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o -1- METHYL OXI RANE DI BENZOYLRESORCI NOL WS

UV ABSORBERS This invention relates to derivatives of

di benzoyl r esor ci nol whi ch are capabl e of absorbing ultraviolet |ight
and to methods for 5 making the conpounds, and to coating conpositions
conprising the conpounds. More particularly, the di benzoylresorcinol
conpounds conpri se di benzoyl resorci nol coupled with an epoxy (oxirane)
.group on a bridging methylene and detrvatives thereof. The invention
al so relates to coating conpositions containing the

di benzoyl resorci nol 10 rmopl astic resin
articles reduce di &ﬁ@%ﬁglﬁ%‘gm 5 @ggmﬁﬁﬁiexposur eto
~ultra viol et radi ati on. UBABSORBERSF THE | NVENTI ON 15

Ther nopl astic substrates such as polycarbonates are general ly
characteri'zed by advantageous properties which include - --clarity, high
ductility, high heat Thislimeention trefates abuderivatives of dlhéinlzeylsésmeinol
stability. Many of these materials are transparent and sone are

suitabl e as repl WoicheaeLapgbleyphabsonping, uttavialetlightandite Juptieds fand

architectural t f ceptible
to degradati osn b@hhﬁgrtgglr&meqd%h?ﬁg\;{’%% ﬁ{ﬁﬁ cgﬁ'lposmong é??ﬁqb'?%m%?wé

di scol oration. Teompowsds.t Mdre particuiafly ! thendibanedylsesorcinol mbwna@l
degradation of the sybstrate and erosion of the substrate surface. 25

As t her nopl ast i cCBASS th@s‘zox'mr@agobmwaﬁwﬂharéepane(omane&smmd to
otapi 11ty of ¢ heotanneping RRikighe eRGTIRRIFes gl P14 inveptioh gy "
substrate surfacelates hoacdmmgheampcgtuahgrdoncainmgnmmtbérnzaylresorcmol
10 compounds which when applied to thermoplastic resin articles
reduce discoloration of resin resulting from exposure to ultra violet
radiation.

BACKGROUND OF THE INVENTION
15 Thermoplastic substrates such as polycarbonates are
generally characterized by advantageous properties which include
clarity, high ductility, high heat deflection temperature, and
dimensional stability. Many of these materials are transparent and
some are suitable as replacements for glass in automotive,
20 aerospace, and architectural applications. However, the resins
often are susceptible to degradation by ultraviolet light evidenced by
- davelopment of discoloration. This results in loss of transparency,
mechanical degradation of the substrate and erosion of the
substrate surface. |
25 As thermoplastic substrates, such as polycarbonate, are
applied to outdoor uses it becomes important to enhance ultraviolet
radiation stability of the substrate. This is accomplished by treating
the substrate surface with a weather resistant coating material,



-2 . whi ch contains ultraviolet |ight absorbing agents. Wat her

r esi st ant coating systens can be prepared by incorporation of
ultraviolet |ight absorbers, such as benzotriazol es and benzophenones,
and hi ndered am ne light stabilizers. 5 However, the
dltraviolet |ight absorbing conpounds, often referred to as W

absor bers, deconpose or vol atalize upon exposure to ultraviolet Iight
thus losing the ability to protect and often causing | oss of necessary

properties. Prolonged exposure to sunl% ght noi sture and t her nmal
cycling conditions, can cause 10 n de)J am nation, and fornati on of
m crocracks in t hWhithepMgins ultrqy%ﬁg; ﬁ'y’t &ﬁ%\?@@sﬁgﬁﬂ FTMB?%FR? staph; s
| eads to a degrad f
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t her nopl astic sub are origl naielt hgerrpl oyed

to protect. Accor dbsgibers,t retich ias benzmriamlgel rapdn epghZophdagaésp avedv and
efficient UV absorbing 15 conpounds, Certain

4, 6- di benzoyl r esohindesed aOEE#&thaﬁmeQEh found to be effective UV

desoribed in (PS par oHENeyRto BT rariEy U@y Blroing odfiRdssondh 2 ok

in current conposirgfepred @6 BEBRUV saberbers,0 dé’c@hﬁidsbebf voldtalirdes cupen
wei ght, i.e., nolecular weight |less than or gqual to about 400

dal tons, which | ef4poswevts al!trawelft dight tbus |0$ln9r'@@e§bi|lﬁg torprotact and
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the effectiveness of absorber. There 1s a need for UV absorbers
characteri zed1®y yellowinigo delamimatipn anchtorewtiontofusicsecracks imtheepating

chromophore w th ln?gi’erial, decreasing transparency. This leads to a degradation of
the favorable properties of the thermoplastic substrate which the UV
absorbers are originally employed to protect. Accordingly, there is
an ongoing need to develop new and efficient UV absorbing
15 compounds.

