A BISLACTONE COMPOUND AND A PROCESS
FOR PRODUCING THE SAME

The present in&ention relates to a novel bislactone
compound which ié useful as a stabilizer for polymers and as a
raw material of a positive type resist e.g. for producing a
planographic process plate or an integrated circuit. The
pfesent invention also relates to a process for producing the

bislactone compound.

A positive type resist composition containing, as a
sensitizer, a 1,2-naphthoquinonédiazide sulfonic acid ester of

a monolactone compound represented by the following formula:

ié“ﬁescribed, for example, in JP-A-U4-177351 and JP-A-5-323598.
However, a positive type resist composition.made from a

=N - bislactone compound has not been known.
A bislactone compound represented by the following

formula:



which may be used as a stabilizer for polymers, and a prbcess
for producing the same which comprises heating énd.reacting
mandelic acid and resorcinol while.diStilling off by-produced
water are described in Example 1 of JP-B-63-26771. However,
it is difficult that the bislactone compound described in JP-
B—63—26771 is used as a raw material of a positive type resist
for producing a pianographic prodééé plate or an integlated
‘ circuit;

It is an object of the present invention to provide
a bislactone compound'ﬁ@ich is useful not only as a stabilizer
for poly&ers but also as a raw material of a positive type
resist for producing a planographic process plate or an
integrated circuit. Another object of the present invention
is to provide a process for producing the bislactone
compound. :

‘The present invention thus ralates to a bislaétone

compound represented by the general formula (] ):



-

wherein R: and R, each independently represent a hydrogen atom
or an alkyl group having 6 or less carbon atoms, and Rs, R,
Rs and_Rs each independently represent a hydrogen atom, a
hydroxy group or an alkyl group having 6 or less carbon atoms.

Another subject matter of the present invention is a
process for producing the bislactone compound of formula ( I
) which comprises ailog;ng a 4-hydroxymandelic acid compound

represenféd by the general formula (II):

Rs Rl'
H CH—COOH

\

B (11D
| R4 R2 OH

wherein R;, Rz, Rs; and Ry, are as defined above,

to. react with a phenol compound represented by the general

formula (IV):



Rs

H0<O (V)
£ “OH '
8

wherein Rs and Re¢ are as defined above,
in the presence of an acid catalyst.

A further subject matter of the present invention is
a positive resist composition comprising a bislactone
compound of formula (I ).

The alkyl group denoted by Ri, Rz, Rs, Rs, Rs or Rs
in formula (1) may be a straight chain or branched chain
alkyl group. As preferred examples of ﬁhe alkyl, methyl and
ethyl can be mentioned%' |

D As preferred examples of the bislactbne cdﬁpound of
fofmula (1), a compoqyd represented by the general formula (

I):

wherein Ry represents a hydrogen atom or an alkyl group having

6 or less carbon atoms can be mentioned. .



As preferred examples of the acid catalyst used for
the reaction of a 4-hydroxymandelic acid compound of formula (
I ) and a phenol compound of formula (IV) to produce a
bislactone compound of formula (] ), inorganic acids, such
as hydrochloric acid, sulfuric acid and phosphoric acid;'énd
organic acids, such as methane sulfonic acid, trichloroacetic
acid, trifluoroacetic acid and ﬁ-toluene sulfonic acid can be

mentioned. In the reaction, the amount of the acid catalyst

nis usually 5-100 parts by weight, preferably 5-50 parts by
weight, per 100 parts by weight of the 4-hydroxymandelic acid
compounds of formula (W[ ). The reaction to produce a
bislactone compound of formula (I ) is preferably cérried out
in the presence of a reaction solvent which is water or an
organic solvent. Preferred examples of the orgénic solvent
include alkyl esters gf acetic acid, such as ethyl acetate
and n-prépyl acetate, and aliphatic cYclic:ethers, such as
tetrahydrofuran and dioxane. The amount of water or an
organic solvent is usually 10-500 parts by weight, preferably
50-400 parts by weight, per 100 parts by weight of the phenol
compoundskof formula (IV).

- Preferred examples of the phenol compounds of
formula (IV) include resorcinol}-2—methylresorcinol,
pyrogallol and 2-ethylresorcincl. In the reaction to produce
a bislactone compound of formula (I), the molar ratio of the
phenol compound to the 4-hydroxymandelic acid oqmpbﬁnd of
formula (I[) is usually 1:2 - 1:10, prgferably 1:2 - 1:4,

