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EPPICIEllT ELEQTROH-ACQBPTIBG QBOQPS 
POR HOll-Lll!BAR OPTICAJ, COMPOQHDS 

~e present invention relates to aromatic 
and heteroaromatic compounds with nonlinear optical 

(NLO) properties. In particular, the present 

invention relates to NLO compounds having improved 

chemical and thermal stability. 

The compounds of the present invention are 

stable in pro~essinq solvents and at processinq 
temperatures used in the production of electro-optic 

devices. When suitably oriented, the compounds are 

capable of hiqhly efficient second harmonic 

generation and electro-optic modulation of an 

electromaqnetic wave havinq a wavelenqth between 

300 nm and 2,000 nm. The present invention further 

relates to polymer compositions of the disclosed 
compounds. 

Highly efficient NLO materials capable of 

doublinq or triplinq the frequency of incident liqht 

are currently o~ great scientific and technological 

interest for use in optical telecommunications, 
signal processing and the construction of optical 
computers. Nonlinear optics is concerned with the 

interaction of electromagnetic fields in various 
media to produce new fields which may be altered in 

phase, frequency or amplitude. The NLO effect of a 

30 material upon an electromagnetic field is a function 

of the second and hiqher order terms of the f ollowinq 

equation: 

• • 
P is the polarization of a material, E is the 

35 intensity of electric field, and the coefficients a, 
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8 and y, etc. are · indicative of the NLO 

susceptibility of the material. Such coefficients 
are ·constant for a qiven material, but vary from 
material to material. The second order coefficient, 

5 8, for a given material, is indicative of the second 

harmonic generation properties of the material, with 
second harmonic generation efficiencies increasing as 

the value of B increases. 

candidate NLO materials should possess good 
10 physical properties, such as high optical 

transparency, low dielectric constant and high laser 
damage threshold. The materials should also possess 
the molecular nonlinearity required of NLO materials, 

in particular, high 6 values, fast response times and 

15 nonlinear susceptibility over a broad range of 
wavelengths, particularly of wavelengths between 
about 300 nm and 2,000 nm. 

Recent efforts in the development of NLO 
materials have focused upon non-centrosymmetric 

20 organic materials with large delocalized pi-electron 
systems, which exhibit qreat nonlinear 
susceptibilities and can be varied to optimize the 
de~ired physical and mechanical properties. This 
includes the single benzene ring derivative disclosed 

25 by u.s. Patent No. 4,894,186 to Gordon and the 
compounds derived from two to four benzene rings 
~eparated by pi-electron conjugated carbon-carbon, 
carbon-nitrogen and nitrogen-nitrogen bridges 
disclosed by U.S. Patent No. 4,892,681 to 

30 Myata et al., U.S. Patent No. 4,894,263 to Dubois et 
al., u.s. Patent No. 4 1 933,112 to DeMartino et al. 
and u.s. Patent No. 4,935,292 to Marks et al. 

TQ induce charge asymmetry, and 
consequently second order nonlinear polarizability, 

35 an aromatic rinq at one end of the NLO compound 
structure is substituted with an electron donatinq 
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qroup, while on the other end of the NLO compound 
structure an aromatic rinq is sub$tituted with an 
electron acceptinq qroup. The dipole of the compound 
structure can then be aligned in accordance with the 

5 method described by u.s. Patent No. 4,935,292, the 
disclosure of which is hereby incorporated herein by 
reference thereto. 

However, pi-electron conjuqated bridqes 
linkinq the aromatic or heteroaromatic rinqs of NLO 

10 compounds are a source of thermal and photochemical 
instability. The stability of n9n-centrosymmetric 
organic materials with large delocalized pi-electron 
systems in processing solvents and host polymers at 
processinq temperatures is an important parameter in 

15 their application in electro-optic devices. Because 
hiqh-Tq polyimide based .electro-optic polymers are 
likely candidates to be used in the production of NLO 
devices, candidate NLO compounds must survive the 
strinqent processinq conditions required to produce 

2 o stable electro-optic polyimides. The NLO compounds 
must be able to withstand temperatures in excess of 
3 00 •c. The compounds must also survive beinq in a 
polyamic acid while it is being cured to a polyimide. 
In most cases, this transition entraps the reaction 

25 solvent, typically N-methylpyrrolidone (NMP), 
dimethylacetamide (DMAC), dimethylformamide (DMF), 
and the like, together with superheated water vapors 
that, in combination with the polar solvent, create 
very acidic conditions. 