Certain 4,6-dibenzoylresorcinols (DBRs) have been found to
be effective UV absorbers for haloethylene polymers. DBRs, as bulk
additives, are described in U.S. Patents 2,794,052 and 2,933,553.
However, a drawback in current compositions of DBRs is their

20 relatively low molecular weight, i.e., molecular weight less than or

equal to about 400 dalfons. which leads to volatility during

. processing of the thermoplastic substrates or cure of the coatings.

This can result in contamination of'the processing equipment.

Efforts to increase the molecular weight of DBR by adding

25 substituents can resuilt in diluting the effectiveness of the UV

absorber. There is a need for UV absorbers characterized by

photostability and effectiveness of the DBR chromophore with low
volatility.



volatility.. _ -3 -

SUWWARY OF THE | NVENTI ON Descri bed herein is a group of nove
UV absor ber conmpounds derived from

2- (et hyl oxi rane) - 4, 6- di benzoyl resor ci nol and UV absorbing coating
conposition containing these 5 conpounds. DETAI LED DESCRIPTICN OF
THE | NVENTI ON Descri bed herein are

2- (propyl) -4, 6-di benzoyl resorcinol s gaV|ng oxygen substitution in the

2 and 3 positions of the propyl 10 group; dEII:]I vat:ves of DBR, which a(rje
useful as a W ' | met hacryl at e conpositions an

ot her coating f%ﬁgﬁg‘?}g BF THE%&%W@Q% Itution includes a 2-(

net hyl epoxy) group whhgl- sy P i opan d Wy d ' t he
derivatives described g&f Rerein ISP E’groﬁg ndJDq"@e 5}\8/ EQQ%D?Ff roma
reaction of the emnmthmdsedeﬂlﬁedmlm(memmem%v@ﬁwwﬁoyﬁewbmlOn wi th

and w t hout heat, respect|vely. These UV absorbers have been tested in
PMMVA fil ms flé\ﬁndag BNt ﬁ@@i'f'ge SomBPsition sCamainingt 4Bese zed

pol ycar bonat g é dﬂ%nas shown by the reduced rate of photo-yell ow ng of
pol ycar bonate obser en conpounds |-V are included in a 20

pol ynet hyl net hacr yl at e coating appli ed to t he pol ycarbonate before
exposure to a xenon nstant invention provid es novel

di benzoyl resor ci QETAILED M&PT‘%@EJMIMVENTMN bi ng ul travi ol et

| i ght and net hods of Sint
di benzoyl r esor ci nol der| va veéssgfgg u° ﬁ}plr) Jfl%brqﬁ%e;‘r%%%%ﬁ%d%onpom tions
to inprove the veaihgoRpgén substltutlon in the_2 and 3 positions of the propyl

10  group, derivatives of DBR, which are useful as a UV absorber in

polymethylmethacrylate compositions and other coating films. The
oxygen substitution includes a 2-( methylepoxy) group which can be
opened and modified to provide the derivatives described below.

Compounds IV and V result from a reaction of the epoxylated

15 DBR in an acetone/water/acid solution with and without heat,
respectively. These UV absorbers have been tested in PMMA films
and found to be effective stabilizers for unstabilized polycarbonate
films as shown by the reduced rate of photo-yellowing of
polycarbonate observed when compounds I-V are included in a

20 polymethylmethacrylate coating applied to the polycarbonate before
exposure to a xenon arc.

The instant invention provid es novel dibenzoylresorcinol
compositions capable of absorbing ultraviolet light and methods of
making the compositions. The novel dibenzoylresorcinol derivatives

25 are compatible in coating compositions to improve the weatherability
of thermoplastic substrates.



of thernopl astic substrates. -4-
The instant invention is directed to novel nethyl ene-bridged

di benzoyl resorci nol derivatives having a n oxirane group on the

bridgi ng 2-nethyl noiety which are useful for absorbing ultraviolet

|'i ght having the fornula: [err] in which Ar[err] and Ar[err]
are independently substituted or unsubstituted nmonocyclic or polycyclic
. aryl groups, R is hydrogen or an aliphatgc group of from1l to 8 carbons

and A is an oxirane (epoxide) group. 10 The oxirane can be ring opened to

provi de derivatives I S ' he \\, absor bers of
this invention are Zﬁ%ﬂ%%ﬁﬂ) Rgéj%tlon 'srb‘?%@o@ﬁvreé%qtm%[}g?%l ng oxygen
substi tution i ndibBRzéylRRBreinol der%ﬁbés ABGing aﬁ f‘tﬁ(lrﬁh@pgﬁoﬁ Gkhe 15
The conpounds of this invention and nethod maki n them are
outlined in thebrdging&-methy maietywhich@ramseful for absorbing ultravuolet
hght having the formula:
o] OH R
7~

Ar, A

OH

5 A O

in which Arq and Ar2 are independently substituted or unsubstituted
monocyclic or polycyclic aryl groups, R is hydrogen or an aliphatic
group of from 1 to 8 carbons and A is an oxirane (epoxide) group.

