; e3en6T- F PHOTQACTI VE COUMARI N DERI VATI VES BACKGROUND OF THE | NVENTI ON
F| eld of -the, . Invention 2 9 JUL 2002 The present i nvention relates to novel,
et hers, carb nd sul fonic acid'esters, and car bonat®eg JUL 2002
3-di azo-2, 4- i‘% mmmm et erocycli c conpounds such as
3-di azo- 3, 4- roc umarins, which are useful synthetic internediates in a
wi de variety of ap | "cations i ncl udi ng photoresists, opto-electronics,
agricultural, and phar maceuti cal applications. Mre specifically, the
pr esent i nvention relates 1o to 6-(3-di azo- 4 0X0- 3, 4- d|h dr ocoumari nyl)
et hers, carboxylic acid aBHOH&{D# ‘ NDERLY idnat es, which are
useful as photoactive conpounds in the photores| st fornul ations haV| ng
applications in the deep ultraviolet region. Description of the Prior Art
t5 1t is well-known that di aZOCRKGEOUNSOF EHERNVESTIOQROt oactive
conpounds" (PACs) in photoresist fornulafions. For exanple
di azonapht hoquiEisidebthefm@stionr e wi del y used as PACs in positive photoresi st

formul ati ons. The exanpl e taln vvlde var of bIIast
U i ok can be I prsPhs SV TRn FelaBO R Bval, Bl Farbhie e g SR, g
after exposur e atid edRrs2ghd SirboraddioABLAAYoSUL i AS- BanzdS-ﬂEﬂeﬁJc%hd dbrﬁﬂ%@n@sﬁo 450
nm regi on. The DNQs al so under go phot ocheni cal transfornation when exposed

to actinic radiseeh asrs- dmm—BHedlhmrecoumwms Dridsh arteelsmbm&ttlwmthnmﬁi@rt@ﬂ inc
resins, they tend.to I tti}e soI of tthe %O i C resing, after
exposure to radidfs ¥ e’i’ﬂ rlt'g HoS &tf ‘fd{k‘ép AR St of Firouies, GERCHWral, 't he
other hand i nhiyg4 bﬁarﬁtaéa@tcﬂtap?ncatont NRIoZPsRbETRatY, @hé&%&e‘ﬁﬁmv&%mﬁq refgdd! t
fine patterns (lines) can ormed usi ng appropri ate phot omasks and

actinic radbat t@ﬁr(&tdmzoe’eqxcahd dilyshoqeatmasnyly ethess, easledxylic aeid and sulfonic

sem conduct or/m croel ectron c nti oned above,
commer o al |y udEd B0 BHLTETeEsoNTT ATeise R e BREATE FREEAET Beused i n
the 360-450 nm,pe@iQnt RrmulfioRd B&AR Og)tmeatdng lme%ee}ptlwméﬁ%r, the

current trend in the electronic industry is to devel op JL 2002
sem conductor devices having extrenely fine patterns. In order to obtain

such fine patterns there |g a need to deveI op photoresist formulation that

can be devel op m(i.e., the deep ultraviolet, DUV,
region). Therefore, f “ de novel PACs
which 5 ar g?usef ul |HlnIE 8ol ﬂﬁgﬁgls%g?asztg c]pér{p das{hl\‘%ﬂéseh%‘ lB}lﬁ)su[;)z{ac g% an objective

of this invent compbunds? (I?/A@Q ia phastesst foemulations. ei?mremmple,pr ocess for the

reparati on of the vel PACs of this inpventi : -r. The foll owi n
Pef gr ences ared ng%qugt@auggn @Fﬁw&ef gl"‘? PACsin posﬁ?ve photoresist g

formulations. The DNQs, for example, contain a wide variety of ballast groups
which can be tailored to adjust the solubility of DNQs before and after exposure to
20  actinic radiation such as ultraviolet in the 360-450 nm region. The DNQs also
undergo photochemical 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
DNQs having the ballast groups on the other hand inhibits dissolution of the
25  phenolic resins. As a result, fine patterns (lines) can be formed using appropriate
photomasks and actinic radiation sources, and such patterns are useful in
semiconductor/microelectronics industry.
As mentioned above, the commercially used photoresists containing the
DNQs are frequently used in the 360-450 nm region of the electromagnetic

30  spectrum. However, the current trend in the electronic industry is to develop
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U S. Pat. No. 4,211,791 discl oses novel substituted counarins and

i ndanedi ones,.and a process for preparing them U S Pat. No. 4,339,522

di scl oses .an ul'traviol et |ithographic resisst conmposition and a2 JUbs20df
maki ng such conposition which contains phenolic 15 al dehyde resins
sensitized with Meldrum s diazo or a honol ogue thereof. U S. Pat. No.
4,588,670 discloses a light sensitive triester of o-quinone diazide
cont ai ni ng positive photoresist conpositions. U S. Pat. No. 4,853, 315
descri bes o-qui none di azide sulfonic acid nonoesters useful as sensitizers
for positive regngbsducldrelceseehaying extremety Rnapatemsz dn naiphtohabit@neudufidoni ¢

acid in which the sulfonic acjid group |s either at 4- or the osition of a
3 (or 4)- hydr BRYSBE HgTe.If Aines i%?eg,elegprrezlssfocﬁ@emﬂmc i gfvelped
sensitizers foqn @9%'46-'2\691151? ISt ?&gfuﬁtkﬁ%l&f Wtreg';ﬁ@bnm U S. Pat. No.

4,942,225 describes preparation o iazo and azo c© unds usi ng
azi dof or mam di um salThsrefdt, itisSn oBjdct ofNbis ibyenfibn 8BprostideciopsldSACs which

ositive-workin ui nonedj azi de phot oresi.st co sition contajnhing a
Eycl ohexy| -éubsfgq Wt Pﬂ\ﬁmwﬁéﬁﬁmakﬁmiﬁﬁﬁwe eeev %t?}hﬁl e of gi vi ng
an extrenely fiRenRst fgirbde 5%§§t—se.tffe.l:ﬁ0ée'?5 ondnie RIFC))%ESS fb\lotge gae?%%tl\%ﬁlz(f: ﬁ\%scr I bes

positive resist conposition containing photosehsitive ag are
qui nonedi azi de nswdl P &f3hiefinventisn. or tetra 30 hydroxy derivatives of
tri phenyl al kanes. 329 JUL 2002 U S. Pat. No. 5,541,033 discloses
0- qui nonedi azi de sul fonic acid esters of phenolic conpounds and their use
in radiation-sepsikjqve conpositions. Japanese Laid-open Pat. No. Heisei
2- 61640 discloses—%#btosensitive conpositions conprising an al kali-sol uble
resin and apphot osemhk folka¥ing pefereaced az: disdldsed @s backgtbuke peiogiroup. Specific
phot osensi ti zer con?hunds i.ncl uded nonosubstituted

[

3- di azo- 4- 0x0- 3, 4- dith§-draddYued ilnd 1 (dselasps Bayehsubstitiéad qoymatias ak| uded

7-methyl, 7-propyl, 7- -chl or However, only the
unsubsti tut ed g? P%¥§F§?%§gf%?fgﬁgﬁgﬁﬁgéﬁﬂﬁéPrn was used in the photoresist

fornulation. 1 o JappSiame N@idhioman diglosed\n ulkigviski liBrogRBHR reigcl oses a
negative-type radiation sensitive resin conposition containing radiation
sensitive nat eEPAPesitiaNdp Rrogesa p6mMrking sheloegmpospies; whieh ecnsaips plenetic-

T e

Unsubstituted 3-di azps 4:0X0.3,3881670diRYsdeOSE DEHTaEhdti vRsicabSsT dgaforas
radi ati on sensitive material in this disclosure. .I. Md. Chem 1971, Vol.

14, (pp. |67- 168yidgsontainies postiveynhotesesist compasitions. 4, 6-, or 4, 7- di hydr oxy
v Ins. ALL of theg gl Qi&NGES ASHRIRE o RERhE aflfie'IESTP9Lgt ed herein
y reference
monoesters useful as sensitizers for positive resists. The esters of 1-oxo-2-diazo-

20  naphthalene sulfonic actd in which the sulfonic acid group is either at 4- or the 5-
position of a 3 (or 4)- hydroxymethyl-tricyclo[5.2.1.0. 26]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.

25 U.S. Pat. No. 5,501,936 discloses positive-working quinonediazide
photoresist composition containing a cyclohexyl-substituted triphenylmethane
compound which is capable of giving an extremely fine patterned resist layer.

U.S. Pat. No. 5,532,107 describes positive resist composition containing
photosensitive agents, which are quinonediazide sulfonates of tris- or tetra-

30  hydroxy derivatives of triphenyl alkanes.



intheir entirety. 20 SUMVARY OF THE | NVENTI ON Surprisingly, the present

i nvention provides a novel class of conpounds which can function
éffectively as PACS in the DUV region. Thé conpounds of the pre?%n\t!UI252002
invention are ethers, carboxylic acid and sulfonic acid esters, and
carbonates of 3-diazo- 2, 4-di oxo-benzo- heterocyclic conmpounds having the
forml a: 4 R OROX " CIlI R3 29 JUL 2a02 wherein: the group R- O -
isinb-, 6 - or 7 - position of the benzene ring. (a) X is either oxygen
or sulfur; (b) Ris selected fromthe group consisting of: 5 aral kyl of

val ence n having 7 U0S.2ht.QNu. 5058415030 idisclaty b-goinonadi eridesutfoh@vacitpesters of 24
carbon atons, acyl _group havi ng the formula, R'-(CO~-, where R'" is an

al i phatic or aPBeRRlic cogpasissnd theitalse &n RPN SENSAIVEFOMPOSIKIPRY N at oms and R
additionally has th i ) (VAN s j royl, and
n is an integer hav?ﬁéﬁg&fr}%ig ulyedt'o &?‘k%?éob‘f?06,1@5?Efg%h’égrﬁg%ﬁggéﬁcar bonyl
havi ng t he f or sothpositfons(cOmptlme anwkatigoRibld sianndliphb@bénsitizer kavimgpi 2C gr oup
of valence n having 1 to 24 carbon atons, and sul fonyl akyl or sulfonyl aryl
havi ng t he §or fagerl,Rdiketgaryun. Sprridicehptosensitigsr epmpiads wickidedr omati ¢ gr oup
of val ence n hayvi . : R~ . t he
sane or differ @ﬁp Q%r?ét ‘%?6323?%@2%2%3&f@gﬁ‘é’g‘i%e8@‘@%}“‘5#8’#%%}%@%?5&5{%“@%“3%i sting
of : hydrogen, fdct@lel Temettil, G+pro}Bd, PmethoRg, an@l6-¢hdsto)) EHoweveednlPthebr anched

al kyl and fl uoroal kyl %roups havi ng the fornula CgHXFy, 20 where g is an

i nteger from 1uasbgituiedgndiazo-41080i3t-dilgdrocoyragrmwasused inthe phetorestsst sum of x
and y is 2g+1; ar, ltioﬂa\/i ng 6 to 10 carbon atons, aral kyl having 7 to 10
carbon atons, a(m?oxay aving 1 to 8 carbon atons,

10 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, and chromanones. Unsubstituted 3-diazo-4-0x0-3,4-
15 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
in their entirety.
20
SUMMARY OF THE INVENTION

Surprisingly, the present invention provides a novel class of compounds
which can function effectively as PACs in the DUV region. The compounds of
the present invention are ethers, carboxylic acid and sulfonic acid esters, and

25  carbonates of 3-diazo-2,4-dioxo-benzo-heterocyclic compounds having the

formula:



52 9 JUL 2002 aryloxy having 6 to 10 carbon atons, and aral kyl oxy having 7
to 10 carbon atons; and (d) n is an integer having a value of 1 to 10. In
anot her -aspect’, thi's invention also provides a process for the Qf réaﬁ on
5 of the novel ethers, carboxylic acid and sulfonic acid esterg gﬁﬁ
carbonates of 5-, 6-, or 7-(3-diazo-2, 4-di oxo-benzo-heterocyclic conmpounds)
of the present invention. Thus, the process for preparing the novel ethers,
carboxylic acid and sulfonic acid esters, and carbonates of

3-di azo- 2, 4- di oxo- benzo- heterocyclic conpounds involves the steps of: to
(a) subjecting a substituted hydroxy acgtophenone to a substitution
reaction in the presence of itabl e prote@ing gro for a sufficient
period of tinme and under sui condi tions |pf tenperhture and pressure to
formthe correspondi ng hydroxy§p » g h? {b) subjecting said
hydr oxy- pr ot ect ed- acet ophenone X o sul cyclization
conditions in the presence of a dial bonate and a catalyst for a
sufficient period of tinme and unde '¢f0ns of tenperature and
pressure to formthe correspondi benzw-het- ocycti c conpound containing a
(3-keto-enol group; (c) subjecting saidlheterocyclic conpound to suitable
deprotection 20 conditions for a sufficRent period of tine and under
suitabl e conditions of tenperature and p?essure to formthe correspondi ng

hyd b h t | i d t | ; (d
U} oot g sai ATHFEY oY SRS RetBibey & Lonsaunnol e Bidprde” (%

substitution condl t%qp@slenhérhg(ygé@@@ﬂggr of a corrpound havi ng the formul a:

25 where R-Zn, (i) is chlorine or bronine; (ii) nis an integer having a
val ue of 1 to 10; aﬁﬂIYmﬁﬂkdﬁdﬁ@ﬂgbbémwe¢0ﬁm$nu¥ﬁé group consisting of: 30

ar al kyl of valencen 7 to,24. carb 6 2 9 JUuL 2002
aryl of val®ence n h%f\?pﬁé(g tg\%[l%l%&hégpggﬁo%(gﬁ{bongms group having the
fornula, R'-(CO~-, M@ﬂ'@awﬁcehslaeqﬂg%ltbrzh%aﬂbsngfon?srorratlc group of valence n
having 3 to 24 carbon atons and add |t|onaIIy has the neani ng oxal yl,

mal onyl , succi noyl myﬂg@lugﬂnavmgithe farmiula, RE-(60)i-nwhere R’ hmwanragjpbaticairue of 1

