TI TLE OF THE | NVENTI ON Phenyl |socyanate-Based U et hane Acryl at es,
Processes for Produci ng and Met hods of Using the Sane BACKGROUND OF THE

| NVENTI ON 5 [ 0001] Coatings having a high refractive index (n) are known
fromvarious applications, for exanple, optical |enses, antireflection
coatings, planar wavegui des or holographically witeable filns. Coatings
havi ng high refractive indices can in principle be produced by various

nmet hods. By a purely physical route, netal oxides having a high refractive

i ndex, such as, for exanple [ Y203, are deposited in a

hi gh 10 vacuum vi a pl asma @TE@%F?WMI ed "sputter process.” Wile

refractive indices OfPHEBSIFIsB Hatgsﬂas%?mﬁeﬁﬁné/kéfﬁit% wavel engt h range can be
problens, the p {

achi eved t hereby without 0 rocess’is relatively conplicated
and expensive. [000Z]cessEs i PAdilLOinAland MEtRNDs B004NY BRGRtheAl , for exanpl e,

di scl ose organic polymers, for exanple, sulfur-containing polyners or

hal ogenat ed acryl ates 15 (tetrabromphenyl acrylate, Polyscience Inc.),

whi ch i nherently have aﬁﬁ%@?‘%@ﬁt’fﬂ%mv *Othan conventi onal pol ymer s

ch | Ly have _ e f |
ol ut ol EE0 oo SRR b e R e e e B A 9

ref ract iapglidafiehs; ﬂ&pﬁ_ﬁlﬁf]@%}ﬂfcaﬂ lbﬁ/seé,iaﬂiiﬁeﬁgctmrcaath%s,\gﬁbmSvaU@guﬁ&s apout 1.7,
nmeasured 1 n the visible wavel ength range. 20 [0003] A further process

vari ant hefrgedphicellpeeiterbledilinac Ceatsigaybving higbrefaartive mdidgasatingninpipteal oxi de

nanopart., cl es, ich. are incororated into organic pr .pol.yneric¢. . binder
Syst ors. e et P asioRa ethodan BB a Pl RbsErlratE: meteh xide ke atighs can be

app! | ed (tRadfi96 iR, SHUPAL KétEambiR, Piok! THDE Y. SEONAIRbSiMR I Phign  OT exanpl e

by neans of spin coating. T actrve | usual |y
bet viden vabwuni viaplasiia mehddsame@ ssallddspsiter baees."afhilehefrdctiyeirelice§ pol yner s
having a high refractive index. Wth increasing nanoparticle contents, it
i s possiabimore thapdjia ke Vipblearayelensthammescon heachiqygd dweebymgthosk anpl e, U. S.
Pat. App No. 2 2/0176]169 Al }Fgl'{ea%hgg s t.ne preparation of

, L

. Rub. 00 A e
nanopar tplr%tfl%rp%lél?eﬁrgfegs Ry A %;CI%IP%I TREJ)EYS having a high refractive
[0002] EP 0964019 A1 and WO 2004/009659 A1, for example, disclose organic
polymers, for example, sulfur-containing polymers or halogenated acrylates

15  (tetrabromophenyl acrylate, Polyscience Inc.), which inherently have a higher refractive
index than conventional polymers and which can be applied to surfaces by simple
methods from organic solutions according to conventional coating processes. However,
the refractive indices are generally limited here to values up to about 1.7, measured in the
visible wavelength range.

20 [0003] A further process variant which is becoming increasingly important is
based on metal oxide nanoparticles, which are incorporated into organic or polymeric
binder systems. The corresponding nanoparticle-polymer hybrid formulations can be
applied to various substrates in a simple and economical manner, for example by means
of spin coating. The achievable refractive indices are usually between the first-

25  mentioned sputter surfaces and the layers of polymers having a high refractive index.
With increasing nanoparticle contents, it is possible to achieve increasing refractive
indices. For example, U.S. Pat. App. Pub. No. 2002/0176169 A1 discloses the

preparation of nanoparticle-acrylate hybrid systems, the layers having a high refractive



1 index containing a netal oxide, such as, for exanple, titanium oxide,

i ndi um oxide or tin oxide, and a UV-crosslinkabl e binder, for exanple based
on acrylate, in an organic solvent. After spin coating, evaporation of the
solvent and UV irradiation, corresponding coatings having a real part n of
the refractive index of 1.60 to 1.95, neasured in the 5 visible wavel ength
range, can be obtained. [0004] In addition to the physical properties,
however, the processability and conpatibility with other conponents are

al so inportant. Thus, organic materials which are obtained by

phot opoljydardoatrifia meRNEXias, lsctpds, f? BRam Ik, tRARGH WARIeSindfun @& t;h having a
hi gh refractive index, play an inportant role, for exanple for the

pr oduct i aidepindlDU¥ptrpsskinkabdmpindesnfios ¢xaspddbased b acrilate, pransorgarand opt i cal
coatings (see, e£.9., U S Pat. No. , 916, 987 r for. the production of a
cont r acrsolE s Saipispit i pippben 6B S01gery and L Riradlioh, "ReBirgneige' a6y For
such_ antosiffsydinBBRLdl 5k hQthe tRRSe It ol £60td Pobimaltlia ifngd ust  the
refractive 1hdex Th a targeted manner and to vary It over ranges, for

exanpl e viyible acwelehgit rangeprandpbostaliedi ng a hi gh refractive index. 15 [0005]
For the abovenentioned fields of use, polyners of olefinically unsaturated
conpound8004uch adn agdibensiodhs physicakrrapatesy hawever, thg proggspabiliy pgd used. | n
order to_achi.e a.refractive index of 1.5 ok, higher. halogen-.substituted
ar omat | ¢OIRELHIHCTYh e cOgpobFus i also Impgpratie Tty fhgrnip sles i WNB 4 U, S
Pat . NO.arSobhPifted Byl plicih H5RHon, Qehdflly & HoRRL br ¢ dré et enddigpar ation, the
latter in parti culil%r arogﬁgi sadva(r?téggeo}ts. 20 [Oo%g]mlbl'he suitability of

subst i t Utagthgptegh/lefmgoryindeat plap ais evpartast doben éor @zamplatfeshe produdtive ofr epar at i on

of caorrespondi ng pol yners has been described by Bowran (Pal yner. 2005, 46,
479,51-0474rz>}ls:aﬂ [COMOTCTTh B1chAs lassess RNy HEAPHisAl cotties %ﬁl%aﬁso at. No.

PCT/ EP2008/ 4024 8 r R EHDBaE on OFE LOMPE! K 3l derapAR\thitdridls [65 TACh ye | ndex at 2,
1.@, mhlcf[qrg aﬁe %ﬂjﬂ%}or ?Le p%gdU

= 532 nm%; at ’l'east are suit _ uction of
optical mhatNo. BE80346). Fapaiidhi dadlshildr ApSIRafiéHs, thetedyh apdd t6 bstableagadjoRt hods, and

are based on industrially available raw materials. In this context, phenyl
i socyanaherdirasiés indaxpoanargetad manhes @nd troveny itionersangesifay sxaneileby based on
unsubsti z;[dlrjr}i%gg components having a high refractive index.

15 [0005] For the abovementioned fields of use, polymers of olefinically unsaturated
compounds, such as, preferably, (meth)acrylates, are typically used. In order to achieve a
refractive index of 1.5 or higher, halogen-substituted aromatic (meth)acrylates or special
alkyl methacrylates described in U.S. Pat. No. 6,794,471 can be used. Owing to their
complicated preparation, the latter in particular are disadvantageous.

20 [0006] The suitability of substituted phenyl isocyanate-based urethane acrylates
for the preparation of corresponding polymers has been described by Bowman (Polymer
2005, 46, 4735-4742).

[0007] The unpublished International Application PCT/EP2008/002464 discloses
(meth)acrylates having a refractive index at A = 532 nm of at least 1.5, which are suitable

25  for the production of optical data media, in particular those for holographic storage

methods, and are based on industrially available raw materials. In this context, phenyl

isocyanate-based compounds are also known, these always being based on unsubstituted

phenyl rings on the isocyanate side.



phenyl rings on the isocyanate side. 2 100081 In photopol yner fornul ations,
acrylates having a high refractive index play a decisive role as a
contrast-inparting conponent (U S. Pat. No. 6,780,546). The interference
field of signal and reference |ightbeam (two planar waves in the sinplest
case) is mapped into a refractive index grating, which contains al
information of the 5 signal (the hologranm), by the | ocal photopol ynerization
at locations of high intensity in the interference field by the acryl ates
havi ng a h refractive index. By illumnating the hologramonly wth the

h
ref er encéﬂdogb ht be aliy phoapolyimen Sormyzationh eerylséesharing gthighoefactiverigdexst r engt h of
th i t . { ted . | ati t t f .t i i dent
o RO KR S ST o 18 o oo

the si mplfRsterGRe Fielbgndl £4QIrOGFAR WHERAN Gwd BraABCRs I e SiRAEPOSI ti on of
two planar waves, the I§E is obtained fromthe quotient of the intensity of

t he | i ghtasd) isfmappédenitoonrafmctivesihdaxcgratorg, whth comreins athifbrmateniofithensi t i es of

incident reference light and diffracted |ight. The higfer the . DE, the nore
ef fi c? endignd (the ﬁeloagq"gnbwhpﬂoqaéglﬁéeﬁolwr% o decatigns o fen$itngn 1 ef er ence

ef | cr enelsrd _ BerAR RS aRsOlqietneleghon ef e
or - ght not METeSRETRAR Y HAcRIAR bl ekl BUPIIAR IRk, A iIndye Gt