The reaction temperature is usually in a range of 0-

100 °C. The reaction time is usually in a range of 1-120



hours. After completion of the reaction, the reaction mixture
is subjected to crystallization, filtration, washing, drying
and, if desired, other usual methods to isolate a bislactone
compound of formula (). | |
Commercially available 4-hydroxymandelic acid
compounds of formula (II) can be used for the brocess of the
pfesent'invention. A U-hydroxymandelic acid compound usable
for the process of the present invention can also be obtained
by reacting a 4-hydroxybenzaldehyde compound, sodium hydrogen
sulfite and sodium cyanide to obtain a cyanhydrin and then
hydrolyzing the cyanhydrin to obtain a oxycarboxylic acid.
_The bislactone compound of formula (I ) is useful
not only as a stabilizer for polymer but also as a raw
material of a positiye type resist for producing e.g. a
planographic proces; plate or an integrated cirbui%.
.Particularly, the bislactone compound of formula (I ) is
useful as a raw material of a positive type resist, because a
positive type resist composition comprising
a bislactone compound of the present invention;
a I,2—naphthoquinone—5—sulf6nic,acid ester of a polyhydric
pﬁ;nol compound (=a sensitizer); and
an alkali-soluble novolac resin which is obtained by reacting
a mixture of phenol compounds containing cresol with
formaldehyde in the presence of an acid catalyst, such as
oxalic acid
is excellent in properties, sucﬁ as sensitivity and

resolution. Therefore, the positive type resist composition
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- comprising a bislactone compound of the present invention is
very desirable for producing e.g. LSI and IC.

According to the proceés of the present invention,
the bislactone compound of formula (I ) can be produced in
high purity and high yield at a lower reaction temperature
than the reaction temperature in the process described in
Example 1 in JP-B-63-267T1. -

The present.invention is explained in more detail
with reference to the following -examples. In the exémples, "

part" means "part by weight" unless otherwise mentioned.

Example 1

.Into a mixture of 124 parts of 2-methylresorcinol,
460 parts of water and 102 parts of p-toluenesulfonic acid,
504 parts of u—hydroxxmaﬁdelic acid was added at 60-65 °C
over 1 h;ur while stirring the mixture. After completion of
the addition, reaction was carried out at that temperature for
20 hours. Then, 5000 parts of water was added thereto and
the mixture was cooled to room temperature and was filtered to
obtain a crystalline product. The'cryStalline product was
washed with 5000 parts of water. Then the crystalline product
was dissolved in a mixture of ethyl acetate and toluene in a
volume ratio of 6:1,_respectively; and the resulting solution
was washed with water. The organic layer of the resulting
-mixture was then washed with-water again and was concentrated
to obtain an oily product. To the oily product, about twice
amounts of a mixture of ethyl acetate and toluene in a volume

ratio of 1:3, respectively, based on the amount of the oily.



product, was added and the mixture was cooled to obtain a
slurry. The slﬁrry’was filtered and the crystalline product
thus obtained was washed with a mixture of ethyl acetate and
toluene in a volume ratio.of 1:4, réspectively and dried to

obtain a compound represented by the following forimula.

Yield is 44.3% based on 4-hydroxymandelic acid.
FD-MS (Mass spectrometry) : m/e = 388
" Melting point : 238-240 °C

Example 2

A mixture of 275 parts of resorcinol, 660 parts. of
Wwater, fOS parts of p-toluénéSulfonic acid and 1051 parts of
thydroxymandelic acid was subjected to a reaction at 50-55 °C
fér 28 ‘hours while stirring the mixture, and then the
reaction mixture was cooled to room temperature and was
filtered to obtain a crystalline product. The crystalline
_product was washed with 5000 parts of water. Thereafter, the
crystalline product was dissolved in 2500 parts of ethyl
acetate at 60-65 °C, .and the resulting mixture was filtered.

The filtfate was cooled to room temperature to recrystallize



the crystalline product. The crystalline product thus
obtained was washed with 100 parts of ethyl acetate and was

dried to obtain a compound represgnted by the following

‘formula.,
H<O__ A _KO)-0H
0O
_Yield is 23.5% based on U4-hydroxymandelic acid.
FD-MS (Mass spectrometry) : m/e = 374
Melting point : 209-210 °C
Example 3

Example 2 was fepeated except that resorcinol was
replaced with pyrogallol to obtain a bislactone compound.

FD-MS (Mass spectrometry) : m/e = 404

Example 4

Example 2 was repeated except that resorcinol was
replaced with 2-ethylresorcinol te obtain a bislactone
. compound.

FD-MS (Mass spectrometry) : m/e =-U402

Example 5
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Example 2 was repeated except that 4-hydroxymandelic

acid was replaced with 3,4~dihydroxymandelic acid to obtain a

bislactone compound.

FD-MS (Mass spectrometry) : m/e = 390

. Example 6

Example 2.waé repeated except that 4-hydroxymandelic
acid was replaced with 3,4-dihydroxymandelic acid and
reéorcinol was replaced with 2-methylresorcinol to obtain a
bislactone compound.

FD-MS (Mass spectrometry) : m/e = 404

Example 7-

Example 2 was repeated except that U4-hydroxymandelic
acid was replaced witn,3—mgthyl-H—hydroxymande1ic'acid and
resorcin;l was replaced with 2-methylrésorcinol to obtain a
bislactone compound.

