a) X is either oxygen or sulfur;
(b) Y’ is bromine, chlorine, or fluorine; and _
20 () Ry, Ry, and R; are the same or different and are independently selected
from the group consisting of:
hydrogen,

fluorine, chlorine, bromine, oriodine,

b |



aryl having 6 to 24 carbon atons, and aral kyl having 7

to 24 carbon atons; and (tiit) mis an integer having a val ue
of 1 to 10;; and 5 (c) Rerr], Rerr], and Rerr] are the sanme or
di f f er ent wayskjop@ependent |y sel ect ed fromthe grpoprssssisdst | Ng
of : hydr ogen, 34 fluorine, chlorine,

br-om ne, or iodine, | i near or branched al kyl and

fl uoroal kyl groups having the forrmula 10 Cerr]lHerr]F[err],

where g is an integer, fromto 8, x and are_integers fromaQ
to 2g+1, and the sunfiBgarger molgﬂdiaékséqniﬁuomﬂwlgroupshavmgthafgm%vi ng 6 to
10 carbon atons, is affh V] 7 EQn_ at ,
al koxy having 1 to g“lg’ér"r’bvg]ﬁergﬂésns, ﬁelgé}/hoﬂ"ﬁ {or@xanﬁ%r %?%Q?Jg(e?/sﬁgéﬁong 6 to
10 carbon atoms, andto 2q+1, and the sum ofaf ldgyis@gy¥1having 7 to 10 carbon at ons;
and (d) nis an integer having a value of 1 to 10 2. The
process as set f or t haryh having 6t 1Qpeben atoms; s oxygen. 20 3 . The process
as set forth in clai .ej | ul fur. The process as set

/ Flabig R 20510 forbl b

4.
forth inclaiml whererni erature is from
about 10 [err]C to allkdky BviR€l td £cabdn bivinddr essure is atnospheric; in step

(b) the 25 tenperature is fromabout 30 [err]C to about 80 [err]C and
the pressure is aryloxy having fifieckOi earbomratiomns andep (c) the tenperature is
fromabout 10 C to about .50 - err]lC and the pressure is
at nospheri c. 5 A 6?’8’015‘&‘1% aP 1;9r°§% ' ul fonic acid esters of

. 3-di azo-4-oxo0-3,4- 30 di hydrocounari ns conprising the steps of:
WD 98/ 39318 36

PCT/ US981®344.8 The process as set forth in claim 1 wherein said sulfonic acid ester or amide of
fused benzo-heterocyclic diazo diketo compound has the formula:

Y"

wherein:
(a) X is either oxygen or sulfur;
15 (b) Y’ is selected from the group consisting of a phenolic resin, and a ballast
group having the formula:
R4(O)m=, or Rs-(RgN)-, where
(i) R4, and R;s are the same or different and are independently selected
from the group consisting of:
20 alkyl having 1 to 16 carbon atoms and valence of m,
aryl having 6 to 24 carbon atoms and valence of m, and
aralkyl having 7 to 24 carbon atoms and valence of m;
(i) Rs is selected from the group consisting of:
hydrogen,
\

Wl’i?ﬂlliﬂlﬁlﬂiﬁiﬂd AR ) 0 0




(a) subjecting a substituted 4-hydroxycounmarin to suitable diazo transfer
conditions in the presence of a diazo transfer agent for a sufficient
period of WO 98139318, i e and under sui tabls% condi tions of ter‘rﬁgfrﬁsag&"%d

pressure to formthe corresponding
3-di azo- 4- oxo- 3, 4-di | ydrocoumarin; 5 (b) subjecting said diazo.
coumarin to suitable chlorosulfonatio conditions in t he presence

of a chlorosul fonation agenthafifg 130 16 chiveh@meer i od of time and
under suitable conditions of teRperature and pressure to formthe

correspondi ng chl or osul farphliavitgdi ta24- chrtoonat@md-adidhydr ocoumari n; and
(c) subjecting said chlorosul fonyl diazo di hydrocoumarin to suitable 10
substitution reaction i rAtalkgl havagdto24marhon #eomsi#d and a suitable acid