;[ g 10, aI koxy é’er%EX lg?o)il ?%Ql%gcng A he;]v%/gi ? 90 54{1 garl];gnr egpélrlnzssl ancﬁ{ (at%ltlot)xaqu ha V\he!’ e R

the meaning oxalyl, malonyl, succinoyl and glutaroyl, and n is an integer having a
10 valueof1to 10,
alkoxy or aryloxy carbonyl having the formula, R’-(O-CO),-, where R’ is
an aliphatic or aromatic group of valence n having 1 to 24 carbon atoms, and
sulfonylakyl or sulfonylaryl having the formula, R’-(SO;),-, where R’ is an
aliphatic or aromatic group of valence n having 1 to 24 carbon atoms;
15 (c) Ry, Ry, and Rj are the same or different and are independently selected
from the group consisting of:
hydrogen,
fluorine, chlorine, bromine, or iodine,
linear or branched alkyl and fluoroalky! groups having the formula C H,F,,
20  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 2g+1;,
aryl having 6 to 10 carbon atoms,
aralkyl having 7 to 10 carbon atoms,

alkoxy having 1 to 8 carbon atoms,



an aliphatic or aromatic group of valence n having 1 to 24 carbon atons,
and sul fonyl akyl or sulfonylaryl having the fornula, R -(SQZ)n-, -.where R
i's an aliphati‘¢c or 'aromatic group of valerce n having 1 to 24 CQrgb@r‘_%&rrs;
lo for a sufficient period of tinme and under suitable conditionS~o
tenperature and pressure to formthe correspondi ng ether, carboxylic acid
or sulfonic acid ester, or carbonate of benzo-heterocyclic conpound
containing a (3-keto-enol group; and (e) subjecting said ~i-keto-enol
conpound fromstep (d) to suitable diazo transfer conditions in the
presence of a di azo arylensiaving@entO dapbonatems,.fandi ent period 15 of tinme and
under suitable conditions of tenperature and regsure to formthe
correspondi ng et her 2F QBW%V?%?H %rbcgmt?ragiae acid ester, or carbonate

of 3 diazo-2, 4- di ox@aheRzA-ifeE&HRMEla vaneyMayng, DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 20 Unexpectedly and surprisingly, 1t has now been found that

et hers, carboxylic acaabtherchspect fthiniimveatonlales prveles apdocesy foo thetpeepandtion
3-di azo- 2, 4- di oxgbenzo- het er ocyclic ¢ unds. of .t he present inventjon
function ef fecet TETPYALFEHG CABERYHN A IROTLR K5I LH DO APIees Shasosur o
to DUV 1ight. Ikh @eadildigf-28-db:3eodB6 helefocdilid@npiRhiy ST i prtdse novel
conpounds can be readily nade using a cost "25 effective, econom c process

as descri bed hérwention Thius, thelpeses< fompoapardsg fhemdveltetherd, gahoxylic acid and

phot oacti ve-co unds .(PACs) in the DUV _photoresist fornu|lations, The
conpounds of tggl%}?ﬂ‘%%‘ esterrv @t GaEppnaies of ﬁéazpc%a‘frdloép-ben%etesow% X \CRe
| R3 2 9 JUL (Y=TR W S%WR-O-isinS-,G-or?-
position of thég‘g@%‘\éﬁe}ﬁe‘ﬁ\?ﬁegs.tné(aggﬁ is either oxygen or sulfur; (b) Ris
sel ected fnomthe gr@ouwpbectis $substtuedd: hydrexyak&yphenbne &l substitntibr@rdacijory t o

24 carbon atons, aryl of valence n having 6 to 24 carbon atons, acyl group
havi ng t he f or Muihg pregengecedyasuitablp grateqting ggoupfons Fl&ﬁakepbp%wdﬁmqné gr oup

of val ence n h%}{bé}%uﬁal{lcg cgnﬂdiﬁﬁ{s%?@eng]}qegﬂgﬁeu@gﬁ%e%u@gﬁ1‘ . qg@lx])%espﬁl?dei}glgf

meani ng oxal yl , mal ony succl noyl ni1s an

havi ng a val ue hgfirokypeotddled-adeksphgnare; ar yl oxy carbonyl having the fornul a,
R-(OCOn-, where R_is an aliphatic or aromatic group of val ence n having
1 to 24 carbon at onb) s¥higckng sahhydipxyprofctediaceionlsnang fo sukablsqdarient or nul a,

R-(S@)"- 15 m%&ai&ioﬁ Conditions in the presence of a dialkyl carbonate and a catalyst for a
sufficient period of time and under suitable conditions of temperature and pressure
to form the corresponding benzo-heterocyclic compound containing a f-keto-enol
group;

(c) subjecting said heterocyclic compound to suitable deprotection
20  conditions for a sufficient period of time and under suitable conditions of
temperature and pressure to form the corresponding hydroxy-benzo-heterocyclic
compound containing a 3-keto-enol group;
(d) subjecting said hydroxy-benzo-heterocyclic compound to suitable
substitution conditions in the presence of a compound having the formula:
25 R-Z,
where
(i) Z is chlorine or bromine;
(ii) n is an integer having a value of 1 to 10; and
(iii) R is selected from the group consisting of:

30 aralkyl of valence n having 7 to 24 carbon atoms,



an aliphatic or aromatic group of valence n having 1 to 24 carbon atons; 15
(c) R-, Rz, .and R3 are the sane or different and are independently selected
fromthe group consisting of: hydrogen, fduorine, chlorine, brd@hgJ¥L 2002

i odine, linear or branched al kyl and fl uoroal kyl groups having the formul a
.CgHXFy, 20 where q is an integer from1l1l to 8 x and y are integers fromO
to 2q+1, and the sumof x and y is 2g+1; aryl having 6 to 10 carbon atons,
aral kyl having 7 to 10 carbon atons, al koxy having 1 to 8 carbon atons, 8
2 9 JUL 2002 aryloxy having 6 to 10 carbon atons, and aral kyl oxy having 7
to 10 carbon atons ar)drmcﬂv(lldpncqnh@ix@é ton24ecpeborhatome,g a value of 1 to 10. In

t he above definitions and throu ut h ,present s 1f|catl al kyl
means |inear or br RYHERMRIAXANS 83‘? Eﬂ&' (g(ﬁ)"e‘m?ﬁ% El&?%@gﬁoétons and
val ence. The %éﬂ(&tw%@ﬁipof\%léicéﬂ h‘ﬁfxf‘n@% tSQh'c%oﬁ%to%é ema%iéadar&x'dn fpd may be

acyclic (i.e., non-cyclic) or cyclic. Thus, suitable acyclic aIkyI groups
of val ence 1 |thm:dne|ahmgmxdiyll mabinfly lsuccmoybamd gotaprybpptl n inan integer haong a

tert- butyI Iin r 3 anched pentyl, hexyl, octyl, decyl, dodecyl,
tetradecyl anf@''q é%id% b The cyclic alkyl 1 o groups may be nmonocyclic or

pol ycyclic. Suitablyg %?%?Hb@oxg/ cafH%ﬂ?HFaX/ﬁig' thie ?drﬁﬁéla &F 8RS0}, ”“vlr&légiR’ is

substituted cycl openty cycl ohexyl; ‘and~cycl oheptyl “groups

substituents maylipeatroy anjmetth%raqy@ﬂ vatenat kyhvigg dup 24 darbon atmad; et ei n.
Suitabl e bicyclic al kyl ups . j nc| yy}iie substi tut ed Dbj cI o[ 2. 2. 1 ] hept ane,
bi cycl of 2. 2. 2] oct a8l owlfﬁvﬁ%wfozylf beying the fameyl a%f 2 ﬂhﬁﬁgné%anand t s

bi cycl o[ 3. 3.2 ?dgga; qf | kyl groups
i nc?/ude[ tri cyl:ﬂg?@ajj 8 %%drﬁdecé}l@gﬁ%%ﬁ% “1’?‘ Q%)Séhﬁmi%] u%deganel,O
tricycl o[ 503. Zoila diffifidndetiad ef timedind ihdarahivdtle Sorillittbns obictigediare ahd

mentioned herein the cyclic al kyl groups may have any of the acyclic alkyl
groups as sub®PressWEsR Ormthe coRiEspPRANS A L& P%Wﬁﬁisorérll{mae@w@éatef,%m any

ool or AR Bs RaRO GRRSs NEESHBARRYBpieR B0l o By BT,
propyl ene and so ope) sﬁbjsuu@géayd %fkeﬂi MR e&hp&mlﬂ&n@debm) 18 QD 1Tz e 1, 2-
or 1, 3- cyclopentylene 1, or 1,4 cycl ohexylene, and the like. A

divalent tri cymahsfea¢du¢itlogpsmurbs pmyn@eofartyazoftranh@r agantfmla|suffachdnypelgwd)ups
ment i oned herei.n aboye. rticularl eful tricyclic alk group in
Thi's' Dnverle: ot Puieang cpiehars Fanlos of Eurtspitesnd Reessurg othomiBe “soi Fabl o
exanpl es of WBHES%H&‘ihg%fH& chb%thé”é’ch BSsuffohR aéfll & R adbAME o AC! ude
phenyl, tolyl, xylyl, Rapht’hyl, biphenyls, bis-phenyls, tris-phenyls and

the 1ike. Theslmzaf’z\ﬂ dgxxoth@szmhgterfouyqlhaonmeumbbstl tuted with any of the
appropriate al kyl or aryl groups nentioned hereinabove. Simlarly,
appropriate polyvalent aryl 3o groups as desired may be used in this

invention. Representatipfer §K¥P ' IHBSCRIPTION OF THE INVENTION

20 Unexpectedly and surprisingly, it has now been found that ethers,

carboxylic acid and sulfonic acid esters, and carbonates of 3-diazo-2,4-dioxo-
benzo-heterocyclic compounds of the present invention function effectively in the
deep ultraviolet region (DUV), after exposure to DUV light. In addition, a wide
variety of derivatives of these novel compounds can be readily made using a cost-
25  effective, economic process as described herein. Thus, these compounds find
utility as photoactive-compounds (PACs) in the DUV photoresist formulations.

The compounds of the present invention have the formula:



9 2 9 JUL 2002 divalent aryl groups include phenyl enes, xylylenes,

napht hyl enes, blphenylenes and the |ike. Representative exanpl es of

monoval ent. aral kyl 'having 7 to 24 carbon dtonms include phenylne%%y UL
phenyl et hyl , di phenyl nmethyl, 1,1- or 1,2 5 diphenylethyl, 1,1 Q %m%
or 1,3-dipheny|propy|, and the i ke. Appropriate conbi nati ons of
substituted aral kyl groups as descri bed herein having desirable val ence may
be used as a polyval ent aral kyl group. Suitable alkyl, aryl or aral kyl
substituents as R, R2, and R3 may be the same as descri bed herein.
Representative exanples of Ilnear or brﬁgched ~ o fluoroal kyl groups having
1 to 8 carbon atons include, exanplf t ri®1 uor onet\ayl ,
1,1,2-trifluoroethyl, pentaﬂR oropro perfluorobutyl

and |,1, 2, 3, 3-pent af | uor obut yl 1 bEy peans straight or
branched chai n al koxy having 1Xo 10 I ncl udes, for
exanpl e, net hoxy, ethoxy, n-propoxy, i n but oxy, |sobutoxy,
tert-butoxy, pentyloxy, hexyloxy, hephy ¢ ﬁ% nonanyl oxy,

decanyl oxy, 4-met hyl hexyl oxy, Z-p?ppylhrptylo y, and 2 ethyl octyl oxy.
Exanpl es of aryloxy having 6 to 10 carbon atons may i ncl ude phenoxy,
tol yl oxy, xylyloxy, and the |ike. ExanpRes of aral kyl oxy having 7 to 10
carbon 20 atons include phenyl net hoxy, a-" or ~3-phenet hyl oxy,

2-phenyl pr ony! il b 6 - [4h 0% € oY PRI BF 1IN S, 2 | PPal ! ¢
acyclic acyl groups incl € h or rsebu Val eroy exanoyF, octanoyl,
dodecanoyl, streary(a) )arscblmbleo)lyig&eor @mﬁpl es of divalent aliphatic acyclic
acyl groups include oxaly mal onyl , 25 succinoyl, glutaroyl, adipoyl, and
the |ike. Suitable ébadwlsg&cwfmﬁwarww@mg@fcy groups i ncl ude

a cyclopent Iacetylgwypgg Wﬁgﬁﬁ y;Eﬁﬁﬁ% %%ggqptylacety

(3-cycl opentyl propi Ui val ent allphatlc
cyclic acyl groups hﬂ@bﬂﬁkﬁerﬂe@%}&)&ﬁig@t@mr@w&n%@drﬁ@xw
1, 3-cycl ohexane-di carboxyl, and the like. Simlarly, a wide variety of well

known bi cyclic and p@llgﬁwha&m&w fogmulﬁpB” (@)9 wbzre;ib()zs arealipbatieerp| oyed in
this invention, %rtlcu aE%e fuI g %ﬂ g ﬁﬁ %W o 1 has
4, 8- bi s(car box%o)nl (%%qpoc[g % % 238 3# tI n& Y

sul fonyl aryl rﬁi‘e%éz%gt&(amr@hlenﬂawcb@oﬂe;nu\gwa@pml@ﬂysam‘mt erihvioga aryl,
aral kyl groups described herein. As a representative 5 exanple, w thout any
I|nltatlonlOnEVﬁaneﬁhkdb%yl et hanesul fonyl, cycl ohexanesul fonyl ,

benzenesul fonyl, - Ll yenesul (onyhen it AuhElohit! &Ry ST YbLage; My be

an aliphatic or aromatic group of valence n having 1 to 24 carbon atoms, and
sulfonylalkyl or sulfonylaryl having the formula, R’-(SO;),-, where R’ is
an aliphatic or aromatic group of valence n having 1 to 24 carbon atoms;
15 (c) Ry, Ry, and R are the same or different and are independently selected
from the group consisting of:
hydrogen,
fluorine, chlorine, bromine, or iodine,
linear or branched alkyl and fluoroalkyl groups having the formula C{H,F,,
20  where q is an integer from | to §, 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,



Furthernore, and as used herein, the term"substituted" is contenplated to
include all permssible substituents of organl c- conpounds. In a broad
aspect, the 10 perm ssible substituents i®nclude acyclic and cyfb L 2002
branched and unbranched, carbocyclic and heterocyclic, aromatic an
non-aromatic substltuents of organic conpounds. Illustrative substituents
i nclude, for exanple, those described herei nabove. The perm ssible
substituents can be one or nore and the sanme or different for appropriate
organi ¢ conpounds. For purposes of this invention, the 15 heteroatons such
as nitrogen may havar}rhy@rlwgerg(suotiﬂdatbwrwmaraddor any perm ssible
substituents of organic oun scrlbed herein which satisfy the

val enci es of the hela&"fi’é?’@’ 1| aem$antot i ntended to be limited
in any manner by thg H?s%h?ﬁb r%a%H %th%?ﬂﬁ%o@b organi ¢ conpounds. In
anot her enbodi ment ? thls I nventio group used to prepare the 20
et her, carboxylic adn theabosaddfmitiansaad thresghent the praewtapbofiattionpdlkyihe

present i nvention functions | ast ,group. escribed herejn, a

bal | ast grotip Fsea%‘("éfﬁ‘a8HbrPB"afW€&H<YgLW‘H%d?F§PP1€t“;‘}£@‘F rGroonGoms ddcy i gr oups
of desirable v fordud ty ups
well known in ?heﬂ%ftﬂ%@sggd@ggaﬁ%%Wg&gg&g? Q’lﬂ?élg en?edgh%{dﬁ ‘Zr)%ps are
descri bed i n UG, d%at-cycm or@y&i&ﬁ e, suilalie adyxliPatkyl MoupsloBialeridd 3; U S. Pat.