10  The oxirane can be ring opened to provide derivatives as described
herein. -

The UV absorbers of this invention are 2-(propyi)-4,6-
dibenzoylresorcinols having oxygen substitution in the 2 and 3
positions of the propyl group.

15 The compounds of this invention and methods for making
them are outlined in the following reaction diagram.




~‘[er‘r] | -5 - [err]

BOPA

10 For convenience in the following description of the invention,
the chemical names of these compounds are as follows:
L 2-(methyloxirane)-4,6-dibenzoylresorcinol,
HA.  2-(3-hydroxy-2-methoxypropyl)-4,6-
dibenzoyiresorcinol, '
15 IIB. 2-(2-hydroxyi-3-methoxypropyl)-4,6-dibenzoylresorcinol,
. 2-hydroxymethyl-5-hydroxy-6,8-dibenzoyl-2,3-
dihydrobenzofuran,
Iv. 2-(2,3-dih.y</1roxypropyl)-4,6-dibenzoylre$orcinol, and



'10 . For convenience in the follow ng description of the

1 nvention, the chem cal nanes of these conpounds are as follows:

l. 2- (et hyl oxi rane) - 4, 6- di benzoyl resor ci nol LA

2- ( 3- hydr oxy- 2- met hoxypr opyl ) - 4, 6- di benzoyl resorcinol, 15

1 B. 2- (2- hydr oxyl - 3- nethoxypropyl)-4,6-dibenzoylresorcinol,

[, 2- hydr oxynet hyl - 5- hydr oxy- 6, 8- di benzoyl - 2, 3- di hydr obenzof ur an,
| V. 2-(2, 3- dlhydroxypropyl) 4, 6- dlbenzoglresorcinol, and

-6 - V. 2, 2-di met hyl -5-[(2,8%di hydr oxy- 3, 5-

di benzoyl phenyl ) net hyl ] - 1, 3- di oxol ane. . The novel nethyl epoxy
cont ai ni ng di benzoy| r e¥or ci afﬁ-dimethyleﬁrf(%dihydmxye%ﬁri bed above can be

ted into t b k in th t. Th
O e G AR T e 1 T
met hyl epoxi de di b?ﬂéoyﬁéxfe?orrﬁé | V@t RinGi il R ERBtI A Y

t ranspar ent mat ri x conp03|t|on es conp05|t ons can ‘be applied to

pr ot ect pol ydenvatived describext dbowve ghnt bei nmnoeuommnptnslduaungof t he
10 polymer materials. Generally, the matrlx mat contaip

al
acrylics, urePhant@mpasiligns bysmeans knewnrigdhe it e e coat|r¥g composmgs
above- descr i bed CQR | "Gt P! | &Atihgs! NBortiptiERE The? methylepoxide

dibenzoylresorcinol derivatives and a substantially transparent
matrix composition. These compositions can be applied to protect
polymers and articles from photo-induced decombosition of the

10 polymer materials. Generally, the matrix material may contain
acrylics, urethanes, melamines, or mixtures thereof.

The above-described coatings are applied to the surface of a
solid substrate thus producing a coated solid substrate having
resistance to ultraviolet light. Such coated solid substrates are

15 often referred to as weatherable substrates. Generally, there are no
limitations with respect to the thickness of the coatings applied to
said solid substrates. They are, however, usually about 0.5 to about
50 um thick and preferably about 3 to about 10 ym thick. In the
instant invention, the solid substrates that may be employed often

20 include polymer substrates such as acrylic polymers including
poly(methyl methacfylate), polyesters such as poly(ethylene
terephthalate) and poly(butylene terephthalate), polyamides,
polyimides, acrylonitrile-styrene copolymers, styrene-acrylonitrile-
butadiene copolymers, polyvinyl chloride, polystyrene, blends of

25 polystyrene and polyphenylene ethers, butyrates, polyethylene and
the like. Thermoplastic substrates can be with or without pigments.
Moreover, said solid substrates may also include metal substrates,
painted surfaces, glass, ceramics and textiles. However, the



solid substrate thus producing a coated solid substrate having

resistance to ultraviolet light. Such coated solid substrates are 15 often
referred to as weat herabl e substrates. Generally, there are no

limtations with respect to the thickness of the coatings applied to

said solid substrates. They are, however, usually about 0.5 to about

50 pmthick and preferably about 3 to about 10 pmthick. In the

instant invention, the solid substrates that nmay be enployed often 20

i ncl ude pol yner substrates such as acrylic polyners including

I t hyl
oL SR e GRAES B S e PR s proeray
ol yi m des, acr Iveh 8- rs, styrene-acrylonitrile-
Eut gdi ene copol ién'g?@bgéﬁf?f%m@ﬁwgﬁe pol ystyrene, blends of 25
pol ystyrene and pol ypFey| @neparations, dfut yhet emovpbo! yeiethylersbrdged t he

| i ke. Thernopl ast.jc suhstrates, can be with aor w thout pignents.
Mor eover, said S‘M’?BZ [Rsoreingk dpeyatiyesodenving Jeomeam 0Xigns: graupson

