PROCESS FOR PREPARI NG PHOTOACTI VE COUMARI N

DERI VATI VES BACKGROUND OF THE INVENTION 5 Field
of the InvegiyRRoa1y The present invention rel ates tpcﬁuggy
novel , and cost e?fective process for preparing ethers, carboxyli c

acid and sul fonic acid esters, and carbonates of 3-
di azo- 2, 4- di oxo- benzo- heterocyclic conpounds such as 3-di azo- 3, 4-
di hydrocoumarins, which are useful synthetic internediates in a w de

variety of 10 apmkomsmpompmmmmmmmm cs,
agricultural, an pharmaceutical a | cat1 ons. More specifically,

present invention relates to a M&Eﬁﬂﬁor preparing ethers,
carboxylic acid and sulfonic acid esters, and car bonat es of
3-di azo- 4- oxo- 3, 4-di hydrocoumari ns whi ch are useful as phot oacti ve

conmpounds in the photor esp s CKGROUND OFSTHRANVERTRONCati ons in the 15
deep ultraviol et region. Descriptron of the Prror Art

I't is we$l - Eighdwof thednveiitiono conpounds are used as "phot oact i ve-
conpounds” (PACS%P?@ hot.oresj st fornul at] ons. r xarrp

di azonapht hoqui n ?r‘?

formul ati ong,

t he

SR SHEoB TolPtHS 1 2 RIS udove B CARREBE S RFOBESt or esi st

Q}E“Bglgal Qilﬁimfb \Y |_ast
groups W can eré %gflo edh?%ag‘gj ust t éa\%%ﬁgbﬁ%%y%@{e[s)ﬁ% bef ore

and after e)dmemtbdioxo-benzo-hetbmwchcadnpdundmsmhm 3adlazd-8,r4avi olet in the

360-450 nm reg| on. The al so ndergo phqQt ochem ¢ transf ormati on
when exposediby %@W&%@aﬁ’é‘ﬁeﬁkg’n qﬂﬁr‘%tﬁgﬁ?é‘i‘tés%\é’ﬁiae #e bl ended

o S I 8y BB RS |2 Lo

phenoli C res exp
the bal | ast phsrtasesutival appdicatidns; Misxedpedifically] ﬂleQirs@ﬁd mbvémionqtlaidReo a
phenolic resins. As aresult, fine patterns (lines) can be formed using
appr opri at e process %narmsthmdcvabemc@cmdaﬁl#fewcgs@rms agdd such

patterns ar %m%%ﬁit% of §'-d1azo-4-oxo-3,4-d1hydrocoumanns which are useful as photoactive
compounds in the photoresist formulations having applications in the deep

15  ultraviolet region.

Description of the Prior Art
It is well-known that diazo compounds are used as “photoactive-

compounds” (PACs) in photoresist formulations. For example,

20 diazonaphthoquinones (DNQs) are widely used as PACs in positive photoresist
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
actinic radiation such as ultraviolet in the 360-450 nm region. The DNQs also
undergo photochemical transformation when exposed to actinic radiation.

25 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
phenolic resins. As a result, fine patterns (lines) can be formed using appropriate
photomasks and actinic radiation sources, and such patterns are useful in

30  semiconductor/microelectronics industry.

DNQs havi ng
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30 sem conductor/ mcroel ectronics industry.

2 As nmentioned above, the commercially used photoresists
cont ai ni.ng the DN are frequently used in the 360-450 nm regi on of

t he el ect r oWexfiso31y spectrum However, the current treRFHPSB426

el ectronic industry is to devel op geni conduct or devi ces havi ng
extrenely fine patterns. In order to obtain such 5 fine patterns there
is a need to devel op photoresist formulation that can be devel oped in

the 240- 260 i e, th | traviol. i -
However ot he o1 u§ L‘eﬁi??%ﬂ%gﬁgr@?e‘fér ‘iﬁ%%%ﬁ%%%f‘%&%%%%t%%%ﬂ i ght ,
absorb st romgg&m}ﬁo&@en%ea@mmmmoqﬁm@g& 64 efeefromapidti] ude their

use as n the 'DUV photoresist fornulations. Therefore, it is an
obj ect of t kpectrin. Howewdrj the curregtrteandde theosledtranixdndusticis tadevalef ul in DUV

o provi de. Somisepdustplaviess hviag extregieif Y BATROR co e o dhisih SRR | on ot
the novel P@?ﬁeﬁ]g Hetd & J'ﬂ%&% PQJH%; %%ot%regiﬁgrﬂﬁﬁlaﬁﬁﬂ th® can be developed i

follow ng rererences are disclose a ound prior art.
U.S. Pat. Nghe 2402260 i elj theldespaltrawioddt, BN tregian)ed coumari ns and

I ndanedi ones and _a process for preparing.the U S, ,Pat. No.
4,339, 522 di scl odiewexer. the PW%&@W?H’GBY&B‘;HQNWS@F“P“‘“C@ﬁ%i tion

and a proces ' I Wt ' aj WY 4 as20

al dehyde r e@?%‘%{’ggﬁég ??gé’g&\gvizg ﬁ@l\glgl%g% te%bg’%(g{zhggggkgbﬁglﬁglgogueﬁ%hagr eof

U S. Pat. NPAGsiade DUV ghototeaiseformulatiohs. Thersfore,ieistaniobjsceof this 0- qui none
di azi de contai ning positive photoresjst conposiLLonﬁ. .. U. S.
Pat. No.104, gszntiostoprsyidemevelPAGs which bayene geminimabshserntiong in the

t | it f i ves [ esishs: The : f '
" oo 2- i B0V Hes® s Ailsaré fleful if PURY hotol i Rtrildond, 6 £3KGE, 01,
group is ei tdppictité ofithisiirvéntion 2o CFrovide Pesstleffostivef econdmi®prosess for the

hydroxynmet hyl-tricyclo[5.2.1.0.[err]]decane are useful as
preparation of the novel PACs of this invention.

15  Prior Art
The following references are disclosed as background prior art.
U.S. Pat. No. 4,211,791 discloses novel substituted coumarins and
indanediones and a process for preparing them.
U.S. Pat. No. 4,339,522 discloses an ultraviolet lithographic resist
20  composition and a process of making such composition which contains phenolic-
aldehyde resins sensitized with Meldram’s diazo or a homologue thereof.
U.S. Pat. No. 4,588,670 discloses a light sensitive triester of o-quinone
diazide containing positive photoresist compositions.
U.S. Pat. No. 4,853,315 describes o-quinone diazide sulfonic acid
25  monoesters useful as sensitizers for positive resists. The esters of 1-oxo-2-diazo-
naphthalene sulfonic acid in which the sulfonic acid group is either at 4- or the 5-
position of a 3 (or 4)- hydroxymethyl-tricyclo[5.2.1.0.>*]decane are useful as
sensitizers for positive resists, particularly at 365 nm.
U.S. Pat. No. 4,942,225 describes preparation of diazo and azo compounds

30 using azidoformamidium salts.
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sensitizers for positive resists, particularly at 365 nm u. S
Pat. No. 4,942,225 describes preparation of diazo and azo conpounds

using azi dohps sHsesgy um sal ts. _ . PCT/US98/03426

3 U S. Pat. No. 5,501, 836 di scl oses positive-working

qui nonedi azi de phot oresi st conposition containing a

cycl ohexyl -substituted tri phenyl net hane conpound which i s capabl e of
tgiving an extrenely fine patterned resist |ayer. U S Pat. No.

5,532, 107 descri bgs. patNd. \5¢50169365disclestp positivewotkiig quinongliazide

phot osensitive agents, which are qui nonedi azi de sul fonates of tris- or
tetra- phptaresistycomporitign icortainisig  eyolohexyl-substiatadtriphenylmethane . s
Pat. No. 5,541, 033,discl.0oses,n-qui.nonedi azi | fopic acid esters of
phenol i ¢ comSBIRRIE e iR Sfabls. of Erving 2 eRpiely o paRe T ST I ons.
Japanese Lai d- opep gP@ht. N 5,332 RPf dedoitled Positive fdsikb BSmPOiGiS Sdtithihinge 10
conposi tions conprising an al kali-solublé resin and a photosensitizer -
havi ng a52- photosensiiieeragents3which aroquinongdiaziissuifbnatepofifriss entetrarhydroxy
conpounds i né:I,uded ohemDf] ubstituted 3-diazo-4-oxo- 3, 4-di hydrocounari ns
| (exanpl es ofdeGypes of triphenyl alkanes., | \qeq 7-methyl, 7-propyl, 7-methoxy, and
6-chl oro). Hovveveg(§ ?ﬂ{ WNJ.%e541,033 dikﬁiééég%tdlﬁﬁﬁxﬁﬁiazidﬁ sulfonic acid esters of

4-di hy e photor

3-di azo- 4- oxo- 3, : esl st

- ok

drocolmafin was used in t
¢ for nul at i on.phenolic compounds dmptheirase irefadiatipaseiditive ddmpoksitioagi 3- 79670

i di scl oses a negative-type, ‘radi ati.,on sensitive resin conposition _
_contai ning radi at-‘aﬂﬂleé'%ié}dr?m Bas: Mo, Heisel 2-61640displasgs phatpsepsitivet o gr oup.

Speci f i ‘ > e . e
stbet i t 10ea SoRpoRRhs bARhR Pl HRAESbLLE 0B B4 BpBprosemsiirb EICE -
t et r ahydr oquiid- D Balketa geouph rSpweific photoskikitines totpbtls Indidedo- 4- 0xo0- 3, 4-

di hydrocourmarin was, al so used as radi ation sensitive material in this
di scl osur e. monosubstituted 3-diazauipxoddndihydoocpumgsns (examples of sulstituensy

Ger %, SR, e i o g L MR Bl BT L
25 in thei rungistibRbd 3-diazo-4-0x0-3,4-dihydrocoumarin was used in the photoresist
15 formulation.
Japanese Laid-open Pat. No. Heisei 3-79670 discloses a negative-type
radiation sensitive resin composition containing radiation sensitive materials having
a diazo keto group. Specific examples of radiation sensitive materials included
substituted indanones, tetralones, tetrahydronaphthadiones, tetrahydroquinolones,
20  and chromanones. Unsubstituted 3-diazo-4-o0x0-3,4-dihydrocoumarin was also
used as radiation sensitive material in this disclosure.
J. Med. Chem. 1971, Vol. 14, (pp. 167-168) describe the synthesis of 4,5-,
4,6-, or 4,7-dihydroxy coumarins.
All of the references described herein are incorporated herein by reference

25  in their entirety.

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

30  present invention are ethers, carboxylic acid and sulfonic acid esters, and
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SUMVARY OF THE | NVENTI ON Sur pri singly,
provi des a novel class of conpounds whi ch can function effectively as

PACs in the DUV region.

pr esent
4

3-di azo- 2, 4- di oxo- benzo- heterocyclic

[err]

6 to 24 car
R-(COJerr

i nVBIR AP e et hers, carboxylic acid and

sul fonic acid esters, and carbonates of

the present invention

The conpounds 30 prepared by the process of the

PCT/US98/03426

conpounds having the fornul a:

wher ei n: (a) X is either oxygen or sulfur;
(b) Ris selectedfromthe onsi.stin f: . raIkyI of
val ence n h%ﬁib‘?&j‘teﬁ of3- @az%gﬁb‘gﬂﬁ%gm—heterogycﬁc compoypdy hab’f“g}ﬁ?ence n havi ng

%Qﬂx acyl group having the formula,
ere R is an aliphatic or 10 aromatic group of valence n

having 1 to 24 carbon atons, and n |5Ran I nt eger

.to 10,

10

15

20 -

having a value of 1

fm)

wherein:
(a) X is either oxygen or sulfur;
(b) R is selected from the group consisting of:
hydrogen,
alkyl of valence n having 1 to 16 carbon atoms,
aralkyl of valence n having 7 to 24 carbon atoms,

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 1 to 24 carbon atoms, and n is an integer

having a value of 1 to 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’-(SQ),-, where R’ is an

aliphatic or aromatic group of valence n having 1 to 24 carbon atoms;

(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 GH,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;,
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~al koxy or aryl oxy carbonyl having the formula, R-(OCOJerr]-, where R is
an alirphatic or aromatic group of valence n having 1 to 24 carbon atons,

-and o 98/593k4 onyl akyl or sul fonylaryl having the fornugr/usesiossze
.R-(SX)[e ‘ﬁ/ where R is an 15 aliphakic or aromatic group of valence n
~having 1 to 24 carbon atons; (c) Rerr], R, and R3 are the

; same or different and are independently sel ected fromthe group

- consi sting of: hydr ogen, fluorine, chlorine,
bromine, or i odi RgylkiQing 6 to 10 daktmatoms, br anched al kyl and f1 uor oal kyl
groups having the fornula C H[err]F[err] where g is an integer from1l
to 8, x and y ar arslkyldiing 7 to0ld earben stgms, and the sum of x and y is
2q+1; , arwl hav. arbon at ons, ar al kyl
having 7 to 10 cmf&%%&&ﬁ

S5 2y havidg Ba¥10@arbohGtéms,anBon at ons, ~aryl oxy
having 6 to 10 car on at ons, and aral kyl oxy having 7 to 10 ~

carbon asons; anchralkyloxyhavmg7t(!d}) qarbogaamerﬂndger having a value of 1 to
10. 5 IS 1Ny nt| rovi,des cess for the preparation of

“the novel ethers, (-Es]nlsan %ag‘bl}lﬁl"gi&giﬁl fonic acid esters, and
carbonat es of 5-, G onfef azpeet?’ﬂﬂk fi%Ention also px%vﬂ'eghﬁi‘&ebﬁf&%é‘ﬁeﬁit@ﬁllﬂ ic

conmpounds) of the present ‘I nvention. Thus process for preparing
the novel etdfelisnovehethersy barbomydmhcaha:hdsmllﬁ)mmacldaastds,@ad@admnates of 5gnd

(1:8r bgtngltogs()?f_’ gr %l(?ﬁlc;zg_ 4_%(@5& EO het e[ocycl | C#&Q?dﬁﬁﬂgfg | ;vol ves the
acet Oph%{q %&&tl@?sﬂﬁ& tﬁ#{'?fo%gss for pre fﬁrgt'hglﬁo{r& erdmf%%ﬁ 39 &aQl aflg SUi tabl e

protecting group tor a’suifticlent er sui tabl e

condi tions ahifosicReidodsters a&ddatbbﬂawbes-tdtazbarztrdidxe-benzo-hemrdcgsh@nd| ng
hydr oxy- pr ot ect ed- acet ophenone; 15 (b) subjecting said
hydr oxy- pr oteompoyndeiay atheriteps Ofsui t abl e additi on-

(a) subjecting a substituted hydroxy acetophenone to a substitution reaction
in the presence of a suitable protecting group for a sufficient period of time and
15  under suitable conditions of temperature and pressure to form the corresponding
hydroxy-protected-acetophenone;
(b) subjecting said hydroxy-protected-acetophenone to suitable addition-
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
20 to form the corresponding benzo-heterocyclic compound containing a B-keto-enol
group; ' .
(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
25 compound containing a B-keto-enol group; |
| (d) subjecting said hydroxy-benzo-heterocyclic compound to suitable
subs_titution conditions in the presence of a compound having the formula:
R-Z,,
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cyclization conditions in the presence of a dial kyl carbonate and a base as
a catalyst for a sufficient period of tinme and under suitable

condi tions of tenperature and pressure to formthe correspondin

benzo- het er ®®/2839817conpound containing a [err]- ket o- enoPCHP8WP34280
(c) subjecting said heterocyclic conpowuﬁto sui tabl e deprotection
conditions for a sufficient period of tinme and under suitable conditions of
tenperature and pressure to formthe correspondi ng

hydr oxy- benzo- het erocyclic conpound containing a [err]-keto-enol
group; where (d) subjecting said hydroxy-benzo-heterocyclic conpound

to suitable 25 %Q%fsicH%gr&rgng ons in the presence of a conpound

having the fornul [err]
6 whel(i) n is an integer having(d value 6851 thi®@rande or broni ne;
(1) nisanint e(gsrk igas\elliegt%d %ro\xlglh%egrgtip &o:fsiosti%g ;of:and
5 alkyl of valence n having 1 to 16 carbon atoms,
aralkyl of valence n having 7 to 24 carbon atoms,
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 1 to 24 carbon atoms,
10 alkoxy or aryloxy carbonyl having the formula, R’-(0-CO)-, where R’ is
an aliphétic or aromatic group of valence n having 1 to 24 carbon atoms, and
sulfonylalkyl or sulfonylaryl having the formula, R’-(SQ),-, where R’ is an
aliphatic or aromatic group of valence n having 1 to 24 carbon atoms;
for a sufficient period of time and under suitable conditions of temperature and
15  pressure to form the corresponding ether, carboxylic acid or sulfonic acid ester, or
carbonate of benzo-heterocyclic compound containing a B-keto-enol group; and
(e) subjecting said -keto-enol compound from step (d) to suitable diazo
traﬁsfer conditions in the presence of a diazo transfer agent for a sufficient period
of time and under suitable conditions of temperature and pressure to form the
20  corresponding ether, carboxylic acid or sulfonic acid ester, or carbonate of 3-diazo-

2,4-dioxo-benzo-heterocyclic compound.