pr oduci n@ologfafeély Weth ithchefergicaligh®sanhalé signad cahiheh bergbistrugied bERyveen regi ons
with the |owest refractive index and regions with the highest refractive

i ndex anétrengtly afishe gignad drusireconsttpcredlin gplaiien ththeistigngth of the imiddnh  phot opol yrer
formul ati qns B .S Y OF.JHE.| NTI ON 0009 he .present invention
ol at oo, MSUTTeRE TR} TR A LA Tp R e DF DERH: TBAB P RSB anat o based
ur et hgne i | LA Bﬂﬁﬁ cess for the
pr ep:!t?at iog%rl%ﬂh rglz‘?m%l r}tg?llgedtiﬂgghft: ﬁg{eg%%%}{gglm Iértl&?%g&gg%n])%&?pri singly

f ound t habtampé fioal the glnstient oft thelintdneity bf the tighalifiitaeted lbasednstretib@mel acryl at es
can be cured to give coatings and nol dilng%g having particularly 25 high
I

refract i e sumdidkasintensitionsli ineidens refosienss lighpprsl diffrasted ights cEhedrighesthe t her ef ore
Ear t | cul aﬁ, ﬁﬁsrr%r% %Hllc‘ieen?lss asﬁdzilcggtrarpl%vimtes%re&tat% tﬁeor{ecésrs]%y%qlgﬁjtﬂg tof r%?er r];ce materi al s
aving a hrg
light which is necessary in order to visualize the signal with a fixed brightness. Acrylates
15 having a high refractive index are capable of producing refractive index gratings having a
high amplitude between regions with the lowest refractive index and regions with the

highest refractive index and thereby of permitting holograms having a high DE in

photopolymer formulations

BRIEF SUMMARY OF THE INVENTION
20  [0009] The present invention relates, in general, to novel specially substituted
phenyl isocyanate-based urethane acrylates having a high refractive index and to a
process for the preparation thereof and the use thereof.
[0010] It has been surprisingly found that special substituted phenyl isocyanate-
based urethane acrylates can be cured to give coatings and moldings having particularly
25  high refractive indices in combination with improved DE values and are therefore
particularly suitable as starting material for the production of materials having a high
refractive index, in particular optical lenses, antireflection coatings, planar waveguides or

holographically writeable materials.



refractive index, in particular optical |enses, antireflection coatings,

pl anar wavegui des or holographically witeable materials. 3 [0011] The
present invention therefore relates to urethane acrylates of the general
Formula (I) R RL/ RB1 R\ RART R5 OOVA-OO Formula (1) in which R1,
R2, R3, R4, R5, in each case by thenselves, may be a hydrogen or hal ogen 5
atomor a (Cl-C6)-al kyl, trifluoronmethyl, (Cl-C6)-alkylthio,

(A -Co6)-al kyl sel eno, (Cl1-C6)- alkyltelluro or nitro group, with the proviso
that at | east one substituent of the group R, R2, R3, R4, R5 is not

hydr ogen[0(#8] R7, The praednt pesatidmtherhfonsrelatasso urethanp ecriylaths odéhe gsneral
(CI-CG)-%'I lé%l oup and Ais a saturated or unsaturated or |inear or

br anched P ult%- al kyl radical or a polyethylene oxide (m= 2-6) or

pol ypropyl ene oxide (m= 2-§2radical, 10 the corresponding salts, solvates
or solvates of the salts of The conpounds according to Forrmula (1) also
bei ng i ncluded. [0012] RQ bodiRfent of the present invention includes a
uret hane acrylate of the

fal Fornmula (1), a corresponding salt, a
solvate or a solvate of a thereof: 2 RLR3 R\ M Rf 14 R OOVAO
6
R=—N

O Formula (I)

in which R!, R%, R?, R*, R®, in each case by themselves, may be a hydrogen or halogen
5 atom or a (C;-Cg)-alkyl, trifluoromethyl, (C;-C¢)-alkylthio, (C;-Cs)-alkylseleno, (C;-Cs)-

alkyltelluro or nitro group, with the proviso that at least one substituent of the group R',
R%L R} R Ris not hydrogen, R® R’, in each case by themselves, may be hydrogen or a
(Ci-Ce)-alkyl group and A is a saturated or unsaturated or linear or branched (C;-Ce)-
alkyl radical or a polyethylene oxide (m = 2-6) or polypropylene oxide (m = 2-6) radical,

10  the corresponding salts, solvates or solvates of the salts of the compounds according to
Formula (I) also being included.
[0012] One embodiment of the present invention includes a urethane acrylate of

the general Formula (I), a corresponding salt, a solvate or a solvate of a salt thereof:

R
R R
RE—N R* R
)\ R’
o)
O—ur—0

O Formula (I)
15  wherein R!, R% R®, R* and R® each independently represent a substituent selected from
the group consisting of hydrogen, halogens, C;¢-alkyls, trifluoromethyl, C;_¢-alkylthios,

Ci.¢-alkylselenos, Cy_¢-alkyltelluros, and nitro groups, with the proviso that at least one of



O Fornmula (1) 15 wherein R1, R2, R3, R4 and R5 each independently represent
a substituent selected from the group consisting of hydrogen, hal ogens,
Cl _6-alkyls, trifluoronethyl, CLl.6-alkylthios, «d _6-alkylselenos,
Cl 6-alkyltelluros, and nitro groups, with the proviso that at |east one of
4 R, R, R3, R4 and R5 is not hydrogen; R6 and R7 each independently
represent a substituent selected fromthe group consisting of hydrogen and
Cl _6-alkyls; and A represents a saturated or unsaturated or |inear or
br anched §1?6-9I§yl rgdical or a Polya}kylene oxi de radical having 2-6
et hyl eneRo:R"dR’, & apd BpisinehkydsxgeneRuand R’ eagh frolepeddemthyoeprgsenéabodi ment of t he
present invention includes |ayers, . layered stru re nd/ or nol di ngs
onmr 1 si MG SRR LR e U5 SRS A A ACEoSRang S alk™ BHESA! rent s of t he
| nvent i ofydkOQffd 4anGled 30 BAARI t@@%e@@brﬁch&&@1-%—91}%?%&@5‘1 drfacl udes articl es
such as, Por exanpl e, optlca? enses, mrrors, deffection mrrors, filters,
di f f usi opolgalkgemsoxids fatlicalciaving 2-d Btheleat@xitdsor prapdens akéde uditsght gui des,
proj ection screens, masks, personal portraits, bionmetric presentations in
securd t y[0883liment sAnathesgebodimengaf the present inventigidincludendpyeas ilaysedt her eof whi ch
conprise_a |ayer .or .ding according,to th resent _invention. [0015]
b er er r ot elfitcane R wORRE ARy e AR AT D o Y TS o1 chi of i ne
or 15 bgarddifentdBekhE®iVaMtidi 0 substituents or chlorine or brom ne are
particularly preferred. In a particularly preferred enbodi ment, at | east
one subsfl0idlent ofY¢theotheoembddimerRdf thR3nveRYon mabid&Bartisleasuclilas,@6) - al kyl t hi o

i . and the&ﬁérhe, sybsti tuerzé& of the group

substituent or chlorine or br% ne
R, R, R&mple optichl legsesy mitkRredsgestionmypers. hlters«fiffesion segseas difiggiohy R7 are

9t PENBhBAE iy oR ufacl LI Bkl Al RRLRpdhatly br anched

C3-a prefer y a [1near - ofr C4-al kyl
radi cal . bipfekRIprddastatistin seRriacdocumets, iffagés) Bndpesttithires avent i on are
obt ai nabl e by reacting isocyanates of the Fornula (I I% R2

combinations thereof which comprise a layer or molding according to the present

invention.

[0015] Preferred radicals R to R® are (C1-Ce)-alkylthio substituents or chlorine or

15  bromine, and methylthio substituents or chlorine or bromine are particularly preferred. In
a particularly preferred embodiment, at least one substituent of the group R', R?, R?, R*
andR® isa (C1-Ce)-alkylthio substituent or chlorine or bromine and the other substituents
of the group R', R%, R?, R* and R® are hydrogen atoms. Preferred radicals R® and R” are
hydrogen atoms. The radical A is preferably a linear C,-C4 or branched Cs-alkyl radical,

20  particularly preferably a linear C,- or C4-alkyl radical.

[0016] The urethane acrylates of the present invention are obtainable by reacting

isocyanates of the Formula (II)

R
R R®
N R’
¢ R
o)

Formula (II)

with isocyanate-reactive compounds of the Formula (III)




RLR3 NI R4 CR5 0 Formula (Il1) wth isocyanate-reactive conpounds of
the Formula (11l1) 57 R OVA-OO Formula (I11) the radicals having the
abovenenti oned nmeani ng. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE

DRAW NG [0017] The foregoing summary, as well as the follow ng detailed
description of 5 the invention, may be better understood when read in
conjunction with the appended draw ngs. For the purpose of assisting in the
expl anation of the invention, there are shown in the draw ngs
representative enbodi nents which are censidered illustrative. It should be
under st ood, however, that the inventi isnot limted in any manner to the
preci se arrangenentg and _instrunentaliti shown. 10 [0018] In the draw ngs:
[0019] Fig. 1 is s@ﬁ“‘TQC\ngLes iKon of a hol ographi c nmeasuring
arrangenment used in the Exanpl es described herein. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0020] As used herein, the S|ngulébﬂﬂ@@&§D"a" and "the" are
synonynous and used 15 interchangeably with "one or nore" and "at | east
one, " unthesxlicatschavimgdhaalwvemeitioned osaniegt cl early indi cates ot herw se.
Accordingly, for exanple, reference to "a urethane acrylate” herein or in

one 1 ot hane SIS RIa i b S I AT, JHEWEAF 1961 BhEWhR ecs. ot herw se
speci fic E@bi‘)’] not edrhe%n% Mﬂg‘éﬁnﬁﬁﬁeﬂaé%lbﬁ‘s ﬂﬁ@@dlfdvﬁﬁg Btaildaie¥Qiption apout . * 20
[ 0021] anpl es of conpounds the Formula (11) are 2- thlonethylphenyl

5

the invention, may be better understood when read in conjunction with the appended

drawings. For the purpose of assisting in the explanation of the invention, there are
shown in the drawings representative embodiments which are considered illustrative. It
should be understood, however, that the invention is not limited in any manner to the
precise arrangements and instrumentalities shown.