No. 5,501, 936; and U. S . 5,532,107; all of which are incor orated
herein by ref eilshids mef rlh@thrl en@r i5QPIPPYI, 1-is0-pn trig-Puty Lt Higar ?rlmr&h

sel ection of t o) r red
i nt ended benef P?nt?ﬁg%n’gﬁ’he ’,%?&fl’ ﬁ%@%@gﬁggﬁﬁ ahﬁ hg)gdlﬁi rei%b;i ?ﬁg @%&10 ﬁé"[l group
pl ays sevenal galups nagibeintoilodydlie orpolytydlis. l$$1&ﬁblb Bxdﬂil;ﬂeBQni@hOICQdilﬁﬁdlﬁj’d

formulation. It is believed that the ag,roprlate sel ection of ball ast 5
10 15 20 11 2 sgrougsinzhide sypiiyed ayrlegenbitcyeinberyd) andicylohepsyl gremwpspAbeor esi st

formulation fo r b f ects the

Coel 1 for ol bt FEHutHR! W%i(’{b%“%’ PR R N e BLEBER nklS v of the

phot or esi st f or mul aSuible mwrocalkﬁrgkouppﬁx&ﬂ@rersadsm@twwgds[m 1iHep&@né,nvent i on
are those in which R to R3 are unsubstituted, i.e., in these conpounds R~

to R3 are hydrbt}éﬁlo[m abctamﬁén@m{éﬂrld@rct@mbwﬁm£3 2RInamere.iapdent i on ar e
3, 4- di hydr pgou ltoPd?&Lde% V&R thg lﬁ%h ))((ar{légsooyt%gychc%ﬁ@ Ig'}co:%lﬁ% gjrrpl es of

the preferred 36Ul e ar

3- di azo- 4- oxo- &mra,rmm%”almmlemrmwapm n27F}amwaae1
3-di azo- 4- oxo- 6- hydr oxy- 3, 4- di hydrocoumari n, ggula 2; and
3- di azo- 4- oxo- MY Dy-B" MWW’GW@GG@W@M 2. l:@r rdecene. Apimentioned hareing HO ~

Ni I-,2z0 O ecHalc a&?&l&r&?ﬁs é) vgah '()?t c nt 'a&%g{oﬁ? ?stsdl%gt’ituerﬁg.boxyl Ic

acid and sulfonlc aci ers car oha

3-di azo- 4- oxo- 3, 4- diThy gfudgalem aikiyl gkbepmedaﬁfa‘deﬂdrﬁdnﬁ@meum@'ﬁ obgg ticulaly
preferred conpounds are unsubstituted, i.e,, in which R-to ﬁg are

hydr ogen. gbecmenaor@@dalwml@@ow épmrd@gbragwaleatz@yah@xr@usmydxemh:demrrar| n
are 3di azo-4

F
4, 8- bi s( 3- di azog 8§< Ge%l)ég(glnnmlhy g ocog)ls, géhrqn%éo 813 rTylmrlalrll)y aglvalent
tricyclo[5. 2. 1cfs1® a@ﬂﬂ%ﬁ@@@néﬁ%l@ﬂ&@ c?rﬂo;%ﬂf}%’hebBDOWB NriQy- 12 '1 ;i@ ~

O A I NOO
cyclohexylene, and the like. A divalent tricyclo alkyl groups may be any of the
tricyclic alkyl groups mentioned herein above. A particularly useful tricyclic alkyl
25  group in this invention is 4,8-bis(methylene)-tricyclo[5.2.1 .0.2’6]decane.

Suitable examples of monovalent aryl group having 6 to 24 carbon atoms
include phenyl, tolyl, xylyl, naphthyl, biphenyls, bis-phenyls, tris-phenyls and the
like. These aryl groups may further be substituted with any of the appropriate
alkyl or aryl groups mentioned hereinabove. Similarly, appropriate polyvalent aryl

30  groups as desired may be used in this invention. Representative examples of



2 9 JUL 21102 (4 Oi O. , N5, ,, ,4 ,,, - ~00!;, OO~~. . Ni~.i
I, (5) . OO Specific exanples of carboxylic acid esters of

'3-di azo- 4- 0x0-'3, 4-di hydro 5 counarin areas nentioned bel ow

4, 8- bi s(3-di azo- 4- oxo- 6- oxycar bonyl - 3, 4di hydrocounarin)tri cycl 02[95 2. 1. 0

.] decane, Formula 6. ONI~~O,_I I """ ~" Ol nl ~, ~~-OO
~I NOOOi Jr |l ;; . 20;J; Oto Specific exanples of carbonate esters of
3-di azo- 4- oxo- 3, 4di hydrocounarin are as nenti oned bel ow 13 2 9 JUL 2002
1',1 1

'-tris-4- (3- didivatent anyk grogpsiingludy gheryteneaniyiyl Gwartaphtaytspese hiphpeylerase,
Formula 7; ON(gh%O Ooi ii-  0OO0,,\ [ O-Nj C _I/ p-/ O, OO
OO0 (7)) Nz . % g(ebls(S di azo- 4- oxo- 3, 4- di hydr ocoumnari n- 6s

formate)tricyclof 5R%Flges81t§1\@éiﬁﬁ'@fé§0f EE&EMI@nt%rall%l havihf 7% 94 catboh! o1
O, O0OO0OO0O0O0 r~/ Specrfic exanples of

suI fonat e est atosnsahcladcjplwwlmtb)dopl&pyt&tﬁwdhpimmalnwthyh gl-eords2-nent i oned

bel ow. 5 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.

Suitable alkyl, aryl or aralkyl substituents as R, Ry, and R; may be the
same as described herein. Representative examples of linear or branched

10 fluoroalkyl groups having 1 to 8 carbon atoms include, for example,
trifluoromethyl, 1,1,2-trifluoroethyl, pentafluoroethyl, perfluoropropyl,
perfluorobutyl, and 1,1,2,3,3-pentafluorobutyl.

As used herein, alkoxy means straight or branched chain alkoxy having 1
to 10 carbon atoms, and includes, for example, methoxy, ethoxy, n-propoxy,

15 isopropoxy, n-butoxy, isobutoxy, tert-butoxy, pentyloxy, hexyloxy, heptyloxy,
octyloxy, nonanyloxy, decanyloxy, 4-methylhexyloxy, 2-propylheptyloxy, and 2-
ethyloctyloxy.

Examples of aryloxy having 6 to 10 carbon atoms may include phenoxy,
tolyloxy, xylyloxy, and the like. Examples of aralkyloxy having 7 to 10 carbon

20  atoms include phenylmethoxy, a- or B-phenethyloxy, 2-phenylpropyloxy, and the
like.

Suitable examples of monovalent aliphatic acyclic acyl groups include n-
or iso-butyryl, valeroyl, hexanoyl, octanoyl, dodecanoyl, strearyl, and the like.
Examples of divalent aliphatic acyclic acyl groups include oxalyl, malonyl,

25  succinoyl, glutaroyl, adipoyl, and the like. Suitable examples of aliphatic cyclic
acyl groups include a-cyclopentylacetyl, a-cyclohexylacetyl, a-cycloheptylacetyl,
B-cyclopentylpropionyl, and the like. Examples of divalent aliphatic cyclic acyl
groups include 1,4-cyclohexane-dicarboxyl, 1,3-cyclohexane-dicarboxyl, and the

like. Similarly, a wide variety of well known bicyclic and polycyclic acyl groups



10 4, 4" - bi s(3-di azo- 4- oxo- 6- oxysul f onyl phenyl - 3, 4- di hydr ocoumnari n) et her,
Formula 9 14 2 9 JUL 2002 0\ / ~OON2CS=O/ ~OO0OOO\N2In-
anot her facet "of this invention there is d?so provided a novel,zgqmmqunand
efficient process for preparing the novel ethers, carboxylic acrd and
sulfonic acid esters, and carbonates of

3-di azo- 2, 4- di oxo- benzo- het erocycl i c conpounds conprising the steps of: (a)
subj ecting a substituted hydroxy acetophenone to a substitution reaction in
the presence of a suitable protecting group for a sufficient period of tine
and under sui t abdysbecmdoyddan shioinvertigrer Apartieularig ugafelssiayadictaoylf group ishe
correspondi ng hydroxy-protect ed-acet pphenone; to (b) subjecting said
hydroxy-protecﬁéﬁbﬁﬁ@ﬂﬁﬁﬁﬁﬁﬁﬁgoF%LbQ?té%?%&condensation-cyclization

conditions in the pﬁ%%%{}ﬁ*&ﬁ%kﬁ o%@l'f&%{latrglgrﬁg%ﬂc?h&&q n?a)gt?et@elrp(@ctl ﬁfop{J 2

sufficient period of tine under s e conditrons tenmpera

pressure to fornybheheatiylesypadikpbgbepwdestriiedieoyc| Asaceprenndveont ai ni ng a
(3- ket o-enol group;. 15, é‘% subj ectiing said heterocyclic cqompound to

sui t abl e depr otsepplsnWibRIHiany Hpatation, methapesyliangh ethgaesubanyds ti me and under

sui tabl e condi tc-gzﬁgﬁex%eﬁhﬁm?ﬁr@én%feaﬁ‘l@%&?,&:?%?ﬂ%&uﬁt?g&l% 4 he corresponding

hydr oxy- benzo- heterocycli ¢ -conpoun a ket o-’enol group; is 2

9 JUL 2002 (d) bssdulfeayliphenydleildr g bexyurheara:- het er ocyclic conpound to
suitabl e substitution conditions in the presence of a conpound having the
formul a: R-Zn wher e Fsrthermore,jagd @ pesdiheeein thotegni pubstifuted)’ incorderaplatedteger

having a val ue.i%gucf)éfz}llfpe%r%-iss%ﬁ]dsug iitiugntge ot czrgdx%fc icgr%?\i%n%s.t ﬂ)e%P%%xgg%LeE alt}]if(r); Zn d

sufficient peri i e "and” ‘under “Sul e con I ons

pressure tqof opeiniibgbleRubLBRAKINEIdehdIRIIc afBeyROX Wrhnehad bl @ibradeht@ni ¢ aci d
ester, or 1 o carbonate of benzo-heterocyclic conpound containing a
(3- ket 0- enol grabpeyctinand aytemgiglise promgtis andinon-ajegtagc suhstituesisd @igRnfr om st ep

(5), oo ool e, hagss SANEAs SRRFLNPTRUR, AP EAPTRTARE et 0
condi tions of heRRRAbaVEnAREMREBESHbEithhts OimBd diR of AidreamPihdishde 8F her ,
carboxylic acid or sulfonic acid ester, or carbonate of 3
different for appropriate organic compounds. For purposes of this invention, the
15  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
manner by the permissible substituents of organic compounds.
In another embodiment of this invention, the R group used to prepare the
20  ether, carboxylic acid or sulfonic acid ester, or a carbonate of the present invention
functions as a ballast group. As described herein, a ballast group is intended to
mean a wide variety of 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.
25  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

30  photoresist formulation. It is believed that the appropriate selection of ballast



t 5 diazo-2, 4-di oxo-benzo-heterocyclic conpound. The starting material,
i.e., the supstituted hydroxy .acet ophenone has the formula, | as shown
below. R~-HO ~'\~ <CH3 ~XH R3 | where R, !R2; R3, and X are as @& Jbkd002
above. 20 Utilizing the substituted hydroxy acetophenone (Forrmula 1), it is
believed that the process of the present invention proceeds as shown in
Schene | bel ow. Schene | 16 R, OHO~\oH3 R2 XH R3 (I) 2 9 JUL 2002 R, O
R, off step (a) pro ~ \~H3 step (b) pro ~\ R XHRZ X OR3 R3 (Il1) (I11)
R~-OHR OHR Ostep (¢c) \ \ step (d) RO\ \ step () R O\ Nz HOv v ~
V ~ n RZ ~=~" goup ddd affectthOsdtitbility-of the fptpresistdrmviptidiBfokned theSdtveme |,
steps (a) through (e) correspond. to those ste (a) through (e) to

ment i oned hereilﬂ‘.e blaﬁa%éﬁé'ﬁefu‘ftberé’ﬁ}ﬁgtﬁiﬂﬁ%ﬁlff O‘R?‘ﬁﬁm,n ,r‘]l‘ti@?“ﬁﬁ B n are as

defi ned above. Y i A sJlae Il and 11l is a protectin
' v 61%(3” SF\thbleﬁé f)l'l’(ﬁ&tes&tnfoﬁﬂﬁl%&ﬁ I'S p I'ng

group for the Xy group as nentioned herein, which is
described in nore détagidulddBlpeferrbd cahpqundapf thisiaveahmnakd thoseyidrehiyh Bf oup i n
t he substituted hydroxy 15 acet ophenone, Formula | is protected by a
sui tabl e prét e@ﬁiaﬁ"gu’@ﬁ“éﬁfﬁ“ﬁﬁéi irfg 18 HEse Fompunge Kt Re s hydiosetsAfse: %ﬁe art. A
wi de variety of j : ] QMEE’I i ; i.d t hat
t he protecting p‘crgér}%lg%)f?&srhésl% é’gf gf'z][i’,gs 19?%\ nlraggg{?’gns cgdrf P@%ﬁﬁgéﬂat@t@%‘ée(gﬁj of
t he process of i§ beygeneSpetific enamiiiléswT.thSpriefetled stapiny ediponadgsfahissypeare t hi s
pur pose include, without |imtation, benzyl, trinethylsilyl,
t ert but yl di met 18y rgnfigned belevst r ahydr opyranyl, and tert-butyl oxycarbonyl . The
benzyl group is part, aj | r 0 : ' gr The desired
protecting group maf (glgiol %tﬁggu@édg&.{ﬁ ,gﬂfélﬁ{gﬁﬁ%}lw]ﬂ% }I%q?lrl%las ep 20

10 3-diazo-4-0x0-6-hydroxy-3,4-dihydrocoumarin, Formula 2; and

3-diazo-4-o0x0-7-hydroxy-3,4-dihydrocoumarin, Formula 3.
0 O
) ‘ . N2 i /// ) , 3 N2

In this invention, the ether, carboxylic acid and sulfonic acid esters, and
15 carbonates of substituted 3-diazo-4-0x0-3,4-dihydrocoumarin are the preferred
compounds. Particulaly preferred compounds are unsubstituted, i.e., in which R;
to Rj are hydrogen.
Specific examples of ethers of 3-diazo-4-0x0-3,4-dihydrocoumarin are 3-
diazo-4-ox0-6-benzyloxy-3,4-dihydrocoumarin (Formula 4); and 4,8-bis(3-diazo-
20  4-0xo-6-oxymethyl-3,4-dihydrocoumarin) tricyclo[5.2.1.0.2'6]decane (Formula 5)

as shown below.