DETAILED DESCRIPTION OF THE INVENTION
Unexpectedly and surprisingly, it has now been found that ethers,

25  carboxylic acid and sulfonic acid esters, and carbonates of 3-diazo-2,4-dioxo-
benzo-heterocyclic compounds of the present invention exhibit low or no
absorptions in the deep ultraviolet region (DUV), after exposhre to DUV light. In
addition, a wide variety of derivatives of these novel compounds can be readily

made using a cost-effective, economic process as described herein. Thus, these
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(iii1) Ris selected fromthe group consisting of: 5 aral kyl of

val ence n having 7 to 24 carbon atons, aryl of valence n
having 6 to wé wasien at ons, acyl group havi ng t hecfosssdsae
R-(COf[err]-, where R is an aliphatic of7 aromatic group of val ence
n having 1 to 24 carbon atons, al koxy or aryl oxy carbonyl

having the formula, R-(OCOJ[err]-, where R is 10 an aliphatic or
aromatic group of valence n having 1 to 24 carbon atons, and _

' sul f onyl al kytompownds find ytitityyds phataantve-cempamds (BACE) intBOPDUé phptoresidter e R
“is an PI i Bpa.ti c or aromatic group of valence n having 1 to 24 carbon
fatomns; ajioR%f f i ci ent period of time and under suitable conditions
i of tenperature an 2 -ghel!?q,gr .ng ether,

gcar boxylic acid o?hgﬁ??g?l‘%ﬁ???ﬁdpe%r&i&gﬁ, ortrl 1 (‘:%? onat e of

i benzo- heterocyclic conpound containinga [err]-keto-enol group; and

l (e) subjecting said [err]-élet -enol cqgnpoun@ from st (d) to suitable

di azo transfer condifN in theg ghce of a §iazo transfer agent

i for a sufficient period O~ e ' l e conditions of
tenperature and pressure to fQrmthg tespondi ng et her, carboxylic
tacid or sulfonic acid ester, or car
" di azo- 2, 4- di oxo- benzo- heterocycl iz d DETAI LED
i DESCRI PTI ON OF THE | NVENTI ON U%expec@edl y and surprisingly, it
 has now been found that ethers, clar boxylic acid and sulfonic acid

- esters, and carbonates of 3-diazo-2, 44gli oxo- 25 benzo-heterocyclic
conpounds of the present invention function effectively in the deep
ultraviolet region (DUV), after exposure to DUV light. In addition, a wde
vari ety of d¥ ives of these novel conpounds can be readily made using a
cost - effectj ,-594[;@ ] P SRRs: as described herein. Thus, these
conmpounds find téﬁ@ﬁtl |P§H§§gegﬁgt oacfi ve-conpounds (PACs) in the DUV

phot or esi st f or nu(tgtR ixsslected from the group consisting of:

7

hydrogen,
alkyl of valence n having 1 to 16 carbon atoms,
10 aralkyl of valence n having 7 to 24 carbon atoms,
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 1 to 24 carbon atoms,
alkoxy or aryloxy carbonyl having the formula, R-(0O-CO),-, where R’ is
15  an aliphatic or aromatic group of valence n having 1 to 24 carbon atoms, and
sulfonylalkyl or sulfonylaryl having the formula, R’ ~(SQ);-, where R’ is an
aliphatic or aromatic group of valence n having 1 to 24 carbon atoms;
(¢) Ry, Ry, and Rs are the same or different and are independently selected
from the group consisting of: '
20 hydrogen,
fluorine, chlorine, bromine, or iodine,
linear or branched alkyl and fluoroalkyl groups having the formula GH,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;
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The conpounds of the present invention have the formul a:

wher ei n: (a) X is either oxygen or sulfur; 5 (b) R
is selected fromthe group consisting of: aral kyl of val ence n
havi ng 7 t oW988%bbn at ons, aryl of val ence n hZGTHFEIIE 24
carbon atons, acyl group hav?ng the formula, R-(COJerr]-,
where R is an aliphatic or aromati c group of valence n having 1 to
24 carbon atons, 10 al koxy or aryl oxy carbonyl having the formula,
R-(OCOJ[err]-, re. R _js n_aliphatic or aromatic group of

val ence n havi ng %W %é?r%?ﬁrg?lb%é’fnsand | sul fonyl al kyl or

sul fonyl aryl havi ot ey 7 %cﬁbbﬂ?c%sLe”] -, where R is an

al i phatic or aromatit group of valence n having 1 to 24 carbon atons;

(c) Rerr], R, andkd® lmving hto 8 axrbomatotas f er ent and are i ndependently

selected 15 fromthe group consisting of: hydr ogen,

fluorine, chlori S°W@Wﬁ§§t8rloicéﬁhq%é‘,t°ms’ and | i near or branched -
al kyl and fluoro [ ] CgH err] Fy, where q is
an int eggr from i&@%&&@%&%ﬁﬁ%ﬁ?&g@%@&%@% romO to 2g+1, and the Sum 20

of x and y is 2g+(#)n is an integer havings yhluba¥ing 16. t o 10 carbon at ons,

aral kyl having 7 to 10 car bon, at ons al koxy having 1 to 8
~carbon at ons, In the above definifions gnd;thyeughost the preseatspseificationslkyhnd

means linear or branched alkyl having desirable number of carbon atoms and
valence. Thus, a suitable R as specified herein may be a alkyl group of valence n

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

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

Suitable bicyclic alkyl groups include substituted bicyclo[2.2.1]heptane,

bicyclo[2.2.2]octane, bicyclo[3.2.1]Joctane, bicyclo [3.2.2]nonane, and

20  bicyclo[3.3.2]decane, and the like. Examples of tricyclic alkyl groups include
tricyclo[5.4.0.0.*°Jundecane, tricyclo[4.2.1.2."°Jundecane,
tricyclo[5.3.2.0.*°]dodecane, and tricyclo[5.2.1.0.>%]decane. As mentioned herein
the cyclic alkyl groups may have any of the acyclic alkyl groups as substituents.

The multivalent alkyl groups are derived from any of the alkyl groups

25  mentioned hereinabove. Accordingly, a divalent acyclic group may be methylene,
1,1- or 1,2-ethylene, 1,1-, 1,2-, or 1,3 propylene and so on. Similarly, a divalent
cyclic alkyl group may be 1,2- or 1,3-cyclopentylene, 1,2-, 1,3-, or 1,4-
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

30  group in this invention is 4,8-bis(methylene)-tricyclo[5.2.1.0.**]decane.
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8 aral kyl oxy having 7 to 10 carbon atons; and

(d) niis an integer having a value of 1 to 10. In the above
defini ti onsvemeg/dstoughout the present specification, alkyl PCI/US/EM26

| i near or branched al kyl havi ng desirabl e9nunber of carbon atons and 5

val ence. The al kyl group is also often called as aliphatic group and may be
acyclic (i.e., non-cyclic) or cyclic. Thus, suitable acyclic aIkyI gr oups
of val ence 1 include nmethyl, ethyl, n- or_ iso-propy -, iso-, or

' tert-butyl, | . neasmblemxamplee@f monovalp@tmyll gropphaying 6 e ¢H cad@ewomaodecyl
"tetradecyl The & |
- or polyoyol fstuds phagh £dtel, R B HinRs vis pherd s HSpIG I ABA RO PYEL! ©

substltutedlﬁ{xcl 5% groppé map Birtier baRAbEYEQMA! Aty PRSI RSpropiifte alkyl

substituents nay of “the” acyclic al kyl groups described herein.
Sui t abl e bi otaryler ahpgahexgmnathenembmd:e Smiﬂaﬂy,tanpaprbt@mlywentml] hept ane,

bi cycl o[ 2. 2. 2] oct ange, clo octane clo ne, and
" bi czcl 0%3 SQ;Mr@m%iﬂXYh%L?q% g $qn Pleggargl:% ggroups

include 15 E}é{rﬁé&ﬁla@l%éuﬂ‘ 1901{1&r ﬂe%ngégé‘%%gﬁvfer r,ixfaéﬁ%ngieﬂe@ blﬁhenylenes and

.2.[err]]undecane tricyc cané, ‘and tricyclo[5. 2.
1 0.[err]] dag@liRe. As nenti oned herein t he cycI I ¢ al kyl groups may
have any of the acyclic al kyl groups as substituent The,

mul tival ent al kyl Repressatatee exasap Ps/eféunpnwal%wr%kylth%l@nsl7k59| 24 a5Rns
d h b J b
ot hyl one, | Asoms e effiglelhy dintpiSnd, ibneRy R, 1.9 8F 30 TRV D€

on. Simijear 'd& heh wmsa,l EM, 1,2-, 22- (bk‘q|3-61pﬁbtbhlﬂ)ro§$7puﬂd fRyliee Appropridte
1, 3- cyclopentylene 2- cl ohexyl ene, and the Iike.

" A di val ent toumimdtmnabﬁyubsgnmqogal’ml/g@@pawdmng erein havingidesipable al ky|

groups nentio ed her ei n Qve. art rly useful tricyclic alkyl
group in thi etlfhusiegasapo afent ar fl otp.

4, 8- bi s(met hyl emgm%db!l&é’lkirl%@l ér drafleyl Q&Hsldlgﬂﬁﬁ@m, 5 and R; may be thei t abl e

exarrpl es of nonovalent aryl group havi ng 6 to carbon atons I ncl ude
phenyl , toI ydameasldpbqnhedyhhrdnyll&ep:ﬂwhmbsxampbs pﬁhlm,alrsrbl:anpbeqohenyl s and

th th b bsti t uted th f
L he appriSor | Adsoaliy! srogpahavits T B s Pt Hlsci ribis fop St above. O
Simlarly, BP&h%ﬁ FIQCI' HuhRRbethyl, enlti’ﬂd’dro&hWB@rfﬁ%r&lﬁ'ﬁi)ﬂEd may be used

in this invention eséntative exa
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,

20  isopropoxy, n-butoxy, isobutoxy, tert-butoxy, pentyloxy, hexyloy, 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

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

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

30  oxalyl, malonyl, succinoyl, glutaroyl, adipoyl, and the like. Suitable examples of
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19 di val ent aryl groups include phenyl enes, xylylenes,

4 napht hyl enes, bi phenyl enes, and the |ike. Reprtaselnt St Ive
| exanpl es of monoval ent ar al kyl having 7 to 24 car bon atons incl ude
1 phenyl met hyWOFREM N et hyl , di phenyl net hyl or 1,2- 5 di RfSHYPBOp42e,

41,1-, 1,2-, 2,2-, or 1,3- dlphenylpropyl, gﬁd the i ke. Appropriate
{ conbinations of substituted aral kyl groups as described herein having
1 desirable val ence nmay be used as a pol yval ent aral kyl group

be the ool hat%%ﬂ*"fhﬁeg@ﬁé% ipE b Bt Fi o B b 0

branched 10 ?ﬁp&b b A% FigRaldade, for
cyelahep l?Iﬂiuor onet’hyl”, gﬂt ri En?dﬁleCIﬁJe o ol

exanpl e, tri fluoroethyl, pentafl uoroethyl,
per f | uor opr cqiyhanc cyclic apﬂrgrbummﬁude/hl,ﬂ-@ng)héxmﬁah&rﬁeméﬁl [i-tl‘(cyuhhﬁmnbyl 3

As used her ej 0X t Q ranc ain o] vi ng
lto 10 car borfi‘%&rb Mﬁ@?ug@fﬂ of‘vﬁaﬁm%}’ °§r§?ﬁ(¥?9‘”ﬂ$ﬁ ﬁg,amﬁ pr opoxy,-
15 | SOPOPGtycyRbY Bfours IBR/AS {vé‘dtumé oﬁen%#ﬁe%iy HOXY.

hept yl oxy, oct xy, decany Y,

| 2- pr opy!| hepttyicyolic, acghgroip 1s4 &bls(mrhgaty(b)mwwc){yZIO“]decane Exarrp: Eis of
}aryloxy having 6 to 1Q caybon atoms may. i ncl ude phenoxy t ol yl oxy,
xyl yl oxy, and then“?ﬁ‘gf 108 Sulfgm MW@WOMWW@W%&WQ@MY 20

2- phenyl pr o ety BN Rty ¥} vt héreinl 60 Fhediespitye cxmpmley o5 of
monoval ent  avikidistahy Liadtatib, Qnﬂﬁ&ﬂesgmsﬂl}ﬂ,sethﬁ@swﬁﬁtyé cgclohéﬁ&%ﬁhfonm opi onyl ,’
n- or iso-butyryl, vaIeroyI hexanoy octano odecano

strearyll9 arhenzemesulfonyl, B@prwogv @@AJ%MS(wEopmbhmlmmtmyl gr oups
I ncl ude 25 O ¥dsa mal onyl , succinoyl, glutaroyl, adipoyl, and the |ike.
Sui tabl e exa ﬁ% 4 aliphatic cycl I c acyl groups i ncI ude

a- cycl opent y| acetHirthdr@bfd, afidl 8 Q8u@htkels, th¥ term?“substituted” is contemplated to

include all permissible substituents of organic compounds. In a broad aspect, the

permissible substituents include acyclic and cyclic, branched and unbranched,

15 carbocyclic and heterocyclic, aromatic and non-aromatic substituents of organic
compounds. Illustrative substituents include, for example, those described
hereinabove. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
heteroatoms such as nitrogen may have hydrogen substituents and/or any

20  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
ether, carboxylic acid or sulfonic acid ester, or a carbonate of the present invention

25  functions as a ballast group. As described herein, a ballast group is intended to
mean a wide variety of alkyl, aryl, or aralkyl groups of desirable valence as
described hereinabove. Any of the ballast groups well known in the art may be
used. A number of different ballast groups are described in U.S. Pat. No.
4,588,670; U.S. Pat. No. 4,853,315; U.S. Pat. No. 5,501,936; and U.S. Pat. No.

30 5,532,107; all of which are incorporated herein by reference in their entlrety
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cycl oheptyl acetyl, [err]-cyclopentyl propionyl, and the |like. Exanples of

di valent - aliphatic cyclic acyl groups include

1, 4- cycl ohaxangiasiigar boxyl , 1, 3-cycl ohexane- di car boxy| pCEUE98/(3426
like. Simlarly, a wide variety of well Kmown bicyclic and

10 pol ycyclic acyl groups may be enployed in this invention. A
particul arly usef ul tricyclic acyl group is '

4, 8-bi s(carboxyl)tricyclo[5.2.1.0[err]]decane. The

sul fonyl al kyl or Itdsibélizwed thay judiciousrselsgtion ofithedialastgyoumris gxtrepely f r om
et esent atsrtiehl tosobindeRplifiena ol Beihe RSB e S EABSHR duriin Jompoun,
D Lol uenes T balfast grouf ffdyB 36Vt ble; bRkuiagdrks w\ed i dibhotoresist
enuner at ed. formulation. It is belidvwed tthat theappropuiate seleatmacd strgrouthean affeet )
of "or gark ¢ GeseBIE of Al Bhogerssiet Taupulation farmed shersPY cLiupAlaS: BOBF  uents
oLl A o i

conpounds. bﬁdtuﬁgsfsafdmmhstituents I ncl ude, for exanple, those descri bed
her ei nabove. The perm ssi bl e substituents can be one or nore gnd_the sane

or di f f er eRarticolarlynyefsed spmpewngis af this srvsation are these BWHERBstof ¢ hi s

I nvention, the 15 erQat o | .1 y .
substituent §3 QWWQSE'IW*’& l'e"rﬁﬁge%%gggig\%&ss@g@%nﬁé% ngo%&o%g%?% conpounds
descri beg hg{e?ér&d/%nﬁﬁblﬁag bBfhis fabéntion are 3Mdibydroesumirii Beaeives, 985, &rs. Thi s
invention iS not intended to be limted. in any manner by the

per ni ssi bl eissoygen,tand ik is hyfiragega Specifio sparoples of the preferred compoyndsiadt her
enbodi nent g;i%thi S invention,.the R group used to prepare the 20 et her,
car boxylic tpgare s PEPHCE bWt or  or a carbonate of the present

| nvention  BUiEld-2% 0SS hyirbRY-3 3 Aihga:eBum A, FRstailPEA herein, a
ball ast group is intended to mean”a wide variety of alkyl, aryl, or
aral kyl groups of3-diezi-d-axbes-ipdrony-8,4adihydrocouniarin, Hdyamlis2rasdnabove. Any of

t he ballast groups,well kn | n the t .may be. sed. A nunber of
differem ballas '@?%ﬂjﬁ?xa?ye}ﬂwgﬂ'gt%&i‘ﬂ‘%@?%@ 1’5,