30 NLO compounds that are stable in solvents 
such as-NMP, DMAC and DMF, both at room temperature 
and at boilinq temperatures, are not well established 
in the literature. High temperature stability is not 
enouqh. Molecules that ~re inherently stable at 

35 300°C are not necessarily stable in polyamic acids 
while being cured to polyimides. Many compounds 
decompose near the Tg of the polymers. The qeneral 
instability of NLO compounds in the solvents is 
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attributable to the sensitivity of the electron 
acceptinq qroups toward the solvent or solvent 
decomposition products, typically open chain amine­
type basic impurities induced by either liqht, oxyqen 

5 or heat. 

Near the polymer T9, the solvent or solvent 
decomposition products that have become trapped in 
the polymer matrix diffuse out of the matrix and 
cause decomposition of the NLO compounds. The NLO 

10 compounds that decompose consist of a variety of 
systems containinq dicyanovinyl, nitro and 
tricyanovinyl electron acceptinq qroups. 
Accordinqly, a need exists for NLO compounds with 
less-reactive electron acceptinq groups that are 

15 stable under polyimide · curinq and processinq 
conditions without sacrificinq NLO activity. 

This need is met by the present invention. 
NLO compounds · have now been discovered containinq 

20 substituted chromone electron acceptinq qroups that 
are chemically and thermally stable under polyimide 
processinq conditions. 

Therefore, in accordance with the present 
inyention, there is provided a nonlinear optical 

25 compound exhibitinq second-order nonlinear optical 
properties and possessinq a delocalized resonance 
confiquration havinq a structure represented by· 

Formula I: 

30 

(I) 

R-D 
in which R is a pi-conjuqated electron delocalized 
orqanic moiety; D is an electron donatinq qroup; R1 

35 is selected f~om hydroqen, electron withdrawing 
moieties, polymer attachment groups, -CN, -COOR". 
-SOR" and -S02R", wherein. R" is an alkyl qroup 
containinq from l to 15 carbon atoms; X is s or o; 



-s-
and Y and Z are independently selected from CN, 
C02R', N02, COR' and S02R', wherein R' is an alkyl 
group containing from 1 to 15 carbon atoms, or Y and 
z together form a ring system selected from 

s 1,3-indane diones, H,N-dial-lyl and H,H-dialkyl 
thiobarbituric acids, 3-dicyanovinyl indane-1-ones, 
1,3-bisdicyano-vinyl_ indanes and 
3-sulfone-1-dicyanovinyl indanes. 

R can be any pi-conjugated electron 
10 delocalized organic moiety exhibiting optical 

nonlinearity. R may contain from .1 to 10 aromatic 
rings or fused ring systems, linked together so as to 
form a delocalized resonance conf iquration. Suitable 
linkages include pi-electron conjuga:ted carbon-

15 carbon, carbon-nitrogen and nitroqen-nitrogen 
bridges. At least one five- or six-membered 
beteroaromatic ring is preferably present, alone, or 
as part of a fused rinq system, which beteroaromatic 
ring contains at least one heteroatom selected from 

20 o, N, s or Se. The number or size of the fused ring 
systems should not be so large as to interfere with 
the solubility of the NLO compounds in polymer 
matrices or processing solvents. 

The HLO compounds of the present invention 
25 are uniquely stable under the curing conditions of 

polyamic acids in solvents such as HMP, an:d are 
stable in polyimides at. temperatures above 300°c, 
attributable to the use of a chromone electron 
accepting group in place of a nitro or di- or 

30 tr-icyanovinyl electron accepting group. Compounds 
with cbromone electron accepting groups have lowered 

8µ values than similar compounds containing a 
tricyanovinyl accepting group, because of the weaker 
electron withdrawing properties of chromone-based 

3 s electron accepting groups. However, the &µ of the 

compounds can be varied greatly by adjusting the X 
and Y groups of the cbromone system. A series of 
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known electron withdrawing groups have been 
incorporated into the chromone system, and by 
employing chromone electron accepting groups with 
heteroaromatic ring conjugating units and efficient 

5 electron donating groups, improved solubility as well 
as chemical and thermal stability can be achieved 
without a significant sacrifice of molecular 
nonlinearity. 