P e S e briing Hhofflre B thel Pelert AyentHR fiel Misprated, o

enpl oyed to coatbythe foltdwingtexamples. Molecular iructuresedfoalfipréducts ¢ t he
novel nethyl ene- bri dged di benzoyl resorcinol derivatives deriving from

an oxirane groughBnexamples may kg eniemed| byether proteni eedasarbomtdti on is

of il product & Tqrear mapfific RsbRahéy” SBRHATRRS anlf” ey, Sndttiel ana

carbon-13 anglysigr nmagnetic resonance spectroscopy and mass spectral
anal ysis. 10 defin groups such as the allyl portion of
2-(al l'yl)-4]16- dPlafin; groues osusthaas dha Bllylepottion zeti 2{allyhr4.6us

peracids of whi eihgnzoyiresorcinol can be epoxidized by various peracids of which

meta-chloroperbenzoic acid is most often used. Amino and other
groups affected by the reagent should not be present in the reactant
molecule. Other peracids which can be used include peracstic acid,

15  perbenzoic acid, trifluroperacetic acid, and 3,5-dinitroperoxybenzoic
acid. In addition air oxidation in the presence of silver and heat can
be employed.
| The ultraviolet radiation absorbing compounds may be
incorporated into any coating composition suitable for coating

20 plastic substrates or articles such as polycarbonate articles.
Preferred coating materials include thermoplastic acrylics and
thermosétting acrylics and silicone hardcoats with the most
preferred coating composition being polymethyl methacrylate and
various co-polymers thereof.

25 The amount of ultraviolet absorbing compound present in the
coating composition is defined as an effective amount to protect the
underlying resins substrate against discoloration or degradation
caused by ultraviolet radiation. Essentially, an effective amount of
UV absorber is the amount necessary for the coating material to



met a- chl or oper benzoic acid is nost often used. Am no and ot her groups
af fected by the reagent should not be present in the reactant

nol ecul e. O her peracids which can be used include peracetic acid, 15

per benzoic acid, trifluroperacetic acid, and 3, 5-dinitroperoxybenzoic
acid. In addition air oxidation in the presence of silver and heat can

be enpl oyed. The ul traviol et radiati on absorbi ng conpounds may
be i ncorporated into any coating cogfosition suitable for coating 20
plastic substrates or articles such as pd?ycarbonate articles.

Preferred coating materials include thernoplastic acrylics and
t her noset ting ad'}%Vﬁl 2R absarkancecohat least @baut O3 @b abiout 1366t to 330nmr ef er r ed

ti t hac
corbol yrrer o ¢ hertiiy coe8BoRs Y8 aaRb ot AF S oo B3 ot toe tgSheden,
conmpound presentulﬂrémbm raduati&?ﬁt bpg HRPSEbiiizer | gl ”Eémgésnﬁan.effem ive
anmount to pl’Ot ect the under | ying resins substrate agal

oot oty an AR I iyt BURG nBloctlifA 216 23 dh e

necessary for the coating material to
-8 - ﬁaves&lneabsorumneeloos tle idtensity abihetinBidentlightand | #thg o 330nm

Thi s corresponds_to _abs t on o t. L east 50% of the the incident
ul traviol et radi %tlef‘ﬁﬁy Bg{ téa%‘?’ﬁﬁtﬁg "ﬂbF coating conposi ti on.

Absor bance is cal cul ﬁ.@:@é
t he absor bance, I[erf‘?ﬁz‘?g&'{S tens Ihﬁéh ﬁbmiphglﬁ' eﬁ’tl "ﬁ% dﬁ S the
intensity of thenateaa!srhl\fstabllizeghany other additives, ahe soivent bonlamlfr@nﬁtl ng
| ut '
sol ution COnrpos'atb' out 1 tB about 48 welght p%rcent UV absorber based on the
10 weight of polymer solids in the composition and preferably from

about 8 to about 30 weight percent based on polymer solids in the

composition. The coating may contain a single ultraviolet radiation
absorbing compound or a combination of one or more ultraviolet
radiation absorbing compounds. Light stabilization compositions
15 having higher concentrations of UV absorber than mentioned above
are useful in the practice of the present invention and are within the
full intended scope of the invention.
The UV absorber is applied to the plastic substrate or article
in a coating composition. It is important that the coating
20 composition adhere to the surface and not adversely affect the
underlying plastic properties such as by stress cracking or crazing,
crack propagation reducing impact resistance and tensile strength.
The use of ultraviolet radiation absorbers with various resins
such as polycarbonates, polyesters, polyolefins, polystyrene, and
25 vinyls to protect against attack by ultraviolet radiation is known in
the art. The ultraviolet radiation absorber functions by reason of its
ability to screen out the damaging portion of the incident radiation
due to a high absorbtivity relative to that of the polymer. In order to