HO O 0 o
© "o oY, HO 0" o
@) &)

4)

In another embodiment of this invention, the ether, carboxylic acid and
sulfonic acid esters, and carbonates of substituted 3-diazo-4-oxo-3,4-
20  dihydrocoumarin are the preferred compounds. Particulaly preferred compounds
are unsubstituted, i.e., in which R, to R; are hydrogen.
Specific examples of ethers of 3-diazo-4-ox0-3,4-dihydrocoumarin are 3-
diazo-4-oxo-6-benzyloxy-3,4-dihydrocoumarin (Formula 4); and 4,8-bis(3-diazo-4-
oxo-6-oxymethyl-3,4-dihydrocoumarin)tﬁcyclo[5.2.1.0.2’5]decane (Formula 5) as

25 shown below.
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25 4,588,670, U S. Pat. No. 4,853,315, U S. Pat. No. 5,501,936, and U. S

Pat . No. 5,532,107; all of which are incorporated herein by reference
in their entirety. It is believed that judiciou j of
t he bal | asWQ9317 s extrenel y crijpical to obtain desi ?’giﬁisﬁ@ﬁg‘gd
benefit fromthe 3, 4-di hydrocoumarin conpound. The bal |l ast group

pl ays several roles particularly if it is used in the 30 phot or esi st
formulation. It is believed that the appropriate selection of ball ast
group can affect the solubility of the photoresist fornulation forned

t herefrom The bal | asF= gxoup further affects the shelf/formnulation
stability as well as the hermal stability,of the photoresist
formul ati on. cul arly preferred,conpounds enployed in this

invention are those in Rep] to R3 arf¢ unsq@stituted, i.e., in
t hese conpounds R err] to R3 are~hydreger Al g6, 2 he preferred
conpounds enployed in this invention a di hydrocoumarin -
derivatives, i.e., X is oxygen, and R Speci fic exanpl es
of the preferred conpounds of this type &€ as gyent ed bel ow
3-diazo-4-oxo-5-hydroxy-3,4-dihydroqunarin, Formula 1; 10

3-di azo- 4- oxo- 6- hydr oxy- 3, 4- di hydrocoumarin, Forrmula 2; and

3-di azo- 4- oxo- 7- hydr oxy- 3, 4- di hydr ocou in, Fornmula 3. [err]

0]
. 8]
N, 0
0]
)] o,

Specific examples of carboxylic acid esters of 3-diazo-4-o0xo0-3,4-dihydro-
5  coumarin are as mentioned below:
4,8-bis(3-diazo-4-0xo0-6-oxycarbonyl-3,4-
dihydrocoumarin)tricyclo[5.2.1.03¢] decane, Formula 6.

o . '
N o
2 o o
o
o o N,
' 6) o

o o)

10 Specific examples of carbonate esters of 3-diazo-4-oxo0-3,4- .

dihydrocoumarin are as mentioned below:
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I n anot her enbodi nent of this invention, the ether, carboxylic acid and 15
sul fonic acid esters, and carbonates of substituted 3-diazo-4-oxo-3, 4-

di hydrocounwogu/me;the preferred conpoung§ Particul aly pref aiareoseso3426
conpounds are unsubstituted, i.e., which R err] to R3 are hydrogen.

. Specific exanples of ethers of 3-diazo-4-o0xo0-3, 4-di hydrocounmarin are 3-

? di azo- 4- oxo- 6- benzyl oxy- 3, 4-di hydrocoumarin (Forrmula 4); and
4, 8-bi s(3-diazo- 20 4-oxo-6-oxynethyl -3, 4-di hydrocoumarin)tricycl o[ 5. 2.

1.0.[err]]decane I’EU;mﬂ:'n-4503-diazo-4-mos3;Mylde¢mmann-6-
12 )
carbonatophenyl)ethane, Formula 7;

oo
O ol

0 @

4, 8-bis(3-diazo-4-0x0-3,4-dihydrocoumarin-6-
5  formate)tricyclo[5.2.1.0>°]decane, Formula 8,

N m"\ff)ﬁ&q} o@\j:f

0" Yo

Specific examples of sulfonate esters of 3-diazo-4-0x0-3,4-
dihydrocoumarin are as mentioned below:
10 4,4°-bis(3-diazo-4-ox0-6-0xysulfonylphenyl-3,4-dihydrocoumarin)ether,
Formula 9
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[err] Speci fic exanpl es of carboxylic acid esters of
3-di azo-4-o0xo0- 3, 4-di hydro- 5 coumarin are as nentioned bel ow

4, 8-bi s(3-di azo- 4- oxo- 6- oxycar bonyl - 3, 4- di hydr ocoumar i n)trl c c !
1.0.[err]] wodasg17For nul a 6. err] 10 Spec ?&ﬁzes
of carbonate esters of 3-diazo-4-o0xo0-3, 4- di hydrocoumarin are as
menti oned bel ow. 13
o \g O
-0 N
o 2
\\/
=0
/ O O
o
(9)
o} O
0]
N,

In another facet of this invention there is a_lso provided a novel, unique, and
efficient process for preparing the novel ethers, carboxylic acid and sulfonic acid
esters, and carbonates of 3-diazo-2,4-;dioxo-benzo-heterocyclic compounds

5  comprising the steps of:

(a) subjecting a substituted hydroxy acetophenone to a substitution reaction
in the presence of a suitable protecting group for a sufficient period of time and
under suitable conditions of temperature and pressure to form the corresponding
hydroxy-protected-acetophenone;

10 (b) subjecting said hydroxy-protected-acetophenone to suitable
condensation-cyclization conditions in the presence of a &ialkyl 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
B-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

comgound containing a B-keto-enol group;
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+1',1 ' ,1 "-tris-4-(3-di azo-4-oxo- 3, 4-di hydrocoumari n- 6-

: car bonat ophenyl ) et hane, Formula 7; [err]
. 4, 8- bi s( 3- dyaasrds@xo- 3, 4-di hydrocoumarin-6- 5 formate)tricyecaidsosiodszs 0. 2
6] decane, Formula 8, [err] 15 Speci fic exanpl es of
. sul fonate esters of 3-diazo-4-o0xo-3, 4- di hydrocoumarin are as nentioned
i bel ow. 10 -
4, 4' -bi s(3-di azo- 4- oxo- 6- oxysul f onyl phenyl - 3, 4- di hydr ocounari n) et her,
Formula 9 (d) subjecting said hydroxy-benzo—heterocychc compound to suitable
substitution conditions in the presence of a compound having the formula:
R-Z,,
where
5 (i) Z is chlorine or bromine;
(1i) n is an integer having a value of 1 to 10; and
(iii) R is selected from the group consisting of:
alkyl of valence n having 1 to 16 carbon atoms,
aralkyl of valence n having 7 to 24 carbon atoms,
10 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 1 to 24 carbon atoms,
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
15 sulfonﬂaIkyI or sulfonylaryl having the formula, R’~-(SQ),-, where R’ is an
aliphatic or aromatic group of valence n having 1 to 24 carbon atoms;

- for a sufficient period of time and under suitable conditions of texﬁperature and
pressure to form the corresponding ether, carboxylic acid or sulfonic acid ester, or
carbonate of benzo-heterocyclic compound containing a $-keto-enol group; and

20 (e) subjecting said B-keto-enol compouhd from step (d) to suitable diazo
transfer conditions in the presence of a diazo transfer agent for a sufficient period
of time and under suitable conditions of temperature and pressure to form the
corresponding ether, carboxylic acid or sulfonic acid ester, or carbonate of 3-diazo-
2,4-dioxo-benzo-heterocyclic compound.

25 The starting material, i.e., the substituted hydroxy acetophenone has the

formula, I as shown below:
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Dat e:
WO 98/39317 PCT/US98/03426
16
R, 0
HO CH,
R, XH

where R;, Rz, Rs, and X are as defined above.
Utilizing the substituted hydroxy acetophenone (Formula I) it is believed

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

5
Scheme 1
CH, step (a) CH, step (b)
XH
(ll) (m)
R, R, o
step (c) Ho X step (d) R- | stepe) R’(o N?),,

R, o] - R, X~ o

R, Rs

10 ™

In Scheme I, steps (a) through (e) correspond to those steps (a) through (e)
mentioned herein. In Scheme I, substituents R, R;, R, Rs, X, and n are as defined
above. The PrO- substituent in Formulae II and III is a protecting group for the

15  phenolic hydroxy group as mentioned herein, which is described in more detail

below.
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[err] The starting material for the present process, i.e., the

substituted hydroxy acet ophenone has the fornula, | as shown bel ow

WO 98/39317 [err] | PCTVUIB983426
Rlerr], R, R3, and X are as defi ned abov&. Utilizing the
substituted hydroxy acetophenone (Forrmula 1), it is believed that the
process of the present invention proceeds as shown in Schene | below - 10
Schene |

In step (a), the phenolic hydroxy group in the substituted hydroxy
acetophenone, Formula I 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

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

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

10 (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
mole of the starting material, I. However, it is preferable that slight excess of

15  benzyl chloride is employed in order to achieve complete conversion of starting
material, I to the hydroxy-protected acetophenone, II.

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
may be used which will function for the substitution conditions to produce the

20  desired end product, i.e., hydroxy-protected acetophenone, Formula IT in step (a)

* of the process of the present invention. Accordingly, a suitable base includes an
inorganic base such as a metal hydroxide, preferably an a;lkali metal hydroxide, an
alkali metal carbonate, e.g., K2COs; an alkali metal alkoxide (an ionic organic
base), such as NaOCHj;, KOC(CHs)s, etc.; an alkali metal organic salt (an ionic

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

Additionally, suitable catalysts or co-catalysts may be used in step (a). Any

30  material which accelerates or promotes the rate of substitution reaction when used
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j conditions in step (b) of the process of

{ protecting iodide sugstwpélyfaccelemteg tw*ape)g%suhmmee to fpromthetbenzyhnratectsd,

{ benzyl, trlw | sil tert- butyl di met hyl silyl,

2-teftrahydr ’FX/?C %Rp(fnf"é‘?’t but yl oxycar bonyl . The benzyl group i
;particulayly pref ¢hé GngiratufRCat vilicl5tep Pa) is conducted ranges from about 50 °C to

5 [err] In Schenme I, steps (a) through (e)

4 correspond to those steps (a) through (e) . menti oned herein. In Sch
11, substituents R R[err] R2, R3, X, and n are as defined above.
| Pro subst i MR3BH Fornulae 11 and 111 ﬁa protecting group BIYURHQ3426
I phenolic hydroxy group as nentioned her ej which is described in nore
{ detail 10 bel ow. In step (a), the phenolic hydroxy gro
1'in the substituted hydroxy acet ophenone, Forrmula | is protected by

[ sultable pr oo B AUPhO BN Blatyes or co- by NS SPRD R 0TS T

art. Awde'V I'ng groups na in step (

provi ded t hadxahdpte, mm%hzﬂ@hw:ﬁuﬁs hsed i adeke(a} @mhh@nfo%ﬁfstdmassillﬁl
resent invention. Suitable

about 180 °C, preferably from about 60 °C to about 100 °C. The pressure in this
step () is not critical and can be subatmospheric, atmospheric, or super
atmospheric. The reaction timeé in step (a) will generally range from about 3 hours .
to about 12 hours or longer and sometimes under an inert atmosphere such as
10  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, Formula II,
Scheme L
In step (b), the hydroxy protected acetophenone, 11 is subjected to
15  condensation-cyclization reaction to form the corresponding benzo-heterocyclic
compound, Formula ITT, Scheme I. A description of such condensation-cyclization
* reaction for the preparation of hydroxy-coumarins may be found in U.S. Pat. No.
4,211,791 incorporated herein ﬁy reference in its entirety.
Nlustratively, the hydroxy protected acetophenone, II is reacted with diethyl
20  carbonate, preferably in the presence of a suitable base. It is preferable that a
strong base is employed in step (b) in order to obtain higher yields of the
heterocyclic product, Formula IIT, Scheme I. Accordingly, suitable base for this
reaction include sodium amide, sodium hydride, or potassium hydride. The amount
of base employed in step (b) is from about 0.5 to about 6 moles per mole of
25  hydroxy protected acetophenone, II. The preferred amount is from about 1 mole
to about 1.5 moles per mole of II.
The temperature at which step (b) is conducted ranges from about 80 °C to
about 200 °C, preferably from about 100 °C to about 150 °C. The pressure in this
step (a) is not critical and can be subatmospheric, atmospheric, or super

30  atmospheric. The reaction times in step (a) will generally range from about 4 hours
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The desired protecting group may be introduced into the Formula | in step
20 -'(a) by any of the well known nethods in the art. For instance, benzyl
group may wooegede i ntroduced by reaction of the starting natperrsgsos/obsazei t h
benzyl chloride (halide) under suit1@bl e substitution reaction
conditions. The amount of benzyl chloride used in step (a) is
general |y stoichionetric, i.e., one nole of benzyl chloride per

16 nole of the starting material, |I. However, it is preferable
that sl i ght teeatses $2diours or longﬁmﬁlsomimesnndérsanénqﬂ ms}mkpherecmdhast o achi eve
conpl ete conversion of St‘?l’tl eri

t he hydy oxy-protected
acet ophenonBitrogen or argon smgt?l%pmce@g.ppeﬁ)éqtep &A@“gﬁ‘ﬁgt}‘ﬁ%l ‘Flf‘}"i‘{ég"i on in

benoyl ehi oPetb fodbindind (Forfif By Sehente D iiergopd fabRUdad, 2 Y, (0T
which will ¢yslizhtionrdadtion befarthe lcbubspmdmtgrhétdro@thc compoanid) Forivuda

desired end product, i.e., hydroxy-protected acetophenone, Fornmula Il in
step (a)s Sdremede process of the present invention. Accordingly, a

orcf orabl y an al BASBIGh oo PiytpesBaEsl eptegatach Syl e traibtlbe™ 70
K2C8; an ab&fﬁ&ﬁoﬁﬁbafmﬁltk@asw@spb FB?dﬁx?'bﬁﬁiB-ﬁeterocych@@&ﬁﬂoun‘aUCh as
NaOCH err], KOC(CH3)3, etc.; an alka nmetal organic Salt (an ionic

or gani ¢ basF})rmuﬂaﬂVa§ch@na£sﬂ'hﬁcantbtlansa?mplpyed foxte depratection depends- i oni'c
h di - | Kyl )
tr ?SPLSW arte e WS of profese ¥ o Byed, Kt AN s #PRRPod base’ such
as 1, 4- a&igg%hg{&?a ag Hech BB herdimdy Bé BBjrbecal 1 VaHidig ofet c.
suitable’c

Addltlonally, sts or co-catal ysts rray be used in step (a).
Any mat eri ahcxﬂtumhctmmwnwnesweﬂrhpmmtthsaﬁhe rate of substitution

reacti on when used i snal | ma be used as gatal ysts or
co-catal ysts in d&fgentignedigrem, apagngﬁgqllpb W%%“P&%?Wéz‘i‘%n used

AQCZIt glroag 2)5 t‘%&@# ?ﬂﬂg% %{nllit%ﬁl% gozbét’tgaﬁgr mjgﬁh%g‘gﬁg%bw&dﬁ pr ot ect ed

hydr oxy acehpddogamation conditions. Any suitable hydrogenation condmons known in the art

15 may be used. For example, in this instance it has been found that the compound,
Il undergoes hydrogenation readily under hydrogen pressure in the range of from
about 735 psi to about 150 psi over palladium catalyst. Various other catalysts such
as platinum.and supported metal catalysts may also be used. A particularly suitable
catalyst in step (c) is 5% palladium supported on carbon.

20 The temperature at which step (c) is conducted ranges from about 20 °C to
about 80 °C, preferably from about 40 °C to about 60 °C. The pressure in this step
(c) is critical and generally super atmospheric pressures of from about 75 psi to
about 150 psi is preferred or in an inert atmosphere such as nitrogen. The reaction
times in step (c) will generally range from about 1 hour to about 8 hours or longer

25  usually in an hydrogen atmosphere as described herein. Using the procedure of
step (c) outlined herein, the substituted hydroxy-protected heterocyclic compound
(Formula III, Scheme I) undergoes suitable deprotection reaction to form the
corresponding hydroxy heterocyclic compound, Formula IV, Scheme 1.