Another embodiment of the present invention 
10 pro"!ides a combination exhibiting second order NLO 

properties. This combination includes the NLO 
compounds of the present invention and a material 
chemically inert thereto. The NLO com.pounds ~f thes~ . . 
combinations pr~ferably have an external field-

15 induced molecular alignment. 
In on• aspect of this embodiment of the 

invention, the NLO compound is disposed as a layer or 
layers on a substrate of a material chem.ical~y inert 
thereto, such as qlass, silica, silicon and polymeric .. 

20 materials. In anot)?.er aspect of this embodiment of 
the invention, the NLO comppund is in the form of a 
blend of a quest com.pound in a host matrix, with the 
NLO. compound .of the present ihvention serving as the . . 
quest compound and the material chemically inert 

25 thereto serv .. ing as the bost matrix. The material 
th~t is chemically ~ert to the NLO com.pound is 
preferably a thermoplastic polymer ·selected from. 
polyacrylates, 
polyquinolines, 

polymethacrylates, polyurethanes, 
epoxy polymers, · polybenzoxazoles, 

3 o polybenzoth~azples, polysulf ones, polyacrylam.ides, 
~olycarbonates, p~lyamides, polyesters, polystyrenes, 
polyimides, polyether ketones, polyether ether 
ketones, polyphenylene ethers and copolymers thereof. 

In still yet another aspect of this 
35 embodiment of the present invention, pendant side 

chains of the NLO compounds of the present invention 
are covalently bonded to a polymer material 
chemically inert thereto. In accordance with a 
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pref erred aspect of this embodiment of the invention, 
Ri of the compound of ·Formula I is a polymer 
attachm~nt group, preferably a functionalized alkyl 
moiety, that is covalently linked to a polymer. The 

5 polymer contains one or more monomeric subunits 
havinq a reactive qroup capable of beinq coval~ntly 
attached to the polymer attachment qroup, whereby the 
compound of Formula I is covalently linked to the 
polymer at the reactive group of one bf the subunits 

10 via the polymer attachment 91"0Up. A ~olymer 

attachment group may be located on the donor side of 
the NLO compound as well, _with or wiebout R1 beinq a 

15 

polymer attachment group. 
Preferably, the polymer contains 

_plurality of the monomeric subunits having 
reactive groups covalently substituted with an 

a 
the 
NLO 

compound via a polymer attachment group, so that the 
ratio of the monomeric subunits havinq reactive 
groups covalentfY linked · to an NLO compound to 

20 monomeric subunits without an NLO compound covalently 
linke~ thereto is between 1:99 and about 50:50. The 
monomeric subunits having a reactive group capable of 
beinq covalently attached . to· a polymer attachmen~ 

group and the monomeric subunits without an NL6 
25 compound covalently linked thereto are independently 

selected from polyacrylate, polyimide, polyquinoline, 
polybenzoxazole, polyurethane, polybenzo't:hiazole, 
pc)lysulfone, polyamide, polyacrylamide, polystyrene, 
polyvinyl halide, polyacrylonitrile, polyvinyl 

30 alcohol,_ polyvinyl acetate; polyester, polyethylene, 
polypropylene, polyisobutylene, polyisopre~e, 

poly(acid anhydride) and polycarbonate monomeric 
subUnits. 

In yet another aspect of this embodiment of 
35 the present ·invention, th~ NLO quest. compounds of the 

present invention are cross-linked within the host 
matrix. The NLO compound may function as the cross­
linking agent that forms the host matrix, or the NLO 
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compound may simply function as a guest compound 
within a cross~linked host matrix. 

For the NLO compound of Formula I to 
function as a cro~s-linkinq aqent, R1 may be a 

5 polymer attachment qroup, or either or both of R and 
D are also substi.tuted with a polymer attachment 
qroup. Polymers capable of beinq cross-linked by an 
~.compound in accordance with this aspect of the 
present invention include polyacrylates, 

10 

. 15 

20 

polymethacrylates, polyurethanes, polyquinolines, 
epoxy polymers, polybenzoxazoles, polybenzothiazoles, 
polysulfones, polyacrylamides, polycarbonates, 
polyamides, polyesters, polystyrenes, polyimides r 
polyether ketones, polyether ether ketones, 
polyphenylene ethers and copolymers thereof • 

Polymers that · are capable of beinq 
independently cross-linked to form a host matrix for 
an NLO quest compound include epoxy polymers, 
pol~imides, polyure~hanes, polyamides, polyacrylates, 
and the like. 