scavenge for a suffi gﬁﬁﬁﬁgﬁﬁﬁfﬁéﬂﬁtﬁgﬁg a%ﬂleq&qgro 1%uia ﬁbl e conditions of

tenperature and pres _ orresponding”sul'fonic acid ester of -
3- 5 di az0{é) R BoSand-RY diy tieQsamieror different and afe ih@efendeliily selededss as
set forth in claim5 wherein sajid chlorosul fonyl -3-di azo- 4- oxo-
3, 4- di hydr ocourar ifipnnthe groep eansistingiof:  [err] wher ei n:
(a) Rerr], Rerr], anqu@[oe%] are the sane or different and are
| ndependently sel ected B0, fromthe group consisting of:
hydr ogen,  fluorihé, WhIdri8, breffird bPRdindl O ne, or i odi ne,
WO 98/ 39318 ]
PCT/ US98/ 03448 linear or branched alkyl and fluoroalkyl groups having the formula
10 C.H,Fy, where q is an integer from 1 to 8, x and y are integers from 0
to 2q+1, and the sum of x and y is 2q+1,
aryl having 6 to 10 carbon atoms,
aralkyl having 7 to 10 carbon atoms,
alkoxy having 1 to 8 carbon atoms,
15 aryloxy having 6 to 10 carbon atoms, and
aralkyloxy having 7 to 10 carbon atoms; and
(d) n is an integer having a value of 1 to 10.
5. The process as set forth in claim 4 wherein X is oxygen.
20
6. The process as set forth in claim 4 wherein X is sulfur.
7. The process as set forth in claim 1 wherein in step (a) the temperature is from
about 10 °C to about 50 °C and the pressure is atmospheric; in step (b) the
25 temperature is from about 30 °C to about 80 °C and the pressure is
atmospheric; and in step (c) the temperature is from about 10 °C to about 50
°C and the pressure is atmospheric.
8. A process for preparing sulfonic acid esters of 3-diazo-4-0x0-3,4-
30 dihydrocoumarins comprising the steps of:
| -
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37 | i near or branched al kyl and fl uoroal kyl groups
having the formul a Cerr]Herr]Ferr], where q is an

integer from]1l to 8 x and y are integers fromoO to 2q+1, -
and the sMP8#3B1&nd v is 2g+1, aryl havi ngd@¥988M4B ar bon

atons, 5 ar al kyl havi ng 736to 10 carbon atons,

al koxy having 1 to 8 carbon atons, aryl oxy having 6 to 10
carbon atons, and aral kyl oxy having 7 to 10 carbon atons.
10 7. The pro : : | ) MR A ' |.c acid
ester of 3-di azgt‘?)salbﬁ’%t ﬁf& s&ﬁ%&%&é‘ﬂfﬁﬁw& ocou%g?ﬁﬂ%a%ﬁéafgaﬁ%élﬁgg mul a:

[err] conditions in th¢ poesdnice of 3 diakb erafidfer spent fof @ sufficRatpatodddt i ned in
claimé6; 15 fromthe group consisting of: hydr ogen,

fluorine, chl or itiee anskugderauitable conditipis of temperature and pressure tocfarm ¢he br anched
al kyl and fl uor oal [ hayi ng.the.formula .

Cerr]H err] F[ercwégé?gg@%éeig a 'of(ﬁ'tse‘gglpy&r%ﬁlﬁa% 8, x and y are integers
from0 20s b) subjectih® sedldihzo B8tEndriEtoSHiTA sBifcikiidn conditions

aryl having 6 to( )180u Jce(:l:r b%?\ at o%r?s, rifto tjw{:im&.dsglrfa l%?%%%'?\%‘“? to 10
carbon atons, thepresence of a chlordsklfonationwgean for 4 sufficiertrpesiod af tinde and

aryloxy having t?mzlgr s%x?tal():lg rcgl? tigrgsooﬁémf?er}gme and pressure to form the
corresponding chlorosunlfonyl-3-diazo-4-0xo-3,4-dihydrocoumarin; and
(c) subjecting said chlorosulfonyl diazo dihydrocoumarin to suitable
10 substitution reaction in the presence of an alcohol and a suitable acid
scavenger for a sufficient period of time and under suitable conditions of
temperature and pressure to form the corresponding sulfonic acid ester of 3-

diazo-4-o0x0-3,4-dihydrocoumarin.