In step (d), the compound, IV is subjected to suitable substitution reaction

30 with a wide vhriety of R-Z, compounds as described hereinabove. As mentioned
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- The tenperature at which step (a) is conducted ranges from about 50 [err]C
" to about 180 [err]C, preferably fromabout 60 [err]C to about 100
[err] C. The. in this step (a) is not critical and

subat nospher P‘@?ﬁg{sgr’r%gpheric, or super 25 t rospheric. The rea€§?@§9 ?3%63
in step (a) will generally range from about 3 hours to about 12 hours
or longer and sonetines under an inert atnosphere such as nitrogen or
argon. Using the procedure of step (a) outlined herein, the

substituted h o Oﬁ*‘% isgf abl e
substitution y%g@tgiy%‘%’tﬂ{g for %éﬁﬁﬁsﬁyﬁﬁgﬁg{iﬁﬁ??&ﬁ r%%ggﬁg%&jbf

acet ophenone, “ROgroupds critical inl ord&ctocohtaih the maximum benefit of the compound VI

17 . In step (b), the hydroxy protected acetophenone, Il is
subj ected t o particulagy a¢ia photoacHeSAMNOIRE; on reaction to formthe

correspondi ng benzg- | e _ I hﬁﬁg . A
description of sucﬁcgm%ﬁ%gupmtﬁgw&% Fg%bg’}aﬂz;%fii%ﬂnerf’?% t lié
prepar ati of\ Oficilt e ilfonic sdidresterss ondarb bitatésoafitittérocydlic donipouttd (Forivula V,

4,211,791 incorporated herein by reference in its entirety. .
i1l ustrati vel $chemesl)mayhomrepared.c Thusy fariastgperieaction of campquaddiewithianh

~ di et hyl bonat e, f |3 i esenge. of.. i tabl wr Lt
breforapi o iyt safefBac rHanted By BBV SreRonh SlasRa i B ¢ o
. obtai n hi gher 5ijnatig or Slonidi acyl halid® oF HefoymliaC RP{CDZ)! reshits Hlindestdr] v, Scheme

). Accordingly, suitable base for this 10 reaction include sodium anide,.
$odi um hydr i dwhersrR’is as defined abrpuie;irdactioniof compound i¥ with asuitable enpl oyed in

$t b) is fyram.about Q.5 t . 1ol of .hyd
bt ect ed!ce heBtrERmatRs of e formain feA OCTRA S in % e honate. Mg FACHRIOf 1 ¢
{o about 1.5 mhﬁmenv WithQ saitadit ag%% Sf axglsufonylhaﬁﬂ@ of SHEPRrAL Al Ré-ggeﬂﬁ“ ch

. $tep (b) is conducted ranges from O [err]C to 15 abouf [e"rr]C,
“preferably frrasultbina sulfofatec¥Wr] C to about 150 [err]C. The pressure in this

-t ' t Ltical d b bat harjc, at i.C,
B mospheri c. The. r GHE AORAS afdCL, ABogRS BL3tah (D G ny BoRyar kit offom About
§ hour SFhPinétQﬂéE, iftP="0eh ik ML SE R—Z.%ri?d’l@bﬁ gﬁﬁFHms efdplo Rl t

at nosphere suc as nifrogen or argon. Using t pf ocedure of” step (a)
putlined her eltds ptelferably dliad ty obtain higher yields of compound V, slight excess in the

range of 10 to 20 mole percent excess of R-Z, is used. Similarly, if n > 1, then the
amount of compound IV used is n moles of compound IV per mole of R-Z,.
Sometimes it is advantageous to employ less than the desired amounts of
compound IV to obtain a compound which is partially substituted, i.e., in

20 compound V, all of the functional groups of R-Z, is not substituted with compound
V.

In general in step (d), a base is also used. Suitable base in step (d) is the
same base as used in step (a) as described hereinabove. The organic bases such as
triethyl amine or hindered amine bases described herein are particularly suitable

25  bases in step (d).

The temperature at which step (d) is conducted ranges from about 10 °C to
about 180 °C, preferably from about 20 °C to about 40 °C. The pressure in this
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

30  hoursto about 12 hours or longer and sometimes under an inert atmosphere such
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20 protected acetophenone (Fornmula I, Scheme |I) undergoes suitable

addi t-i on- - cyclization reaction to formthe correspondi ng heterocyclic
conmpound, RpéERASs17 11, Scheme I. I n step (BLT/USHY03426
protecting group is deprotected under suigiabl e deprotection

conditions to formthe correspondi ng hydroxy benzo-heterocyclic conmpound,

25 Formula 1V, Schenme |. The conditions enployed for the deprotection
depends upon the type of protecting group err&@ %ed For I nstance,
silyl gr OUp&mtrogen or argenr Usingrtbe prazadure pf step{ dpoutliag thesrein may be

1 the. ar ¢ substinated hydrox bngchpeprorestierramuanna o et S0 SHR0D.1G | M
Protect| ng SRR Jec?.* sifink db‘ﬁ%&&ﬁ&tb?oﬁﬁ'ﬂié’éorﬁésﬁ%ﬁ@bﬁh@rcan be

deprot ect ed conmpoun

18 carbbﬂh&wmuﬂmmtwdmmestaondumoMe oﬂagdlm-z,&tﬂl@cmbmmgenat ion _
condi ti ons known in rt. may 2e used. For exanple, in this
c

i nstances i thﬂamcmelmmcmmds ﬁarrmslnéf S emeéonpound 1l undergoes
hydr ogenat | on 1 e3c (o BrABSF AT HhSieka k0 Sazo R eBh 1 O

about 75 psi over amocacal yst ari1 ous ot her

catal ysts sm hﬂsonﬁ&,nvzrsthsmamormemmttmnsfwwdcﬁenseam’aycmmdone used.
A particularly suitable catal yst in stegq(c) S 5% pal | adi

- supported onsingainpof the well known meth T ipgange, idesnsion o (‘c) is

: d d f b 20 f bI
conducted r anges LLomabout @%"f%%nﬁsrﬁatgqessuré e Ly e, BYE! € 201 Y

(C.) IS ¢§ 'tt%ﬁkaﬁr}dvsnee%ﬁhw—mﬂ%m%rmeu@oapcﬁsfeumesembyfwmaaout P75
si 10 about 150 psi“is preferred or in an inert at rmthere such as

ni trogen. Thetheir mm«mﬁhwmmbmfpm(tthebp-(tel}lewslﬂf(’@ér(@% |agideameF&St r om
about 1 hour tg apou L.on usual ogen
. atnosphere &8 °§E"§E’Fl"§‘ﬁ? gqrﬁgqustprfgn{l Iﬁ?%“%‘dﬁ %}o%d%pg( c)

> outlined herggj fme {he substituted hydroxy-protected het er ocyclic
i conpound (Forrru a I'l'l, Scheme |) undergoes suitable deprotection 15
i reaction to formﬂammﬁmﬂangehwmmpﬁe)srmmuy@mm For mul a

VA Schene | In sie und
i subj ect 48 témpt:d@hé’@%%lﬁ#ﬂppﬁﬂe’r’é‘a c?f(}he °°mP°“mf:Wpﬁ 18 px‘eferable%hat

slight excess of tosyl azide is employed in order to achieve complete conversion of

compound, V to the diazo compound VL It is also preferable that the reaction is
carried out in the presence of suitable base. Examples of such base include
triethylamine, pyridine, imidazole, and the like.
20 The temperature at which step (¢) is conducted ranges from about 10 °C to
g about 50 °C, preferably from about 20 °C to about 40 °C. The pressure in this step
'; (e) is not critical and can be subatmospheric, atmospheric, or super atmospheric.
The reaction times in step (e) will generally range from about 1/4 hour to about 4
hours or longer and sometimes under an inert atmosphere such as nitrogen or
25  argon. Using the procedure of step (e) outlined herein, the substituted benzo-
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

30 preferred compounds formed from the process of this invention are ethers,
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with a wide variety of R Z err] conmpounds as descri bed herei nabove. As

nment i oned her ei nabove, the "R' group serves as a ball ast group and
appropriate selection of 20 "R' group is critical in order to obtain the
maxi mum benéWVPi98@931 7 he conpound VI Eﬁrt icularly as a PCT/US98/03426
phot oact i ve- conpound. Accor dfFngly, dependi ng upon the type of
R-Z[err] enployed ethers, carboxylic acid or sulfonic acid esters, or
carbonat es of heterocyclic conmpound (Formula V, Schene |) may be

prepared. Thus, far ins : t [ LN 25 al kyl,

aryl, aral ky‘fagm%yﬁﬁgmﬂeotsru sm?ﬁglg égféﬁsé%d%?@ggggpg%/ dfoAfZ%E%grrg%éhdﬂ IV with an
al i phati c ordiRydioBhiRarisyie. X ik dRygn ik ForhelagUlthrough MIGAELhéme L., results in
an ester, V, where R is as defined above; reaction of conpound IV

with a suit afteordingly, thesubstisnied ditydsexy aeetophenones, I (wheredorQdaney beesul ts
in a carbonate,, V;,and reaction of ... C und LV with a suitable alkyl
or aryl sufonWﬂgW%‘ésntg‘F a%én%'&ﬁ?ﬂf‘]ah%syf%%gggf@?’f)ﬁ%t results in a .
sul fonatg, V. In another preferred embodiment a variation of the synthetic procedure &

The amounts of R-Z[err] énployed in step (d) depends upon t'he value of n.

For i nst ancegnunferated-in Schemenl mae beremployed R pfepare] thp eompotmdspVIconpound i s

enpl oyed. t Jis.preferable that. to aobtain higher yieldg of conpound

V, slight ex‘%‘é‘?é"lhf‘ﬁf_yt _ sPref%fngﬁH’goé"lm% "Bﬁpweﬁ%ﬁ’é Py f ess of

R-Z[err] is ‘?ﬁ@&gp@am'ﬁa'smfoﬁia aBid esters, ‘2§ RafbdRates of 3RAM-gRE-36MPOUNd |V
es conpound 'V per f

used is n no nole of R Zerr]. Sonmetimes it is
| advant ageousdihydrecmimarinseomprisestheisepdefi r ed anounts of conpound |V
to obtain a conmpound which is _partially suhstjtuted, i.e., in

conpound!®, al | o&gﬁmeﬁwwgﬁtﬁaﬂoﬂésm ‘H‘ 8¥Y pestePhgene thdt i t ut ed

W th o A6n bohditdhs i LA cEBRE ' , se is also
used. Suitable base iIn stegl?ége?rse E'Eﬂﬁe c@hp\ssgnntgﬁ%ggéﬂ?&foﬁge “in step (a)
as descri bed herei nabove. The organi c RaZgs such as triethyl am ne or
hi ndered am ng bases described herein are particularly suitable bases
in step (d).where The tenperature at which step (d) is condicted

ranges from about gyl : {”]ixﬁ meabout 180 [err]C, preferably from about
?)’Lgég-?grr CE.' hﬁml

20 [err]C to abou e pressure in this
15 (ii) n is an integer having a value of 1 to 10; and

(iii) R is selected from the group consisting of:
alkyl of valence n having 1 to 12 carbon atoms,
aralkyl of valence n having 7 to 14 carbon atoms,
aryl of valence n having 6 to 14 carbon atoms,
20 acyl group having the formula; R’~+(CO)-, where R’ is an aliphatic or
éromatic group of valence n having 1 to 14 carbon atoms,
alkoxy or aryloxy carbonyl having the formula, R’-(0-CO)-, where R’ is
an aliphatic or aromatic group of valence n having 1 to 14 carbon atoms, and
sulfonylalkyl or sulfonylaryl having the formula, R’-(SQ),-, where R’ is an
25  aliphatic or aromatic group of valence n having 1 to 14 carbon atoms;
for a sufficient period of time and under suitable conditions of temperature
and pressure to form the corresponding ether, carboxylic acid or sulfonic acid
ester, or carbonate of 2-hydroxyacetophenone;
(b) subjecting said substituted 2-hydroxyacetophenone from step (a) to
30 suitable addition-cyclization conditions in the presence of a dialkyl carbonate and a
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step (d) is not critical and can be subat nospheric, atnospheric, or super
at nospheric. The reaction tines in step (d) will generally range from about
3 howég%{ggﬁlyout 12 hours or |onger and sonetinmes under pgipistgiisze

at nosphere suc as nitrogen or arggy Using the procedure of step (d)
outlined herein, the 20 substituted hydroxy-benzo-heterocyclic conpound

- (Formula 1V, Schene 1) under goes suitable substitution reaction to

- formthe correspondi ng ether, carboxylic acid or sulfonic acid ester,
or car bonat gatafysBfot assuficient petiod of tifiez@d under suitableasonditions of cangevatuc
Formula V, Schenme |. In step (e) the conmpound, V is finally
subj ect ed t and pressure to flermpthercomespandingsi-hy %Wb‘ﬂ\%ound, VI, Schene

|. The diazo transfer.reacti. can be carrie . t i he
wel | known net ho:igJ sbie gé‘?‘& 2’#@!"”%%?%8’, o sujtable %agtoil{g%n&okf %Xdﬁt)%g di azo
transfer re@?fﬂe estive Bfa HRYH trahFethgent Bitla sulliciert pRfidd &2 ¥inddhd whde¥ 9. Syn.
Col l ective Vol. 5, pp 179-183; both of which are incorporated herein by

reference suitable condifionseofitemperature andpressurevtd Sm thenoresprnding ether,

p-tol uenesul fonyl  (tqsyl) .azi.de ,works .

20 carboxyli¢ F%&PF %ﬂ‘%iﬂ&?“&ﬁ§F§Prbé’é‘é'ﬁt°ft36d‘f‘6‘?'ﬂf‘f"??é3’éf azo conpound
VI as shown cfil{érdrocoum hemre |. . The amount of tosyl azide used
in step (e) 1S generally stoichionetric anount, i.e., one nole of

azide per nol e oflntthie peefefred enibodimeht, utdizing ehe subistimted2d (S%or 6)sl i ght excess
of tosyl azide is enployed in order to achieve conplete, conversjon.
conmpound, VW#W@%%M&EW@PVEiSMI% ém@a‘ﬁﬁ’é{s”{‘ﬂ%
reactio . rk i j C [ .e base. Exanpl es of
uch badd i fefigtsd i thb B3t ploPddd s AR RE Coine LERICE D220, FIETRY (S
The tenperature at which step (e) is Schemedled ranges fromabout 10 [err]C
to 10 about 50 [err]C, preferably fromabout 20 [err]C to about 40 [err]C.
The pressure in thiRy Ostep (e) is not critquI and @an be

subat nospheri c, atnyspheri ¢, or super at nospheri c.|{The regction tines
NG e &f b 1/ 4 {0 aRougtep (bpurs
or | onger anpjQorre B ingr;aga'(twnéqg ‘ CH, ni.trogen, or

in step (e) wll
argon. Using the pkG qdulr e of step (e) outl\neéed t he subhfituted

R, OH R, OH

R, R,
Vi) (VI

R, OH

R
R(O SN )n step (c)
R, 0] O '
R R
s SN (4] | 3 X

In Scheme II, steps (a) through (c) correspond to those steps (a) through
(c) referred to in the preferred embodiment as mentioned herein. The step (a),

Scheme II of this preferred embodiment may be carried out using the same
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15 benzo-heterocyclic [err]-keto-enol conmpound (Formula V, Schene I)

under goes sui tabl e diazo transfer reaction to formthe correspondi ng
3-di azo- 2, 4- di oxo- benzo- heterocyclic conmpound, Formul I
In one of tW@%BPB%rred enbodi nents of the process of this .ﬁ%’/%l#(}’?%?z ?ﬂi

preferred conpounds fornmed fromthe process of this invention are ethers,
20 carboxylic acid or sulfonic acid esters, and carbonates of .
3-di azo- 4- oxo- 3, 4- di hydrocoumarins, i.e., X is oxygen in Fornul ae |
t hrough VI in Sch ceof i §td tphe kydr oxy

acet opheriorPé ce P"%\%ﬁéir"? (Q) gf%jlﬁrray1 éﬂalt%ne&eﬁrgﬁiéged ‘as tﬁgﬁi t'arting

materi al | rgchbing IP6Ehaypreféinedeadiodiniint may be carried out usingsthesdme pref er r ed
enbodi ment a variation of the synthetic procedure as 25 g)ntéréﬁr at in

Scheme | npyotedurssys dpectibed for semt of Sshermerd o Hinally, the step ( &% Hdi ngl v,

' hi ferred enmbodi h for . ' .
bt P S AR B it B B0 A B PPl et for
3-di azo‘s”f‘%ﬂ;‘(%gﬁfSchemeI.di hydrocoumarins conprises the steps of:

(a) subjecting substituted 2,4(5 or 6)-di hydroxy acetophenone to a 30
substitution confhisinvestiomistfurshenil by the follewmgresamples whieharef or nul a:
21 ) er, . J) Z is.chlorine or.bronine;