The use of chromone electron accepting 
qroups with pi-conju~ated electron delocalized 
orqanic moieties provides .~n efficient method to 
enhance molecular nonlinearity ~bile increasinq the 

25 thermal and chemical stability of the NLO compounds 
as well. Furthermore, the use of heteroaromatic 
conjuqatinq units with chromohe electron acceptinq 
qroups allows for · a larqe variation of molecules 
possessinq heretpfore unattained chemical and thermai 

30 stability, without sacrificing second order 
qonlinearity. In addition to possessinq good second 
order molecular nonlinearity and thermal arid chemical 
stability, the compounds of the present invention are 
so~uble · in polymer matrices and spin~casting 

3 5 sol vents, have high laser damage thresholds, are . 
easily synthesized and have well-known and understood 
chemical properties. 
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The NLO compounds of ~e present invention, 
once suitably oriented, exhibit a high second order 
NLO susceptibility. Compounds suitable for use as 

5 second order NLO chromophore materials according to 
the present invention have the structure of Formula I 
in· which R can be any »i-conjugated electron 
delocalized organic.moiety. 

Suitable orqanic •oieties contain from 1 to 
10 10 aromatic rings or.fused ring systems. 'l'Wo or more 

rings or fused ring systems are Unked together to 
form a delocalize~ rescmance conf iquration.· 

Within the present specification "ar~matic" 
rinqs are defined as aromatic carbocyclic rinqs such . . 

15 as benzene rinqs. "Heteroaromatic" rings refer to 
aromatic heterocyclic rinqs, thereby excluding 
aromatic carbocyclic ri~gs such as benzene and 
nonaromatic heterocyclic rings such.as pyrrolidine. 

The electron delocalized organic moieties 
20 of the present invention preferably contain. from one 

to four aromatic rinqs o~ fused ring systems. The 
aromatic rings or fused rinq · systems within each 
electron delocalized organic moiety may be the same 
or different. 

25 For orqanic moieties containinq multiple 
rings or fused ring.systems, it is preferably that at 
least one ring alone, or within a fused ring system, 
be a . five-membered heteroaromatic ring having· one 
heteroatom selected from ~, -N; ·S, Se and T~. The 

Jo heteroaromatic ring may · optionally include up to 
three additional N atoms. Preferably, the 
five-membered heteroaromatic rings possess a 
structure corresponding to Formula II: 

35 c:> (II) 

in which Y is c or N and X. is selected from o, N, 
N-~lkyl, s, Se and Te. 
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Preferably, the orqanic moieties containinq 
multiple rinqs or fus.ed rinq systems contain two or 
more of the five-membered heteroaromatic rinqs, alone 
or as part of a fused rinq system. Most preferably, 

s all the rings in orqanic moieties containinq multiple 
rinqs or fused r~n9 systems are five-membered 
heteroaromatic rinqs, and all fused rinq system 
contain a five-membered heteroaromatic rinq. When 
two or more heteroaromatic rinqs are present in an 

10 electron delocalized or9anic moiety, the rin9s may 
hav~ the same or different heteroat9ms. 

The fused rinq systems, when present, 
should not be so lar9e as to hinder the solubility of 
the NLO compounds in polymer matrices or spin-castinq 

15 solvents. Likewise, th~ value of n should not be so 
hiqh as to interfere wj.th solubility. The point at 
which the numl>er of sinqle or fused rinqs, or fuse~ 
rin9 system size, interferes with solubility is 
easily identified by those·of ordinary skill in the 

20 art. 
For orqanic moiet~es containinq multiple 

rin9s or fused rin9 systems, adjacent rin9s or.fused 
rinq systems are preferably °linked by · from one to 
~ee pi-electron conjuqated functional g-roups such 

25 as carbon-carbon,· carbon-nitroqen or nitroqen­
nitr09en.functional g-roups. Preferably, the adjacent 
rinqs or fused rinq systems are·bridqed by one- or two 
of the conjuqated functional g-roups. When adjacent 
rinqs or fused rinq systems are bridqed by two or 

30 three functional 9'roups; ~e conju9ated functi~nal 

groups may be the same or different and the.number of 
conju9ated functional qroups between adjacent rinqs 
or fused ring systems may· vary within an NLO 
compound. When the rinq is heteroaromatic or the 

35 fused system contains a heter9aromatic ring, the 
linkage is preferal;>ly substituted on the ring alpba 

to a heteroatom. For six~membered rln9s, alone, or 
within fused ring systems, the linkage is ·substituted 
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para to another linkaqe, an electro~ donatinq qroup 
or the chromone electron acceptinq qroup. 