(a) by any of the well known nethods in the art. For instance, benzyl group
may be introduced by reaction of the starting material, | with benzyl

‘chl ori de (halide) under suitable substitdfion reaction condit%gqﬂgt}ﬁ@
amount of benzyl chloride used in step (a) is generally stoichio :
i.e., one nole of benzyl chloride per 17 2 s gut 2002 nole of the

starting material, |I. However, it is preferable that slight excess of
benzyl chloride is enployed in order to achi eve conpl ete conversion of
starting material, | to the hydroxy-protected acetophenone, Il. In general,

the substitution reaction in step (a) is carried out in the presence of a
base, particularly when benzyl chloride (halide) is used in step (a). Any
base nmay be used which mﬁl” functiion for the subgyitution conditions to
produce the desired end product,’i.e., hydroxy-pqgtected acet ophenone,
Formula Il in step (a) of the process“of the present iigention.

Accordingly, a suitable base includes an;inorgani c base such as a netal

hydr oxi de, preferably an al kali netal hyéroxigg, anjto al kali et al
carbonate, e.g., KZQ03; an alkali netal al koxide (an ionic organic base),
such as NaOCH3, KOC(CH3)3, etc.; an alkali metal @rganfx salt (an ionic'
organi ¢ base) such as potassiunlacetaﬂé) etc.; and an amne (a non-ionic
organi ¢ base) such as pyridine, or a tri-Ilower-alkylamne, e.qg.,
tripropylam ne, trinethylamne, triethylanine, an hindered base such as 1,4
15 di azabi cycl o[ 2. 2. 2] oct ane, and 4-dinetﬂ&haninopyridine, etc.

Addi tionally, suitablg catalysts or co-catialysts may be used in step (a).
Any material which accel erates or. pronotes' the rate of substitution
reacti on when used in'snall quanﬁ?ties may be\used as catalysts or
co-catalysts inzstep (a), For :exanple, when benzyl chloride is usg§ in step
(a), small annuntsiof potassi um 2o i odi de substantially) accel erates the
rate of substitution to formthe benzyl protected hydroxy,qcetophéhone. The
tenperature at wdch f1ep (a) is conducted ranges from about SQ/C tofabgbt
180 C, preferably fromabout 60 C to about 100 C. The prdssurehin this step
(a) is not critical and can be subatnnsphg 5c, at nospheri c, or - super i 25

at nospheric. The reaction tinmes in step ( ? w || generally range @rom gbout
3 hours to about 12 hours or |onger and sonetines under an inert atnosphere
such as nitrogen or argon. Using the procedure of step (a) outlined herein,
the substituted hy - eyl v FRC 24 1) ~und S

sui tabl e substitutﬁiﬁé§8§g§%§%p§g&€%?élgﬁgﬁg%?#éggéﬂ%?ﬁ%Bﬁggp€§®9%§otected
acet ophenonre, c3dambfif aiel &8 nhdntiohehissiew] . . ~1s 29 JUL 2002 In step (b),
t he hydroxy protected acetophenone, Il is subjected to

condensati on-cycli 7a8-Pish3-tiaze-toyR-G-exxearrnyhd4cor r espondi ng

benzo- het er ocygy.i | @2.441 4 C A description of such
condensat i on- cdﬁ/udfgcgtgﬁ%ﬁﬂﬂg%@gh@ﬁf%r ]tdﬁ%angf%g{a@é ?'on of hydroxy-coumarins
may be found in U S Pat. No. 4,211,791 incorporated herein by reference in
its entirety. Illustratively, the hydroxy, protected acetophenone, Il is
reacted with diethyl caybonate, preferably in the presence of a suitable
base. It is preferable lthat a stgpong base is enployed in step (b) in order

to obtain higher Yhelds of the;hetqwocyclig prjoduct , Fornulg 11, Schenme I.
Accordi ngly, suitable\basd forchiqD T o ;
| l'/ \ P2 "/II‘ —~N
© 0 (6) é | i .
| ! J’
o o - :o
10 Specific examples of carbonate esters of 3-diazo-4-0x0-3,4-

dihydrocoumarin are as mentioned below:



1o reaction include sodium am de, sodium hydride, or potassium hydride. The
anount of base enployed in step (b) is fromabout 0.5.-to about 6 noles per
nol e of hydroxy protected acet ophenone, 113 The preferred amoumtg YgLf 200m
about 1 nole to about 1.5 noles per nole of Il. The tenperature at which
step (b) is conducted ranges fromabout 80 Cto t 5 about 200 C, preferably
fromabout 100 C to about 150 C. The pressure in this step (a) is not
critical and can be subatnospheric, atnospheric, or super atnospheric. The
reaction times in step (a) will generally range from about 4 hours to about
12 hours or |onger dnd’,5emsid-(Bediazmdexodm-diwdiocatmaapber e such as nitrogen
or argon. Usin he procedure of st (a) outlined herein, the hydroxy 20
prot ect ed acetgﬂﬁ@ﬁ%ﬁ@“?ﬁﬁghﬂth?Twﬁgzhene 1) undergoes suitable addition
cyclization reaction to formthe correspondi ng heterocyclic conpound,
Formula 111, Scheme |. I step (c), the protecting group is deprotected
under suitable deprotectiop condjtions to formthe correspondi ng hydroxy
benzo- het erocyclic conmpound, 25 ﬁorhuba IV, Schene |I. The conditions

enpl oyed for the deprotection depends iupon the type of protecting group
enpl oyed. For instance, silyl groups or \tetrahydropyranyl groups as

1

descri bed herein may be deprotected using a vagiety of &cidic reaction

conditions well known in the art. As nenti'ongd heegin, Fticularly
useful protecting group in this goﬂinyeﬁlion’isgben¢yﬂ;gr‘up whi ch can be
deprotected by subjecting the conpound, - 19 2 9 JUL 2002 111 to

hydr ogenati on condi ti ons. Any ®ui¢ abl e hydrogenati on conditi ons known in
the art may be used. For exanple, in this instance it has been found that
the conpound, I11 undergoes hydriogenation readily under hydrogen pressure
in the range of from about® 75 psi to about 150 psi over palladi um catal yst.
Various other 5 catalysts suchas pl ati nuf¥hnd supported netal catal ysts
may al so be used. A particlil ably suitable catalyst in step (c) is 5%

pal | adi um supported on carbon. The tenperature at which step (c) is

conduct ed ranges fr dig-bibGediazB4-Cxd-3,athydro8suntaringé-ef er abl y from about 40 C
to about 60 C. The pressure in,this step (c) is critical and generally
super at nospheformalpicyelpkis2. . 1 ldspangpbommus8,nsi to 1o about 150 psi is
preferred or in an inert atnosphere such as nitrogen. The reaction tines in
step (c) will generally range from about [} hour to about 8 hours or |onger
usual Iy in an hydrogen atqrosphere as descri bed herein. Using the procedure
of step (c) outlined,@eréint thé’%UBStifuteﬂ hydr oxy- protected heterocyclic
conmpound (Forrmula 111, chﬂne ) Wwnder goes suitabl e deprotgction reaction
to formthe 15 correspgndpng hydroxy heterocycliccﬁﬁhpoundﬂ F%rnula 'V,
Schene |. In step (d), the conmpound, IV is subjecfed fo guitabte
substitution reaction with a wide variety of R Z" conﬁouﬁq§Jas descri bed
her ei nabove. As nentioned herei nabove, the "R' group serves aS a ball ast
group and appropriate selection of "R' group is critical in order to obtain
t he maxi num benefit of the conpound VI

Specific examples of sulfonate esters of 3-diazo-4-0x0-3,4-
dihydrocoumarin are as mentioned below:
10 4,4’-bis(3-diazo-4-ox0-6-oxysulfonylphenyl-3,4-dihydrocoumarin)ether,

Formula 9



20 particularly as a photoactive-conpound. Accordingly, depending upon the
type of R-Zn  enployed ethers, carboxylic acid or.sulfonic acid esters, or
¢arbonat es of ‘het erocyclic corrpound (Fornifia V, Scheme 1) may i)&aﬁ’r

Thus, for instance reaction of conmpound IV with an al kyl, aryl é-l 2@5
_halide results in a ether, V; reaction of conpound IV with an z5 al i phatic
or aromatic acyl halide of the formula, R-(CQOZ)~, results in an ester, V,
where R is as defined above; reaction of conpound IV with a suitable

hal of ormates of the fornmula, R -(0OCQZ)~ results in a carbonate, V; and

reacti on of conmpound IV vvith a Sui t ajake aI | or arylsufonyl halide of the
formula, R (SQZZ)~ results a Gt 20 2 9 JULQZ002 The anounts
of R Z~, enployed in step epen mSh.Eijﬂ ue of n. ||For instance, if
n =1, then one nole of R X rml e of Qonmpounth | o¥ Ny s

preferable that to obtéDn hlgher yi el ds of conpound |ght'g;cess in the
range of 10 to 20 nole ﬁgwegpt excess of R-Z" is usg , i1f n>1,
then the 5 ampbunt of compound 1V used is n noles of ton vcper nol e of
R-Zn. Sometinmes it is qgeantageous to enploy | ess than the desired anmounts
of conpound IV to obtajn a conpound which is partially substituted, i.e.,
in compound V, allof{the functional groups of R-Z~ is not substituted with
conmpound IV. t o neral in step (d), a base is also used. Suitable base
in step (d) is the Wi base as used in step (a) as described herei nabove.
The organi c bases yueR as triethyl anm9e or hindered am ne bases descri bed
herein are particuyl arl itabl e bases in step (d). The tenperature at
which step (d) i 2 g% ranges from about 10 C to 15 about 180 C,
preferably from abgt 0O Cto about 40 C. The pressure in this step (d) is
not critical and A R\ subat nospheri c, atnospheric, or super atnospheric.
The reaction tines in $ep (d) will generally range fromabout 3 hours to
about 12 hours or Ionger and sonetines under an inert atnosphere such as
ni trogen or argon | t he 20
substituted hydrofoggggg¥ g?@?@@ggﬂf@“@%ﬁ%ﬁﬁﬁég?kgﬁﬁ%d ehgﬁﬁghb 1)
under goes sui tafdl effisiaixgirodest fopprepasng themotvel dtioarsnchibex glar acbd paingil fogicet her ,

carboxylic acid or sul fonl c acid II(gster car bonate of
3- di azo- 2, 4- di WbSHEHATFatoepHEs/ e %élaé%ﬂoﬁyﬁao bergonkfteosyclisepmpaunds | st ep

(e) the conpou subj ected to diazo transfer reaction 25 to
formthe cgprrpo%gnopr}é{ﬂgsthékﬁgé o The di azo transfer reaction can be carried
out using any of thg) mijd:cnhqg@wnbmmthd)dydrbm ideeophetonefton sumltlaiweeaoaon
description of a diazo transfer reaction may be found in U S, Pat.

4,942,225 and nheprgsensy af a@arqbkdzrptﬁetl%groursforaﬁuiﬁ@eniesnodo@ﬁtnn@an%. ch are
i ncor por at ed hlﬁ{a‘lékony?ﬂle c%mt §8fﬂe§1 Jaﬁlrig&ﬂ;ﬂgés%}é/rogfb%p&ﬁgcgﬁo%%@ found

t hat p-tol uenesu tosy azi
hydroxy-protected-acetophenone;

10 (b) subjecting said hydroxy-protected-acetophenone to suitable
condensation-cyclization conditions in the presence of a dialkyl carbonate and a
catalyst for a sufficient period of time and under suitable conditions of
temperature and pressure to form the corresponding benzo-heterocyclic compound
containing a f-keto-enol group;

15 (c) subjecting said heterocyclic compound to suitable deprotection
conditions for a sufficient period of time and under suitable conditions of
temperature and pressure to form the corresponding hydroxy-benzo-heterocyclic

compound containing a 3-keto-enol group;



as effective diazo transfer agent to formthe diazo conpound VI as shown in
Schene |. The ampunt of tosyl azide used in step (e) is generally

st oi chionetri ¢ armount, i.e., one nole of 'azide per nole of th Q:QHEO%%’ V.
It is preferable that 5 slight excess of tosyl azide is enpl o?e I er
_to achi eve conpl ete conversion of conmpound, V to the diazo conpound VI. It
is also preferable that the reaction is carried out in the presence of

sui t abl e base. Exanpl es of such base include triethylam ne, pyridine,

i mdazole, and the |like. The tenperature at which step (e) is conducted
ranges from about 1d) sobiesting spidhpdroxBbergo-hstazdechb bgmpoumdtasuitabl20 C t o
about 40 C. Th ressure.dn this ste el is not gritical .and, can be

aubat mospher | SSPEERERIRnt 8 e RisGPrct ok comBRind e Pe SERRIAR i o i n
step (e) will generally range from aboug.Z/4 hour to about 4 hours or

| onger and sonetinmes under an inert at rmsprhere such as nitrogen or argon.
Using the proocddtg e of step (e) outlined herein, the substituted benzo 15

het er ocycl ic p-ket g-enol , conpound (.Formula V, Schenme |) undergoes suitable
di azo trandfer rea ‘t)?g‘ﬁ CP%’“PHEPHE':(OH@“%OHeSpondi ng

3-di azo- 2, 4- di oxo- bgyz phetiffepentaling LATRVBMdo 1005l @ VI, Scheme 1. In one
of the preferred enbodi nents of thé process of this invention the preferred

conpounds forned f(pink lkdefinakiadke foregolrigs | nventi on are ethers, 2o
carboxylic acid or sul foni.c,aci.d esters, and.carhonates, of
ST aso - oo TS SRR aF e oy Tader SRS Gddins oF RRerAEad ¢ hr ough
VI in Schene rRGthY corkdd Rtk Hiayd ;|
(where X = O)Ipfre;y bg(K ginpl oygc()j agoﬁegghgr’%?ﬁ%@égt eiﬁ*uﬁﬁgﬁﬁg%ﬁgﬁrred
enbodi mentio | rabooithef bgrzefletareycberb@dponadicontairdg @ap iketo-afol gleapsymt het i c

procedure as 25 enunerated in Schene | may be enployed to prepare the
conpounds, VI. Accé®duBisryng said pketo-gnobeerppanddiame siepréhito seitablgdigeess f or

preparing ethers,. car i C i .fanic i rs nd car ponat es
b B2 azo- 4 Srets SRR UEuRRLe LAY Bt PR 8 G PR SR ot g
a substi t ut ed o2 tiflfean@unBgr-sdithbie eShditi QI IRNANER dn@ presdire 38! Rstini thelt | on
conditions in the presence of a conpound having the formula: ', 2229
JUL 2002 R- Zmcomespending ether, satbkdid #véd orr subfooigianil ester.ior carbpgatapf 3nt eger

havi ng a val ue. of to 10: and s (iii) Ris as defined in the foregoing;
for a suf flgci g}ﬁzo&éﬁ}-g@éo%pn%q-ﬁgerggﬁclﬁﬁag}po ‘table conditions of _
tenperature and prgygyfafingimbteriam i.@?th@@ﬁﬁsﬂﬁﬁ%ﬂ}dﬂ&ﬁc@%ﬁhe&ﬁélﬂ@%bﬁb' c acid
or sulfonic acid ester, or carbonate of 2-hydroxyacetophenone; (b)

subj ecti ng saifermubdias shaveubelowydr oxyacet ophenone from step (a) to to

sui tabl e additi on-cyclization condigions in,the presence of a dial kyl
carbonate and a catal yst for a suffiirti ent riod of tine and under suitable
conditions of tenperature and press or m t he correspondi ng 4-hydr oxy
coumarin; and (c) subjecting said 4 )7 rin to suitable diazo
transfer conditions in the pltdSencea di az6 Gransfer agent for a
sufficient period of tine | s and u gui tabl e conditions of tenperature
and pressure to formthe corregpondi nglet ig¢H carboxylic acid or sulfonic
acid ester, or carbonate of 3dié§o-4-o»o-3,4-dihydrocounarin. In this
preferred enbodi nent, utilizing the sybstituted 2,4 (5 or 6)di hydroxy

acet ophenones (Fornmula VII, Schene |l1%)'3as the startinp materials, it is 20
bel i eved that the process proceeds as shown in Schene ||l bel ow. Schene |
R~ O R~ O HO wirefH3,, RuER;, @A) XRirk adlttfife@Rbé®) O R2 ~ ~OH R2 ~OH Rs Rs (VI1)