(ii) nis dﬁovlﬁ?&rlﬁ%%ﬁ“ﬁgpm%@dg‘ﬂf‘%’?}’ : tﬁ%ﬁ“‘mg of the preselt (iii) Ris
sel ected frig %ﬁ group consisting of: aral kyl of val ence n
having 7 to car bon at ons, aryl of valence n having 6 to 14
car bon at ons, acyl group having the formula, R-(COJ[err]-,

where R is an aliphatic or aropat | rqup of valence n having 1 to
14 carb®¥h atons, 10 al M‘%ﬁy carbonyl having the
formula, R-(OCOJferr]-, where R is
In the Examples that follow, the following abbreviations are used:
THPE - 1°,1°,1’-Tris(4-hydroxyphenyl)ethane
PDC - Pyridinium dichromate
15 DHC - Dihydroxycoumarin
THF - Tetrahydrofuran
DMF - Dimethylformamide
TLC - Thin layer chromatography
HPLC - High performance liquid chromatography
20 IR - Infrared spectroscopy
NMR - Nuclear magnetic resonance spectroscopy, usually of either proton,
'H; and/or carbon 13, *C nuclei.
DSC - Differential scanning calorimetry
MS-APCI - Mass spectroscopy-Atmospheric pressure chemical ionization
25  General Analytical Techniques Used for the Characterization A variety of
analytical techniques were used to characterize the 3,4-dihydrocoumarin
compounds of the present invention which included the following:
IR: IR spectra of samples were taken using a Nicolet 20SXB FTIR Spectrometer.
NMR: 'Hand ®C NMR spectra were recorded on a Bruker 400 MHz
30  spectrometer with 5 mm probes at 400 and 100 MHz, respectively.
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an aliphatic or aromatic group of valence n having 1 to 14 carbon atons,
and .- - sul fonyl al kyl or sulfonylaryl having the fornula,

R - (SQ2) [ engbogzodiere R is an aliphatic or aronatic gregpnsbsashence
n having 1 to 14 carbon atons; 25 for a sufficient period of tine
and. under suitable conditions of tenperature 15 and pressure to formthe
correspondi ng ether, carboxylic acid or sulfonic acid ester, or
carbonat e of 2-hydroxyacet ophenone; (b) subjecting said

subst i t ut edHPLGy Gampjesowdre phalpzedowith aHeslets Raskartdd 090 Series I liquad e

addi tion-cyclization condition t he_presence of a dialkyl carbonate and
a catal yst qhgqamat |°HPJ§H?&W§§|“&)5 4m eteqter amd a1 sgtﬁf‘ L200@ QB | ons of

20 terrperatu e 0 counarin;
and cked &ng‘%igﬁgqrhgl sal'@ ﬁ@gﬁ%&?&ﬁuum“ n"to swﬁ{ggl e diazo
transfer eluumpémbﬁd tefipefaturk Afid Bf 39ALAniAwis AnddDolt Wil hitthaagadd for a
sufficient period of tine and under suitable conditions of -

t enper atsur 0.a%caqueousacetic ncidf dieviohune concentmrmmef)mnthangl isttheeluentar boxyl i c

d |1 d. est 3
i azo- 4 ox oV BEARAOBANIY §0 SVer e Bist ey’ e ©lopine ctioB Al ront.

utili 2010, (s GeRRkreiAbad 4% et five nilideel” OXy acet ophenones

(Formula VI, Sc as the starting materials, it is bel i eved
t hat t he prDBEsA TAZHNIBSGsvashmed to detSuhinethéd T, loﬁth'mhhydrocoumann
Schene |1

)

compounds of this invention. The heating rate was maintained at2 fO °C/minute,
10  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
15 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 with

20 methanol of the mobile phase.

Example 1
Preparation of 4,8-bis(carboxy)tricyclo[5.2.1.0.2:6]decane

A 500 mL round-bottom flask was charged with a solution of 4,8-

25 bis(hydroxymethyl)tricyclo{5.2.1.02,6]decane (10.1 g, 0.05 moles) in DMF (50
mL). To this solution was added slowly a solution of PDC(149 g, 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 mixture and
analyzing by GC and TLC after work-up as follows. About 1 mL of reaction

30  mixture was added to 7 mL of water and the precipitate formed was filtered and
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[err] In Schene 11, steps (a) through (c) correspond to those

steps (a) through (c) referred to in the preferred enbodi nent as
nmenti oned herein. The step (a), Schenme Il of this preferred enbodi
may be car rwe@8817usi ng t he sane procedures of step (d)P%?’U% I
as nentioned herei nabove. The step (b), 8 Schene || of this preferred
enbodi nent may be carried out using the sane procedures as descri bed
for step (b) of Schenme I. Finally, the step (c), Schene II of this

preferred e | nent na t t bed
for step (e}rﬂocﬁ1 Xd'geed‘%‘%rllleﬁ&%? ﬂ%ﬁ@i‘c&%gﬁgﬁwﬁe@ :Jste r at ed
by the foll Wﬁﬂmﬁagﬁie?éoﬂgle%&b&sﬂ& toRhAYd sesviddiced by GC/TAUC, @le pur poses

and in no way e scope of the present i nventi on.
Exanpl es ( Cprodued yas extracted with a large volume of diethylether and the ether layer was 23

washed with water and dried over MgSO,. The white solid acid was isolated using

5 arotary evaporator; yield, 52 g, (44%). The product was 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).

Example 2
10 Preparation of 4,8-bis(chlorocarbonyl)tricyclo[5.2. 1.0.2,6]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 a
stirrer was charged with of 4,8-bis(carboxy)tricyclo[5.2. 1.0.2’6]decane 2 g).
Thionyl chloride (5.2 mL, 70 mmol) was added slowly at room temperature to

15  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
product was characterized by IR, MS, and NMR: IR (Film), 1780 & 1700 cm !
(C=0); APCI (-ve ion mode) flow injection (60:40 acetonitrile: H,O (HOAc) MS

20 m/z caled for Ci:H24CLO, (M-H) 259, 261; *C NMR (CDCL) 175.7, 175.9,
176.1,176.3, 176.4 (C=0).

Example 3
Preparation of 4, 8-bis(chloromethyl)tricycio [5.2.1.02,6]decane
25 A 3-neck 100 mL round-bottom flask was charged with a solution of 4,8-
bis(hydroxymethyl)tricyclo[5.2.1.02,6]decane (10.2 g, 50 mmol) in DMF (10 mL)
and pyridine (2 mL). To this solution was added thionyl chloride (14.6 mL, 0.2
moles) slowlyusing an addition fimnel at 5 °C. After the addition was complete,
the flask was heated to reflux using an oil bath for 6 hrs (ca 160 °C). The reaction
30  mixture was cooled, mixed with ice water (1:1), and the product was extracted
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i In the Exanples that follow, the follow ng abbreviations are used:

P THPE - 1',1', 1" -Tris(4-hydroxyphenyl) et hane PDC - Pyridinium
| di chromat e wo g8/39317 DHC - Di hydroxycoumarin 5 THRCTUS98/03426

! Tetrahydrof uran DVF - Di et hgd f or mam de TLC -

~ Thin layer chronatography : HPLC - Hi gh performance liquid

chr omat ogr aphy IR - Infrared spectroscopy 10 NVR- -

" Nucl ear magnetic resonance spectroscopy, usually of either proton,

'H and/ or GfhpaBe ddouht8ofkfheRUThe kether layer was washed3®ith satihatédeNaHOGY
scanning cal ori netry MB- APCl - Mass spect roscopy- At mospheri ¢

pressure chsohuticn, wateriandtdrisd over MgSQan dihel produdt yydsdsolated birevaperstioned f or

t he Charactegizatipn, vatiety,of 15 . anal yvitical hpi~que used to
characteri z%t[?‘ﬁ%‘; X‘,eﬁlﬁﬁ'ﬁy%% was chara%ﬁcg&m %@%m

I nvention which included the foll ow ng: IR IR spectra of sanples were
taken using a Nicolet 20SXB FTI R Spectroneter. NVR. "H and [err]C NWR
spectra swere recorded on a Bruker 40Bxdehple 4 spectrometer with 5 nm

probes at 400 and 100 _MHz, respecjive qﬁ HPLC. Sanpl es were anal yzed
with a Hew ett Packar 3’91@9??‘@«9&?%&3%{%9" ’glﬁdmxy’acitﬂsg%&%graph equi pped

with a 254 nqu@?eﬁgq_m | ' Lo ha@rﬁ:‘if &ith 5
[err] Spherisorb C18. henl nj Sﬁlg:%lﬁgtr%@é#%#e gg%r“r?ﬁ? adlﬁgﬁt’ )
el ution at ¢oudenéee apd aahermcanple aas thirged vithnacseemeqds0 ndd), Bi4- wi t h net hanol
and 0. 1% aqueous acetic, acid. The vol umla entration_of t hanol in

]E hFI el uent @QY"IOMEWFWB%%*‘(;G%%H\IM)E Benyy 6‘&8&5? (k6.3 Bfg-tl:;ftmﬁl ity mionutes
fve m N cRuriklaRShgige (1,70 MY bt HSEERA SRR QB 200 el 0P

di hydr ocounghé feaction mitaFOwasBeatdd fohvefuk fvon Bhesundehen AGadsphere’ BRI, Was
mai ntai ned at 10 [err] /. m nute general ly, over_a tenperature range

of - 25 [ er r | The gorgpletipw of the reautionrwasmpnitered by (7€ apd FPIH0 dhe mixture was
rzrzl ntained gfter%t?th%égﬂ 2 frit and the filtered cake (19.8 g) was washed with 150 mL of
acetone. The filtrate was evaporated to dryness. The orange solid was

15  recrystallized from methanol; yield 78.5% .

Example 5
Preparation of 7-Benzyloxy-4-hydroxy-coumarin
4-Benzyloxy-2-hydroxy-acetophenone (20 g, 0.0825 mol), prepared in

20 accordance with Example 4, was dissolved in 150 mL of toluene. To this solution
was added diethyl carbonate (25.3 g, 0.21 mol) and the entire contents taken in a
beaker was heated while stirring to dissolve the starting material. This solution
was then taken in an addition funnel and was added at a rate of 7-8 mL/min
(addition time = 1.5 hrs) to a suspension of sodium hydride (4.3 g, 10.1 mol) in

25  toluene ( 100 mL) taken in a 500 mL 4-neck flask equipped with a mechanical
stirrer, a distillation apparatus (double jacketed-splitter heads) with a condenser, a
thermocouple , and a thermometer to read the temperature of the distillateunder
N; atmosphere. The reaction flask was heated to 110-115 °C with a heating
mantle during the addition. Ethanol produced during this reaction is removed as an

30  azeotrope with toluene. Additional toluene was added through the addition funnel
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M5- APCl : A Finnigan SSQ 7000 mass spectronmeter was used for all anal yses.
Wil e electron ionization nass spectronetry in conbination with Fourier
Transform Infrared %FTI R) Spectroscopy is satisfactory for providi ng

39347 or mat i on about smal | e, size di azo conpound&T/EPB0BR6

structural

si ze of diazo conpounds 5 I ncreases, t anal ysis by electron ionization
or desorption chem cal ionization fails. Atnospheric pressure

chemi cal ionization (APCl) LC/ Ms operated in the negative ion node

with a nobil e phase cqntai hi ng. 95% Me i.n water is.foun ery, usef ul
o char act er foAPve aRgRsLy S ameneiniRe torstion skt THRAsafion fktpes.ws et |

Wi th et hanofe:Qf 5 iR Faltipldte RiddestionD The contents of the reaction flask were

Exanmple 1 Preparation of 4,8-bis(carboxy)tricyclo[5.2.1

. 0. 2, 6] decantransferred to a separator§y @dnnel and40{imb efdotilled askerweas added g@d with a
| uti f 4,8- bi hyd thyl)tri | 0[H.2.1.0. 11.d 10. 1
ol " ol e e ghbe P Sioeat e Sl AmBat a2 F G0, (10
sol ution of ﬂ?aﬁ&ﬁﬂe@duﬁd@?mﬁﬁﬁ) Thi ¢ deprggfct%%(}ﬁ&gha - @&ﬁizshf{.we was
a out rs.

then stirred roomtenperature for a e reaction was
moni t or ed by niefhanoly yitdb®4%al i quot s of reaction m xture and anal yzi ng
by GC and TLC after work-up as follows. About 1 nL of reaction m xture

was added to 7 nL of water and the precipitate forned was filtered and 20
the filtrate was acidified with 1:1 Qe 8 pH of 2, which was dissol ved
i n ether for analysis. After co onversion to diacid as

evidenced by GO TLC, the  Prepitatsnl6f 4, %Dihfdro gehayiht h a | arge vol une of
di et hyl ether and the ether |ayer was washed with water and dried over

MySO4. The white fo0300ccamitorclaweswasahiarged vith 7-bengylowy-4-hydraxygovemearing3at or ;
;yield, 5.2 g, 49 ... The product S _characteri oPY¥125 IR a - IR
f{KBr) 3200- g_ﬁoﬁé’i@f’é’rﬂff’l”?@"g"ﬁi facey %E?ﬁ"{’f&ﬁ%}t) é%}‘ﬁ %@%
(DVBO-d6) :  f hyE89RI CoMRNRRA KA théQmtctldve R phrgdd with N8 Oridimt dfavidwas
Exanpl e 2 Preparation of 4,8-Dbis{chlorocarbonyl)tricyclo[5

.2.1 .0. 2, 6] pressurized with H; 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 7-8
Example 4 was substantially repeated in Examples 7-8 with the exception

that the materials and the amounts used were as set forth below:
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. 25 The diacid prepared in accordance with Exanple 1 was

. converted to diacid chloride as follows. A 3-neck round-bottom fl ask
. equi pped Wi i sg/se9rdenser and a stirrer was charged w t hpoxfusos/os426
: 4,8-bis(carboxy)tricyclo[5.2.1.0.[err]]de2®ane (2 g). Thi onyl chloride

(5.2 m, 70 nmol) was added slowy at roomtenperature to 5 under an
. atmosphere of N2. After the addition was conplete, the reaction mxture
was heated to 85 [err] Cin an oil bath and refluxed for 3 hours. Excess
t hi onyl chloride was evaporated to obt aAmouhts desired aci d chI ori de;

~yield 79% The | product was characteyize y IR an

(Film, 178Mﬂ§!ﬁ®0 cnierr] (C=0; w&-’?ve i on k 0W|nject|on
(60: 40 acet gny_ M5 10 m3z ch Cerr]ll4C [err] Q2
(MH 259, JerDittyds r%g‘?\'l 1lerr]) 178 (@17%‘%9) 176. 1, 176. 3,

176. 4 (C=0 2,6-Dih droxyacetophenone - 15:2g10.& niol)

Prepar ati on of 4, -bi s(chloronmethyl )tricycl 1.0.[err] ne
A 3- necks 10Bengylichlosidebot t om f | ask was cﬂér{ﬂkﬁlﬁnm‘ﬂ a sdﬁx‘égg(ﬁ%pé) 8-

bi s( hydr oxy h Ji.cycl o[ 5.2.1.0. 2, 6]dgc , i (10
m.) and pyrﬁ? g‘“{”z‘ ﬂf_d% To this sol Uthﬁ%§(6é gg‘ﬂ?hi g %Ib%rldgwlzl
L, OP%tz{EﬁihﬁlS&arEéﬁtéy usi ng an addifsipg (6.u1nmedl) at 15 Zg(m]lCmdljter the
addi ti on was nplete, the flask was heated to reflux using an ojl

bath for 6 ﬂﬁsp@c@clmedrm}iWylddWﬂﬁ’n%fQMYﬁl on m xture was cool ed, nixed

with ice wat uct wa xtracted with |arge _
amount s of é?égzylor%{éz-gy%g?cy-[ag 8P Wfé‘e 2%&?(3\} % ﬁ sat ur at ed NaHCC3
solutio & m;ﬁydj_h GroWSicedbfAbne The praduct was i Sjol (435

evapor apl on o?nz? y?el QySO(V?{BThe product was charact erslgz(ed g?? NVR, GCC,
and GO/ Ms. 25 Exanpl e

Preparation of 4-benzyl oxy-2- hydI’OXé- acat oggznone A 500 nL
3-neck round-bottom fl ask equi pped ani cal stirrer,

condenser and a t%ﬁgﬂ%?gﬂﬁuﬁ‘%ﬁﬁm rﬁﬁ&é&&ﬁ'ﬁ:@a&ﬁﬁ%lé%ﬁﬁxﬂﬁbkxce’ptﬁn 30

di hydr oxyacet ophe enzy loride (16.5 13 nol),
that the materials and the amounts used were as set forth below:

15 Amounts
Materials Example 9 Example 10
5-Benzyloxy-2-hydroxy-acetophenone  60.0 g (0.25 mol) ———
(from Example 7)
6-Benzyloxy-2-hydroxy-acetophenone —— 19 g (0.0784 mol)
20  (from Example 8)
Diethyl carbonate 75.9 g(0.63 mol)  25.3 g(0.21 mol)
Sodium hydride | 12.84 g(0.32 mol) 4.28 g (0.11 mol)
The product formed and its yield were as follows:
6-benzyloxy-4-hydroxy-coumarin 47.6g(71.6%) -
25  5-benzyloxy-4-hydroxy-coumarin - 7.64g(36.3%)