10 [0018] In the drawings:
[0019] Fig. 1 is schematic representation of a holographic measuring arrangement

used in the Examples described herein.

DETAILED DESCRIPTION OF THE INVENTION
[0020] As used herein, the singular terms “a” and “the” are synonymous and used

15 interchangeably with “one or more” and “at least one,” unless the language and/or
context clearly indicates otherwise. Accordingly, for example, reference to “a urethane
acrylate” herein or in the appended claims can refer to a single urethane acrylate or more
than one urethane acrylate. Additionally, all numerical values, unless otherwise
specifically noted, are understood to be modified by the word “about.”

20  [oo021] Examples of compounds of the Formula (II) are 2-thiomethylphenyl
isocyanate, 3-thiomethylphenyl isocyanate, 4-thiomethylphenyl isocyanate, 2-
chlorophenyl isocyanate, 3-chlorophenyl isocyanate, 4-chlorophenyl isocyanate, 2-
bromophenyl isocyanate, 3-bromophenylisocyanate, 4-bromophenyl isocyanate, 2-
iodophenyl isocyanate, 3-iodophenyl isocyanate, 4-iodophenyl isocyanate or mixtures

25  thereof.



| socyanat e, 3-thionethyl phenyl isocyanate, 4-thionethyl phenyl isocyanate, 2-
chl or ophenyl isocyanate, 3-chlorophenyl isocyanate, 4-chlorophenyl

i socyanate, 2- bronophenyl isocyanate, 3-bronophenylisocyanate,

4- br omophenyl i socyanate, 2- iodophenyl isocyanate, 3-iodophenyl isocyanate,
4-1 odophenyl isocyanate or mxtures 25 thereof. 6 [0022] 2-thionethyl phenyl
| socyanat e, 3-thionethyl phenyl isocyanate, 4- thionethylphenyl isocyanate,
2- chl orophenyl isocyanate, 3-chlorophenyl isocyanate, 4- chlorophenyl

| socyanat e, 2-bronophenyl isocyanate, 3-bronophenyl isocyanate, 4-

br omophel®22li socy %@n@n@hylnhwﬁm@aﬁmrktbfor@tl@ﬂmeeylels@ce/anatg 4002 3]

2-thi 3-t.h
Chi oot rORERTMeng SGHERE e dtmbn e R SRy PO FaE heny
i SOCya”aélﬂo@f)hen?]l 1>§6d%ﬁ§te tzh%ﬁfabhafyﬁs@%rahatetﬁ BohbpResi %Béﬁa%te 41024] Conpounds

of the Formul a which may be used are, for exanple,” 2- hydroxyet hyl
(et h) acbmhmplmnybmbwahdﬁybemmtmes dleretwﬁalte(pmﬁbl’me)@cryl at e, polypropylene 10

2ok SO syl Bt B FRASa A
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2- hydr oxpit@pytheRof yepariculdrihpebteradpr opy| acryl ate, 4-hydroxybutyl
acryl ate, golyproéélene oxi de nmono(net h)acryl ates, 15 pol yethyl ene oxide

mono( et 9Padr y1 at deorapouniefithe Eo €8y whick npﬁfyéfreexsp@@re fooespla 2hydr oxyet hyl

- nycr oy e IREREY siS Gbite Ry Bee Prl SO RSy e PP R 6Pt cr oo

L0027)_ ThegE RS Ry SRIRRIAISIGE oklo€ i TH@ablaledtd hoaeamaIds of t he

Fornmula (111) is a urethanization. The reaction conpounds” of the Formul a
(11) wi tm@l@aagmadxydrax&pmhgl deoylatel ahydroxybutyd (néib)aefylae Beltydvaxty2,2-he ai d of

the catal ysts known for accelerating isocyanate addition reactions, such
as, for GmgHyrsopy émethicpylatn: ydeoxypionyl (mettacrylpteqys mixtugss dhaseat. conpounds, in

particul ﬁ)r02§]r et hyﬂ-ﬁ\fﬁr@)?yeth]sﬁl acrgfa?eg ?—%S/S%%/ﬁ%gyl%c%ia?&%%roxymwyl

acrylate, 4-hydroxybutyl acrylate, polypropylene oxide mono(meth)acrylates,

15  polyethylene oxide mono(meth)acrylates or mixtures thereof are preferred.
[0026] 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 3-hydroxypropyl
acrylate and 4-hydroxybutyl acrylate or mixtures thereof are particularly preferred.
[0027] The reaction of compounds of the Formula (II) with compounds of the
Formula (III) is a urethanization. The reaction of compounds of the Formula (II) with

20  compounds of the Formula (III) can be effected with the aid of the catalysts known for
accelerating isocyanate addition reactions, such as, for example, tertiary amines, tin, zinc,
iron or bismuth compounds, in particular triethylamine, 1,4-diazabicyclo[2.2.2]octane,
bismuth octanoate or dibutyltin dilaurate, which can be initially introduced concomitantly
or metered in later. The urethane acrylates according to the invention have a content of

25  less than 0.5% by weight, preferably less than 0.2% by weight, particularly preferably les
than 0.1% by weight, based on the urethane acrylate, of isocyanate groups (M = 42) or
free residual monomers. Furthermore, the urethane acrylates according to the invention
contain contents of less than 1% by weight, preferably less than 0.5% by weight and

particularly preferably less than 0.2% by weight, based on the urethane acrylate, of



bi smuth octanoate or dibutyltin dilaurate, which can be initially introduced
concomtantly or netered in later. The urethane acryl ates according to the
i nvention have a content of 25 less than 0.5% by weight, preferably |ess
than 0.2% by weight, particularly preferably Ies than 0.1% by wei ght, based
on the urethane acrylate, of isocyanate groups (M= 42) or free residual
nononers. Furthernore, the urethane acrylates according to the invention
contain contents of less than 1% by weight, preferably | ess than 0.5% by

wei ght and particularly preferably I ess than 0.2% by wei ght, based on the

ur et han@nedtyd Engroneiht compBiRRGT € FeRpRIEN 16 diepeepasioalof theawdthamul a (111).
In the preaar ation of the urethane acrylates according to the invention,

t he conpoilates aefording torbe iveatign, the camponts of therpssmnladllopnd e Fornula (111)
be di | ved, i ti . t, f | ti
o T ohat FRTRGES REhE SR U S g BRI e itkecie R See BN ocar bon, s

or a Cogfoghific %PLIY&@E@ hydt6hrBist orfaf arSrRIARY ﬁl’iplfa'ﬁimiblog&ﬁ%e%tl@d%aﬂ%ﬁ,y| acetate
or acetone or butanone or an ether, such as tetrahydrofdran or tert-butyl

met hyl et hevatingsolsierdj qmoh as, foraqxamplecetbyll acetate or butyhacsmtclomasttoyt sl phoxi de or
N-net hyl pyrrolidone or N et hainl pyrrolidone, and initially introduced or
met er ed PPANGNS of apghee sughasitetrahydiofiran oyded-butyl ethyl ether. ar 8 dwOlRFt . After the

end of BABuL A6 Wn NALRATREYS. SO AR hRIRIRYGANT T Om 10 the m xt ure

under eric pressure or essure and the end point is

det er m egdp9rroHedne] aidh#iglly (rodGded @3 neenéEintin a M¥@n&GhindBr e0Npesins ar e
typically in a range from 99.999 to 95.0% by wei ?ht , preferably from 99.998
to 98. 0%kiHed ingheytrt., ABerstbe emshof theyeeagtiasy, Hervareaetivd safvent is 0@2®ed from ur et hane
acrylates accordi to the. invention can furthernore be 1 rotected from
b B BRGNS atmtshhgy mreusaa P et Da it SIS abr 1 i ser <
may be 5 Lol G250l ) b TSk escri bed,
for exa%t}élgﬁﬂe(fﬁ}nﬁlﬁlelﬁ%‘éyl , ll@@%dﬁggnﬂ?eﬁhg%%nészeﬁgﬁ’ph Cél‘r?gglﬁlga ?&El/éghods of

Or gani c fiched8.9909rty P5.0%bnweight, ipefieraMg lfitomed 3998 tb 98 @by weighe veseifen| ag,

Stuttgart 1961, pagfe 433 et seq. The followi ng may be nentioned as
exanpl edhe wethangAcHilatei oni t e, sodi um hydrogen sul phi de, 20 sul phur,

hydrazi pgpgphenyl BYdLRaLRE acrUAE BEBRRRFEMe ildeRRE WA HlrdichARALEY! am ne, N

15  protected from undesired polymerization by the addition of stabilizers. Such stabilizers
may be oxygen-containing gas, as well as chemical stabilizers as described, for example,
in Houben-Weyl, Methoden der organischen Chemie [Methods of Organic Chemistry],
4th edition, volume XIV/1, Georg Thieme Verlag, Stuttgart 1961, page 433 et seq. The
following may be mentioned as examples: sodium dithionite, sodium hydrogen sulphide,