The use of pi-electron conjuqated 
functional qroups to bridqe adjacent rinqs or fused 

5 ring systems in NLO compounds is essentially 
conventional to the art of the NLO active organic 
materials. Examples o~ suitable ri~g- or fused rinq 
sys=tem-bridqinq functional groups known in the art 
include -N=N, · -CB=N-, -CB•N-Ni=CH-, -esc- and 

10 (CH=CB-)j, with j beinq from one to three. 
The adjacent rinqs or fused rinq systems of 

the electron delocalized orqanic . moieties havinq 
linked aromatic rings or fused rinq systems may also 
\>e linked by non-conjugated linkages. The adjacent 

15 rings or fused ring systems may also be cova~ently 
bonded between single ring members to directly link 
the rings or fused ring sy~tems without forming a 
fused structure of the adjacent rings or fused rinq 
systems. 

20 The pi-conjugated electron delocalized 
organic moieties of the present invention represented 

· by R in Formula I can also -include a single ~romatic 
ring or fused ring sy~tem. The pref erred sinqle ring 
is a five-membered hfilteroaromatic ring as defined 

25 above. Fuse~ rings are preferred.over single rings, 
and fused ring. systems containing at least one . . 
five-membered heteroaromatic ring, as defined above, 
are most preferred. The fused ring systems of the 
present invention are limited to two- and three-ring 

30 fused ring structures so as not to hinder the 
solubility of the NLo compounds-in polymer matrices 
or processinq solvents. 

The conf iquration of multiple 
heteroaromatic ~inqs within a fused rinq system is 

35 not critical, and ~ay be an all "up" confiCJJ.lration or 
an alternatinq "up" and "down" confiquration, as 

depicted· in the above-cited u.s. Patent Application 
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Serial Humber 930, 732, the disclosure of which is 
hereby incorporated here~n by reference ~hereto. 

The fused ring S¥stems .of the present 
invention are not 

0 

limited to st~ct1,1res contai~ing 
5 only five-membered heteroaromatic r.inqs. · Two-rinq 

fused rinq systems suitable for use with the present 
invention may also contain · a benzene or pyr.idine 
rinq. Three-rinq fused rinq systems suitabl~ for use 
with the present invention may contain up to two 

10 benzene or pyridine rinqs, or a benzene and a 
pyridine rinq, · ~n addition .to .the five-memb~red 

heteroaromatic rinq. Thus, the fused rinq systems of . . 
the present invention inciude such structures 
depicted in the above-mentioned u.s. Patent 

15 Applicat~on Serial Nlimber 930, 732·. When a two- or 
three-rinq system includes pyridine, the pyridine 
should not be qu•ternized. Such ionic spe~ies cause 
severe current leakaqe durinq the dipole-aliqnment 
electric field polinq process. 

20 From the · for~qoinq description, the 
aromatic and fused rinq systems suitable for use with 
the present invention . can be easily identified by 
those of ordinary skill in the art. suitable rinqs 
and· ring systems. include, b~t are not limited to, 

25 pyrrole, furan, thiophene·, imidazole, oxazole, 
thiazole, triazole, tet~azole, pyrazole, pyrimidine, 
purine, quinolines, carbazole, benzene, naphthalene, 
furazan, pyrazine, indole, . isoindole, indazole, 
phenothiazine, benzotriazole, anthracene, 

30 phenanthrene, azophenanthrenes, quinazolines, 
pteridine, and the like. 

To induce charge asymmetry, the HLO 
compounds of the present invention contain at least 
one electro~ donating qroup and a chromone electron 

35 accepting group containing two electron withdrawing 
moieties. The portion of the compound of Formula I 

that functions as an electron accepting CJrOUP is 
depicted below as Formula XA: 
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(IA) 

s Y and Z represent electron withdrawinq moieties. The 

compound of Formula I also contains at least one 
electron donatinq qroup, represented by D. 

The electron acceptinq chromone and 
electi:on donatinq qroup or qroups should be rinq-

10 substituted on R so as to form a delocalized 

resonance conf iquration. Positions for substituting 

electron donatinq qroups to form delocalized 

resonance conf iqurations can be readily determined by 

those of ordinary skill in the art. 