" material , W stabilizer, any other additives, and solvent contain from
about 1 to about 40 wei ght percent UV absorber based on the 10 wei ght of

polymer solids in the conmposition and preferably from about 8 to
about 30 wei ght percent based on polynmer solids in the conposi tion.
The coating may contain a single ultraviolet radiation absor bi ng
conpound or a conbi nation of one or nore ultraviol et radi ati on
absor bi ng conpounds. Light stabilization gc_orrposi tions 15 havi ng hi gher
-concentrations of UV absorber than nentioned above are useful in the

practice of the present inventi nd are w thin the full i nded
scope of the i nfBidifoAS a successiul &trW@IW'%S%?%BGT %heiﬁp?ﬁeeﬁe‘f%%fhe

pl astic substrat r [ ClLg: ' atyd KESYBES hiusPhave!d hi

| nportant that trﬁg&é%@%{nsgh%:h mggirrgggptg?o?hgg%ere fgo t he surfaceghand not
adversel y af f ectspelfiic absonmidﬁﬁl ini the phage i of pavplengths thatfarasmopt st ress
cracking or crazing, - crack propagation, red%ci n}% | npact ,resistance and

tensile strengt tdeliterious to the wderyingmlastic Suostete PN 8n aH%r ber s
Wi th vari ousgres] r S e r efins,
pol ystyr ene, 5anaéﬂ}§rb?fi Wﬁg%a%r é@éa@ﬁﬁég g?lp g*ceﬁ %@/ﬁutlﬁte r ggélafgli&et

radi ation is knggmpdsition. UMeaddition Tine @bsoebaroshouldadottsignifieasty ber
functions by reason of its ~ability to screen out the oﬁlang‘ﬁ" portion
of the incident aksratinothe visiblgyeegion :ofhihe SPESHHAL 00id Al W \B€ t o ¢ hat

of the polyner. .l r der . .
-9- P éual i flp{bggleg%%@%gggpﬂymgWPgW& %rtarlt'f‘\’lght absorber there are
several requi renpidde Vdkilldd MHSthedeartewill 'gaen alas turtresr @mdt blettee a hi gh

specific absorbtivity in the range of wavel engths that are post
deliterious 100 tunders@eding afithe preseat isvpation fromythesdetalied deserptign

absor ber nust be tible wth. I r '

conposition. | rﬁég‘g%i Baof"nepo&%ﬁﬁ?%%ﬁﬂs‘%dﬁﬁ%&@g]t %}ﬁg{rﬁ?ﬁé %ﬂﬂ?\eﬁ and
chemical drawings accompanying and forming a part of the
specification.

EXAMPLE 1 o

15 Preparation of compound |- 2-(Methyl Oxirane)-4,6-Dibenzoyl
Resorcinol- 5.6 mmol, (2g) of 2-allyl-4,6-dibenzolyresorcinol and 11
mmol, (0.8 g) of ~50% active meta-chloroperbenzoic acid were
dissolved in toluene at room temperature . The reaction proceeded
for 1 hr. The reaction mixture was washed three times with ~50 mL

20 sodium bicarbonate /water. The toluene fraction was then
evaporated to dryness. The resulting yellow-white solid was dried in
a vacuum oven at 50°C overnight. Yield 99% .The 'HNMR (300
MHz, CDCls): 2.7 ppm (dd, 1H); 2.8 ppm (dd, 1H); 2.9 ppm (dd, 1H);
3.0 ppm (dd, 1H); 3.3 ppm (quintuplet, 1H). FD-MS showed a

25 parention with m/z 374, as calculated for this structure.



absorb in the visible region of the spectrumor a color will be

imparted to the underlying substrate or article. Those skill ed
in the art will gain a further and better 10 understandi ng of the present

i nvention fromthe detail ed description set forth below, considered in
conjunction wth the exanples and chem cal drawi ngs acconpanyi ng and
formng a part of the speci fication.

EXAMPLE 1 15 Preparation of conpound I|-2-(Methyl Oxirane)-4, 6-D benzoyl
Resorcinol - 5.6 mml, (2g) of 2-a||y|-41 -di benzol yresorcinol and 11

mml, (0.8 g) of ~50% active neta-chl oroperbenzoic acid were di ssol ved
in toluene at roomtenperature . TheEXAMRLBR proceeded for 1 hr. The

vt or . The 1 ol TERETRHER, o, cRhiSobhd"Ra" QugCr it o REphh . 2 rhe " ©

resul ting yell SMAlToR s L e] [err]C
overni ght. Yi elqg‘I 99¥/‘P w?_ﬁg) ?gfgﬁeﬁwlz\;ﬁ@ebarcmol v d[)gf? )%LQQ? ppm