20  sulphur, hydrazine, phenylhydrazine, hydrazobenzene, N-phenyl-B-naphthylamine, N-
phenylethanoldiamine, dinitrobenzene, picric acid, p-nitrosodimethylaniline,
diphenylnitrosamine, phenols, such és para-methoxyphenol, 2,5-di-tert-
butylhydroquinone, 2,6-di-tért-butyl-4-methy1phenol, p-tert-butylpyrocatechol or 2,5-di-
tert-amylhydroquinone, tetramethylthiuram disulphide, 2-mercaptobenzothiazole,

25  dimethyldithiocarbamic acid sodium salt, phenothiazine, N-oxyl compounds, such as, for
example, 2,2,6,6-tetramethylpiperidine N-oxide (TEMPO) or one of its derivatives. 2,6-
di-tert-butyl-4-methylphenol and para-methoxyphenol and mixtures thereof are preferred.
Such stabilizers are typically used in an amount of 0.001 to 1% by weight, preferably

0.01 to 0.5% by weight, based on the urethane acrylate to be stabilized.



phenyl et hanol di am ne, dinitrobenzene, picric acid, p-nitrosodinethylaniline,
di phenyl ni trosam ne, phenols, such as para-net hoxyphenol, 2,5-di-tert-

but yl hydr oqui none, 2, 6-di-tert-butyl -4-nmethyl phenol,

p-tert-butyl pyrocatechol or 2,5-di- tert-anyl hydroqui none,
tetramet hyl t hi uram di sul phi de, 2-nercaptobenzot hi azole, 25

di met hyl di t hi ocarbam ¢ acid sodi um salt, phenothiazine, N oxyl conpounds,
such as, for exanple, 2,2,6,6-tetranethyl piperidine N-oxide (TEMPO or one
of its derivatives. 2,6- d|-tert butyl - 4- met hyl phenol and par a- met hoxyphenol
and ni xtl002Y t her é@vera,rlequs@u@urreémd msdémggplabmpblzéﬁogﬁ @pérqﬂwr:cal ly used in

f b 5% b h
Pnsad orbepfiiers dRe Ef i) st Glg o RLRERIFY bipipalty Myt Sfafiisiast®) It
struct Ur(ﬁsﬂfﬁ'}d I‘Eﬂ#z]ﬂﬂy Bgss %ﬁ‘@du’l’&?‘@l ﬁef@faﬁl’ﬁ ilh% df 4115hﬁﬂ§nd thefeYdrat es of the

Formula (1), accordlng to the invention, typically have a refractive index
of >1. SGJkemﬁffembbquthoﬁﬁge lmntlomul arI y preferably >1.58, at 405 nm and

t her ef or i kewi e forma subje f el entlo . 5.1003Q] Layers, |ayer
St uct or B838ng o aa?rﬁglgyeaﬁtraqthrg P BED PHAPENE GRS FRARERonT o 't he
ur et hang, ey X&rﬁﬁlﬁﬁre%eth the %omﬁﬁé? L ﬁﬂﬁhgté € id VA&, | on,

a ave . re

furthernore typic a ues, means of twWo- beam

i nt er f erfaph&@miore typefalllyeﬁdvle(D‘E %ln@ngemfe‘d byQﬁeaTnE E%W(pb@hefnedﬁfewms&%
particularly preferably >40% very particularly preferably >50% The exact
descri pticBertien atrwegen@nh of >2%%cmﬁfegabhea3 0% perfisulatly psstenaplye 8% veon of t he

appl i cation T f th Far nul a according to
the i nvefft 6‘#147 ‘Jéller B’ ﬂﬁo?}ta%t‘%}h( 5‘?8?9 glﬁr“?e qdelsf%r}talfl%#el)nﬁ?%ductl on of
h0|0gfaggbﬁlEﬁgaﬁmQHQmﬁﬁJggﬁﬁﬁhlc photopolyner films. [0032] The invention
therefore ano rel ates to a process for exposing hol ographic 15 nedia and
hol ogr apliD31]phot opdk ynehankiakrybat¢smflthegfarmula(Ivnkdcotdinge the miverdtion, @er yl at es

i tion, which are in_a polyner trix, are

22?22? i Cfgﬁrgf;&rﬁt‘ogvet%@ﬁ@@aulff«})leeﬁ%ww% esfﬁlréﬁ%mq edia E@b@%m graphiey
approerﬁkﬁmBRh&g%ﬂgglc exposure to light, such hol ographic nedi a
[0032] The invention therefore also relates to a process for exposing holographic

15  media and holographic photopolymer films to light, in which the urethane acrylates
according to the invention, which are present in a polymer matrix, are selectively
polymerized by electromagnetic radiation.

[0033] After appropriate holographic exposure to light, such holographic media
are suitable for the production of holographic optical elements which have, for example,

20  the function of an optical lens, a mirror, a deflection mirror, a filter, a diffusion screen, a
diffraction element, a waveguide, a light guide, a projection screen and/or a mask.

[0034] Moreover, holographic images or presentationé can also be produced
therewith, such as, for example, for personal portraits, biometric presentations in security
documents, or generally of images or image structures for advertizing, security labels,

25  trademark protection, trademark branding, labels, design elements, decorations,
illustrations, trading cards, images and the like and images which can represent digital
data, inter alia also in combination with the products described above.

[0035] The invention will now be described in further detail with reference to the

following non-limiting examples.



are suitable for the production of hol ographic optical elenments which have,
for exanple, 20 the function of an optical lens, a mrror, a deflection
mrror, a filter, a diffusion screen, a diffraction elenent, a wavegui de, a
| i ght guide, a projection screen and/or a nmask. [0034] Moreover,

hol ographi ¢ i nages or presentations can al so be produced therew th, such
as, for exanple, for personal portraits, bionetric presentations in security
docunents, or generally of inmges or inage structures for adverti zi ng,
security |abels, 25 tradenmark protection, trademark branding, |abels, design
el enments, decorations, |IlustratEXA§ﬂH#¥hdlng cards, inmages and the |ike

and i mag i ch nt d| taI a i nter Ila al i n conbi nation
W th CnelBRdauct s Qletrpisaa iyt M Bisabes fue pRuB R Brow be
describegdgm;further detail with reference to the followng non-limting

exanpl es. EXAMPLES 100361 Unl ess noted otherw se, all percentage data are
based on[0p8Tlcent bBhe meEsgkment] FoOBAtiatie mmpies was glactedit a wavetepfthadt i ve i ndex

fected a.wavel ength o 5 4 refractive index n as a
f unctﬁf - The 1ERA B R s atfwgtlgaﬁ{?&hsévao@ﬁ%gth 8bthgisAaRIes WSHR t he
transm s I i 0 300 nm
i ok £ (e U S S Qlan SR FolcBion ik Lo BHE PP Sse, ARAMIO0PR00 P es
subst r at @8 thitk ﬁmlscbﬂthlé eanfpddsiivdre Bpplied bytspﬁln costitigab quarfhgladsrsabstmies si on and
reflection spectrumof this |ayer packet was neasured with a spectroneter
f r om STHE#&E Eineeplutipn indmitylgpcseigs Juhe ﬁremlmwm ayeh reffoRtiner spegkmr{éhip ay er
t hi ckness_and .t he spectra urve d t he nmeasured
transm slzl?’ecfr?aglﬁeawra% CRTTTON S p AT 3met7' Sjﬁ%ﬁ?‘g@ﬂa@ptﬁ% ) the internal
sof t ygr enRhsubdigend Bg&érﬁm RT ﬁmh@f&sieﬁthfemésk xndme@pécﬁﬁl éd@@e srdgéra of the

quartz glass substrate which were determ ned beforehand in a bl ank
measur entaat adap@dEx dwph@sdred transmission and reﬂectlon spectra This is effected using

2- ({[ 3- (Met hyl sul anyl)phenyl]carba eth rop-2-enpate [ 0038] 0.02
g of 2, etha.mt%?ltSOBW@sﬂ of shespetiia HD <yiqllj @y %amtnt% uz7 g

glass substrate which were determmed beforehand in a blank measurement.
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of 3-(nethylthio)phenyl isocyanate were initially introduced into a 100 m
round- bottoned flask and heated to 60 C. Thereafter, 8.2 g of

2- hydroxyet hyl acrylate were 5 added dropwi se and the m xture was kept
further at 60 C until the isocyanate content had fallen below 0.1 %
Cooling was then effected. The product was obtained as a light vyellow
liquid Exanple 2: 2-({[3-(Methyl sul phanyl) phenyl ] carbanoyl } oxy) pr opyl
prop-2-enoate [0039] 0.05 g of 2,6-di-tert-butyl-4-nethyl phenol, 0.02 g of
Desnorapid Z, 26.8 g 10 of 3-(nethylthio)phenyl isocyanate in 50 g of ethyl
acet at e Byanelé i 2-({§3-(Methyisnlplagdphemiloathasyl } orty)etbylpdepdienoated f| ask and
heat ed t C. Thereaffer 21.1 of 2- dr Qx op acryl at re added
dr opwi s8] the i wé?ﬁrégt%wﬁylr‘{;meﬂléfﬂ%a@cﬁe@{sg ok Restronpid iém)ganate
cont ent 9 eaf I t was distilled
of f at 5@%15&1%@%3@%“?%9%@%%ge(r:lﬁ g‘éhﬁ‘ﬁr@hg‘%ﬁﬁ@é 1\/9/221(?10r %Ig.dl ned as a |ight
15 yel | ovstlom@difidsk dndictivpled t360 °C. Thereafter, 8.2 g of 2-hydroxyethyl acrylate were

2- ({[3- (Met hyl sul phanyl ) phenyl ] car banoyl }oxyc) but)(l prop- 2-enoate [0040] 0.05
g of %, caddpd dropwissgng theaniturgpapkent firthepatg °§ witil thegsasyanstaicantenpg. 7 g  of