Examples 11-12
Example 6 was substantially repeated in Examples 11-12 with the exception

that the solvent used was THF in example 12 instead of methanol and the materials

30 and the amounts used were as set forth below:
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26 potassiumiodide (1.7 g, 0.01 nol) and potassi um carbonate

(15.2 g, 0.11 nol). The reaction m xture was heated to reflux for ~ 3
hrs under an_at m)?sFﬁhere of Nerr]. The conpl etion of the reaction was
noni t or ed byW@EBAMI7HPLC. The nmi xture was filtered throR§H/ESB0B426and

the filtered cake (19.8 g) was washed witf?150 ML 5 of acetone. The
filtrate was evaporated to dryness. The orange solid was
recrystallized from nethanol; yield 78.5%
Exanpl e 5 Preparati on of

7- Benzyl oxy- 4- hydr oxy-coumarin 10 Amounts

4- Benzyl oxy- xy-acet ophenone (20 9,E¥ prnol), pr eggﬂﬁgeilrz
accordance wﬁ'@kﬁa%fmpl e 4, was dissolved 1n nm. of toluene. To this
sol ution 6-bennydoxaudrhstdbixgconinatimr bonatld.Q 2%0.94¢ mdd) 21 noly--and t he

entire contents taken ig a beaker was heated while stirring to
di ssol ve t he(t&9m 1 erial. This solution was then taken in an

addi tion funggl g,ﬂy\@__ &1(1,%9_ g&aﬁnrate of Z-8 nmL/mn 15 14 mBibI | e =
1.5 hrs) g[o g%su pe sioix 0 g"g um hydride (4.3 g, 10.1 rm?%*gn j
tol uene ( 10{frdth Examipt10)n a 500 nL 4-neck flask equi pped with a nmechani cal

stirrer, a distillation apparatus (double j?acketed-spl itter heads) with a
condenser, a3 %Pdont(FlernDcoupl e, and a tH:fBonmeter to readotoﬁegtenperature

of the disti [ . N tiga.g The reaction flask was heat ed
to 110-115 [@?#’%J\}I‘mcn{iﬁnge%gléﬂt%ego rrggﬁlgmésuri ng the addition. Ethanol

pr oduced durh’@@m@a@x@mﬁaﬁﬁ i's renoved 5g(65%) an azeotrope with

tol uene. Additional toluene was added through the addition funnel to
have enol@h 6:5-Plhydeosy-qoumaRB reaction flask. The reacti onOfi &%) was
refluxed for ~ 5 hrs to conplete the reaction. The contents of the reaction
fl ask were transferred to a separatory funnel and 400 nL of distilled

wat er was added to 25 separate int og_%%@_hgses. The aqueous | ayer was
acidified to pH 2.0 with 1:1 di]l. and filtered under v%zgum The
crude pr oducPrepation of ¢&-bis(@+-ydeoxyr Gaxyrearbonyl-conmarmjwicyclp(52d. G419

decane .

15 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 6 (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)-tricyclof5.2.1.0.2:6]decane prepared in

20  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; yield

25  is quantitative. The product was characterized by NMR: *C NMR (100 MHz in
DMSO0-d6)): 173.9, 170.8, 163.5, 154.5, 152.6, 124.8, 118.0, 116.6, 109.3, 87.2.
DSC, m.pt. 175 °C.
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Exarrpl e 6 30 Preparation of 4,7-D hydroxy-counarin
27 A 300 cc autocl ave was charged vmth

7- benzyl oxywqyggygjggxycounarl n (3 g, 3.7 mmol ), prepared ipgTASRkSRECE
wth Example 5, 5% Pd on carbon (0.18g) 34 and 85 nL of nethanol and the
aut ocl ave was purged with N2. The autocl ave was pressurized with H2 to
a pressure of about 100 psi and maintained at that pressure. 5 The
exotherm c reaction was carried out at ~50 [err]C for ~ 2hrs. After the
conpl etion of hydrogenol ysis, the rcEgngle s flushed with N2 and the
contents were transferred into beaker using a _|ong pipet. The

m xture containi ng Pd/ @rwuatxmgfa&md%wéronvg@@xy-&momgtered t hr ough a

frit. The filtrate was evaporate dflnally dried
overnight at 45 [err]C The® %‘W%q"lﬁs Zﬂaq ?‘iﬁcg’gs 10 determined by LC
was 95 % vyield HQnie F@waphﬂﬁtﬁhawﬁepemammsmgﬁqmm the exd¥dfrion of

Exanpl es 7-8 Exanpl e 4 was substantially repeated 1 n Exanpl es
7-8 vv|th5th&m@pﬂlsmdzﬁlounmsedhesetﬁonhbelow and the anounts used were as
set forth b?wo 28
Amount

4,6-dihydroxycoumarin 5 g, 28 mmol

(prepared in accordance with Example 11)

THF 75 mL

10  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 2)
THF : 25 mL
The pro duc_;t was obtained in quantitative yields and characterized by NMR.
15
Example 15
Preparation of 4,8-bis(4-hydroxy-5-oxy-carbonyl-
coumarin)tricyclo[5.2.1.0.2,6]decane
Example 13 was substantially repeated in Example 14 with the exception of

20 the materials and amounts used as set forth below:

Materials Amount

4,5-dihydroxycoumarin ' 0.7 g, 3.6 mmol
(prepared in accordance with Example 12)

25 THF ' 15 mL
Triethylamine 1.6 mL
4,8-bis(chlorocarbonyl)-tricyclo[5.2.1.0.2,6]decane 0.5 g, 2 mmol
(prepared in accordance with Example 2)

THF 5mL
—
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Anount s Mat eri al s Exanple 7 Exanpl e 8

2, 5- D hydr oxyacet ophenone 15.2g (0.1 nol) ----

2, 6-Di hydro enone  ----- 15.2 g (0. pchRisbsnzrze

Benzyl chl oy{géﬁsﬁw 16.959(0. 13 nol 16.5 g (0.13 nol)
: Pot assi um i odi de 1.66 g (0.01 nol) 1.66 g (0.01 nol)

Pot assi um car bonat e 15.2 g (0.121 nmol) 15.2 g (0.11 nol)

. The product fornmed and its yield were as follows:

6- Benzyl oxy- roxy-acet ophenone  ----- 3.5%

5- Benzyl Oxy"gg%xgﬁﬂé%@ﬁ%ttﬂ%ﬁ mgnnt&%re%élagax% charaa:eLr(%ie'éiéb?'4ﬂﬂIR and MS
Exanpl es 9- CI Exanpl e 5 was substantially repeated in Exanpl es
)

,9-10 with the exc'eption that the materials and the anobunts used were
i as set forth below 15 Example 16 Anpunt s

16
Material s . . . g v ERGA 0
' 5- Benzyl oxy- 2- hydr gifﬂaﬁ%ngfloogﬁé%%zr?é*ogéf 09 ?’3”‘58’4&0‘111‘? - ﬁm} (from -

Exanpl e 79 6ARQRiEoh @F 7-bénipl ok arhypdr ok poanaiie(2.5 g; 93 mmol; preparedd g

.(0.0784 nol) 20 (from Exanple 8

e LA Pt = et Akl e v 16 = a1

e e .0 PP

. | ;ﬂﬂ Di e%%l car bonat e, .
75.9 g (0. 63mmetyrdans veitlyExanple Sy aphydrous (40 ml.dwasmixed with

as foll ows.  TiliyIgeRd Jed o ke 0 AR FHEC b EBGr B P € YT €

25  5-benzyl gnfbspieds 8K N;. CALGRItiol of p-toluenesuifonyl azide (2.8 g 1@481n36 i Wy
Exanpl es 11-12 Exanpl e 6 was substantially repeated in Exanples
11-12 with t FHEF (20 mighwasrdded drdpatise theough|anaddition Sunneds Thpmixtrewaspl e 12
Instead of Mo g oo femperatr o 3 1t Fhe oBfof ob S TR Srmddtanir © 25 S€!

“The solvent was rotary evaporated and the product was taken in CH,Cl, and

washed with water (3 tiines). Petroleum ether (twice the volume) was added to the

solution and the solid precipitate was filtered with a frit and dried at 45 °C. The

product was recrystallized using CH,Cl,; yield 90%. The product was

15  characterized by NMR: C NMR (100 MHz, CD,CL): 173.3, 165.4, 158.7,
156.0, 136.0, 129.1, 128.8, 128.0, 127. 6, 113.9, 113.0, 103.0, 75.7, 71.2; DSC -
m. pt. 191 °C followed by decomposition; IR (KBr): 2182, 2154, 1717, 1647,

1605 cm *'; MS(APCI): (M+ H), 295 (base peak).

20 ' Example 17
. Preparation of 3-diazo-4-0x0-5-benzyloxy-3,4-dihydrocoumarin
Example 16 was substantially repeated in Example 17 with the exception of

the materials and amounts used as set forth below:

Materials : Amount
25  5-Benzyloxy-4-hydroxy-coumarin | 1 g, 3.7 mmol
(prepared in accordance with Example 10)
THF 20mL
Triethylamine 0.4 g, 3.7 mmol
p-toluenesulfonyl azide ' 0.8 g, 4 mmol
30 THF SmL
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29 Anount s

Mat ertal s Exanple 11 Exanple 12

6- benzyl oxng,g%nggﬁxy counarin 11.9 g (0.044 nol) - - - - PCTUSIS0ODNE
Exanpl e 9) enzyl oxy- 4- hydr oxy-courggrin lg
(3.7 mol) (from Exanpl e 10) 5%°donC

0.79 0. 06g The product fornmed and its yield were as
fol |l ows: 4, 6- Di hydr oxy- counarin 5 g (65% 10

4, 5- D hydr oafres TR bf Feaction at room temperature, the solvent was evapofated 4ibthe
Exarrpl e 13 Preparati on of

3 8- bi s( 4- hpdodueywas pkyettmribﬁ#?(ﬂer dwringawhich timecthe prgdyicy crystallized; The
15 3 i
atirror, a crysulsBerrrmeyR aRe o Fo PRI ST BO e ditacltaa by aa T

a sol ution M&dn{: %Mm 00 WEEE) 11 72) 8 PI SR B58.3 rlsam;qedfmqesmth
Exanple 6 (1.0 g ftg THF(l’g ) andtrlethylamne (1.6 m)"

To this sol uzBsy 1m§ wua,dmxim\ﬂessse 109.6, 77.053).3; IR(KBs): C=N2 at 2124 cm

sl at%;%eszm b oA oIS SRR i
sojution peak Hf DAL w(ﬁégfw&lﬁh%&{é @?ﬁ@%&d&@&&iﬁaﬂ MdHt he
lrre re

sol uti on wa om t enper at 24 hrs. The conpl etion of
t he reacti ontpes, Mo INy ati28Y; -ve ion thetle. MAc2Norre532(bast pealds t hen added to

this solution and the insol ubl e materials were filtered. The filtrate
was rotavaporized to obtain a white solid; 25 vyield is quantitative. The
pr oduct s characterized by NVR | 1D (100 VHzi nDVMSO- d6) ) :
173.9, 10.8, 163.5, 154.5, 152.6, I . 8.0, 116.6, 109. 3, 87.2.

DSC, mpt. 175 [err] @reparation of 4 8-bxs(3-d1azo-4-oxo-7-oxy-carbonyl-3,4-
dihydrocoumarinjtricyclof5.2. 1.0.2,6]-decane
Example 16 was substantially repeated in Example 18 with the exception of
the materials and amounts used as set forth below:
15  Materials Amount
4,8-bis(4-hydroxy-7-oxy-carbonyl-3,4-dihydrocoumarin)- 0.5 g, 0.9 mmol
tricyclo[5.2.1.0.2,6)-decane (from Example 13)

THF 30 mL
Triethylamine | 0.3 mL, 2 mmol

20 p-Toluenesulfonyl azide | 0.4 g, 2 mmol
dry THF 10 mL

The product was characterized by NMR, IR, and MS: 3C NMR (100 MHz in

DMSO-de): 173.4, 173.0, 157.7, 154.1, 129.2, 125.6, 119.3, 116.5, 111.4, 76.9;

MS (APCI) -ve ion mode; M -2N; + 2 MeOH -H = 603.2, M-N; + MeOH - H =
25 599; FTIR (KBr): 2140 cm " (C=Ny), 1732 cm~1 (C=0).
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30 Exampl e 14 Preparati on of
4, 8- bi s(4- hydr oxy- 6-oxy-car bonyl -

counarin)tr 2. 1 .0.2,6]decane ' Exanpl e 13
substanti al WY#P%J&Z? ed in Exanple 14 wi tg t he exception ?W? 98/03426
materials and anmounts used as set forth %I ow. Materl al s

Anount 4, 6- di hydroxycoumarin : 59, 28

nmol (prepared in accordance with Exanple 11) THF

75 L 10 Triethyl am ne 8 nmL
4, 8- bi s(chl orocarbonyl)-tricycl o[ 5. %—6] decane 4.8 g, 18 mmol

(pr epared in accor dapreparatiémof 8+bid €3-djazo-4-oxo-bFoxy-carbonyl-3,4-
25 nL The product was obtained in quantita |é/e yi el ds and
characterized by NVR 15 ditydrocoumarin}tricyclo|5.2.1.0.4:°]-decane Exanpl e 15

coumar iy ot oyel doiit 6 W o snrafy ek ilo S Kxample 18.3ith the oxpeption of
subst ant isal | ke bARGM O dindunts e ad Set'\Poith beloe:exception 20  of the
mat eri al s and anpbunts used as set forth bel ow Mat eri al s

Armount Ma@'ﬂhhydroxycoumari n Amount 0.7 g,
i_)Gm_mml ﬁ’ﬁé'%@'g Hg_lsgm%cgag é:lnz%' e Wi t.f}_ Exanpl e 121)125 mxilx_cl;i':_ L6
4, 8-bi s(chl gy aatswy'o)zﬁ]td&xﬂcﬁoﬁnﬁx;m91e[g)r]]decane 0.5 g, 2mol

(prepar ed in accordance Wi th Exanp

THEF 30mL

10  Cesium carbonate 1.3 g, 4 mmol
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
15  acetate/hexane solvent mixture. Polarity of the eluent was increased by adding
" 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;
BCNMR: 77.6 (C=N,),
20
Example 20
Preparation of 4,8-bis(3-diazo-4-oxo0-6-oxy-carbonyl-3,4-
dihydrocoumarinjtricyclo[5.2.1.0.2,6]-decane
Example 16 was substantially repeated in Example 20 with the exception
25  that the base used was cesium carbonate (4.2 g) and dry dichloromethane (95 mL)
was used as the co-solvent. Various other materials and amounts used in Example

20 are as set forth below:
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31 The product was obtained in quantitative yields and

characterized by NVR and MS (APCl).

Exanpl e 16 wg 98139317 Preparation of PCT/US98/03426
3-di azo- 4- oxo- 7- benzyl oxy- 3, 4-di hydrocounggin 5 A sol ution of
7- benzyl oxy -4-hydroxy coumarin (2.5 g, 9.3 mmol; prepared in
accordance with Exanple 5) in anhydrous THF (40 nmlL) was m xed wth

triethylamne (0.9 g, 9 mol) taken in a 100 nL 3-neck round-bottom fl ask
under an at rvagefiglse of N2. A solution of p-toluenesulAmoyst azide (2.8 g, 14

ol ) in dry THFE (20 nl) was added_ dr opw,se through addi tion,funnel. The
%\“gf‘i!ﬂs)é for 3 hr?sghg

10 i xtur e 4afedi -hydrany-roxyoFR s AL of the
sol ution turngg‘gﬁ[si_zﬁ1.&%%9%%@%%%%%@2%%%5 rotary evaporated and the

pr oduct was with water (3 tines).