15 When R represents a fused ring system 
containinq five-membered heterocyclic rinqs, the 
electron donating and electron acceptinq qroups are 

preferably substituted on the five-membered 
heterocyclic rinq members of the fused rinq systems, 

20 althouqh this is not essential. When substituted.on 

five-membered heterocyclic rinqs, the electron 
donating qroup or electron acceptinq qro~p is 
preferably substituted alpha to a heteroatom. 

Reqardless of whe1:her the fused ring system contains 
25 a five-membered b.eteroaromatic rinq, the electron 

donating and accepting qroups are preferably 
substituted to ring members of different rings so as 
to ·maximize electron delocalization. Examples of 
typical delocalized resonance conf iqurations are 

JO depicted in the above-cited u.s. Patent Application 

Serial Number 930,732. 

l:n the chromone electron acceptinq group 

depicted in FIG. IA, X is o or S and Y .and Z are 
independently selected from -N02 1 -CN, -COR', -COOR' 

3 5 and -SO~R. I wherein RI is an alkyl group containinq 
from 1 to 15 carbon atoms. Y and Z may also together 
form .a rinq structure. Preferred rinq structures 
include N,N-diallyl and N,N-dialkyl thiobarbituric 
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acids, indane-1,3-diones, 3-dicyanovinyl 

indane-1-ones, ·3-sulfone-1-dicyanovinyl indanes and 

1,3-bisdicyano-vinyl indanes. X and Y are preferably 

either both -CN or together form the above-listed 

5 rinq structures. 

The benzene rinq of the chromone electron 

acceptinq group may optionally be further 

substituted. That is, Ri, instead of beinq hydroqen, . 
may be a~ electron withdrawinq moiety, a polymer 

10 attachment group, or, for example, a substituent 

selected from CN, CooR", soRit, . S02R", wherein R" is 

an alkyl qroup containing f~om 1 to 15 carbon atoms. 

Ri should be rinq-substituted so as to maintain the 

delocalized resonance configuration of the NLO 

15 compound. 
Electron donating groups that are used to 

induce charqe asymmetry to the structure of Formula I 

are essentially conventiona1 to the art of NLO active 

orqanic materials. Guidance for the selection of 

20 electron donatinq groups can also be found in 

Nicoud et al., Ch. II-3 of Nonlinear Optical 

Properties of organic Molecules and crys~als, Vol. 1, 

(°Chem1a and Zyss, Eds. ,. Academic Press, Inc. , New 

Yoik 1987), p.233. Essentially any functional.qroup 

25 capable of releasing electrons into t~e pi-electron 

system of an aromatic or heteroaromatic rinq or fused 

ring structure is suitable for use as the electron 

donating qroup o. 
Examples of suitable electron donating 

30 groups known.in the art include -ffRGR7, -OR9, -SR9, 

-TeR8 , -sea8 , -CH=NRg, -CH=N-NR6a 7 , and 

-CH=C(N(R6R7)]2, wherein R6 and R1 are independently 

selected from hydroqen, alkyl qroups containing up to 

12 carbon atoms and alkyl qJ:oups containinq up to 12 

3 5 carbon atoms having reactive functional groups 

selected from hydroxyl, ethylene, acetylene, ~mine, 

thiol, sulfonic acid, carboxylic acid, or R6 and R1 

together form a cyclic group containinq up to 8 
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carbon atoms, includinq qroups such as pyrrolidine, 
piperidine, piperazine and morpholine. . Ra is an 

alkyl CJrOUp containinq up to six carbon atoms· and Rg 

is hydrogen or an a:lkyl CJrOUp containinq up to 10 
s carbon atoms. Preferably, a6 and R7 are 

independently selected from methyl, ethyl, hexyl, 
cyclopentyl, cyclohexyl, pyrrolidine, piperadine, 

piperazine and morpholine, Ra "is preferably a methyl 
group and Rg is prefer-1>ly either hydrogen or a 

10 methyl qroup. 