“oun. bR VAESRR G el Hhe bR SE S futne ™0 T

2- hydr oxydpdtmiquitcr vl ate were 20 added dropwi se and the m xture was kept
further at 60 until the isocyanate content had fallen below 0.1%

Ther eaf t . £h Ay [\St.) b cool i ng was
ot t cot ecA g STHMEASH Blrfuhn e TelbbiEn by Boom BiES Alie "00' )|
2-{2-[ 2- 0689 ( Met ydssibpheay-terPhenyd-hearimeny] 0.0X ¢ b Dasnyhsidmzy et hyl
2- et hyl prop-2-enoate 25 [0041] 0.02 g@Of 2,6-di-tert-butyl -4-net hyl phenol ,
0. 011QG  off 3matieylthis phenyl Bogyagate af S(Bg Pheshiacetate syophimitjallyiintouipaeking wer e
initially,introduced intp.a 100 m round- tto fl ask,and heated to 60 C
Thereaft%?g,dqrﬂr.o?n‘%%%o %f%#ﬁ?‘?g??ée‘%tf’&@op bfﬁ’ﬁ’f’?ﬁﬁ‘g&ljralcgg? ite (PEMB, from
LAPORTE ' I : i @ the mxture
was keptﬁ}gﬁéﬁﬁs}g?r%@@ &uﬁéﬁe@{é F\&ep I seo%éﬁea%é(t%gﬁﬁg lritgﬁtqme? a

until the isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was

distilled off at 5 mbar and cooling was effected. The product was obtained as a light

15 yellow liquid.

Example 3: 2-({[3-(Methylsulphanyl)phenyl]carbamoyl }oxy)butyl prop-2-enoate

[0040] 0.05 g of 2,6-di-tert-butyl-4-methylphenol, 0.02 g of Desmorapid Z, 26.7 g

of 3-(methylthio)phenyl isocyanate were initially introduced into a 250 ml round-

bottomed flask and heated to 60 °C. Thereafter, 23.3 g of 2-hydroxybutyl acrylate were
20  added dropwise and the mixture was kept further at 60 °C until the isocyanate content

had fallen below 0.1%. Thereafter, the ethyl acetate was distilled off at 5 mbar and

cooling was effected. The product was obtained as a crystalline solid.

Example 4: 2-{2-[2-({[3-(Methylsulphanyl)phenyl]carbamoyl}oxy)ethoxy]ethoxy}ethyl
2-methylprop-2-enoate

25 [0041] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 8.6 g
of 3-(methylthio)phenyl isocyanate were initially introduced into a 100 ml round-
bottomed flask and heated to 60 °C. Thereafter, 11.7 g of polyethylene glycol
monomethacrylate (PEM3, from LAPORTE Performance Chemicals UK LTD) were

11



had fallen below 0.1% Cooling was then effected. The product was obtai ned
as a light vyellow liquid. Exanple 5: 19-{

[ 3- (Met hyl sul phanyl ) phenyl ] am no} - 19- oxo- 3, 6,9, 12, 15, 18- 5
hexaoxanonadec- | -yl prop-2-enoate [ 00421 0.02 g of
2,6-di-tert-butyl - 4-net hyl phenol, 0.01 g of Desnorapid Z, 6.4 g of
3-(net hyl t hi o) phenyl isocyanate were initially introduced into a 100 mi
round- bottoned flask and heated to 60 C. Thereafter, 13.6 g of Bisoner(TM
PEA 6 (from Cognis Deutschland GbH & Co KG were added dropw se and the
M Xt ur e added déspitiscléhdfthié it@ireatas KOptGuiidriat 60 he uhislahy Bb&agate eitett had fal l en

below 0.1% Cooling was then effected. The product was obtained as a |ight
yel | ow hadyfailen bﬁg\a@pu‘yg Eooling was then effected. The product was obtained as a light

2,5,8, lléliqg"y .Hexanmet hyl - 19- {[ 3- ( net hyl sul phanyl )phenyl]am no }-19-oxo-

3,6,9, 17 B exaoxanonadec- 1- yl prop-2-enoate [00431 0.02 g of
2,6-di-tert- but t hyl pheno Desnor ap 5.6 g 15 of
3 Creth foiis e nrdbrlembor aproySTok Sadedt Tntoa 100°m

r ound- @tapéﬁi’é’ﬁa(chdskllﬁ?m tfegdted to 60 C. Thereafter, 14.3 g of Bisonmer(TM

PPA 6 ( Cognj I and the
m xture vvas kept b? E%Eg’r%c(gttg%g lgfﬁgnté%‘lj}q‘j(tﬂheg? g\(?gfgnfgt%gﬁ%mﬁ‘g%r&‘ﬁgd fallen
bel ow Ooﬂ%(mahplthlamhvm idobgamateatdre titdly ifthelupedimuci 100am1 pahéd ned as a
crystalline solid. 20 Exanple 7:

2-({[ 2- Pmmd%kpnéh%tqqdnéﬁyp} éfélmaﬁ@yl%6g>¢fﬁna9p5¢r(TM)ch€1’26éﬁi@ate 10044]

0. 008 th d Z, 4.8

of 2- ( nORYS DRIBSHET G Cp R APt aBahfpe P m R B KBk e i o ¢ a1y
i nt @du@gther htrUO@C%Iﬁ‘ﬁ) tHel 15609% mwn%)ﬁfdjfafl&l:@l%?o@ od "/t‘eééﬁﬁlgtv%s%)en

Thereafter, 3.7 g of 3- hydroxypropyl acrylate were added dropw se and the

m Xt ureeﬁfaﬁe&eﬁte produchens elitai€d & Llaghtigelidw tilpedi socyanat e content had fall en
bel ow 0. 1% Thereafter, the ethyl acetate was distilled off at 5 nbar and

cool i ng Ewasaplefot E,SI&-}‘H-,14ThBHBthﬁHﬂl¢}tl-1\99{$3-@hétﬁ&l@@lﬁhﬁ@l)@hédyﬂbhino}}ﬂ|9|-dxw-| iquid. 12
Exanmpl e3&;9, &, ({ [ £héMBkdnvhadecAbAmybp-pRAGNE ] car bamoyl } oxy) butyl prop- 2-enoat e

[0043] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 5.6 g
15 of 3-(methylthio)phenyl isocyanate were initially introduced into a 100 ml round-
bottomed flask and heated to 60 °C. Thereafter, 14.3 g of Bisomer(TM) PPA 6 (from
Cognis Deutschland GmbH & Co KG) were added dropwise and the mixture was kept
further at 60 °C until the isocyanate content had fallen below 0.1%. Cooling was then

effected. The product was obtained as a crystalline solid.

20  Example 7: 2-({ [2-(Methylsulphanyl)phenyl]carbamoyl}dxy)propyl prop-2-enoate
| [0044] 0.008 g of 2,6-di-tert-butyl-4-methylphenol, 0.004 g of Desmorapid Z, 4.8
g of 2-(methylthio)phenyl isocyanate in 8.5 g of ethyl acetate were initially introduced
into a 50 ml round-bottomed flask and heated to 60 °C. Thereafter, 3.7 g of 3-
hydroxypropy! acrylate were added dropwise and the mixture was kept further at 60 °C
25  until the isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was
distilled off at 5 mbar and cooling was effected. The product was obtained as a light

yellow liquid.

12




[ 0045] 0.008 g of 2,6-di-tert-butyl-4-nmethyl phenol, 0.004 g of Desnorapid Z,
4.3 g of 2-(nmethylthio)phenyl isocyanate in 8.5 g ethyl acetate were
initially introduced into a 50 m round-bottomed flask and heated to 60 C
Thereafter, 4 g of 3-hydroxybutyl 5 acrylate were added dropw se and the

m xture was kept further at 60 C until the isocyanate content had fallen
below 0.1% Thereafter, the ethyl acetate was distilled off at 5 nmbar and
cooling was effected. The product was obtained as a |light yellow |iquid.

Exanmple 9: 2-({] 4- gl\/bt hyl sul phanyl ) phenyl ] car banoyl } oxy) et hyl prop-2-enoate
[0046] 0XHxampled: 24{IB-@fethydsulphany Ypheny e bamqyhexplbutyd prop-Zrersfatdesnor api d Z,

4.7 9 1Q.0f 4- hi i i hyL.
R T I M 3 e B L e N TR Rt T s g
Ther eaf t gfof 24nkt@1@fogﬁfehyng&zyﬂm 8.5 ?6{11%16 ReRdPER iRHABinEto @R §Ro and the

m xture was kept further at 60 C unti i socyanate ‘content had fallen
bel ow 0. P9l Thwerdeafttoered flaklearst heated 4@ 6@ 3¢ . Thexsaftdr, gk g of RHydrbkybugtl 5 nbar and

ExanpPe. 1615 L ACHSg DY GG A 5 IO B GUBARA Sy T Bl BBy |
-2 _ , Fi - 2 0.01
Beshor apr§ 24 B ea Moo 81O HchRbks P 1 SodlB 6 BRGIALOTY: o ) ©

acet at e wef ebanard cablilyg was efftvede The productawak@btaihedras anighbydlloantimid.| ask and
heated to 60 C. Thereafter, 11.0 g of 3 hydroxypropyl acrylate were added

dr opwi se Eafiplelte 217 pat M &hYIRFpKeRPD pHeny i iBanitlyl h Di-bhoatdh® i soCyanate
content ha a elr;(]{%te(?*gw %1@?8/0 '?'r)l%reg?teret tyh}ggg&ﬁggdget atoé1 was distilled
of f at 5[0kl and 003lgafd,6ndistertbutyd-#adethiiihkenot, ddlicg ofldesnmiaped A7 gs a | i ght

|1 [ i id. | :
32/-6( ]g ﬁﬁv- ( k}gﬁkw@gﬁﬁg&@@g?ﬁw}%@%a@rﬁwr%m%wqe ipitially ireduesd dntp 0048] 0. 0 f2
2, 6-.di - - o@1 i 3 25
9. Cret horiop it rbarihotlonea FEMOMARERG 1o 600 11fkrreDSEMBLEPSardxydtiy O 25 ©

i nt r oducegrylatd Wereadd&0dropwise indith aiik@rewas Hepsturtharcht BoaCemtit e 60 C.
Thereafter, 11.6 g of 3- hydroxybutyl acrylate were added dropw se and the

m xt ur e gesyaneistconignt hredrfallgn @iove0.16mt THerqalier, thectlyyd negtate svaptlistitledefd f al | en
0,
bel ow 0. ]flt 4) mb-.'!l-rh a?nrdec%]:)figgr Waé é}?ec%[dh)ilhe %?o%tugttv%sv(v)%%ir}e% as a crystalline solid.