Petrol eum et¢|ELCELf W ce the vol une) was added t @ik sol ution and the
solid precipitate was filtered with a frit and driedoft 43 [u(S‘F)rtC.
' The product Qesinm&arbomatel | | zed using CH2C 2; vyiel d 90 8THd BPBHuct was 15

characterized NVR, rr NVR (100 WMHz, CD2d 2): cy , 158. 7,
156. 0, 136.C" ?ﬁ*ﬁ?‘%@@éﬂ“é’l,d%us.o,( 127. 6, 113. 9,)11 .'g,éfai’.@%?ﬁ?a?, 71.2:

DSC - HiE 191 [err]C foll owed by deconpositi2oml R (KBr): 2182,
2154, 1717, 47, 1605 cm[err]; MS(APCI): (Mr H), 295 (base peak).
20 The product was characterized by LC. Exanpl e 17 Pr epar at i on
of 3-di azo- 4- oxo0-5-benzyl oxy- 3, 4-di hydrocoumarin Exanpl e 16
was substantially repeated in Exanple 17 with the exception of the
mat eri al s, and amounts used as set fo lnqw: Materi al s

Amount 2@ 5- Benzyl oxy- 4- hydr oxy- courErg'_%M 1 g, 3.7 mol

(prepared in amgmam of 1 If,H - Fisa{#p(4ehyiddpxy-7-coutiidFincarbanato)phenyl)ethane
;%,97 rerml Triet )i’}:i%nﬁxggple illustrates the 'preparation of carbonates of the photoactive

0.4 g,
compounds of the present invention. First the tris-chloroorthoformate of THPE
was synthesized as follows. To'a 100 mL 3-neck flask equipped with a 25 mL

15  addition funnei, N, outlet and a septum was added solid triphosgene (1 g) inside a
glove box. THF (3 mL) was added to the flask under N, through the septum to
dissolve triphosgene and the flask was placed in an ice bath. Triethylamine (1.4
mL, 10 mmol) dissolved in THF (4 mL) was then added slowly to the flask through
the septum. A white precipitate appeared. THPE (1.1 g, 3.8 mmol) dissolved in

20  dry THF (7 mL) was added slowly to the flask through an addition funnel over a
period of 45 minutes. The reaction was stirred at room temperature for 5 hrs and
filtered using a frit and rinsed with THF and the filtrate was taken into an addition
funnel under N, atmosphere.

A solution of 4,7-DHC (1 g, 5.6 mmol), prepared in accordance with

25  Example 6, in THF (20 mL) was taken in another 100 mL 3-neck flask under N,
atmosphere. To tﬁis solution was added triethylamine (1.7 mL). The THPE-tris-
chloroorthoformate as prepared above was slowly added to 4,7-DHC solution at
room-temperature in about 14-16 hrs. The reaction mixture was then filtered
through a frit and the residue was washed with 30 to 40 mL of HPLC grade
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p-t ol uenesul fonyl azide 0.8 g, 4 mol 30
THF 5 nm

32 After 3 hrs of reaction at roomtenperature, the solvent was
evapor at ed aHQ2¥pB17 product was placed in a freezer duri n§CHAIS#03426e
the product crystallized. The crystadbs were renoved using a frit;
yield 56 % The product was characterized by . NWR and IR [err]C NWR
(100 MHz): 172.8, 159.1, 158.3, 156.0, 136.6, 136.3, 128.9, 128. 3,

5
G0 1730, ont6Piops: (et Sitpibed s hpre bnpdiblstid gy Ma 83 TR, ©

-exotherm ¢ produdiSwds ogg,mgﬁgéﬁgrmws (APCI): +ve ion node (energy induced
di ssociation) - MH at 295, MrH -N2 at 267; -ve ion node, M2 -2N2 =
532 (base peak). Althengh the invention has been illustrated by certain of thepwaegding 18

P ti f 4. 8-bis(3-diazo-4-0x0-7-.0Xy- | -3, 4-
D o pich 2404188598 35 Bk it Ry Bl B 16 e
subst ant isal | yvdreidR zhEfnpdisd B Bérferit Aredl dsheteifbefore AcidRPd. VarioRd the

materi als and anobunts used as Set forth below 15 Materials

Armount rAodifibationd ahg dmbadinméntsoan be mmde witlidud depanting from the spin} and). 5 g,
0.9 mmol tricyclo[5.2.1.0.[err]]-decane (from Exanple 13) THF
30 nL WPE%HV}/% ne 0.3 niL,
2 mmol 20 p-Tol uenesul fonyl azide 0.4 g,
2 mmol dry THF 10m

The product was characterized by NVMR, IR, and Ms: [err]C NVMR (100 WHz in -
DMSO-d6): 173.4, 173.0, 157.7, 154.1, 129.2, 125.6, 119.3, 116.5, 111.4,
76. 9; ’
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MG (APCI) -ve ion node; M-2N2 + 2 MeOH -H = 603.2, MN2 + MeCH - H = 25
509; FTIR (KBr): 2140 cm' (C=N2), 1732 cnferr] (C=0).

33 98/293817 _ Exanpl e 19 PCT/US98/03426
Preparation of bi s -(3-di azo-4- oxo-53bxy- car bonyl - 3, 4-
di hydrocoumarin)tricyclo[5.2.1.0.2, 6]-decane -—.Exanple 16 was __ _

sugstantially repeated in Exanple 18 with the exception 5 of the mat eri al s
and anounts used as set forth bel ow Materi al s

rount " 4,501 o4y ony-s- oxy-caamss ~courar | [ RN

tricycl o[ 5. 2. 1 0. [lqrr]] decane (from Exarrp

30 mL 10 Mﬂmt_mﬂ_umt_‘-ﬂ@aate 1394
m: df ;Ow&%%gg | Qépa.t%fge ers, carboxylic acid and sulfonic acid esters, and808|v€’ 4

The reaction NMgipdngtey'as3 didzb e, £diokotihze-hefefddyolié compomids chihprisimgat room
tenperature, and the filtrate was chromatographed on silica gel using ethyl

15 acetate/ hethstemﬂ/ent m xture. Polarity of the eluent was increased by

e by e
=N2), an fok f‘a eribll of 1@ .a8d M 2N2+
err = )

> MeCH - H = 6 N2)
Exanpl e 20 under suitable cond:ﬁommfrtampmt\ub and pressure to form the
4, 8- bi s(3-di azo- 4- oxo- 6- X -carbo

di hydr ocounar i rPemiesRapdmgyydsoxy-pro c%ﬂd‘mhﬁnme' Exanpl e 16 was
substantjal ly :@Egﬁh&%% gmﬁ9gﬁl’§ pggtgwggy b ?h&iiﬁ%l% IsQitabl®addified- t he base

used was’cesi u ona hl or omet hane (95 nlL)
used as the co-gelizatioh comnommmpesemamﬁmdaﬂkylaua:bmnmmdsamdetufnr Exarrpl e

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

pressure to form the corresponding benzo-heterocyclic compound containing
a B-keto-qnol 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 B-keto-enol group;

(d) subjecting said hydroxy-benzo-heterocyclic compound to sujtable
20 substitution conditions in the presence of a compound having the formula:
R-Z,,
where
(i) Z is chlorine, or bromine; |
(i) n is an integer having a value of 1 to 10; and
25 (iii) R is selected from the group consisting of:
' alkyl of valence nhaving 1 to 12 carbon atoms,
aralkyl of valence n having 7 to 14 carbon atoms,
aryl of valence n having 6 to 14 carbon atoms,
acyl group having the formula,. R’-(CO),-, where R’ is an aliphatic or

30 aromatic group of valence n having 1 to 14 carbon atoms,
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520 are as set forth bel ow

' 248 bi s(4- hydygisr iG?l»S(y- car bonyl - cumu'mnljl "ILI " |!I|5 g, 6.4 mol Arount

~tricycl o] 5. Wwd9€9310] - decane (from Exanpl e 14) CH2CL2  PCT/US98/03426
95 nL 5  Cesium Carbonate 38 4.2 g,
. 13 mmol p- Tol uenesul f onyl azi de 2.5 g,
©13 mmol dry THF 20 nL
The product was characterized by LC 10 .
Exanpl e 21 Palkp¥y ar axytoxyfcazbonyl having the formula, R’-(0-CO)-, where R’

1'-tris-(4-(4-hydroxy-7-¢o ri ncar banat o) phenyl ) et Thi s
Exanple illustrates ﬁ@%’?ﬁ%@f‘r%ﬁﬁ%’ﬂaﬁ g&&i’ﬁgﬁ%‘_}s‘”’oﬁﬁﬁl E)?‘I(l)% Sig(t:) Tve
conpounds of the preggmis whwention. First the tris-chloroorthofornmate of
THPE was synthesized as fol)Jows. To a 100 nL 3-neck flask equi pped
w;hha 25 rrL( iS ;addi m?anwMPMszMgﬁgemw,%Mh-mgweﬂ sol i.d
tri phosgene g) ingside. _a, .. gl ove box. 3 was, added.to the
flask under N2 thr oub’rﬁ“tﬂ’é’hgtépp?rﬁb‘?‘ﬂm gr°upd’}¥§181(“?7e“ni§4‘1%i§%$%8argﬁﬂ t he
flask was placed in &€ bath. Triethylamne (1.4 m., 10 nmol)

di ssolved in THF (4 % Wwas then added slowy to the flask t hrough the
septum A whi t efgraesifficitmtperiod p£timednd Ghilir saitalile gonditighsofsehp@aturdiand ol ved
in dry THF (7 nmL) was added slowy tq the flask tﬂéou h an_.addi t.i,on

funnel over a pBrassye &9 form the comreponging e Erc‘iaFShﬂ’Fy acid or sulfopic acif oo,

and the f111r a 8her pubfur 8 vbiaeisBtafontl Binfotdd forkfitinf e REgHabl T

“at nosphejeg. group; and A solution of 4,7-DHC (1 g, 5.6 mmol), prepared in
accordance with 25  .Exanple 6, in THF (20 nL) was taken in another 100 nL
3-neck flask unersubjecting saidhBrketasennl compound-fremsstip(d) tmsuitablesdiaa

triethylamne ( %rzn?xsfg} zdndg_t?o%s LH Ebgésgée of a diazo transfer agent for a sufficient

period of time and under suitable conditions of temperature and pressure to

form the corresponding ether, carboxylic acid or sulfonic acid ester, or

15 carbonate of 3-diazo-2,4-dioxo-benzo-heterocyclic compound.

2. The process as set forth in claim 1 wherein said substituted hydroxy

acetophenone has the formula:

R, o)

HO CH,.
R, XH

R,

20 wherein:
(a) X is either oxygen or sulfur; and
(b) Ry, R,, and R; are the same or different and are independently selected
from the group consisting of:
hydrogen,
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chl oroort hof ormate as prepared above was slowy added to 4, 7- DHC sol ution
at roomtenperature in about 14-16 hrs. The reaction m xture was then
filtered wo?ﬁ%@&bh a frit and the resigdue was washed with RETYSWH3436 of
HPLC gr ade 3 T
Dat e

The combined filtrates were evaporated to dryness; Vi e||mm|¢”m"mu{jnmtne
X i

product was characteri zed by, NVR. . . ¢ Al though eci nven
been illustrated by @EP ,ﬁﬁ.l(?pnﬁ}gomegmqﬁne, exanples, it is not to be

construed as being |hﬁé&%@'b}iﬁ%ﬁ€@mymfdﬂﬁrbsgl gtr&ﬁ‘psﬁmingrtu@mﬂﬁna

enconpasses the generic area as herei nbefore scl osed. Vari ous
nmodi fi cations and enGyHiFypwhereadis ab éntegetdrom tiito®, xcadyrdre infegerpfronh@ spirit

and scope thereof,
36 P to 2n+1, and the sum of x and y is 2n+1;, _
5 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.
10
3. The process as set forth in claim 1 wherein said ethers, carboxylic acid and
sulfonic acid esters, and carbonates of 3-diazo-2,4-dioxo-benzo-heterocyclic

compounds have the formula:

15 wherein:
(a) X is either oxygen or sulfur;
(b) R is selected from the group consisting of:
hydrogen,
alkyl of valence n having 1 to 12 carbon atoms,
20 aralkyl of valence n having 7 to 14 carbon atoms,
aryl of valence n having 6 to 14 carbon atoms,
acyl group having the formula, R’-(CO),-, where R’ is an aliphatic or
aromatic group of valence n having 1 to 14 carbon atoms,

—_—_—

—_—
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et e et ang Suired ts s oo AU IHHBRANAN o cpar ing, etners.

3- d| azo- 2, 4- dwex9s/398%7z0- het er ocycl.i c corrpounds of the 5 frEMTUSR103426
[err] wher ei n: (a) X 48 either oxygen or sulfur;

(b) Ris selected fromthe group consisting of: 10 ar al kyl of
val ence n having 7 to 14 carbon atons, aryl of valence-n

having 6 to 14 carbon atons, group havi ng the
formula, R-(COJ[err] alkagygraryloxy garmnyéhamthed%m ula, R’-(0-CO)-, where R’

aromatic group of val vVin

al koxy orgaryl oxy car ﬁ%ﬁ@@%ﬁ@?ﬂﬁ%’%ﬁ?ﬁ‘wﬂlo VQ%lce(nbggﬁ%ért?]M cathon; o 15

R is an aliphatic or spsmgmhdc group of valence n having 1 to 14

carbon atons, and sul fonyl al kyl or sul fonyl aryl having the
fornmula, R - (SCJZ)[err]SUJfowldk}él ¢z sulfonylaryl awngtheformxﬂadh’-@@)pha&ere Rt
aromatic g[oup of val ence haw%g_ 1 to 14 c

20 (B R err], " R eneate prAtoatie gup o Valehee BAving Ao 2f garbon”

iindependent | y sel ect e‘itoms fromthe group consisting of:
hydr ogen, fluorine, chlorine, bromne, or iodine,
37 (©) Ry, Ry, and R; are the same or different and are independently selected

ons,

from the grdup consisting of:
hydrogen,

10 fluorine, chlorine, bromine, or iodine,
linear or branched alkyl and fluoroalkyl groups having the formula
C.H,F,, where n is an integer from 1 to 8, x and y are integers from 0
to 2n+1, and the sum of x and yis 2n+1;,
aryl having 6 to 10 carbon atoms,

15 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.
20
4. The process as set forth in claim 3 wherein X is sulfur.

5. The process as set forth in claim 1 whérein in step (a) the temperature is from
about 50 °C to about 180 °C and pressure is atmospheric; in step (b) the
25 temperature is from about 80 °C to about 200 °C and pressure is atmospheric;
in step (c) the temperature is from about 20 °C to about 80 °C and pressure is
either atmospheric or superatmospheric; in step (d) the temperature is from
about 10 °C to about 180 °C and pressure is atmospheric; and in step (e) the

temperature is from about 10 °C to about 50 °C and pressure is atmospheric.
30
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linear or branched al kyl and fl uor'oalu H’mm‘ll “ the fornul a
Jerr] H[errlvlg errgLi where n is an int x and ¥C§m9é/ﬁ’§4§9ers

fromO to 2n+1, andthelﬂJmof xandy|52+ ,

aryl having 6 to 10 carbon atons, aral kyl having 7 to 10
carbon atons, al koxy having 1 to 8 carbon atons,

aryl oxy having 6 to 10 carbon atons, and ar al kyI oxy havi ng

7 to 10 car 20“&‘@%%“ o ﬁrep%%neg etPers &ﬁoﬁhbﬁcﬁ%ﬂ%ﬁ%&?&a A\dsfigs anyal ue of 1

to 10. 10 subj ecti'ng a

substi t ut ed hy(i&ﬂiéhat%ﬁ@fmmex@-f:omhﬁnimmﬁrﬁing the steps of:[ err]
to a substitution reaction in the presence of a suitable protecting group

to 15 f oa) subjecting » substitited 2,463 aF Ok Jihpdioxy acetephenons thanone;

S oot TR sufuieRont ool §F b SREBL e BB RRb B £Y D) ST T
formthe catalyst %ﬂaeﬁmaéﬂtriﬂnae '&iﬁ:ﬂ%%&ﬁﬂﬁé%ﬁtﬁbl@%ﬁﬁﬁﬁﬂs 6PNt ai ning a

[err]- ke%o enol group; (c) subjecting said heterocyclic conpound
to deprot ect i onemperatureand preksmrerto £2m the correspendiog 4€% pnﬁ)jhyéoxy-

Goup  Brpleped o EREORRRSRS I oxy- benzo- het er ocycl i ¢ compound L0
substitution i rkb) subjecting said hydroxy-protected hydroxyacetophenone to suitable
addition-cyclization conditions in the presence of a dialkyl carbonate and a
10 catalyst for a sufficient period of time and under suitable conditions of
temperature and pressﬁe to form the corresponding 4-hydroxy coumarin;
(c) subjecting said 4-hydroxy coumarin to snitable deprotection conditions for
a sufficient period of time and under suitable conditions of temperature and
pressure to form the corresponding dihydroxy coumarin;
15 (d) subjecﬁng said dihydroxy coumarin to suitable substitution conditions in

the presence of a compound having the formula:

R-Z,
where
(i) Z is chlorine or bromine;
20 (i) n is an integer having a value of 1 to 10; and

(iii) R is selected from the group consisting of:
alkyl of valence n having 1 to 12 carbon atoms,
aralkyl of valence n having 7 to 14 carbon atoms,
aryl of valence n having 6 to 14 carbon atoms,
25 acyl group having the formula, R’-(CO),-, where R’ is an aliphatic or
aromatic group of valence n having 1 to 14 carbon atoms,
alkoxy or aryloxy carbonyl having the formula, R’-(O-CO)-, where R’
is an aliphatic or aromatic group of valence n having 1 to 14 carbon

atoms, and
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Egcrarioresence of a coDarr}[)ce)und havi ng_t‘rlulaJ gﬁlﬂ"“ﬂ”"’””mmm

38 -~ ere ®ri e, = or i

(i) nis anwion%sggéirp/nhavi ng a val ue of 1 420 10; and r?(?l?FIS9)8IO%42i6$
selected fromthe group consisting of: 5 aral kyl of val ence
n having 7 to 14 carbon atons, aryl of valence n having 6
to 14 carbon atons, acyl group having the fornul a,
R-(COf[err]-, where solfohylal&yl ¢rl sulfbeylasy] Baving the formula, R’-(SQ)n,tha:mRPc group
of val ence n havi ng 1to 14 car bon atons, al koxy or

aryl oxy carbonyl haviisgn Maﬂ@pmmmanwgrmafwle@w phavipgdrte lj}cparbon
R is an aliphatic or _aromatic group of valence n having 1 to 14
carbon atoms, and  #0mS sul fonyl al kyl or sulfonyl aryl having

the formil a, R -gp0%ifRlehd periodteitaeand under smtable conditions oftefiperithidalli C Or

aromati c group of val ence n having 1 to car bon at ons;”
15 t® for mpressumdprfempdmhongspnnldmg ethm;mhqvtyhc agidi of sulfoniglatidni ¢ aci d

ester, or rbonaf%] of, benzo- het er odcycl i ¢ conpound containing a
[err]-ket o-enol Wcax onate o coumarin;and ~ o) gsypjecting said

[err]-keto-enol s’ééﬂﬂ BFon )J?ﬁﬂn f t he
presence of a di agé)m r an%%‘{el?mggent 'Ecg or m@?ﬁé&%ﬁ?@@pﬁéﬁdqd%o gl'PF'I ble .
diazo transfer conditions in the presence of a diazo transfer agent for a
sufficient period of time and under suitable conditions of temperature and
10 pressure to form the corresponding ether, carboxylic acid or sulfonic acid

ester, or carbonate of 3-diazo-4-oxo-coumarin.