FD-MS (Mass spectrometry) : m/e = 402

Example 8
Through a condensation reaction of a compound

representeﬂ by the following formula:

‘HO Me Me OH
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wherein Me represents a methyl grdup, with naphthoquinone-
(1,2)-diazide~-(2)-5-sulfonic chlqride.in an mole ratio of 1:2,
respectively, a photosensitizer (hereinafter denoted as "
Sensitizer A") was obtained. :

Through a condensation reaction of a combound

represented by the following formula:

with naphthoquinone-(1,2)-diazide-(2)-5-sulfonic chloride in
an mole ratio of 1:3, respectively, a photosensitizer
(hereinafter denoted as "Sensitizer B") was obtained.

_ M-cresol, p-cresdl, 2—tert—butyl-5-methylphenol and
formaldehyde were reacted in an mole ratioc of 50/50/2.5/66,
respectively, to obtain an alkali-soluble novolac resin
(hereinafter denoted as "Resin C") having weight-éverage
-molecular weight of 8000 (measured by GPC, converted as
polystyrene).

3.0 Parts of the bislactone compound obtained in-

Example 1, 5.0 parts of Sensitizer A, 1.0 parts of Sensitizér.
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B and 11.33 pafts of Resin C were dissolved in a mixed
solvent consisting of 2-heptanone and ¢ -butyrolactone in a
weight ratio of 95:5, respectively. The solution thus
obtained was filtered through a filter having fine pore size
to prepare a resist solution. The amount of the solvent was
adjusted so that the thickness of the coated resist.film
after being beked became 1.07 yum.

A silicon wefer washed in a conventional manner was
coated with the resist solution by means of a spin coator and
it was baked on a hot plate at 90 °C for one minute.
Subsequently, the wafer was exposed to light by a reduction
projection exp051ng machlne having an exposure wavelength of
365 nm -(i-line) (NSR 2005i 9C, NA=0.57, manufactured by Nikon
Corp.) while stepwise changing the amount of exposure.
Thereafter, 'the wafer was baked on a hot plate at 110 (: for
one m1nute and was-developed for one minute w1th SOPD'
(developing solution; product of Sumitomo Chemical Co.,Ltd.)
to obtain a positive pattern.

Sensitivity was 2u3.3 msec., Which was exposure
amount at which the film thickness became zero on a graph
which was obtained by plotting the exposure amount against the
retained film thickness. '

v -value was 3.08, which was obtained by plotting a
normalized film thickness (=the retained film thickness/the
-original film thickness) against a logarithm of the exposure
amount and calculating tan @, wherein @ is the inclination
of the plotted line.

Resolution was 0.34% g m, which was evaluated by
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measuring, with a scanning electron microscope, the dimension
of the minimum line-and-space pattern which could be resolved
without film thickness decrease at an exposure amount giving

1:1 line-and-space of 0.35 ym.
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What we claim is:
1. A bislactone compound represented by the general

formula (] ):

’ R3 Rl R ) RI R3
.' N\ 3 \_
HO@\ A H
\ {
,  Re R O Okol22 -R‘l. (I)

Re
wherein Ry and R: each independently represent a hydrdgen atom

or an alkyl group having 6 or less carbon atoms, and Ri, R,
Rs and R¢ each independently represent a hydrogen atom, a
hydroxy group or an alkyl group héving 6 or less carbon atoms.

2. - A bislactone cbmpound according to Claim 1, which is

represented by the general formula (I ):

wherein Rr represents a hydrogen atom or an-alkyl group having
6 or less carbon atoms.

3. A process for producing the bislactone compound



I
T

according to Claim 1 which comprises allowing a U4-

hydroxymandelic acid compound represented by the general

formula ( II):

R R:

\
Ho@—(‘,ﬁ——cooﬁ
N (11D
0H

Re R2

- wherein Ri1, Rz, R; and Ry are as defined in Claim 1,

to react with a phenol compound represented b&bﬁhe general

formula (IV):

R R

0Oy v
{ H
8

wherein Rs and R¢ are as defined in Claim 1

in the presence of an acid catalyst.

q, A process according to Claim 3 wherein the reaction
of the Y-hydroxymandelic acid compound and the phenol compound
is carried out in the presence of wafer, an alkyl ester of
acetic acid or an aliphatic cyclic ether. |

5. A positive resist composition comprising a

bislactone compound according to Claim 1.
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6. A substituted diphenyl bislactone derivative, which derivative is substantially
as herein described with reference to any one of examples 1 to 8.

7. A process of prepafing a substituted diphenyl bislactone derivative, which.
process is substantially as herein described with reference to any one of examples 1 to
7' | . .

8. A positive resist composition comprising a substituted dipheﬁ.}.'l bislactone
derivative of claim 6, together with a sensitizer.

9. A positive resist composition, which composition is substantially as herein

described with reference to example 8.