15 

Another example of ~uitable electron 
donatinq qroups are the functional groups: 

"4~--y-G>=<1l10 .... 8)(>=< R10 
Rs~F/ '-a aRa 

wherein E, F, G and.Hare members of a saturated or 

unsaturated five- to eiqht-membered cyclic ring or 

two-ring system havinq five- 'to eiqht-membered rings 
that are electron donating in nature. E, F, G and H 

20 are heteroatoms independently selected from -ca-, 
-CH2-, o, N, s, Se, Te and -NR3-. RJ, a.., Rs and Rio 
are indepen~ently selected from hydroqen, · alkyl. 

moieties containing up to 18 carbon atoms and 
functionalized alkyl moieties containinq up to 18 

25 carbon atoms, wherein the functionalized alkyl 
moieties are sel,ected from alkoxy, aminoalkyl, 
alkylhalide, hydroxyalkyl, alltylsulfide, 
alkylisocyanate, alky~isothiocyanate, alkylthiol, 
alkylazide, alkylc::arboxylic, alkylsulfonic, 

30 alkylalkene and alkylalkyne moieties. 
Examples of suitable one- or two-ring 

electron donating groups include dithiane and 
dithiolium groups ~uch as 1,3-dithiolium, . . 
2-benzo-1,3-dithiolium and 2-ethylenedithio-1,3-di-

35 thiolium, and the like. Whether or not a ring is 
electron donatinq in nature t9 meet the definition of 

membership in the group is understood by those of 

ordinary skill in the art. 
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Strong electron donating groups are 
preferred, which significantly increase the second 
order NLO properties of the compounds of the 
invention. Examples of strong .electron donating 

s groups are -N(CH3)2, pyrrolidine, dithiane, 
piperidine, piperazine, morpholine and dithioliums 
such as 1,3-dithioli~, 2-benzo-1,3-dithiolium and 
2-ethylenedithio-1,3-dithiolium. The most preferred 
strong electron donating group .is 2-ethylene-

10. dithio-1,3-dithiolium. 

The aromatic or heteroaromatic rings or 
fused. ring systems of the NLo compounds of the 
present invention may optionally be further 
substituted. Any.number of functional groups can be 

IS substituted on the aromatic or ~eteroaromatic ring or 
rings, provided that ·the groups are not so large or 
so numerous to cause undesirable steric hindrance 
effects, the occurrence of which will be clear to 
those of ordinary skill in the art. 

20 The preferred ~diment of the present 
invention includes a ~econd electron donating group 
attached to the same ring or ring member of a fused 
ring system as the f.irst electron donating group 
described above, so that both electron donating 

25 groups, the chromone electron accepting qroup and the 
. electron . delocalized organic moiety R form a 
delocalized resonance configuration. The second 
electron donating group may be the same or diff er~nt 
than the first electron donating group. The 

30 inclusion of a second electron donating group 
increases the second order NLO properties of the 
resulting compound as compared to compounds having 
sinqle~substitution of electron donating groups. 

The NLO compounds of the present invention 
35 ma¥ optionally include up to two polymer attachment 

groups. These groups are functionalized substituents 
that serve as means for attaching the NLO compound to 
a polymer chain. The presence of one polymer 
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attacbment 9roup allows the covalent attachment of 
the NLO compounds of the present invention as side 
chains to the monomeric subunits with polymers. When 
two polymer attachment 9roups are present, the HLO 

5 compounds are capable of cross-linking aatrix 
polymers. 

Thus, R1 can be a functionalized moiety 
capable of covalently linkinq the NLO compound to a 
monomeric subunit of a polymer by conventional 

10 addition or condensation reactions. Alternatively I 
· or at the same time, D can be an .electron donating 

qroup functionalized with an appropriate substituent 
for cov~lent attachment of the NLO compound to a 
polymer subunit. The aromatic or heteroaromatic 

15 rinqs or fused rinq systems of the presen~ invention 
can also be functionalized with appropriate 
substituents for covalent attachment of HLO compounds 
to polymer subunits. Substituent qroups suitable for 
the covalent attachment of NLO compounds to polymer 

20 subunits are well-known to those of ordinary skill in 
the art. Examples of ·polymer attachment qroups 
include functionalized alkyl moieties containing up 
to 18 carb~n atoms, wherein the functionalized alkyl 
moieties are selected from alkoxy, aainoalkyl, 

25 alkylhalide, hydroxyalkyl, alkylsulfide, 
alkylisocyanate, alkylisothiocyapate, alkylthiol, . 
alkylazide, alkylcarboxylic, alkylsulfonic, 
alkylalkene and alkylal.kyne moieties. 