(viin) 510 15 20 25 23 R\ Ov R2
20 Utilizing the substituted hydroxy acetophenone (Formula I), it is believed

that the process of the present invention proceeds as shown in Scheme I below:

Scheme I



R~ R3 (IX) Rstep (¢c) n OR2 >~ In Schenme Il, steps (a) through (c)
_correspond to those steps (a) through (c) referred to in the preferred -
‘enbodi nent as‘ mentioned herein. The step %), Schene Il of thi 2 $tte2002d
enbodi ment may be carried out using the same procedures of step (d) of
Schene | as nentioned herei nabove. The step (b), Schene Il of this
‘preferred enbodi nent may be carried out using the same procedures as
described for step (b) of Schene |I. Finally, the step (c), Schene Il of
this preferred enbodi nent may be earned out using the procedures described
for step (e) of Sch&re |1.0This invention iR furPher illustratedRpy t e

fol |l ow ng exanpl es ich jare provided for Allustration purposes\and ijn no
way linmt the e @e¥¥E) i nyent aop) eser(Wep

Exanpl es that foll e fol | oW ng abbre ons are used: TH

1', 1", 1" -Tris(4-Rydr oXypheiyl ) et hane P Py r " ®Hni um di chr 0
Di hydr oxycoumarin THF - Tetrahydrof uran - Dinmethyl formam de TLC - Thin
| ayer chromat ogr aphy RPLC - Hi gh performanc®&sliquid chromatograpis IR -

I nfrared spectroscopy $9 JuL 2002 R3 (x) (n 24 2 9 JUL 2002 NMRIB

Nucl ear magnetic resonance spectroscopy, usually of either proton, ~H
and/ or carbon 13, ~3C nuclei. DSC - Differential scanning calorinetry

M5- APClI - Mass spectroscopy- At nospheric pressure chem cal ionization 5
General Analytical Techni ques_ Used for the Characterization: A variety of

anal ytical techniques wet'e us®l to chayact®eri z&'t e 3, 4- di hydrBcounfirin
conpounds of thg raverti Qo (Wi e 1 kel udad Jheted @l Rguh ngixl R 2

S Lak +hg—a N C( " FFHR-Spect ,
Kk

spectra of sanp

~ H and ~ 3C NWR spe HET ey T BGpr ded of RrA00 MHz
wWith 5 mm probes at 4 and 100 MHz, redpectlively. HPLC. Sanpl es'were
anal yzed with a Hew ett P&kard 1090 SeriesRJI |iquid chromatogmRaph
equi pped with a 254 nm UV dévector and a 150vx 4. 6mm col utm packedv™ith 5 ~
Spherisorb €£€18. The injenction volune was 5 pL. G adient elution at room
tenperature and at 1.1 m/mn was carried out with nethanol and 15 0.1 %

aqueous acetic aci dIn Selemedl, staps @dHreyahr(al ¢asrespandrie thnsaslieps @) thieugh Gént

mentioned herein. In Scheme I, substituents R, Ry, Ry, R3, X, and n are as defined

above. The PrO- substituent in Formulae II and III is a protecting group for the
phenolic hydroxy group as mentioned herein, which is described in more detail
10  below.

In step (a), the phenolic hydroxy group in the substituted hydroxy
acetophenone, Formula [ is protected by a suitable protecting group using any of
the well known methods in the art. A wide variety of protecting groups may be
employed in step (a) provided that the protecting group is stable to the reactions

15 conditions in step (b) of the process of the present invention. Suitable protecting
groups for this purpose include, without limitation, benzyl, trimethylsilyl, tert-
butyldimethylsilyl, 2-tetrahydropyranyl, and tert-butyloxycarbonyl. The benzyl
group is particularly preferred protecting group.

The desired protecting group may be introduced into the Formula I in step

20 (a) by any of the well known methods in the art. For instance, benzyl group may
be introduced by reaction of the starting material, I with benzyl chloride (halide)
under suitable substitution reaction conditions. The amount of benzyl chloride

used in step (a) is generally stoichiometric, i.e., one mole of benzyl chloride per



was increased from20%to 90 over the first thirty mnutes foll ow ng

i njection and was, then decreased back to %O%i n the next five m nutes. DSC.
A TA 3100 DSC'was used to determine the Tmof the di hydrocoumar28 Him2002nds
of this invention. The heating rate was maintained at 10 C/ m nute, 20
generally, over a tenperature range of -25 Cto 300 C. The flow rate of
nitrogen or air is maintained at 20 nL/mn. M- APClI: A Finnigan SSQ 7000
mass spectronmeter was used for all anal yses. While electron ionization nmass
spectronmetry in conbination with Fourier Transfqorm Infrared (FTI R}

Spect roscopy i Bolefithe satingynatesial Jr dlavervey itde prederablg thap slight exeasael on about
smal | er size dbare GRTRANDGRpIE] IS BGcRE AAFAEARANGS of AkERSES, the
anal ysis by el éctron i onizatfon or esorpfl gn chem cal 1 onization Fails.

At nospheri ¢ prgatraE I chthaihgddoxy-protéaed suetdpAtiane, ILC/ M5 operated in the
negative ion node with a nobil e phase containing 95%e0OH in water is found
very useful to char bicgeagtahdhg subgldtupn ecaglieiyis staprpbis sasied ouhinUihe prepenser eact

propar at 1 ort of S G s A RO et BR R &) SBTRRSG0, S

500 nm  round- bghi BBuddashkichasl] ahRtige thrithd SubstiteBbiédr@iticdk to produce the

4, 8bi s( hydroxymethyl )tricycle[5.2.1.0.z"' 6] decane (10.1 g, 0.05 noles) in
nmol es) in DVF {d&gediend prpdugthis, igreryrpratogigd aediepignens kpxmela donstepda) of PDC
(1499, 0.4 nol g in DVE (200 ). The m xtur s t tirred.at room
Lenperature 1ot eBOEeRg MFPredeaL inveier it Ridnafrn 20a By PR et |
aliquots of reglda@it bhs@suthdk dmetAMy ey plef@atly ahlkal eheldl GyadokRIe, 10T K- up
as follows. About 1 nmL of reaction m xture was added to 7 nL of water and

t he preci pia at dkalometadi cavhenaté, letgarker Qunan alkali frietal plosidgdan waiciirgandel with 1:1
HCl1 to pH of 2 i C S LR ether for. analysis. After conplete
conversion to lgﬁs\gﬂiS. %ﬁ%ﬁ%@h%ﬁ@wgfué“ aI‘W!%‘ '%?qgld%%?m?/\%@ (I@Qf%%jt ed with
a | arge vol uneo@hnidibas xlhche.iszb@tasﬁﬁﬁh atotatd) BtcChi®hin hAMR!(a NS 10MAS Hgdnivi t h

wat er and dried over S04. The white solid acid was isolated using a

rotary evapor abase) sugheb dyridin@gr atrdoyer-athdammedeags tripsopyiemiact eri zed by IR
and NVR. IR (KBr 00: 3600..cm -.~ (OH.group), 1690 cm-~ (C=0; ~ 3C NWR
(DVBO-db) : fi %“‘%ﬂ%_@’é’f‘%ﬁ’ %QWEHHU%QP&"?‘%B%%C S f?gz“:[so ppm (C=0). 20
Exanpl e 2 By ep@hadyi@R10pE 23]t SafdU-ainRGRyIRAmBbyAdiA& ¥e. o[ 5. 2. 1. 0. 26] decane
The di acid prepared’in accordance with EXanple 1 was converted to diacid

chloride as fol | owsAdditianalbyg kuitablenmtabysts @roofdatedystsanay ppestdwi stap éa)condenser
and 25 a stirrer was cha d with of I .

o8- bi s car boxa Y FRlE Ben ot Riss preiometes e e obPBHOLIFUINRIS 2
70 mmol) was agdadh shoivhYarfities RRYHE 850 RhMNRtslP cb’-@gﬁfyst%rin %W%P%Pe of N2.
After the addition was conplete, the reaction m xture was heated to 85 C
in an oil bat hexample,oftienoenzy ohloBdBursed infstepe@y striallamauntshif poiadgumas
evaporated to i%g{ji%i n the, ﬂ/ESi red acid chlari ield 79% . The 30 product

was char actler i 5ybstantiaflg aceelrmatig me r"l‘tho? Fﬂ:‘blcsiﬁé“,ﬁg’i% g the BNzl - -
protected hydroxy acetophenone.

The temperature at which step (a) is conducted ranges from about 50 °C to
about 180 °C, preferably from about 60 °C to about 100 °C. The pressure in this
step (a) is not critical and can be subatmospheric, atmospheric, or super

25  atmospheric. The reaction times in step (a) will generally range from about 3
hours to about 12 hours or longer and sometimes under an inert atmosphere such
as nitrogen or argon. Using the procedure of step (a) outlined herein, the
substituted hydroxy acetophenone (Formula I, Scheme I) undergoes suitable

substitution reaction to form the corresponding hydroxy protected acetophenone,

30  Formula II, Scheme I.



26 2 9 JUL 2002 (C=O; APClI (-ve ion node) flow injection (60:40
acetonitrile:H20 (HOAc) M5 mz calcd for C,zHz4Cl120z (MH) 259, 261; ~3C
NVR (CDC13) 175.7; "17S.9, 176.1, | 76.3, 196.4 (C=0O. 5 ExanplZo3JuL 2002
Preparati on of 4-benzyl oxy-2-hydroxy-acet ophenone A SO0 niL 3-neck
round-bottom fl ask equi pped with a nechanical stirrer, condenser and a

t hernocoupl e was charged with acetone (150 nL), 2,4 di hydroxyacet ophenone (
15.2g, 0.1 nol), benzyl chloride ( 16.5 g, 0.13 nol), 1 o potassium i odi de
( 1.7 g, 0.01 nol) and potassium carbonate ( 15.2 g, 0.11 nol). The
reaction m xture wadn bepi(le)dtHedhydmixly pxotéaed aceBphersonend ¢y subjecadrtospher e of
NZ. The conpletion of the reaction was ponitored by GC and HPLC. The

m xture was fi [cPRFeBgRtORrQGHFRIQNreaction fyformdhe ?CrrfeéP‘éHh‘%ﬁatPFé‘Z?'theB)Cg?ll%as
washed with 15 3. iyl tar ?m The
orange solid mgg‘%%‘?‘;déﬁ%‘?gmusz% %rlo%%tse ang()ﬂg‘?le %H% @@l gycézg&%

Preparati on of reacBemforlthxpreparaysit oﬁdyydmyrmmnmnns may be found in U.S. Pat. No.
4- Benzyl oxy- 2- hydr oxy- acet ophenone ( 0..0825 pol ), prepared in 20
accordance Wit H%lgr?éll’éc%l’orﬂﬁé hﬁ'ie%'b\f R?@f‘deficﬁ' in BHeRHIeyt t ol uene. To this

sol uti on was added dhesieigARDRARDSy bRkerbedooBpthoRN s EGR T e

contents taken i n a beaker rin Issolve th

starting mat er iddthyl thibonste] pitfetiblyiashé pregericals£a sulﬁtbliﬁ"ba@ﬂdlt i grefekabiiglat and
was added at a rate of 7-8 nil/nmin (addition tinme = 1.5 hrs) to a suspension
of sodi um hydr pg&ongbaseds enployedys| spepi (7) zeorfl@]taéh@"(hlgb@ ymis effken in a 500

nL 4-neck flask {%90%3191 [gr{) dpftg%cﬁlrr{ﬁfer l:l?egtlle)IStA{cHFd’m%lgngit%lg 'b]as%tflmo fhis

appar at us (doub enser,

t her nocouphe , r@dadoxalrtchﬁﬂérmmatﬂmfﬁe dodh hﬁﬁldteecsmﬂta%hnuﬁﬂmhdé.hml stillate
under Nz at nosphere. The reaction flask was heated to 110-115 Cwith a

heating mant | e aBerniRf bapecraplayed vrtepEbhigrfenm pbav Qcda abewtitngolenper melgct i on
d dded
through the. addt FYREY BOREGetoh ot EC Prs (Eh Blint IR EAIRT SU0C e

reaction flaskmo'[@&) ARAct 5aoled pdrwicte weH, refl uxed for ~ 5 hrs to conplete
the reaction. The contents of the reaction flask were transferred to a

separatory funnel aHQGAWQWUEﬁatM}éQH WPE@)@%ROQﬂUQA%TaaE@e@méb@é@QrQﬂé into

tng PIreeray nandipass, nRtS o Bpimoll LS tuBhl Bolbekt Tk roduing® o

et hanol ; yi el dteB43pis BEdMIcal andRiag PekabduRbspherid afmbiph¥AE, @¥ ¥opgepunarin 10 A
300 cc autocl ave was charged with 7-benzyl oxy- 4- hydroxycounarl n (3 g, 3.7

mol ), prepar edtmwsph@rwr"ﬂmcectmtttmdﬁxaﬁfpb ¢a)ayillzpneallpranga fioorabeot 48g) and

85 nlL of th | t t ocl d w |
pressu?| zgg vma R d%oﬁ‘?%%gg’%f?f (\’/r%F}NaS %fnelge Sﬂgﬁﬁergﬁdn%?q Li'}'?g%s% et \r/]v:ts

pressure. The @esﬁ&h@wbpa ?&acmﬁg tHESToScinfd STdtepUh) @Itlme‘a%e%‘elﬁ Qhe ydiBk$ -

After the 15 conpl etion of hydrogenol ysis, the reactor was Iushed wth NZ
and the con enpsotwéwzdaaqet@hsmtmer@@muh &clwml&undpsgwg saitdblmagldgiqret . The

m Xt ure contalnl d/C ed over filtered thr, h fi-it.
The 111t rate witdgolieain Bdod yReseemitreRarsryels GmBiadmei 15 ¢
The purity of thesdmefgri al as determined by LC was 95 % yield ~90 % The

product was characterized by
In step (c), the protecting group is deprotected under suitable deprotection

conditions to form the corresponding hydroxy benzo-heterocyclic compound,

25  Formula IV, Scheme I. The conditions employed for the deprotection depends
upon the type of protecting group employed. For instance, silyl groups or
tetrahydropyranyl groups as described herein may be deprotected using a variety of
acidic reaction conditions well known in the art.