15  Example 10: 2-({[4-(Methylsulphanyl)phenyl]carbamoyl}oxy)propyl prop-2-enoate
[0047] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 14.0 g
of 4-(methylthio)phenyl isocyanate in 25 g of ethyl acetate were initially introduced into
a 100 ml round-bottomed flask and heated to 60 °C. Thereafter, 11.0 g of 3-
hydroxypropyl acrylate were added dropwise and the mixture was kept further at 60 °C

20  until the isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was
distilled off at 5 mbar and cooling was effected. The product was obtained as a light

yellow liquid.

Example 11: 2-({[4-(Methylsulphanyl)phenyl]carbamoyl} oxy)butyl prop-2-enoate

[0048] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 13.3 g
25  of 4-(methylthio)phenyl isocyanate in 25 g of ethyl acetate were initially introduced into

a 100 ml round-bottomed flask and heated to 60 °C. Thereafter, 11.6 g of 3-

hydroxybutyl acrylate were added dropwise and the mixture was kept further at 60 °C

until the isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was

13



distilled off at 5 nbar and cooling was effected. The product was obtained
as a crystalline solid. Exanple 12: 2-{[(3-Chl orophenyl)carbanoyl ] oxy} et hyl
prop-2-enoate [0049] 0.15 g of 2,6-di-tert-butyl-4-nethyl phenol, 0.075 g of
Desnmorapid Z, 85.3 5 g of 3-chlorophenyl isocyanate were initially
introduced into a 500 m round-bottoned flask and heated to 60 C.
Thereafter, 65.5 g of 3-hydroxybutyl acrylate were added dropw se and the
m xture was kept further at 60 Cuntil the isocyanate content had fallen

bel ow 0.1%_Cooling was then effected. The product was_ obtained as a

cryst al | disélledoff gt 5 mpgrand|ceoling was qfferted- Bhe)piodne vas pbteined #9921 ] oxy} et hyl

pr op- Z'e%aﬁin % [i(pOSO] 0.015 g of 2,6-di-tert.-butyl-4-nethyl phenol, 0.007
g of Desnorapi %1 ‘9.4 g of 3-bronophenyl isocyanate were initially

i ntroduced in 2 le bott]e and heated to 60 C. Thereafter, 5.5 g
of 3- hyd%@@ﬁﬁ%—l?‘i&%@‘i‘%ﬂ%‘y ¢ mlhﬁﬁmy BIORereN3ffe ni xture was kept
further C ungirk t | SQCY: a I k0 Cool i ng
was then?deof“?gct ed.6+§1§°gk§’o6'd§3§‘¥{%g gﬁﬁ%?ﬂ@%tnggﬁgn%%/(Jsftija%[sﬁ?}nagws%gi%g? 15
Conpas at ig\of 3ehiiephenll:isotyhdeheaylisicialbainaydyced jtto e 50§ nl psupd-botemedat € [ 0051]
0.25 g of 2,6-di-tert-butyl-4-net2%ufhenol, 0.12h3 of Desnmorapid Z, 126.4 g

of phenyflasksaehhgntad to Gete Thareatisr,69.5 sefr bhivdrexybu acralagogersiaddedund- bot t orred
flask an heatedq.to 6

C. T ft . 3. f 2-hyd h | at
wer o agaSEPPAT BN At Bre Yl R g L g0 el ST R B Ve ©
I socyanabglofN BN CobRkk Wad theme &k The b8dudOviabidindl Mascridiineoligct ed. The

product was obtained as a crystalline solid (preparation " described in DE
2329142) , | & (da ' j es.1-13 and of conparative
2529142) pfolo8 (3 BIRGPROEOLEPAAIGRD SR cpedgpd 310 of comparel
ed/ kgo( S@osof 1. 626.085 5of 23-di-té&lbudiA3methylphenol, 0.007 g of Desmorapid Z, 9.4

g of 3-bromophenyl isocyanate were initially introduced in a 20 ml sample bottle and

heated to 60 °C. Thereafter, 5.5 g of 3-hydroxybutyl acrylate were added dropwise and

the mixture was kept further at 60 °C until the isocyanate content had fallen below 0.1%.

Cooling was then effected. The product was obtained as a crystalline solid.

15  Comparative example 1: 2-[(Phenylcarbamoyl)oxy]ethyl prop-2-enoate
[0051] 0.25 g of 2,6-di-tert-butyl-4-methylphenol, 0.12 g of Desmorapid Z, 126.4

g of phenyl isocyanate were initially introduced into a 500 ml round-bottomed flask and

heated to 60 °C. Thereafter, 123.3 g of 2-hydroxyethyl acrylate were added dropwise and

the mixture was kept further at 60 °C until the isocyanate content had fallen below 0.1%.
20  Cooling was then effected. The product was obtained as a crystalline solid (preparation

described in DE 2329142).
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3 1.609 3.23 4 1.600 2.61 5 1.536 1.93 6 1.532 1.71 7 1.588 3.38 8
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initially introduced into a 1 1 flask and heated to 120 C and kept at this
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exanple 1 [0052] For testing the optical
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374.8 g of E-caprolactone and 374.8 g of a dif
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neasurenents as
[ 0053] 0.18 g of
i nctional
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constituents) was 99.

and the product was
t he pol yol conponent
uret hane acrylate fr
from Ci ba Inc, Basl
C and 3.50 g of N-et
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%ﬁ%ai ed as %%Y SO|I E& m L: [ 0054] 5.927 g of
BBl ed as Ig%%& kBed |45 wre vixed with 2.50 g of
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; ! v et hyl ene bl ue at 60
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3 1.609 3.23

4 1.600 2.61

5 1.536 1.93

6 1.532 1.71

7 1.588 3.38

8 1.591 3.23

9 1.620 3.55

10 1.614 3.38

11 n.b. 3.23

12 1.589 3.72

13 1.602 3.19

Comparative 1.591 426

example 1

[0052]

optical measurements as described below:

15

For testing the optical properties, media were produced and subjected to



Mat eri al Sci ence AG Leverkusen, Gernmany, hexane dii socyanate-based

pol yi socyanate, proportion of im nooxadi azi nedione at |east 30% NCO
content: 23.5% were added and 15 mi xing was effected again. Finally, 0.006
g of Fonrez UL 28 (urethanization catalyst, conmercial product from
Monentive Performance Chem cals, WIlton, CT, USA) was added and m xi ng was
effected again briefly. The liquid material obtained was then poured onto a
gl ass plate and covered there with a second gl ass plate which was kept at a
di stance of 20.tm by spacers. This test specinen was first left for 30

m nut es Rreparatom 0hd polpdrcamppeenand t hen cured for two hours at 50 C. [ 0055]

The nmedi g 2-5 were produced in an_apal ogous manner fr t he_exanpl es

nent i one@oﬁ:ﬂ Tabl é)-l%.gQﬁ%‘é‘i‘%ﬁqa(?eﬂfggg8%?'%@@@%‘}’“@3@@237 ¢ 973 he pol yol
conponeng:nr ' r ] ' g of

2 { phors T ALi AR By AT AREAIATRLANR FollR EnIat el 300 It 3P °)) 0. 10
g of CA w&@niligikpiatrbdirial aito priddlask arelf hegiel@o 120C°C arldbicdpeat thisitdnzidtadied) and

0.010 g of new nethylene blue at 60 C and 3.50 g of N-ethylpyrilidone so
t hat % cinsidthesglidg soptenivpsopastienne frieavolFtie censtituents) wanP9-#g tyovaghter was

ff d, 1.098 g.of dur . XP 2410 16 ' | duct,. of B
Vet or | a1 B0erRer et e RR RS aCied i robis B8 oM se PR iR o'

pol yi socyanate, proportion of im nooxadi azi nedione at |least 30 % NCO
content: UM b4 were added and m xing was effected again. Finally, 0.006 g

of | Fom sk 28 (At RE Bl Ao Akt Rlonn SRRl BLAEYSE RidoTont i ve

Per f or mance '5 Chem'cal m Xi' ng was effected

agai n brwih b0 giT@rethdndutd @6 EampRt RioNed ofB&1o0e (expertihestalont o a gl ass
pl ate and covered there with a second glass plate which was kept at a

di st Hhceprofiuce fropn{Cie lppdiastes Switkdriend)emd OsHO@ ofmew methylene Wue atef0t°Cf or 30
m nut es at 3r 0 eratﬁre and then cured for t

m wa h s at, 50 C,
Veasur e -SFE DS HOGH AR R oo S tHEH al BY-SBERATBE ¢ vo- beam
10 inter %%roaﬁc@asl dRrebRll) le.GédS %B‘f 1%&%&9@ "Pba1d (%Q?Jim&'&ﬁ pRRfltfortfgguced as
described were then teste th respect to their
MaterialScience AG, Leverkusen, Germany, hexane diisocyanate-based polyisocyanate,
proportion of iminooxadiazinedione at least 30%, NCO content: 23.5%) were added and
15 mixing was effected again. Finally, 0.006 g of Fomrez UL 28 (urethanization catalyst,
commercial product from Momentive Performance Chemicals, Wilton, CT, USA) was
added and mixing was effected again briefly. The liquid material obtained was then
poured onto a glass plate and covered there with a second glass plate which was kept at a
distance of 20 pm by spacers. This test specimen was first left for 30 minutes at room
20  temperature and then cured for two hours at 50 °C.