7. The process as set forth in claim 6 wherein said substituted 2,4(5 or 6)-
dihydroxy acetophenone has the formula:

R, 0

HO — CH,
R, OH

15 R3
wherein R,, Rz, and R; are the same or different and are independently
selected from the group consisting of: '
hydrogen,
fluorine, chlorine, bromine, or iodine,

20 linear or branched alkyl and fluoroalkyl groups having the formula
C.H,F,, where n is an integer from 1 to 8, x and y are integers from 0
to 2n+1, and the sum of x and y is 2n+1;,
aryl having 6 to 10 carbon atoms,

aralkyl having 7 to 10 carbon atoms,
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20 _ carboxylic acid or sulfonic acid ester, or carbonate of
3-di azo- 2, 4- di oxo- benzo- heterocyclic conpound. 2. The

process as SWO9BHIM in claim1l wherein in step (a) the tenperRGTYE8{034%6r om
about 50 [err]C to about 180 [err]C. 25 43 3. The process—as-set- forth

in claiml wherein in step (b) the tenperature is from about 80 C
to about 200 [err]C. 4. The process as set“'ﬂumm!mﬂ” -

wherein in step (c) the tenperature is from about e m)mm
about 80 [err]C. alkoxg having 13p Sccathpngtomst forth in claim1 wherélnsC i#n

step (d) the tenperaturne is .5 rom about. 10 [err] C to about 180
[err] C. 6. Tﬁ@'lﬂ’f%ﬁg’&g?igo L%fari;glp%isnaxiq aiml wherein Cin step
(e) the tenperature iapalkyloxy having 1 £¢10 886k atbthd €7 r] C to about 50 [err]C.

10 7. A process for preparing ethers, carboxylic acid and sulfonic acid
esters, and carbonat es of 3-di azo-4-o0xo0-coumarins conprising the_

steps of: (a) subjecting,a substifuted 2,4(5 or .6)-djhydroxy
acet ophenbned¢ o The process as set g‘lfh‘s‘l‘%‘!% %Wﬁﬁégéﬂ%&&?rngghg%‘&c%eg of a
sui t abl e protecty . _iﬁg&; ] VSt ‘tngalﬁllg .
correspondi ng 45@ or‘%@%ﬁ%@‘i‘rg%‘%‘é&f% -2- 4:"1‘&%&%0 ygégoélgggrélt“g%henone;

(b) subjecting said hydroxy-protect eR1hydrox®acet ophenone to suitable
N,
R-\ O n
R, 0~ o
Rs

(a) R is selected from the group consisting of:

wherein:

10 alkyl of valence n having 1 to 12 carbon atoms,
aralkyl of valence n having 7 to 14 carbon atoms,
aryl of valence n having 6 to 14 carbon atoms,
'acyl group having the formula, R’<(CO),-, where R’ is an aliphatic or
aromatic group of valence n having 1 to 14 carbon atoms, and n is an
15 .integer having a value of 1 to 6,
alkoxy or aryloxy carbonyl having the formula, R’-(0-CO)-, where R’
is an aliphatic or aromatic group of valence n having 1 to 14 carbon
atoms, and .
sulfonylalkyl or sulfonylaryl having the formula, R’<(SQ),~-, where R’
20 is an aliphatic or aromatic group of valence n having 1 to 14 carbon
atoms;
(b) Ry, R, and R; are the same or different and are independently selected
from the group consisting of:
hydrogen,
25 fluorine, chlorine, bromine, or iodine,
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addi tion-cyclization conditions in m di al kyl carbonate and
a base as catal yst to for M’mﬁmﬂE’Wng 4- hydr oxy coumari n;
(c) subj ecti&gﬁ%bﬂﬂ- hydroxy coumarin to depfotéctton to f or pdTAEs98f3426
correspondi ng dihydroxy coumarin; 44 (d) subjecting said dihydroxy
courmarin to substitution in the presence o% a conmpound having the
formula: [err] where 25 (i) Zis chlorine or brom ne;
(i) nis an integer having a value of 1 to 10; and (i) Ris
selected fromthe grgﬂ&. ' 'd”ﬂkﬁf' : havin f val ence
n having 7 to 14 carbon %?gfrdg,aﬁé andﬂuoroalkylgléoruyls of \g}lglfgefr?ygu% havi ng 6
to 14 carbon atons, C.H.F,, wheren is an integer from 1 to 8 zczid yareliptegensifrgmhe
formul a, R'-(CO)[errl- where R istan al i phati.c or

aromatic group of vateduel,qnd the s of X sndivisitilon at ons,

al koxy or aryl oxy car |, ' f la, R-(OCOferr]-, where

R is an aliphatic o&i?ﬁ%??ﬁ@?&%%g‘é?%%ence n having 1 to 14 5 -
carbon atons, and  gralkyl having 7 to 10%mboamyemi kyl or sul fonylaryl having the

formula, R-(SO2)[err]-, where R is an aliphatic or
aromatic group of vahkliesy having\lite§ carhog atomsar bon at ons;
to formthe correspondin ther, carboxylic acid, or sulfonic acid ester, or
10 car bonat e of a@fl?&ﬁw Gcghﬂiﬁrﬁixn 3 0ps, and (e) subjecting said
di hydroxy counarin cQpmeisey hiviip PEET0 Edthod Rtottisadd transfer in

t he presence of a diazo transfer agent to formthe correspondi ng
et her, carboxyl (c) misiad imteges haviog e valweiof 140t18r, or carbonate of
3-di azo- ffé 0XO- coumarin. -

9. The process as set forth in claim 8 wherein R; to Rj are hydrogen.

10. The process as set forth in claim 6 wherein in step (a) the temperature is from
about 50 °C to about 100 °C and pressure is atmospheric; in step (b) the
15 temperature is from about 80 °C to about 150 °C and pressure is atmospheric;
in step (c) the temperature is from about 30 °C to about 60 °C and pressure is
superatmospheric; in step (d) the temperature is from about 10 °C to about
100 °C and pressure is atmospheric; and in step (e) the temperature is from
about 20 °C to about 40 °C and pressure is atmospheric.
20
11. The process as set forth in claim 6 wherein said protecting group is selected
from the group consisting of benzyl, trimethylsilyl, tert-butyldimethylsilyl,
2-tetrahydropyranyl, and tert-butyloxycarbonyl.

25 - 12. The process as set forth in claim 11 wherein said protecting group is benzyl.

13. The process as set forth in claim 6 wherein said dialkyl carbonate is diethyl

carbonate.
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15 8. The process as set forth in claim?7 wherein said substituted

2,4(5 or 6)- ~di hydroxy acetophenone has the fornula: [err]
wherein Rl ewdoesidsherr], and R3 are the sane or different and ECEIUS98103426
i ndependently 20 sel ected fromthe d6oup consisting of B —
hydr ogen, fluorine, chlorine, bromne,
| i near or branched al kyl and fl uoroal kyl groups havi ng tﬁ F‘ ”m”
Cerr]Herr]F[err], where nis an integer from1l to 8, Uwrs
f4rlom0 25 to 2n+l, and the sumof x and y is 2n+1,,

Herdifl £laTelal
ar al kyl haV|]n4g ’J;h?grofasscagras%&'fortg%h@ﬂngﬁ sei @Jngféli{gx?/mﬁsaw ng 1 to 8

carbon atons, p-toluenesulfonyl azide.ar yl oxy having 6 to 10 carbon atons, and 5
ar al kyl oxy haV| hg 7 to 10 carbon atons
15. A process for preparing ethers, carboxylic acid and sulfonic acid esters, and
5 carbonates of 3-diazo-4-oxo-coumarins comprising the steps of:
(a) subjecting a substituted 2,4(5 or 6)-dihydroxy acetophenone to a
substitution conditions in the presence of a compound having the formula:
R-Z,,
where
10 (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:
alkyl of valence n having 1 to 12 carbon atoms,
afalkyl of valence n having 7 to 14 carbon atoms,
15 aryl of valence n having 6 to 14 carbon atoms,
acyl group having the formula, R’-(CO),-, where R’ is an aliphatic or
aromatic group of valence n having 1 to 14 carbon atoms,
alkoxy or aryloxy carbonyl having the formula, R’~(O-CO}-, where R’
is an aliphatic or aromatic group of valence n having 1 to 14 carbon
20 ' atoms, and
sulfonylalkyl or sulfonylaryl having the fonﬁula, R’-(SQ),-, where R’
is an aliphatic or aromatic group of valence n having 1 to 14 carbon
atoms;
for a sufficient period of time and under suitable conditions of temperature and
25 pressure to form the corresponding ether, carboxylic_acid or sulfonic acid
ester, or carbonate of 2-hydroxyacetophenone;
(b) subjecting said substituted 2-hydroxyacetophenone from step (a) to
suitable addition-cyclization conditions in the presence of a dialkyl carbonate
and a catalyst for a sufficient period of time and under suitable conditions of
30 temperature and pressure to form the corresponding 4-hydroxy coumarin; and
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9. The process as set forth in clai et her, carboxylic acid
or sul foni c aci d ester (H“ H W!mm"[m di azo 4- oxo-counarin
/08

has the for n
are as defr%dﬁfsﬁg'gl aim 1 ' 10 Thq process as set fort r{n 9c ai r‘rsr 9
wherein Rerr] to R3 are hydrogen. 11. The process as set forth in
claim?7 wherein said protecting group is selected 15 fromthe group
- consi sting of benzyl, trinethylsilyl, tert-butyldinmethylsilyl,
2-tetrahydropyranyl, and tert-butyl oxycarbonyl. 12. The process as
set forth in claim7 wherern sald di al ky| carbonate |s di et hyl
carbonate. 20 (c)subjestingisaid d-hydsaxy geumann tosuitap. ?rmﬂ@m%ar d
di azo transfer ent is A
: process for pre@grpf‘?fﬁn%et?fear(ga té‘r“%g y r}gﬂ‘gﬁﬁ&%{n %ﬁqfc aerd es ers, and
: %gt carbo nﬁﬁﬁsle%n&ndh@aﬁeﬁpmmwapfesﬁﬁe ¢® farin thie@rrelpondingps of :

e:

ether, carboxylic acid or sulfonic acid ester, or carbonate of 3-diazo-4-0x0-

5 coumarin.

16. The process as set forth in claim 15 wherein said substituted 2,4(5 or 6)-
dihydroxy acetophenone has the formula:

R, 0
HO CH,
R, ~OH
Rs
10 wherein R,, Ry, and R; are the same or different and are independently

selected from the group consisting of:

hydrogen,

fluorine, chlorine, bromine, or todine,

linear or branched alkyl and fluoroalkyl groups having the formula
15 .ConFy, where n is an integer from 1 to 8, x and y are integers from 0

to 2n+1, and the sum of x and y is 2n+1;,

aryl having 6 to 10 carbon atoms,

aralkyl having 7 to 10 carbon atoms,

alkoxy having 1 to 8 carbon atoms,
20 aryloxy having 6 to 10 carbon etoms, and

aralkyloxy having 7 to 10 carbon atoms

17. The process as set forth in claim 15 wherein said ether, carboxylic acid or

sulfonic acid ester, or carbonate of 3-diazo-4-oxo-coumarin has the formula:
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42 (a) subjecting a substituted 2,4(5 or 6)-dihydroxy acetophenone
toa " " - substitution reaction in the presence of a conpound having the
formul a: [ erwjo 98/39317 where R, Z and n are as defined in cl aPOT/0Se8203426 M
t he correspondi ng ether, 5 carboxyl i é7acid or sul f6ﬁT'6"""é‘CT"d“‘Ester— 61’-—-

carbonate of 2- hydr oxyacet ophenone; (b) | '
substituted 2-hydroxyacet ophenone fromstep (a) to ﬂ !ﬂﬂmﬂ uu ’uw
addition-cyclization in the presence of a dial kyl carbonat L

catalyst to formthe correspondi ng 4-hydroxy coumarin; and 10 (c)
subj ecting said 4-hydroxy counarin tgdiazo gyansfer in the presence of a

di azo transfer agent to formthe corl g ether, carboxylic acid or
sul fonic acid ester, or carlgnate of -di uNarin. 15. The
process as set forth in claffm 14 whep@ titutpd 2,4(5 or 6)- 15
di hydr oxy acet ophenone hdR-{h© n

wherein R err], R2, and R3 e as ge i M 1.

wherein:

(a) R is selected from the group consisting of:
alkyl of valence n having 1 to 12 carbon atoms,

5 aralkyl of valence n having 7 to 14 carbon atoms,

aryl of valence n having 6 to 14 carbon atoms,
acyl group having the formula, R’<(CO),-, where R’ is an aliphatic or
aromatic group of valence n having 1 to 14 carbon atoms, and n is an
iﬂteget having a value of 1 to 6,

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 14 carbon
atoms, and
suifonylalkyl or sulfonylaryl having the formula, R’-(SO),-, where R’
is an aliphatic or aromatic group of valence n having 1 to 14 carbon

15 atoms;

(b) Ry, Ry, and R; are the same or different and are ﬁdepmdmtly selected
from the group consisting of:

hydrogen,

fluorine, chlorine, bromine, or iodine,

20 linear or branched alkyl and fluoroalkyl groups having the formula
C.H,F,, where n is an integer from 1 to 8, x and y are integers from 0
to 2n+1, and the sum of x and y is 2n+1;,
aryl having 6 to 10 carbon atoms,

aralkyl having 7 to 10 carbon atoms, B

25 - alkoxy having 1 to 8 carbon atoms,
xy g This Sheet Has Been Rep
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16. The process as set forth in claim 14 wherein said ether, carboxylic
acid or 20 sul fonic acid ester, or carbonate of 3-di azo-4-o0xo-coumarin

5 has the for wl9a,39317 PCT/US98/03426

AW g

48

aryloxy having 6 to 10 carbon atoms, and
aralkyloxy having 7 to 10 carbon atoms; and

(¢) n is an integer having a value of 1 to 6.
5 18. The process as set forth in claim 17 wherein R, to R; are hydrogen.

19. The process as set forth in claim 15 wherein in step (a) the temperature is
from about 50 °C to about 100 °C and pressure is atmospheric; in step (b) the
temperature is from about 80 °C to about 150 °C and pressure is atmospheric;

10 and in step (c) the temperature is from about 20 °C to _about 40 °C and

pressure is atmospheric.

20. The process as set forth in claim 15 wherein said dialkyl carbonate is diethyl

carbonate.
15
21. The process as set forth in claim 15 wherein said diazo transfer agent is
p-toluenesulfonyl azide.
22. The product produced by the process of claim 1.
20

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

24, The product produced by the process of claim 6.
25  25. The product produced by the process of claim 8.

26. The product produced by the process of claim 15.
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