(dd, 1H); 2.8 gpﬁﬂ’(azmjlrrla’émleaegzhmm{ ddlutmnl) The pH was® anp.rstécdido 1121) 3.3
ppm (qui nt ug etva g%pm@é@ SURMR add” the” arl&trllén Waswll'eﬂrbxed for 1 hr

calculated

- 10- The_product then E Pr. i of
conpound 1A & |1 &P gmmvlvas( extr?ctgéAM% methylene”'chGHA. ' PRe

(et hyl oxi r ane)methylatienchiosige wmmen puapovateditc dofness lieavibg béhind
met hanol / met hyl e The pH was | usted to 1-2 5 wth

| d | d
concentrated st p‘&\"i' Or'?‘?ﬁ psfﬁ%géi)l Bﬁwﬁd %Wﬁéfqﬂ%w foyacyumgy oven  The
product was t thVe?ﬁ%;hﬁcrﬁ‘é‘ NMIR i gEFI*JWIS"( Eﬁb?gbgﬁ?]rn:f%&?the proomé{ gyl ene

chloride was then evaporated to dryness 'l eavin
whi ti sh-yellDow gmixtura of iSbmers ¢4td ratiopsndefined)i n a vacuum oven
' EXAMPLE 3
Preparation of compound Hi- 1.3 mmol, 0.5g of 2-(methyloxirane)-
4,6- dibenzoyiresorcinol and 1.3 mmol 0.3 g of 25% sodium
methoxide in methanol were combined in a solution of methanol,
15 water and 5 drops of sulfuric acid at room temperature for 5 hr.
Upon completion of the reaction, methylene chloride was added to
extract the product. The methylene chloride fraction was then
evaporated to dryness yielding a white solid. Crude yield 98%. The
NMR (300 MHz, CDCl3): 3.15 ppm (dd, 1H); 3.3 ppm (dd, 1H); 3.75
20 ppm (dd, 1H); 3.9 ppm (dd, 1H); 5.2 ppm (quintuplet, 1H). FD-MS
(m/z 374) confirmed the structure of the product.

'EXAMPLE 4
Preparation of compound V- 5.3 mmol, 2.0 g of 2-(methyloxirane)-
25 4,6- dibenzoylresorcinol, 5 drops of sulfuric acid and less than 1 mL
of water were combined in acetone and allowed to stir at 50° C for 5
hr. The solution was filtered to collect the precipitate, washed with
isopropanol and dried in a 50°C vacuum oven for 4 hr. Crude yield
1.6 g (66.7%). The NMR (300 MHz, CDCls): 1.45 ppm (d, 6H); 3.0,



" overni ght.. .-The NVR and FD-M5 (m z 407) confirnmed the product as 10 a
m xture of isonmers (4:1 ratio, undefined).

EXAMPLE 3 Preparation of compound Il11-1.3 muol, 0.5g of
2- (et hyl oxi r ane) - 4,6- dibenzoylresorcinol and 1.3 mvol 0.3 g of 25%
sodi um met hoxi de i n net hanol were conbined in a solution of nethanol,

15 water and 5 drops of sulfuric acid at roomtenperature for 5 hr.
Upon conpl etion of the reaction, nethyl eqlg chl ori de was added to
extract the product. The nethylene chloride fraction was then

evaporated to dryness y| eI ding a white solid. Crude yield 98% The NVR
(300 Mz, 0D [ &3 ]Bpmé d52Hhn3 @bt 1 BRI (08, ZH)phG gam {oyiiplets 2. porn
(dd, 1H); 3.9 PRP [ (mz 374)
confirmed the structu @HS}%&S ﬁcgnff?ﬁ'@d(tﬂﬂ éf'rtu‘dRJrStdf tﬂé_'bmdﬂ&

EXAMPLE 4 Preparation of corrpound V- 5.3 mol, 2.0 g -of-

2-(methyl oxirane)- 25 4,6- dibenzoylresorcinol, 5 drops of sulfuric acid
and |ess than 1 nL of water wer EXMWMBLER in acetone and allowed to

or eci pi tat e, SwndteRargien of cHmegifuag o Himdhi 8o iof EhasPof. X cuam

oven for 4 hr. (rggs dﬂ %hﬁ‘unc ac.a @ndé ¢$6m{Vof wa@eraré ?éH?nMHéd in
CDCl[err]): 1.45 ppm ( 3 ppm (dd, 2H);

3.9,4.1 ppm (dd, lsdpﬂppanoBaMrallowednmumlreat 100°HL. for one mmxsvamma@l)
confirmed the structure of the tproduct
EXAMPLE 5 then used to precipitate the product. The product was then filtered
to yield a yellowish-white solid product. Crude yield 1.3 g (89%).
10 The NMR (300 MHz, CDCI3): 3.1 ppm (dd, 2H); 3.6 ppm (dd, 2H);
4.8 ppm (quintuplet, 1H). FD-MS (mvz 392) confirmed the structure

of the product.