15 9. The process as set forth in claim 8 wherein said chlorosulfonyl-3-diazo-4-oxo-

3,4-dihydrocoumarin has the formula:

a0

=S N,

O

R, 0~ o
Rs

wherein;
| (a) Ry, Ry, and R; are the same or different and are independently selected
20 from the group consisting of:
hydrogen,

fluorine, chlorine, bromine, or iodine,

nmsiimmﬁ”mmdj LN O o R
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PCT/ US98/ 03448~ _ aral kyl oxy having 7 to 10_carbon atons;
(b) R4 is sHOBEWE: r om t he group consi stgzng of : PCT/USIHN3448
nonoval ent or pol yval ent al kyl having 1 to 16 carbon atons,

nmonoval ent or polyvalent aryl having 6 to 24 carbon atonms, 5

nonoval ent or polyval ent aral kyl having 7 to 24 carbon atons, and

a phenolic resin; and linear or branched) alkyliafid 8hotoall§y gfoupslavis the\fadmuda Of 1 toO
8. 8. The process as set forth in claim5 wherein in step (a) the
temperature is from 10CqHFy, wherpqis an mtgger fipm 1 to §ixoand yware[imteggrefrontO t he

pressure is atnospherig;,in st (b) the . tenperature is from
about 30 [err]C to aboﬁqzﬁ'@’f‘g&ﬂ]e%?ﬂff@%?s@gare i's
atnospheric; and in stgg]hsving §% 16ERBbAMnR, | S fromabout 10 [err]C to

about 50 [err]C and the pressure IS atnospheric. 15 9. The
process as set forth i aralkydhavisg #el@icarbomatngsy (a) the tenperature is from

about 20 [err]C to abo 40 . [err] C and.the pressure is atnospheric; in step
(b) the terrpgﬁ‘gﬂpg"‘?%h?gﬁ?@ﬂﬂﬂppn% [err]C to about 60 [err]C

and the pressure is Vﬁ{grg)%pﬂp L ipgstep (c) the tenperature
I's fromabout 20 [err](a:rytl%xyalbaou 4 éa&vonﬁmf’edrﬁr C and the pressure is

at nospheric. 20 afhlkylowy Ipvingehto Hscatlisn 4tomeh in claim 5 wherein said
di azo transfer agent is p-t ol uenesul f onyl azi de. 11. The
process as set forth in claim5 wherein said chlorosul fonati ng agent is 25

chlorosul f ?d‘i €16 il'ﬂe grocess as sétzfort-m:? gﬂ{tﬁ) 8Serds sﬁ& %'Hgﬁ;’ré‘tél&é#ﬁ% &i jl‘dl%zo‘“.’“er ein

c
in step (c) said acrd scavenger 1§
4-0x0-3,4-dihydrocoumarin has the formula:

Ry

wherein:
(a) Ry, R;, and R; are the same or different and are independently selected
15 from the group consisting of:
hydrogen,
fluorine, chlorine, bromine, or iodine,
linear or branched alkyl and fluoroalkyl groups having the formula
CJH,F;, where q is an integer from 1 to 8, x and y are integers from 0
20 to 2q+1, and the sum of x and y is 2q+1;,
aryl having 6 to 10 carbon atoms,
aralkyl having 7 to 10 carbon atoms,
alkoxy having 1 to 8 carbon atoms,
aryloxy having 6 to 10 carbon atoms, and