[0055] The media 2-5 were produced in an analogous manner from the examples

mentioned in Table 1.

Comparative medium:

[0056] 5.927 g of the polyol component prepared as described above were mixed
25  with 2.50 g of 2-[(phenylcarbamoyl)oxy]ethyl prop-2-enoate (comparative Example 1),
0.10 g of CGI 909 (experimental product of Ciba Inc., Basle, Switzerland) and 0.010 g of
new methylene blue at 60 °C and 3.50 g of N-ethylpyrilidone so that a clear solution was
obtained. Thereafter, cooling to 30 °C was effected, 1.098 g of Desmodur® XP 2410
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hol ographi ¢ properties by nmeans of a nmeasuring arrangenent according to Fig.
1, as follows: [00581 The beam of an He-Ne | aser (em ssion wavel engths 633
nm was 15 converted with the aid of the spatial filter (SF) and together
with the collimation lens (CL) into a parallel honbgeneous beam The final
cross sections of the signal and reference beamare determned by the iris
di aphragns (1). The dianeter of the iris diaphragmopening is 0.4 cm The
pol ari zat i on- dependent bean1sp|itters (PBS) split the |aserbeaminto two

coherent identically, polarized beans, The power of the reference 20 beam was
adj ust ed(@xpermentahnregdigt ?ﬁ%aYﬁbe@Fer@kSCteﬁ@e éﬁghaYerlﬁ@a@n%mense S¥fvi a the )J2

2:‘ ¥ te(rasr e;r%g@’g 4 \Q%rbsatsﬁglgoq%‘g‘?ﬁty%ﬂ#%e&owl nhoft@?no%%H ?&‘3%?1%%{ 1e§'§%t3ﬁ‘5} ors (D)

an I NCl aence e ’reference
beam i s REt@Bconisht IS %mg)eﬁe &ilded arnpmdmgﬁ@as(e[fﬁkteehgélhemgﬁai 00sgaen i s 41.8. At
the location of the sanple (nedium, the interference field of the two
over | appFograzddnas ﬁlrcfhmuaaﬂloa cgtabyst, n@nmﬁmial gmdu@tmi Meeméatizg Psltfommcww ch are

di | t f t t h |
(7 eh Bt Chihek oy CIFHBATA G4l piere HR s oot o &eDod R~
(refr aCt i¥&d n{a'?éilras XoRhinbd'G s Bdh BH{?I@& 5!1*]6'%%1459 %ﬁ fo andl- c%%red ﬁl%ré\@ﬁ‘l% ng of the

ref erence nunera In Figure 1 rror, = shutter, SF = spati al
filter, €dcormd glakd plaawdichl \easskepralz distatice of PO pinchy sBBf&rs: Iiﬂd; asu sped:lme:m sensitive
beamsplltter D = detecto | = iris diaphragm 41.8. 5
[0060] HBBSFshled fwe:?%nuwwé anhtempﬁﬁﬁlrﬁﬁ%ﬁ nbﬁa Ftrrefé fs twe bpvmahao Hanner -

[ 0061] Both shutters (S) are opened for the exposure tinme t. [0062]

Ther eaf t Measusgment of thethetograpBic propssties ofithe-medial by meapssofawbbead a tine of 5

m nui@s fimerfarénee i feflggtioprarmhgdrnent:st i | | unpol ynerized witing nonomers.

0063] T | At Th 10
thucrer M0she S o s s pRufE & BrbE B Bt Grd b P Brt B ot o ence
beam s hoRRaARE probRftics by hcdh PO e i difgREREARENPERMgNRSsCl 05ed to 2

follows:

[0058] The beam of an He-Ne laser (emission wavelengths 633 nm) was

15  converted with the aid of the spatial filter (SF) and together with the collimation lens
(CL) into a parallel homogeneous beam. The final cross sections of the signal and
reference beam are determined by the iris diaphragms (I). The diameter of the iris
diaphragm opening is 0.4 cm. The polarization-dependent beam splitters (PBS) split the
laserbeam into two coherent identically polarized beams. The power of the reference

20  beam was adjusted to 0.5 mW and the power of the signal beam to 0.65 mW via the A/2
plates. The powers were determined with the semiconductor detectors (D) after removal
of the sample. The angle of incidence (a) of the reference beam is 21.8° and the angle of
incidence (B) of the signal beam is 41.8°. At the location of the sample (medium), the
interference field of the two overlapping beams produced a grating of light and dark

25  strips which are perpendicular to the angle bisector of the two beams incident on the
sample (reflection hologram). The strip spacing in the medium is ~225 nm (refractive

index of the medium assumed to be ~1.49).
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This ensured that the beam al ways |ay conpletely in the hologramwitten

bef orehand for all angles (92) of rotation of the nmedium The turntable now
covered the angular range of 12 = 0 to S2 = 20 with an angular step width
of 0.05 under conputer control. At each 15 angle S2 reached, the powers of
the beamtransmtted in the zero order were neasured by neans of the
correspondi ng detector D and the powers of the beamdiffracted in the first
order were neasured by neans of the detector D. At each angle 12 reached,
the diffraction eff|C|ency was obtained as the quotient of: [0064] Power in
t he det edet heefel CEF agoré 1( power in the detector of the 20

di ffract eam + _power i " ¢ ctor .of .the transm tt rD 0065] The
maxi rmm@ﬁﬁqr acti oh oG né t'fb& o?pa{lﬂeﬁlﬁ’&l%r éﬁﬁm?at‘g erist val ue,
was det o nagk - Befaribdlioh. IBL RBAGCES HR HaftPadhl] ethe

poSi ti oﬁﬁ%’ t IEdg{leé(yt orsefg)lsr t he lalsﬁjlr arct ed&gearﬁﬁ or‘ﬁe‘% to 'deternmine this
maxi mum 21a8°up=4108366] For a formul ation, this procedure was if necessary

repeated several times 25 for di f f er ent exposure times t on different nedia
i n or’der[00@ldet er Hakegreme watearaidan intodheymediyasia thyy follpwingeament | aser beam

d f h DE h th t | hed
The averltloner ol et EE PRl b PorBIMctom b povers of ' the twp
partial [gegurs (O. ﬁmefwﬁanwltﬁ sﬁt?tteﬁ@l%% clob&, ﬁféﬁf?&iﬁrﬁﬁa‘sﬁﬂo&e@d‘ﬁnébﬁs di ameter of
the iris di aphragm (0.4 cm: 71 E(ml/cnR) =2 [(0.50 mW+ 0.67 mA

t (s)]/ [mmu&smthm@ffuﬁlﬁﬂﬁﬂjhé‘shﬁupmlmsrlz@ﬂ Wit gpaooiers. beams wer e adapt ed so
density i.s achieved in the dj um at tglﬁieangl es a and

that th
usgd Sl@@%jr]eThemlﬁlﬂhewgr@m%qﬂ%evaw@é ih dhe TopowVIe MRINEr- ofeai ned at t he

oo kBN el B oG O PG P R PR Sxampl e

opened. The iris diaphragm of the reference beam was closed to a diameter of <1 mm.

This ensured that the beam always lay completely in the hologram written beforehand for
all angles (Q) of rotation of the medium. The turntable now covered the angular range of
Q=0° vto Q = 20° with an angular step width of 0.05° under computer control. At each
15  angle Q reached, the powers of the beam transmitted in the zero order were measured by
means of the corresponding detector D and the powers of the beam diffracted in the first
order were measured by means of the detector D. At each angle Q reached, the
diffraction efficiency was obtained as the quotient of:
[0064] Power in the detector of the diffracted beam / (power in the detector of the
20  diffracted beam + power in the detector of the transmitted beam)
[0065] The maximum diffraction efficiency (DE) of the hologram, i.e. its peak
value, was determined. For this purpose, it might be necessary to change the position of
the detector of the diffracted beam in order to determine this maximum value.
[0066] For a formulation, this procedure was if necessary repeated several times
25  for different exposure times t on different media in order to determine the average energy
dose of the incident laser beam during writing of the hologram DE at which the saturation
value is reached. The average energy dose E is obtained as follows from the powers of
the two partial beams (0.50 mW and 0.67 mW), the exposure time t and the diameter of

the iris diaphragm (0.4 cm):
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37 73 26 48 73 57 5 13 73 38 Conparative Conparative exanple 73 24
medi um 1 [ 0070] The val ues found for the dynam c range (DE) show that the
urethane acrylate used in the conparative nmediumis |ess suitable for use
i n hol ographic nmedia, whereas the urethane acrylates in the nedia 1 to 5
are very suitable for the production of 10 hol ographic nedia owing to the
hi gher value for DE. [0071] It wll be appreciated by those skilled in the
art that changes could be nade to the enbodi nents descri bed above w t hout
departing fromthe broad inventive concept thereof. |t is understood,

t her ef orl@06that t Hi @ni/enyam2 dfD- 5%mﬁ%t*0|67m1%dt{56]/ftﬂhé)4 Gml i cul ar enbodi ment s
di scl os It s I nt ended t ver nDdlfl I Q thin the 15 spirit
and scoddV6H "t he. JBBaRESEA Al S E At Rl o e RN ai e 10
CLAI M5 &é'ﬂﬁ% 1%%clﬁé@e'drf§qle'nﬁed1&m a?th%ﬁél&a&‘%@{%ééhate of the general Formula
(1), a correspondlng salt, a solvate or a solvate of a salt thereof: R2 Rl

R3 1 R6 (W06 R7 %e(folWAng)meaSL@d:mlum lfer DE [%Wvereaibiaifd, at B2, doRSE R4 and R5

each independently represent a substituent sel ected
5  [ml/em?]:

Table 2: Holographic evaluation of selected examples

Medium Example Dose [mJ/cm?] DE [%]

1 1 37 68

2 5 37 26

3 7 73 26

4 8 73 57

5 13 73 38
Corr}paratwe Comparative example 73 24

medium 1

[0070] The values found for the dynamic range (DE) show that the urethane

acrylate used in the comparative medium is less suitable for use in holographic media,

whereas the urethane acrylates in the media 1 to 5 are very suitable for the production of
10 holographic media owing to the higher value for DE.