Preparation of Films for Xenon Arc Accelerated Testing
A 5.33¢g portion of Elvacite® 2041 (PMMA) was dissolved in 80.5g of

16 2-methoxypropanol and 14.2g of diacetone alcohol at 50° C in a
three neck flask equipped with a mechanical stirrer and heating
mantle. A 25 g aliquot of the polymer solution and 0.07g of UV
absorber were combined to make a solution containing 5 wt. % UV
absorber based on PMMA solids. The prepared solutions were

20 rotated on a roll mill overnight to allow the UV absorber to dissolve.

The solutions were then flow coated onto unstabilized 15 mil Lexan®
film at 22°C and 50% relative humidity. A 15 minute solvent flash
was allowed before the films were baked in a 105°C oven for 30
minutes.

25 The xenon arc accelerated testing was performed on a Ci35a xenon

arc weather-ometer® using type S borosilicate inner and outer filters.

The irradiance level was 0.77 W/m® at 340 nm, the black panel



5 Preparation of compound IV- 3.7 mol (1.6 g) of conpound V, 10

drops of sulfuric acid and ~1 nL of water were conbined in i sopr opanol
and allowed to stir at 100[err]C for one hour. \Water was then used to
precipitate the product. The product was then filtered to yield a
yel | owi sh-white solid product. Crude yield 1.3 g (89%. 10 The NWR (300
MHz, CDCl[err]): 3.1 ppm(dd, 2H); 3.6 ppm (dd, 2H); 4.8 ppm
(quintuplet, 1 H. FD- M5 (mz 392) 'configged the structure of the
product. - Preparation of Filnms for »enon Arc Accel erated Testing

A 5.33g portion of Elvacite[err] 2041 (PMVA) was dissolved in 80.5g of 15
2- met hoxypr opant¥mMRarature. was dretweer #00h3° & doaery dulsd¢mperat@re was

t hree neck flasg £qui Red Wi th a nechanical stirrer and heating.

mantle. A 25 g &P &JWB & Wehoul doptessian at 1 8h CatRP%. refajiver humidity).

absorber were c [ a solution containi S WM. % )

absor ber based ﬁﬁgﬁ&ﬁ% @%ﬁ%%é'%\?’eﬁﬁ'%? o&%f rggsmw\gﬁ%s ?@wY"HPat ed on a
rol I mill over nivafdr dppap! THIY dydR ABEARIIAIES 46KIMPSR!MD nm per holle
solutions were then flow coatéd onto unstabilized 15 m| Lexan[err]

filmat 22[&r]|d operatios.r Samples wene dexpased 16r M2uthe smdeentheBbash

was al | owed befr%gﬁa.@ e film were baked in a 105[err]C oven for 30

m nut es. qé arc accelerated testing was perforned on a G 35a

xenon arc .\oﬁat hg{qéomt er}er ra using type S borosilicate inner and
outer filters. 'Ne € maasyrements| aje| tales aising v nfaardneratXla885nm t he

bl ack panel

t enperature vvasc%g{i‘v.f\}eeéenr' ;’89 §§[r2erarﬁur%fpe{1 hsea@rrprUFg aﬁe‘?ﬁ@r%&hre was

Sample Final delta
Yi
Compound | 2.9
Compound IIA&IIB 2.7
Compound Iil 33
Compound IV 25
Compound V 1.9
Control (PMMA Coated 7.0

PC Film)




.. 45[err]Cwth a wet bulb depression of 10[err] C (50% relative humdity).
- The cycle was 160 mn. light, 5 mnutes dark, 15 mnutes dark with
wat er spray. This cycle accunulates 2.46 KJ/nferr] at 340 nm per hour 5 of

e TP 2>, o, 0, s e e

These nedsufenknt are*reported as delta Vl. Sanpl e
Final delta Yl
Conpound | 2.9 13- Conpound |1 A& I B
2.7 Conpound |11 3.3 Conpound
|V WHAT I8 GLAIMED: Conpound V 1.9
Control (PMVA Coat ed 7.0 PC Film
-13 - WHAT IS CLAI MED:. 1. A conpound havin
the formula [err] 1.M:Acompound having the formula . rrp J
| OH R
Ar,/ A
OH
A; O
5 where Ar1 and Ar2 are independently substituted or

unsubstituted monocyclic or polycyclic aryl groups, R is hydrogen,
or an aliphatic group having from 1 to 8 carbon atoms, and Ais an
epoxy or a ring-opened residue of the epoxy group.

2. 2-(propyl)-4,6-dibenzoylresorcinols having oxygen
substitution in the 2 and 3 positions of the propyl group according to
claim 1.