As mentioned herein, a particularly useful protecting group in this

30  invention is benzyl group which can be deprotected by subjecting the compound,



20 NMR Exanples 6-7 Exanple 3 was substantially repeated in Exanples 6-7
with the exception that the materials and the anounts used.were as set
forth below: - 2s 2 9 JUL 2002 Anounts Mat%erials Exanple 6 Exa@)9 UL 2002
2, 5- Di hydr oxyacet ophenone 15.2g (0.1 nol) ---2,6-D hydroxyacet ophenone
R 15.29g(0.1 nol) 5 Benzyl chloride 16. 59(0. 13 nol 16. 5g(0. 13n01)

Pot assi um i odi de 1.669(0.01 nmol) 1.66 g(0.01 nol) Potassium carbonate
15.29(0.1lnmol) t o 15.2g(0.11 nol) The product formed and its yield were as
foll ows: 5-Benzyl oxy-2-hydroxy-acet ophenone 22.0g(91 %

---6-Benzyl OxyI-IQtomwrc@eyatmI&tonﬁﬂﬁienm n&ny suitablel{ydfugeddiondpndifiorxkmyrem

8- 9Exanpl e 4 was substanti ted i.n, Exanpl 8-9 with the
exceptiont hat tEETHBDERS ‘éﬁeg &5‘% h‘?)ﬁ‘l‘ﬁ‘é‘“ﬁ‘%@dt ﬁ%‘r@e‘é?“é‘gtthqté}i‘@c h

bel ow. Anount s S

S hone o 3 A g%g%@%%@%%gwr i e e

6) 6- Benzyl oxy- &ngydfbmy\-aboat’/dmetwah&ueISO];Q;g(;@erQﬁdemﬂ:)o@faMm Exmmloehe}) 25
Di et hyl carbonat e75 §9}l9530 63nmp1l) 25. 3g( 0. 21m)1) Sodi um hydri del2. 84%(0 32no1l)
4. 28g( 0. 11 riol TeAsaly¥e eHsbas pRtnEen and suppastedingty] c\ﬂf@.b@ts may also be used

asfol | ows: 6- be r ug;a;

5- benzyl oxy- 4- %%‘g@ é’é@ﬁ%f‘?n_ﬁ??’ ﬁgé?f%é};ﬁ upfogei&zcir%% Exanpl es
10-11 Exanple 5 vvasTBweatpammralat whrchptbpt(e)ds condm¢ edphees HOmldboWl 2h°C he
exception that the solvent used was nple 11 instead of methanol

and 5 the mat efhoxf 80 a@oprﬁf?éabé)hﬁa??taé’%‘s”éh Qrb@ra@owosé% Floss prassyEq igvihis AlBunt s

(0. 0anmod) o Bl Alicherty Sirlf RIS InENHCBI HERUBIL TS ke 9
(3. 7mm1l) (¢ r osboux a5Ppst 19;)reféiz@d@n(h &h ifigrt @trﬁkfsghafheu@fazdumgehommedeandm ts

yield were as follows: 4,6-D hydroxy-counarin

4, 5- Di hydr oxy- G@asrstep () will ger@rqjlyag%frmahwté @r M@ﬁ&?%b?‘ﬂﬁ opfonger

4, 8- bi s(4- hydr 7 ri [ ne 20 A
S0 3 peckr SRLY BB Ao R R RE AR e pfocBadiestne o0
an _addi tion fugse(c)andinad herey theaubitasted h?dt@ﬁjﬂ-pmtédﬁeﬁldﬁ@bwcll@Bomf)ound

4, 7di hydr oxycoumarin Pre pared in accordance with Exanple 5 (1.0 g, 5.6
mol ) in THF ((prnni@)l Iabehemei I updargass seitable deprefpgtionTeactign o0 hfon was
added drop se. a

25 bi s( onl or cearSBiE i pchesgracsstic compmpds Earmuia N Sshaeln 25
accordance with Exapié @),(tBe Z8mbund, B/ smsabjkcted tliuitaBloRubititon reddion
solution turned brown after addition of the acid chloride and the sol ution
was stirred at Wrtb@MIﬂ@W@fhﬁﬁReanC@mpznn%r% destribed berginebeven A memonedact i on
was nonitored HPLC. Aceran n added to thi Iut on and
t he i nsol ubl e ﬁ%?lé’?‘tfoéllesﬁ F (S.I)ds a‘?ﬁ"é““fs{]? P Lrl%fm&%g’g)prno eas(lefﬁ I zgd to
obtain a whi te“l%’f)%lﬂodp 193&1tb6hlelhd)rd§z télUBtlaId thétdaXfnunl Benddit 08 tHetcow@dund VI
characterized b ~3C NWR (100 30 2 9 JUL 2002 MHz in O d6)):
173.9, 17028, nzaamﬁarlnm Bhotgacgye-eompoupdg, 118.0, 116.6, 109.3, 87.2. DSC,
mpt. |75 C. 5to

Accordingly, depending upon the type of R-Z, employed ethers, carboxylic
acid or sulfonic acid esters, or carbonates of heterocyclic compound (Formula V,
Scheme I) may be prepared. Thus, for instance reaction of compound IV with an
alkyl, aryl, aralkyl halide results in a ether, V; reaction of compound IV with an

25  aliphatic or aromatic acyl halide of the formula, R’-(COZ),, results in an ester, V,
where R’ is as defined above; reaction of compound IV with a suitable
haloformates of the formula, R’-(OCQOZ), results in a carbonate, V; and reaction
of compound IV with a suitable alkyl or arylsufonylhalide of the formula, R’-
(80,Z), results in a sulfonate, V.



IS 20 25 30 Exanple 13 Preparation of

4, 8- bi s(4- hydr oxy- 6-oxy-car bonyl counari n)zgri cycl o[ 5. 2. 1. 0. 26] decane Exanpl e
12 was substantially repeated in Exanple“13 with the excepti orrtgf‘,uﬁ_hm
material s and anmounts used as set forth below Materials Amoun

4, 6-di hydroxycoumarin 5 g, 28 mmol (prepared in accordance w th Exanple 10)
THF 75 nL Triethylamne 8 nL

4, 8- bi s(chl orocarbonyl)-tricyclo[5.2.1.0.26] decane 4.8 g, 18 mmol (prepared
in accordance with Exanple 1) THF 25 nL The product was obtained in
quantitative yi el dShanthoshtsod&2r ¢mpldydsl/inNidR. (dE&mpd%upm the egue af h.on of

4, 8- bi s(4- hydroxy- 5- ox carb nyl cou i C [B.2.1.0.26] decane Exanpl e
12 was substaﬁf’fé g Hat eﬁ’?4 ”ﬁ%‘?fgﬁ%pﬁ{ %0380@?8 'ls(’fﬁlpg‘?yegh
material s and Iﬁ%k@?&xﬁbmﬁ'& t@ébtﬁ&thnél%wld%%fqm MalEvi alght AR the

4, 5-di hydr oxycoumarin 0.7 g, nmol ~(pr epar ed i n accordance wi th Exanpl e

11) THF 15 nirangeef A itadd n’@lelpﬁcemt_ excess of R-Z, is used. Similarly, if n > 1, then the

bls(chlorocarbo | ) - 0. decan (prepared
| n accor dance 3NOFRL %/Péﬁﬁﬂo ‘i;«?‘i‘f;%lgnr’i‘l‘)les Ozfﬁ‘lomf?olm‘gl\gpﬁrlﬁﬁé’lf%%e pr oduct
was obtai ned isBnf3HARE Ettlélﬁd%ﬁta)gb&lsqé eﬁaBﬁ)ngértﬁaﬁlttﬁé b&edd BnoR gnd M5 (APCI) .
Exanpl e 15 5 Preparation of 3-di azo-4-oxo-7-benzyl oxy-3, 4-di hydrocoumarin A

sol uti on of 7cbmpmyﬂd)wytoo¢>ta‘1ydrcompomtmwhmhns;(a&tlzﬂlymubgltetedmﬂ sinprepared in
accordance wth Exanpl e 4 n.anhydrous THE (4Q ni m,xed with
triethyl am ne PP Qalh‘l)%t“f ﬁi“&f&é npligrpups 258'%_15 3912?@@%“}”83% ottom fl ask

under an at m)g Nz. A solution of p-toluenesul fonyl azide (2.8 g, 14
mmol) in 1 o dry THF (20 nmL) was added dropw se t hrough an addition funnel.
The m xtune was st ilm paeraltin stopfd); & bpeeriaslse escddoiSuBalile baseThetepdt)os tlef t he

sol ution turned orange. e sol vent K wa evapgr at ed .apd t he product
was taken in 642® %seélﬁasvd; RN %Stf‘e\%éﬁilﬁfi%@ DR f’hepgs%? BRGF BHMAS (twi ce

the vol ume) va@ﬁetggdﬁqnéerlgnaferé@mme%e%msm%d ﬁeﬂehparp %bmahgg&tm

filtered wt and dried at C. 15 The product was recrystallized
usi ng CHzd 2; bydeslinlstep¥d). The product was characterized by NMR ~3C NWMR (100
MHz, CDzC12): 173.3, 165.4, 158.7, 156.0,  136.0, 129.1, 128 8, é%%.o, | 27.
6, 113.9, 113.0, 103edempasatyre af which siepdd) js cogductedyranges;izam ghesy 1

cl_ii)efzorzrrg)gsk Lg gg’abélﬁ 1(‘56.@) pre?el‘ﬁﬁy fioP4bout 739G tol bl 44 E@STﬁ%ressurmtﬁ‘P ) (M

step (d) is not critical and can be subatmospheric, atmospheric, or super
atmospheric. The reaction times in step (d) will generally range from about 3
hours to about 12 hours or longer and sometimes under an inert atmosphere such
as nitrogen or argon. Using the procedure of step (d) outlined herein, the
20  substituted hydroxy-benzo-heterocyclic compound (Formula IV, Scheme I)
undergoes suitable substitution reaction to form the corresponding ether,
carboxylic acid or sulfonic acid ester, or carbonate of 3-diazo-2,4-dioxo-benzo-
heterocyclic compound, Formula V, Scheme I.
In step (e) the compound, V is finally subjected to diazo transfer reaction
25  to form the compound, VI, Scheme I. 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



20 Exanple 16 Preparation of 3-di azo-4-o0x0-5-benzyl oxy-3, 4-di hydrocoumarin
Exanpl e 15 .was substantially repeated in Exanple 16 with the exception of
the material s and anounts used as set forth bel ow L 32 @ bl 08902
Mat eri al s Anount 5-Benzyl oxy-4-hydroxy-coumarin 1 g, 3.7 nmmol (prepared in
accordance with Exanple 9) THF 20 mL 5 Triethylamne 0.4 g, 3.7 nmol

p-tol uenesul fonyl azide 0.8 g, 4 mmol THF 5 nlL After 3 hrs of reaction at
roomtenperature, the solvent was evaporated and the product was placed in
a freezer during which tine the product crystallized. The to crystals were
renmoved usi ng as dffdctiye giaed ttartsBerdgerthte fenothe diazo@smpbeud¥l &vshoed iby NVR and
IR ~3C NWR (100 I\/Hz) : 172.8, 159.1, 158.3, 156.0, 136.6, 136.3, 128.9,
128.3, 127.3, W@emel109.9, 109.6, 77.0, 71.3; |R(KBr): C=N2 at 2124 cml;
C=0 1730 cm 1; DSC herm c
peak at 200C; M5 (A E&?ﬁ’m%*vé’*?"%x%‘%@“fgﬁﬁgg@y.% “9%“‘8?%?3’2?@%*?&) - M+H
15 at 295, MtHamdihtaie. ,2631% mole ef bxide pardeole VP the2bhpoun@ Y. (b ésSmrefeesblg thaExanpl e
17 20 25 Preparation of

4, 8- bi s( 3- dfi az#lieht exesssreigesyl azide rRmPIgyadn ol e trlvsreicAMPIGiE RIVEISIMOf1 0. 26
] - decane Exanp S e e
exception of t anrran\(é??é gﬁ%a&r% doﬂ{ r?%llrslaﬁlge ggsggﬁeﬁg&w&]}ﬁbﬁ\% r\%cttl%gl[i%“ al s

Anmount 4, 8- bi Séa4r1€d/dllit(mYhe7preseﬂc£6fdmﬁmb'l|e-b3$e4 -Bliampibs@f eustetasejncifdeS g, 0.9
mrol tricyclo(5,2.1.0.2~6]-decane (from Exanple 12) THF 30 nL Tri et hyl am ne
0.3 mL, 2 mol rEhyamseREeNG Fodgrolanddhedike. g, 2" ol dry THE 10 nlL The

product ?@SochTE?C5?5§§§$fg¥¥?gﬁ?h’°?£§%gg) panddfegifes 10l Mo 18-GNO 50
9 JUL 2~2 M5 (4¥dut 50 °@eprefefabipiem ddouNrGto2abyCH) 2¢ Fhépr3ssiire Mg sﬂepl\/bO—I -

H = 599; FTIR{KBr) 2140 cm -~ (C=Nz), 1732 cm1 (CO. Exanple 18 5
Preparation of e/)fl@qycgtlcal and can be subatmospheric, atmospheric, ot super atmospheric.

- (3- di azo- 4- Oxpp 5r QXY an s aI ey:}(ef'\gllpgeq%&?lﬁlﬂ@g f@rﬁ crﬂiogx)[ 0%{%5 sy #61 - deca

ne Exanpl e 15 was Ssu 5 exception

of the materi ahsurabdloap@int Somsefefdndeehn fr@f'thhnbﬁih@t&su&}‘i)ad\ﬁtrﬁgérﬁdrs Amount
4, 8-bis(4- hydroxy 5- oxy-carbonyl -coumarin)- 1.1 g, 2 nmmol

tricycl o[ 5. 2. 1agoreVsiedgprogs ftemis) eutlingd herein, the substituted benzo-

15 heterocyclic B-keto-enol compound (Formula V, Scheme I) undergoes suitable
diazo transfer reaction to form the corresponding 3-diazo-2,4-dioxo-benzo-
heterocyclic compound, Formula VI, Scheme 1.

In one of the preferred embodiments of the process of this invention the
preferred compounds formed from the process of this invention are ethers,

20 carboxylic acid or sulfonic acid esters, and carbonates of 3-diazo-4-0x0-3,4-
dihydrocoumarins, i.e., X is oxygen in Formulae I through VI in Scheme 1.
Accordingly, the substituted dihydroxy acetophenones, I (where X = Q) may be
employed as the starting material In this preferred embodiment.