[0071] It will be appreciated by those skilled in the art that changes could be

made to the embodiments described above without departing from the broad inventive

concept thereof. It is understood, therefore, that this invention is not limited to the

particular embodiments disclosed, but it is intended to cover modifications within the

15  spirit and scope of the present invention as defined by the appended claims.
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fromthe group consisting of hydrogen, hal ogens, Cl-6-alkyls,
trifluoronmethyl, Cl1 _6- alkylthios, Cl-6-alkylselenos, G . -alkyltel luros,
and nitro groups, with the proviso that at |east one of Rl, R2, R3, R and
R5 is not hydrogen; R6 and R7 each independently represent a substituent
selected fromthe group consisting of hydrogen and Cl.6-al kyls; and A
represents a saturated or unsaturated or |linear or branched Cl.6-al kyl

radi cal or a polyal kyl ene oxi de radi cal having 2-6 ethyl ene oxide or

propyl ene oxide units. 2. The urethane acrylate according to claim1,
wherein at least one of R, R2, RBLARMSand R5 represents a G _6-alkylthio
substitngH.OH chlorine or bromne and the others of the group R, R2, R3,
R4 and R ?é%?gygﬁf&hydrogen atons. 3. The urethane acrylate according to
claiml1, wherein R6 and R7 each represent a hydrogen atom 4. The urethane
acrylate according.to @ akdihahe avfyRiicdfthé\gdnerad Foin@a (1), £edrespondingr anched
C3-al kyl radical. 20 5. A process for the preparation of urethane acryl ates
accor di rgltt asolviteadnn sblvatenef analidkeseofconpri si ng: reacting an i socyanate of the
general Fornmula (I1) R2R RLR314 NRCRSO Formula (Il) wth a conmpound
of the general Formula (Il1)R?R7 R6 OVA-O O Formul a (111)

1

R R
RE—N R* R
O)\ R®
O\A 0

O Formula (I)

wherein R!, R?, R%, R* and R® each independently represent a substituent selected
from the group consisting of hydrogen, halogens, C,¢-alkyls, trifluoromethyl, C.¢-
alkylthios, C;_¢-alkylselenos, C; ¢-alkyltelluros, and nitro groups, with the proviso that at
least one of R!, R%, R?, R* and R®is not hydrogen;

R® and R each independently represent a substituent selected from the group
consisting of hydrogen and C;_¢-alkyls; and

A represents a saturated or unsaturated or linear or branched C;¢-alkyl radical or

a polyalkylene oxide radical having 2-6 ethylene oxide or propylene oxide units.

2. The urethane acrylate according to claim 1, wherein at least one of
Rl, Rz, R3 , R*and R® represents a Cy¢-alkylthio substituent or chlorine or bromine and

the others of the group R’ R% R, R* and R represent hydrogen atoms.

3. The urethane acrylate according to claim 1, wherein R® and R”

each represent a hydrogen atom.

4. The urethane acrylate according to claim 1, wherein A is a linear

C,-C4or branched Cs-alkyl radical.
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wherein R, R2, R3, R4 and R5 each independently represent a substituent
selected fromthe group consisting of hydrogen, hal ogens, O _6-al kyls,
trifluoronmethyl, G .6- alkylthios, O _6-al kyl sel enos, C _6-al kyltelluros,
and nitro groups, with the proviso that at |east one of R, R2, R3, R4 and
R5 is not hydrogen; R6 and R7 each independently represent a substituent
selected fromthe group consisting of hydrogen and Cl.6-al kyls; and A
represents a saturated or unsaturated or linear or branched d _6-al kyl

radi cal or a polyal kyl ene oxi de radi cal having 2-6 ethyl ene oxide or

propyl ene oxi de ufits. Agrocebefopthegesparatios of uiiethgné mcrszllaais accfo»rdin\g\m ein the

i socyanate of the general, Formula (11) conprjses on nore sel ected from
the grof “Eén‘%‘FQ’chﬁﬁ CBWPESIHEhFQ?ﬁté‘i&%ﬂ lmféawe ?@Eﬁ%{ﬁé& Formil iy et hy!l pheny!

i socyanate, 4-thionethylphenyl isocyanate, 2-chlorophenyl isocyanate,

3-chl orophenyl isocyanate 4- chIR?ophenyI i socyanate, 2-bronophenyl

i socyanate, 3-bronophenyl 1socy»nat-3 4- br onophenyl isocyanate, and

m xtures thereof 21 7. Th ss-dccording to claimb5, wherein the
conpound of the general For [11) conprises one or nore selected from
t he group consisting of 2- ret hyl acrylate, 3-hydroxypropyl acrylate,
4- hydr oxybutyl acryl ate, p@ﬂyprupyléﬁeoxide nono( et h) acryl at es,

pol yet hyl ene oxi de mono(neich) acryl ates, and mi xtures thereof. 8. A

hol ogr aphi ¢ nmedi um conpri silng a uret hane acrylate according to claim1l. 9.
A process conpri sing: provﬁhing a pol yneFormata (Iy conprising a urethane
acrylate according to claim1; subjecting the polymer matrix to

el ect r orag (mﬁ@@ﬁﬂégaﬁnﬂq%hnMB@MDthe urethane acrylate is selectively
pol ymeri zed. . A layer or nolding conprising a urethane acrylate accordi ng
to claim1l. 11 The | ayer or nol ding ﬂacordlng to claim10, wherein the

| ayer or

O Formula (IIT)

wherein R!, R%, R®, R* and R’ each independently represent a substituent selected
from the group consisting of hydrogen, halogens, C¢-alkyls, trifluoromethyl, C_¢-
alkylthios, C.¢-alkylselenos, Cy¢-alkyltelluros, and nitro groups, with the proviso that at
least one of R', R?, R R*and R’is not hydrogen;

R® and R7 each independently represent a substituent selected from the group
consisting of hydrogen and Cys-alkyls; and

A represents a saturated or unsaturated or linear or branched C;.¢-alkyl radical or

a polyalkylene oxide radical having 2-6 ethylene oxide or propylene oxide units.

6. The process according to claim 5, wherein the isocyanate of the
general Formula (II) comprises one or more selected from the group consisting of 2-
thiomethylphenyl isocyanate, 3-thiomethylphenyl isocyanate, 4-thiomethylphenyl
isocyanate, 2-chlorophenyl isocyanate, 3-chlorophenyl isocyanate 4-chlorophenyl
isocyanate, 2-bromophenyl isocyanate, 3-bromophenyl isocyanate, 4-bromophenyl

isocyanate, and mixtures thereof.
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nmol ding has a refractive index of >1.50 at 405 nm 12. The | ayer or nol ding
according to claim 10, wherein the |layer or nolding has a DE val ue,
nmeasured by neans of two-beaminterference in reflection arrangenent, of>
25% 13. A hol ographic optical elenent/inage prepared by the process
according to Caim9. 14. An article selected fromthe group consisting of
optical lenses, mrrors, deflection mrrors, filters, diffusion screens,
diffraction el enments, wavegui des, |ight guides, projection screens, nasks,
personal portraits, bionetric presentations in security docunents, inmages,
i mage structures dnd cdimpreeiseneording tedainchnphrerei thy campoaydef the ol di ng
accordi ng%nérgl ls:olrrzillu[ll1 (’}[?) co%nzprises one or more selected from the group consisting of 2-
hydroxyethyl acrylate, 3-hydroxypropyl acrylate, 4-hydroxybutyl acrylate,
polypropyleneoxide mono(meth)acrylates, polyethylene oxide mono(meth)acrylates, and

mixtures thereof.

8. A holographic medium comprising a urethane acrylate according

to claim 1.

9. A process comprising: providing a polymer matrix comprising a
urethane acrylate according to claim 1; subjecting the polymer matrix to electromagnetic

radiation such that the urethane acrylate is selectively polymerized.

10. A layer or molding comprising a urethane acrylate according to

claim 1.

11.  The layer or molding according to claim 10, wherein the layer or

molding has a refractive index of >1.50 at 405 nm.

12.  The layer or molding according to claim 10, wherein the layer or
molding has a DE value, measured by means of two-beam interference in reflection

arrangement, of > 25%.

13. A holographic optical element/image prepared by the process

according to Claim 9.

14.  An article selected from the group consisting of optical lenses,
mirrors, deflection mirrors, filters, diffusion screens, diffraction elements, waveguides,
light guides, projection screens, masks, personal portraits, biometric presentations in
security documents, images, image structures and combinations thereof comprising a

layer or molding according to claim 10.
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