3. A compound according to claim 1 having the
formula




5 -1 where Ar[err] and Ar[err] are independently substituted or
unsubst’i t ut ed nonocyclic or polycyclic aryl groups, R is hydrogen,
or an aliphatic group having from1l to 8 carbon atons, and Ais an

epoxy or a ring- opened resi due of the epoxy group. 2.
2- (propyl)-4, 6- | s havi ng oxygen substitution in
the 2 and 3 posi mﬁﬂmmﬂmmng group according to claim 1.

3. A conpound accordlng t® cfai'm 1 havin the . formul a

[err] -14- -12- A conpound according to claim 2
havi ng the fornul a [err]

4. A compound according to claim 2 having the

formula
(o]
: H
OH
OCH,
OH
o8
5. A compound according to claim 2 having the
formula

formula




’ 5.‘ A compound according to claim?2 having the formula [err]
6. A conpound according to claim2 having the fornul a [err]

o 15- | n!"“clﬂmﬂ“'!rmmﬂordl ng to claim2 having the fornula

-15-

7. A compound according to claim 2 having the
formula

8. A compound according to claim 2 having the

formula
(¢

O

OH

9. A UV absorbing coating composition comprising a
transparent matrix material and a UV absorbing compound having
the formula

OH

5 Ary 0]

where Ar{ and Ar2 are independently substituted or unsubstituted

monocyclic or polycyclic aryl groups, R is hydrogen or an aliphatic



[err]

9. A UV 'absorangTUart‘l—ng‘mnposﬂ I on conprising a

material and a
where Arferr].
nonocyclic or

10

8. A conmpound according to claim2 having the

fornmul a

transparent matrix

ound havi ng the formula [err]
' "[ﬂ/ ﬂ ndependently substituted or unsubstituted
ycyc r [

oups, R is hydrogen or an aliphatic

-16 -

group having from 1 to 8 carbon atoms and A is an epoxy or a ring-
opened residue of the epoxy group.

10. A UV absorbing coating composition comprising a
transparent matrix material and a 2-(propyl)-4,6-dibenzoylresorcinol
having oxygen substitution in the 2 and 3 positions of the propyt
group according to claim 1.

11. A UV absorbing coating composition according to
claim 10 comprising a transparent matrix material and 2-
(methyloxirane)-4,6-dibenzoylrescorcinol.

12. A UV absorbing coating composition according to
claim 10 comprising a transparent matrix material and 2-(3-hydroxy-
2-methoxypropyl)-4,6-dibenzoyiresorcinol,

13. A UV absorbing coating composition according to
claim 10 comprising a transparent matrix material and 2-(2-hydroxy-
3-methoxypropyl)-4,6-dibenzoylresorcinol.

14. A UV absorbing coating composition according to
claim 10 comprising a transparent matrix material and 2-
hydroxymethyl-5-hydroxy-6,8-dibenzoyl-2,3-dihydrobenzofuran.

15. A UV absorbing coating composition according to
claim 10 comprising a transparent matrix material and 2-(2,3-
dihydroxypropyl)-4,6-dibenzoylresorcinol.

16. A UV absorbing coating composition according to
claim 10 comprising a transparent matrix material and 2,2-dimethyl-
5-[(2,6-dihydroxy-3,5-dibenzoylphenyl)methyl}-1,3-dioxolane.



- 16-. group having from1l to 8 carbon atons and A is an epoxy or a

. fing- 10 opened residue of the epgoxy group. 10. A W
absor bi ng coating conposition conprising a transparent matrix nmateri al
and a 2-(propyl)-4, 6-di benzoyl resorci nol havi ng oxygen substitution in
the 2 and 3 positions of the propyl group according to claiml.

11. A UV absorbing coating conposition according to claim 10
conprising a transparent matrix material ampd_  2-

(et hyl oxi r-ane) - 4, 6- di benzoyl rescorci nol . 12. AW
absor bing coating conposition according to claim10 conprising a

transparent matrix material and 2-(3-hydroxy-

2. et hoxypr opyl) - 4, - di heREopthy e TXIRANE. DlBENZOYLRESOq%INOL 13. A W
absor bi ng coating conposition accor RBERSC alm corrprl sing a
transparent matrix material and 2- (24}8 9

3- met hoxypropyl) - 4, 6- di benzoyl resor ci nol . 14. A W
absor bi ng coating corr1p05| tion accordin claim10 corrpri sing a
transparent matri ABRIBACH OfntHE DISCL SURE

127 R absor 8 it SREHTedIBEY B vatads Hatl RGeS ek nays open

conprising a tran?@é;b@nw 1REhow USRhAnbSS imkdaling? dée to compatlblllty and
di hydr oxypr opyl ) 6- di benzoyl resor ci nol .

absor bi ng coat i ng Sobhilityi t | Sichaoatingsgcam be acryligsai enqxhes:onprsahmma a
G v, PR Y o RO BRI proo e apgrmose, o
thermoplastic coating materials in a variety of solvent types. The
10 disclosed UV absorber also has the advantage of a higher
molecular weight and lower volatility than DBR alone thus providing
processing advantages. | '