In another preferred embodiment a variation of the synthetic procedure as

25  enumerated in Scheme I may be employed to prepare the compounds, VL
Accordingly, in this preferred embodiment, the process for preparing ethers,
carboxylic acid and sulfonic acid esters, and carbonates of 3-diazo-4-0x0-3,4-
dihydrocoumarins comprises the steps of:

(a) subjecting a substituted 2,4(5 or 6)-dihydroxy acetophenone to a

30  substitution conditions in the presence of a compound having the formula:



THF 30 nL Cesium carbonate 1.3 g, 4 nmmol 15 p-Tol uenesul fonyl azide 0.8 g,
4 mmol dry THF 10 nL The reaction m xture was filtered after stirnng for
about 10 hrs at roomtenperature, and the?¥iltrate was chromat @9 Jupedopn
silica gel using ethyl acetate/hexane solvent m xture. Polarity of the
eluent was increased by adding 20 nethanol to ethyl acetate. The fractions
were checked by TLC and characterized by HPLC, NVR, IR and M5: IR (KBr):
2154 cm-~ (C =Nz), and 1732 cm-' (C=O; Ms (APCl): M Nz+MeOH -H = 599. 2;
M 2Nz+ 2 MeOH - H = 603.2; ~ 3C NWR 77.6 (C= Nz). 25 Exanple 19
Preparation of R-Z,,

4, 8- bi s(3-di azo- 4- oxo- 6- oxy- car bonyl - 3, 4di hydrocounarin)tricyclo[5.2.1.0. 26
] - decane Exarrpl”é‘erf S was substantially repeated in Exanple 19 with the
exception that the Basgs UREHANYGSHrERMdIM carbonate (4.2 g) and dry

di chl oronet hane (95 ) ""3a 2 9 JUL 2002 was used as the co-solvent.
Vari ous ot her mat er (iglsisandntagayhaviag asebheioff 1Exdfpdnd 18 are as set forth
bel ow. Materials Anpunt 4, 8-e§j 584- E}é%r oxy- 6- oxy- car bonyl - courmarin)- 3.5 g,
6.4 mol 5 iricycl ofiB) B 4 apdefiged fptigderegpingm Exanpl e 13) CHZCLZ 95 nL

Cesi um Car bonat e 4. , : : : - [0 f= 30 | dry
THF 20 nL to The pr (g)ocf%cstu %@hg&%%%@??@%%@e?E%Fabﬁoﬁgﬂléﬁsr’?ﬁtgnﬂ)\%{/a% i on
has been il | ustdpressubytocferh shaconfespdndingrctloee dianspxgiangl essulfdnid &cidiot t o be
construed as being linited thereby; but rather, the invention enconpasses
the genereic af¥el ascapenaieMfel BydsoxHasetPRReBaNe: vari ous nodifications 15 and

enbodi nents can be M I - ' 35
2 9 JUL 2002 CLAI I\/BWE?J%@E?#ES Q@%ﬁ%ﬂ@%ﬁi&%ﬁ%&}%ﬁ&ﬁﬁ%gfeﬁgé)ntﬁ la: R R
t O R Ra 5ishegdtable dddéiopre@fizdlon cOnditibss innhEpreséncobf & diptksl tdrbonadd aridhe

benzene ring, (a) X is either oxygen or sulfur; (b) Ris selected fromthe
group consi sti A§atBEst foF apwificiest pejded simnepndndargsuitabls condidensfn at ons, aryl
of val ence n hgyj t t - ing. formul a,
R (G0 o=° whelbbisRfhdie'dlq piesAE RO BEBorecilo i 4 184R, Bl WRE | 20 T 2,

to 24 carbon atons gf)dubjectifithiald Shadrbyy fasndringo BRitdbld\@ianx@inster mal onyl ,
succi noyl and gl utaroyl, alkoxy or aryloxy carbonyl having the fornula,
R - (O CO) ~-, wheiiditiqrs’in ghegiesgne iz diaZootrangfes ggent éorgy wffic it perpdAtEmMA havi ng

1 to 24 15 (£ar %ﬁ urﬁfe?\s:@ltabﬁn%nﬁmo];l? 4 tleﬁnlplé#l%rg bnd Elle];s?l?é/ tloafBXrll tlﬂavI ng the
formula, R=-(S - ere I's an alfphatrc or aronmatic group of val ence
n having 1 to Zekréapbmiing ether, carboxylic acid or sulfonic acid ester, or carbonate of 3-
diazo-4-o0x0-3,4-dihydrocoumarin.
In this preferred embodiment, utilizing the substituted 2,4 (5 or 6)-
dihydroxy acetophenones (Formula VII, Scheme II) as the starting materials, it is

20  believed that the process proceeds as shown in Scheme II below:

Scheme II
R, 0 R, 0
HO CH, step (a) R€O cH, ) step (b)
R, OH R, OH
Ry R,

VIl (V1IN



atoms; (c) R, RZ, and R3 are the sane or different and are independently
sel ected 2o, fromthe group consi sting of: hydrogen, fluorine, chlorine,-
"brom ne, -or iodine, 36 2 9 JUL 2~2 |iA®ar or branched al kyl @g@l_

fl uoroal kyl groups having the fornmula CqHxFy, where g is an | ?%m 1
.to 8 x and y are integers fromO to 2g+1, and the sumof x and y is 2g+1;,
aryl having 6 to 10 carbon atons, 5 aral kyl having 7 to 10 carbon atons,

al koxy having 1 to 8 carbon atons, aryloxy having 6 to 10 carbon atons, and
aral kyl oxy having 7 to 10 carbon atons; and (d) n is an integer having a
value of 1 to 10.,to R The c@hpougd as set forth inRjaim 10whereingX is
sul fur. 3. Thescgnpound as set) forty in claipl Wnere n one to IS
hydrogen. 15 4. CODR set fostbb (c)1 cl g ’

R3 are hydrogen. ©&. TIng a
are hydrogen, and R3 jl&

conpound of the f‘ﬁ{ R el OO~C Rz | Rz roup R -
O-isinb5- , r 7p3|t|on of "t he benzene ng. cted
fromthe group consistin aral kyl of valence n having 7 to 24 carbon

at ons, 3~ 2 9 JUL 2002 L?(of val ence n having 6 to R4 KQ bon atons,
acyl group having the forrrul -(COnNn-, where R" is an a |£)hatic or
aromatic group of valence n having 3 to 24 carbon atons, and R

2l kowy or ar vl oxy SR Tagr e riealp IRt & BB AR NN

al i phatic or asfonad |oanglua)pmfenfed\taibeﬂm&nnashmxhtrtgaedhbmmZéIl‘hbaltdpc(a) at ons, and

sul fonyl al kyl or sufonyl.aryl having the forpula, R g SQZ)~-, where R is an
al i phat i c dr §Pbﬁml@férlwﬁfmedxﬁa}b@ﬁe@emm@é{\heﬁ@rr@dtoa N“%Q‘Fﬁé‘ﬁeto at ons;
(b) R, f n tly selected
fromthe grou %C(ﬁ%ﬁﬁg?%d?apﬁ E“S?egﬁ n?%ﬁgg?%?lﬁg v%r?ﬁg%g?@m ne, or

i odi ne, 15 |i Sekem®l olﬁttampﬂ‘eﬁairealemﬂodﬁmdatiﬂatycbre@airiexalougﬁmg)ﬂlehme ng the
formul a CgHxFy, where q is_an integer froml X y are integers

fromO to 2q+Pf°°§¢1‘He% ?ﬁ@%ﬁh‘?eéffo&ﬁ%@)?f%heﬂéf‘—ﬂl Fm%\‘r)’ytheﬁWKﬁ)g Seharge HO car bon
atoms, aral kyl,chavine L4t Rndintdt RRY b3 LoTRA ofLustid RS hrddBYirBfudschife Carbon

at ons,
10  for step (e) of Scheme L.

This invention is further illustrated by the following examples which are
provided for illustration purposes and in no way limit the scope of the present

invention.

15 Examples (General)

In the Examples that follow, the following abbreviations are used:
THPE - 1°,1°,1°-Tris(4-hydroxyphenyl)ethane
PDC - Pyridinium dichromate
20 DHC - Dihydroxycoumarin
THF - Tetrahydrofuran
DMF - Dimethylformamide -
TLC - Thin layer chromatography
HPLC - High performance liquid chromatography

25 IR - Infrared spectroscopy



aryl oxy having 6 to 10 carbon atons, and aral kyl oxy having 7 to 10 carbon
atons; and (c) n.is an integer having a value of 1 to 6. 25 7. The conpound
as set forth i'n claim6 wherein Ris seleéted fromthe group co@Y JyiL n@gpf :
aral kyl of valence n having 7 to 24 carbon atons, and aryl of val ence n
having 6 to 24 carbon atons; where n is an integer having a value of 1 to
6. 30 - ' 38 2 9 JUL 2002 8. The conpound as set forth in claim7 wherein
one of R, to R3 is hydrogen. 9. The conpound as set forth in claim?7
wherein two of R to R3 are hydrogen. 5 10. The conpound as set forth in
claim7 wherein R ©NMR3 Mrodaeahydgmgmesohﬁnceﬁpectmnqmunmaﬂy of eithek prdtbn,i n
claim 10 \/\/nerell n sajd caonmpoung |

3- di azo- 40x0- 6-B ‘Hidé‘?rd's@{bo@ 14, dpﬁyﬂ}e&counarl n having the formula: Il O. Q
.~ Nz .:. I. . ; R The conmpound as set forth in
claim6 wherein R i ?Sacn Eéy re@?éﬁ%“ﬁ%f%@“t >t or mul a, R-(CO~-, where R
is an aliphatic or M®wPdlc I\Qassepeonbsmbfeﬂnmsphdmwﬂgura chemizdl ioaizhten at ons,
and R' additionally has the nmeani ng _oxal yl At onyI succi noyl and

gl ut ar oyl , wher &caeiabAnalviical Jeehnigues Used for\the crizatign: & verietyof The
conpound as se i r 1?fg@n 14. The
conpound as se%n%lgtﬁ&tal!h]t&ﬂm %Wérﬁ grcg‘lfujr%c@zglz%&gohpohg%fggaf bi s(320

di azo- 4- oxo0- 6- odmpammwtheanésedl iy ehtionoutiieti mn)ddedl d},edbmﬂ\ﬁmg 1.0.2 6] decane
having the fornul a 39 9 JUL 2002 0 ~I o On ,;-
in O0~6~ ~ IRj IRspectna 0@9@111155 Wméalf?@wwwlagle%@sx}éﬂﬂ* Sﬁeewomqwre

wher ei n Risa koy ns I f R-(0CO~-,
where R is an phgtlg OC?N?H%% “%?‘g;fég%@@a Wcéagw{& ng 1 to 24

carbon atons, whetenkter Vit mit RYbEs M0 agd &IOO/MHEQr@f)ecllvEl@r 4. 16. The
conpound as set _forth in claim15 wherein R, are hydro en 1 o0 17.
The conpounds &PLEst Sqmaplenwens applyzed w@hwWé¢thP%°&Pmll@8 tigok ligpid,

ot S O a3 S R BRPL ) o 1o

tricyclo[5. 2. 1pfekel] WRE 3NESAIAESBICA 88)The injenction volume was 5 pL. Gradient

elution at room temperature and at 1.1 ml/min was carried out with methanol and
15 0.1% aqueous acetic acid. The volume concentration of methanol in the eluent
was increased from 20% to 90 over the first thirty minutes following injection and
was then decreased back to 20% in the next five minutes.
DSC: A TA 3100 DSC was used to determine the T, of the dihydrocoumarin
compounds of this invention. The heating rate was maintained at 10 °C/minute,
20 generally, over a temperature range of -25 °C to 300 °C. The flow rate of nitrogen
or air is maintained at 20 mL/min.
MS-APCI: A Finnigan SSQ-7000 mass spectrometer was used for all analyses.
While electron ionization mass spectrometry in combination with Fourier
Transform Infrared (FTIR) Spectroscopy is satisfactory for providing structural
25  information about smaller size diazo compounds, as the size of diazo compounds
increases, the analysis by electron ionization or desorption chemical ionization
fails. Atmospheric pressure chemical ionization (APCI) LC/MS operated in the
negative ion mode with a mobile phase containing 95%MeOH in water is found
very useful to characterize large size diazo compounds although they react rapidly

30  with methanol of the mobile phase.



ii-000~00"", ) , oa,, Il A L I T

I - y
/| . ~0, o0~ . i 0Ois s. , s ~40 2 9 JUL 2002 O:
~[00-00 - O'0OQ 1% ~=Nxl~ i 1(8).i ~00 28. The conpound as se2gfJurt ogn
claim6 wherein Ris a sulfonylal kyl or sulfonylaryl having the fornula,
R-(SOQz)~-, where R is an aliphatic or 5 aromatic group of valence n
having 1 to 24 carbon atons, where n is an integer having a value of 1 to
4. 19. The conpound as set forth in claim 18 wherein R to R3 are hydrogen.
10 20. The conpound as set forth in claim 19 wherein said conpound is

4, 4" - bi s(3di azo- 4- oxo- 6- oxysul f onyl phenyl - 3, 4- di hydr ocoumari n) et her havi ng
the Formula 9 GS=O 0O O0OO00O- N2 1500\ / ~s_0(9) OON2 OO

AR An. Ay. Al . A A [.A A5 An9. A A(L. AF. An, . A

Example 1 (Comparative)

0 N=
Q_...

Preparation of 4,8-bis(carboxy)tricycle[5.2.1 .0.%%1decane
5 A 500 ml round-bottom flask was charged with a solution of 4,8-

bis(hydroxymethyl)tricycle[5.2.1.0.2%]decane (10.1 g, 0.05 moles) in moles) in
DMF (50 mL). To this solution was added slowly a solution of PDC (149g, 0.4
moles) in DMF (200 mL). The mixture was then stirred at room temperature for
about 40 hrs. The reaction was monitored by taking small aliquots of reaction

10  mixture and analyzing by GC and TLC after work-up as follows. About 1 mL of
reaction mixture was added to 7 mL of water and the precipitate formed was
filtered and the filtrate was acidified with 1:1 HC1 to pH of 2, which was
dissolved in ether for analysis. After complete conversion to diacid as evidenced
by GC/TLC, the product was extracted with a large volume of diethyl ether and

15 the ether layer was washed with water and dried over MgSO,. The white solid
acid was isolated using a rotary evaporator; yield, 5.2g, (44%). The product ws
characterized by IR and NMR: IR (KBr) 3200-3600 cm "' (OH group), 1690 cm ™
(C=0); >C NMR (DMSO-dg): five observed peaks due to isomers at 179-180 ppm
(C=0).