—_—
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13. The process as set forth in claim12 wherein said hindered amne is

sel ect ed . fromthe group consisting of 1,4-diazabicyclof?2.2.2]octane
and 4- wo 98/39disret hyl ani nopyri di ne. 44 5 14. The PCEOISIS0M48 set
forth in claim 5 wherein said al cohol $& a phenolic resin sel ect ed

fromthe group consisting of novol ak resins; poly(4-hydroxystyrene);
copol ymers of hydroxystyrene and a nenber selected fromthe group

consisting of acrylate th&cr l.at e, and m xtures thereof;

pol y( hydr oxyst yr ene- GG q%’ﬁf VH%@QH@?@?%&% ene); pol y(hydroxystyrene-
10 co- hydr gyyREk Bsbstbd fr8fRfthe group consisting of:

pol y(hydr oxyst yrene-co- acet oxymet nyl styrene); and al kyl

substituted polyvi nyl mbmnvelest or polyvalens alkyliiaying lotoekfiscaglonsatomforth in cl ai m
14 wherein said phenol i

' ' 4- . d { . 15
16. The process as Setm%xg{v%ﬁ'n{"# Qsﬁlg‘foab#ﬁ;%@‘@’%q& 24/?‘5'8{’(%2 .r(rap]e) are .
hydrogen,sand Rl err] igfonovalent or pulyvaldnt ralliyP BAVRIET €5 24'BarbOf Slosdsl Ml Of -

[err]
a phenolic resin; and

(c) n is an integer having a value of 1 to 8.

11. The process as set forth in claim 8 wherein in step (a) the temperature is from
10 about 10 °C to about 50 °C and the pressure is atmospheric; in step (b) the
temperature is from about 30 °C to about 80 °C and the pressure is
atmospheric; and in step (c) the temperature is from about 10 °C to about 50

°C and the pressure is atmospheric.

15 12. The process as set forth in claim 8 wherein in step (a) the temperature is from
about 20 °C to about 40 °C and the pressure is atmospheric; in step (b) the
temperature is from about 40 °C to about 60 °C and the pressure is
atmospheric; and in step (c) the temperature is from about 20 °C to about 40

°C and the pressure is atmospheric.

20
13. The process as set forth in claim 8 wherein said diazo transfer agent is
p-toluenesulfonyl azide.
14. The process as set forth in claim 8 wherein said chlorosulfonating agent is
25 chlorosulfonic acid.
15. The process as set forth in claim 8 wherein in step (c) said acid scavenger is a
hindered amine.
—_—
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40 [ errlym o 5 20. The product prod ?ﬁ-ﬂj .
process of ;(bzvloaglsﬁgil.s 21. The product gor oduced by the procl}ess s?*o%tpé; m

2. 10 22. The product produced by the process of claim3.

16. The process as set forth in claim 15 wherein said hindered amine is selected
from the group consisting of 1,4-diazabicyclo[2.2.2]octane and 4-
dimethylaminopyridine.

5 17. The process as set forth in claim 8 wherein said alcohol is a phenolic resin
selected from the group consisting of novolak resins; poly(4-hydroxystyrene);
copolymers of hydroxystyrene and a member selected from the group
consisting of acrylate, methacrylate and mixtures thereof;
poly(hydroxystyrene-co-t-butyloxycarbonyloxystyrene); poly(hydroxystyrene-

10 co-hydroxymethylstyrene); poly(hydroxystyrene-co-acetoxymethylstyrene);
and alkyl substituted polyvinyl phenols.

18. The process as set forth in claim 17 wherein said phenolic resin is poly(4-

hydroxystyrene).
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17. The compound of the fornmula (I1Va) as defined in claim1. 15 24. The

product produced by the process of claim 8. 25. The product, pr.oduced
by the proces of claim?9. 26. The product produced by the process of
claim 10. wooo3393180 18. A sulfonic acid ester of PCT/USY8/03448

3- di ox0- 4- 0x0- 3, 4-si hydro- counorium a0 defined in claim?7.

; and

20. The product produced by the process of claim 1.

21. The product produced by the process of claim 2.
10

22. The product produced by the process of claim 3.

23. The product produced by the process of claim 4.
15 24. The product produced by the process of claim 8.

25. The product produced by the process of claim 9.

26. The product produced by the process of claim 10.
20
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