20

Example 2
Preparation of 4,8-bis(chlorocarbonyl)tricyclo[5.2.1.0.2:0]decane
The diacid prepared in accordance with Example 1 was converted to diacid

chloride as follows. A 3-neck round-bottom flask equipped with a condenser and

25  astirrer was charged with of 4,8-bis(carboxy)tricyclo[5.2.1.0.2,6]decane (2 2.
Thionyl chloride (5.2 mL, 70 mmol) was added slowly at room temperature to
under an atmosphere of N,. After the addition was complete, the reaction mixture
was heated to 85 ° C in an oil bath and refluxed for 3 hours. Excess thionyl
chloride was evaporated to obtain the desired acid chloride; yield 79%. The

30  product was characterized by IR, MS, and NMR: IR (Film), 1780 & 1700 cm !
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Example §
Preparation of 4,7-Dihydroxy-coumarin
10 A 300 cc autoclave was charged with 7-benzyloxy-4-hydroxycoumarin (3

g, 3.7 mmol), prepared in accordance with Example 4, 5% Pd on carbon (0.18g)

and 85 mL of methanol and the autoclave was purged with N;. The autoclave was

pressurized with Hj to a pressure of about 100 psi and maintained at that pressure.

The exothermic reaction was carried out at ~50 °C for ~ 2hrs. After the

15 completion of hydrogenolysis, the reactor was flushed with N, and the contents

were transferred into a beaker using a long pipet. The mixture containing Pd/C

was dried over MgSO, and filtered through a frit. The filtrate was evaporated to

dryness and finally dried overnight at 45 °C. The purity of the material as

determined by LC was 95 %, yield ~90 %. The product was characterized by

20 NMR.

Examples 6-7

Example 3 was substantially repeated in Examples 6-7 with the exception

that the materials and the amounts used were as set forth below:
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Potassium carbonate 15.2g(0.11mol)

10 15.2g(0.11mol)
The product formed and its yield were as follows:
5-Benzyloxy-2-hydroxy-acetophenone  22.0g(91%) -
6-Benzyloxy-2-hydroxy-acetophenone ~  ----- 10.5g(43.5%)

15 Examples 8-9

Example 4 was substantially repeated in Examples 8-9 with the exception

that the materials and the amounts used were as set forth below:

Amounts
Materials Example 8 Example 9
20  5-Benzyloxy-2-hydroxy-acetophenone  60.0g(0.25mol) ----
(from Example 6)
6-Benzyloxy-2-hydroxy-acetophenone -
19g(0.0784mol)
(from Example 7)
25  Diethyl carbonate 75.9g(0.63mol)
25.3g(0.21mol)
Sodium hydride 12.84g(0.32mol) 4.28g(0.11mol

The product formed and its yield were as follows:
6-benzyloxy-4-hydroxy-coumarin 47.6g(71.6%) -—--
30 5-benzyloxy-4-hydroxy-coumarin -——- 7.64g(36.3%)



10m8  10%& ()- 7 10%r& ()-y510%r& ()-!s0& 10%m&’ ()- F11162233dEj = 10!!!g

L0%TE: () - STO%T&, () - STO%TE: () - 10%1&: () - g10%T&: () - gL0%T&: () - 3" Afyeddsa6al =

10! ! FOd0%r& ()-!(S 29 JuL

110% i & () - 3@L0%& () - 10%& () - L1O%T8: ()-910%r& ()- 26x667h77[ 8dBj =

1011 @/ ! 10%m8! () - - 10%r&' () - +y10%r&' () - 9% 10%r&' () - (! 10%n8’ () - &10%&' () - [ 88
8F999999dYNC 10!!! 10m 10m 10nD 10%& ()-1 710%& () -510%& () -

4S10%& ()-y2° 10%m8 ()-99J: X: : : 6; aBYNC 10! ! | 10%& ()- L

T10%&' () - L@O0%& ()-L 109%& ()-L10%& ()-!-#10% b b& ()-6; ; : <K<<<dEYNC

10! 1 LZ10%& ()- 10%& ()-LF 10%& ()-y10%& ()- L10%& () - LS10%& ()- <

=U===?>N>dEYNC 10! ! 9#S10%& () - 9! MLO%& ;) @
Y10%&' ()-910%& ()-MLO%& ()-LLgl09 1?: 222dEYNC
10!19-10% &' () - +MLQ%D& L9* 1

10%& () -9 &10()%0 & (%%pg% g{af )su @a@&%&%ed in Examples 10-11 with the

10! 11" 10%h& (ekcéﬂtf@\a{ that @@sdiventuskdvabAHE & (nstedd dOMRMah-ahd/
10%&' () - BCDE = 116L*f 10%J& ()-!& 10%Z& ()-!6& 10%& ()-!;

& 109& ()- 5" 10Wm&te@)alsﬁmd4he1@wn(cs) useHweBI 3Us30 fhth\below:

1! 6910%}| & () -, MLO%| & ()- 10Z 10Z 10ZL*f 109&Z§ ()-1:L*f 109& ()-!
109 ()-JJJJIKLAB{\ = 116! 109%| 4| & ()- AMOUNLS

109%4& () - Y% 10YekAalk) - 310%| & () - &010%| & KamplO| & () - LMpAMMMIBA \ =

6-benzyloxy-4-hydroxy-coumarin 11.9 g (0.044mol) ----
(from Example 8)
10  5-benzyloxy-4-hydroxy-coumarin ---- 1 g (3.7mmol)
(from Example 9)
5%PdonC 07g 0.06g
The product formed and its yield were as follows:
4,6-Dihydroxy-coumarin 5 g (65%)
15 4,5-Dihydroxy-coumarin - 0.6 g (95%)
Example 12
Preparation of 4,8-bis(4-hydroxy-7-oxy-carbonyl-coumarin)tricyclo[5.2.1.0.2:0]-
decane
20 A 50 mL 3 neck round-bottom flask equipped with a magnetic stirrer, a

septum, an addition funnel and a N; outlet was charged with a solution of 4,7-
dihydroxycoumarin prepared in accordance with Example 5 (1.0 g, 5.6 mmol) in
THF (15 mL) and triethylamine (1.6 mL). To this solution was added dropwise a
solution of 4,8-bis(chlorocarbonyl)-tricyclo[5.2.1.0.2,6]decane prepared in

25  accordance with Example 2 (0.75 g, 2.8 mmol) in dry THF (5 mL). The solution
turned brown after addition of the acid chloride and the solution was stirred at
room temperature for 24 hrs. The completion of the reaction was monitored by
HPLC. Acetone (20 mL) was then added to this solution and the insoluble
materials were filtered. The filtrate was rotavaporized to obtain a white solid;

30 yield is quantitative, The product was characterized by NMR: 'C NMR (100
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THF 75 mL
Triethylamine 8 mL
4,8-bis(chlorocarbonyl)-tricyclo[5.2.1.0.2’6]decane 4.8 g, 18 mmol

(prepared in accordance with Example 1)
15 THF 25 mL
The product was obtained in quantitative yields and characterized by NMR.

Example 14
Preparation of 4,8-bis(4-hydroxy-5-oxy-carbonyl-
20 coumarin)tricyclo[5.2.1.0.2:6]decane
Example 12 was substantially repeated in Example 13 with the exception

of the materials and amounts used as set forth below:

Materials Amount

4,5-dihydroxycoumarin 0.7 g, 3.6 mmol
25  (prepared in accordance with Example 11)

THF 15 mL

Triethylamine 1.6 mL

4,8-bis(chlorocarbonyl)-tricyclo[5.2.1 .0.2,0]decane 0.5 g, 2 mmol

(prepared in accordance with Example 1)

30 THF 5mL
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Example 16
Preparation of 3-diazo-4-ox0-5-benzyloxy-3,4-dihydrocoumarin

Example 15 was substantially repeated in Example 16 with the exception

of the materials and amounts used as set forth below;
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The product was characterized by NMR, IR, and MS: BC NMR (100 MHz in
DMSO-dg): 173.4, 173.0, 157.7, 154.1, 129.2, 125.6, 119.3, 116.5, 111.4, 76.9,
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of the materials and amounts used as set forth below:

10  Materials Amount
4,8-bis(4-hydroxy-5-oxy-carbonyl-coumarin)- 1.1 g, 2 mmol
tricyclo[5.2.1.0.2’6]-decane (from Example 14)

THF 30 mL
Cesium carbonate 1.3 g, 4 mmol

15 p-Toluenesulfonyl azide 0.8 g, 4 mmol

dry THF 10 mL

The reaction mixture was filtered after stirring for about 10 hrs at room
temperature, and the filtrate was chromatographed on silica gel using ethyl
acetate/hexane solvent mixture. Polarity of the eluent was increased by adding

20  methanol to ethyl acetate. The fractions were checked by TLC and characterized
by HPLC, NMR, IR and MS: IR (KBr): 2154 cm ™' (C =N,), and 1732 cm ™!
(C=0); MS (APCI): M-N,+MeOH -H =599.2; M-2N,+ 2 MeOH - H = 603.2;
BC NMR: 77.6 (C=N,),

25 Example 19
Preparation of 4,8-bis(3-diazo-4-oxo0-6-oxy-carbonyl-3,4-
dihydrocoumarin)tricyclo[5.2.1 .0.2:6])-decane
Example 15 was substantially repeated in Example 19 with the exception

that the base used was cestum carbonate (4.2 g) and dry dichloromethane (95 mL)
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was used as the co-solvent. Various other materials and amounts used in Example

18 are as set forth below:

Materials Amount

4,8-bis(4-hydroxy-6-oxy-carbonyl-coumarin)- 3.5 g, 6.4 mmol
5 tricyclo[5.2.1.O.2a6]—decane (from Example 13)

CH,CL, 95 mL

Cesium Carbonate 4.2 g, 13 mmol

p-Toluenesulfonyl azide 2.5 g, 13 mmol

dry THF 20 mL

10  The product was characterized by LC.

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 genereic area as hereinbefore disclosed. Various modifications

15  and embodiments can be made without departing from the scope thereof.
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CLAIMS

What is claimed is:

1. A compound of the formula:

5 wherein: the group R — 0 — is in 5 — 6 or 7 position of the benzene ring,
(a) X is either oxygen or sulfur;
(b) R is selected from the group consisting of:
aralkyl of valence n having 7 to 24 carbon atoms,
aryl of valence n having 6 to 24 carbon atoms,

10 acyl group having the formula, R’’-(CO),-, where R’’ is an aliphatic
or aromatic group of valence n having 4 to 24 carbon atoms and R”’
additionally has the meaning oxalyl, malonyl, succinoy! and glutaroyl,
alkoxy or aryloxy carbonyl having the formula, R’-(0O-CO),-, where
R’ is an aliphatic or aromatic group of valence n having 1 to 24

15 carbon atoms, and
sulfonylalkyl or sulfonylaryl having the formula, R’-(SO,),-, where R’
is an aliphatic or aromatic group of valence n having 1 to 24 carbon
atoms;

(c) Ry, Ry, and R3 are the same or different and are independently selected

20 from the group consisting of:

hydrogen,

fluorine, chlorine, bromine, or iodine,
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linear or branched alkyl and fluoroalkyl groups having the formula
CqHFy, 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,

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.

The compound as set forth in claim 1 wherein X is sulfur.

The compound as set forth in claim 1 wherein one of R to Rj is hydrogen.
The compound as set forth in claim 1 wherein two of R; to Ry are hydrogen.

The compound as set forth in claim 1 wherein R; and R; are hydrogen, and R;

is an alkyl having 6 to 8 carbon atoms.

A compound of the formula:

wherein: the group R—O —isin 5 -, 6- or 7 position of the benzene ring.
(a) R is selected from the group consisting of:

aralkyl of valence n having 7 to 24 carbon atoms,

)-3
*3
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7.
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aryl of valence n having 6 to 24 carbon atoms,

acyl group having the formula, R’’-(CO),-, where R’ is an aliphatic
or aromatic group of valence n having 3 to 24 carbon atoms, and R’
additionally has the meaning oxalyl, malonyl, succinoyl and glutaroyl,
alkoxy or aryloxy carbonyl having the formula, R’-(0-CO),-, where
R’ is an aliphatic or aromatic group of valence n having 1 to 24
carbon atoms, and

sulfonylalkyl or sufonylaryl having the formula, R’-(SO;),-, where R’
is an aliphatic or aromatic group of valence n having 1 to 24 carbon

atoms;

(b) Ry, Ry, and R; are the same or different and are independently selected

from the group consisting of:

hydrogen,

fluorine, chlorine, bromine, or iodine,

linear or branched alkyl and fluoroalkyl groups having the formula
C4H«F,, 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,

aryloxy having 6 to 10 carbon atoms, and

aralkyloxy having 7 to 10 carbon atoms; and

(c) nis an integer having a value of 1 to 6.

The compound as set forth in claim 6 wherein R is selected from the group

consisting of:

aralkyl of valence n having 7 to 24 carbon atoms, and
aryl of valence n having 6 to 24 carbon atoms; where n is an integer

having a value of 1 to 6.

& ()-3
Y
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11.

12.

13.

14.
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The compound as set forth in claim 7 wherein one of R, to R; is hydrogen.

The compound as set forth in claim 7 wherein two of R; to R3 are hydrogen.

The compound as set forth in claim 7 wherein R; to R3 are hydrogen.

The compound as set forth in claim 10 wherein said compound is 3-diazo-4-

oxo-6-benzyloxy-3,4-dihydrocoumarin having the formula:

(4)

The compound as set forth in claim 6 wherein R is an acyl group having the
formula, R’’-(CO),-, where R”’ is an aliphatic or aromatic group of valence n
having 3 to 24 carbon atoms, and R’’ additionally has the meaning oxalyl,
malonyl, succinoyl and glutaroyl,where n is an integer having a value of 1 to

4,
The compound as set forth in claim 12 wherein R to Rj are hydrogen.
The compound as set forth in claim 12 wherein said compound is 4,8-bis(3-

diazo-4-oxo-6-oxycarbonyl-3,4-dihydrocoumarin)tricyclo[5.2.1.0.2%]decane

having the formula:
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15. The compound as set forth in claim 6 wherein R is an alkoxy or aryloxy
carbonyl having the formula, R’-(O-CQO),-, where R’ is an aliphatic or
aromatic group of valence n having 1 to 24 carbon atoms, where n is an

integer having a value of 1 to 4.

16. The compound as set forth in claim 15 wherein R, to Rj are hydrogen.

17. The compounds as set forth in claim 16 wherein said compounds are,
1°,17,1°-tris-4-(3-d1azo-4-0x0-3,4-dihydrocoumarin-6-carbonatophenyl)ethane
(Formula 7); and, 4,8-bis(3-diazo-4-0x0-3,4-dihydrocoumarin-6-formate)

tricyclo[5.2.1.0.2'6]decane (Formula 8):
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18. The compound as set forth in claim 6 wherein R is a sulfonylalkyl or
sulfonylaryl having the formula, R’-(SO,),-, where R’ is an aliphatic or
5 aromatic group of valence n having 1 to 24 carbon atoms, where n is an

integer having a value of 1 to 4.
19. The compound as set forth in claim 18 wherein R, to Ry are hydrogen.

10 20. The compound as set forth in claim 19 wherein said compound is 4,4’-bis(3-

diazo-4-ox0-6-oxysulfonylphenyl-3,4-dihydrocoumarin)ether having the

Formula 9
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