~eferred polymer attachment qroups will 
30 also increase the solubility of the materials both in 

polymer matrices and in spin-casting solvents. 
Ordinarily, the solubility would decrease as the 
number of rings or fused rinq systems in the 
non~centros)'11111letr~c organic moiety increases. 

35 substituents that will increase the solubility of the 
non-centrosymmetric organic moieties are well-known 
to those of ordinary skill in the art. Preferred 
substituents include alkyl moieties containin9 
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between 3 and 12 carbon atoms and functionali·zed 
alkyl moieties containinq between 3 and 12 carbon 
atoms, wherein the functionaiized alkyl moieties are 
selected from alkoxy, aminoalkyl, alltylhalide, 

5 bydroxyalkyl, alkylsulfide, alkylthiol, alkylazide, 
alkylcarboxylic, · alkylsulfonic, alkylalke~e, 

alkylisocyanate, alkyl~isothiocyanate and alkylalkyne 
moieties. 

The aromatic rinq systems upon which the 
10 NLO compounds of the present invention may be based 

are prepared by well-known methods.widely reported in 
th~ prior art. The preparation of many of these 
moieties is disclosed in the above-cited u.s. Patent 

. . 

Applica~ion Serial Numbers 626,358 and 930,732. Some 
15 of the rinqs and fused ~inq systems are commercially 

available. The ~omorie ·electron acceptinq qroup 
containinq the electron withdrawinq mo.ieties Y and z 
and the electron donatinq qroup ·can be substituted to 
the aromatic or heteroaromatic rinqs or fused rinq 

20 systems usinq conventional methods. 

25 

30 

35 

A q.eneral _procedure for the preparation of 
the NLO compound of the present invention, in which 
an electron donatinq qroup substituted aromatic or 
heteroaromatic aldehyde is reacted with a 
2'-hydroxy-2-(methyl-sulfinyl) acetophenone as· 
illustrated by the followinq reaction scheme: 
Scheme I 

;-a-cs.o~(C&) ro· ¥VCSJ.. ~ y· 
l r.· 9rt ~ •-D a-b 

R, R1 , D, X, Y and Z are the same as described above 
with respect to Formula x. The preparation of 
2 '-hydroxy-2-(methyl-sulfinyl) acetophenone from 
ethyl salicylate is shown in Example J:. 

The NLO compounds of ·the present invention 
can be formed into a nonlinear optical material by 
combininq the NLO compounds with a medium that is 
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chemically inert to the compounds. For example, the 

NLO compounds can be layered on a substrate such as 

9lass, sil~ca or .polymeric materials, as described in 

u.s. Patent No. 4,894,186 to Gordon, the disclosure 

5 of which is hereby incorporated herein by reference 
thereto. 

·1n another embodiment, a nonlinear optical 
medium can be formed by blendinq the NLO compounds of 
the present invention with a host thermoplastic 

10 polymer. Suitable hpst thermoplastic polymers 

include polyacrylates~ 

polyurethanes, polyquinolines, 
polymethacryrates, 

. epoxy· polymers,. 
polybenzoxazoles, ·polybenzothiazoles, polysulfones, 

polyacrylamides, polycarbonates, polyamides, 
15 polyesters, ,Polystyrenes,· polyimides, polyether 

ketOneS I polyether ether ketoneS I polyphenylene 
ethers and copolymers ther~of. This combinat.ion ·is 

20 

also described in U. s. Patent 
disclosure of which is also 
herein by reference thereto. 

No. 4,894,186,· the 

hereby incorporated 

The NLO compounds of the present invention 
can also be covalently attached as side chains to the 

monomeric subunits of polymers. Polymers should be 
chosen for use with the present invention having 

25 monQmeric subunits that have reactive functional 
qroups for attachment of side chains. The polymer 
should have excellent optical transparency, qood 
film-formin9 characteristics, a low dielectric 
constant and a relatively hiqh Tq for stable dipole 

30 orientation of the side chains. Other properties 
will come into consideration, dependinq upon the 

particular end-use requirements of the material; 
however, these -properties are well-understood by 
those of ordinary skill in the art. 

35 one cl~ss of polymers suitable for use with 
the present invention are polymers and copolymers, 
the monomeric subunits of which are independently 

selected from polyacrylate, polymethacrylate, 
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polyimide, polyquinoline, polybenzoxazole, 

polyurethane, polybenzothiazole, polysulfone, 

polyamide, polyacrylamide, polystyrene, polyvinyl 

halide, polyacrylonitrile, polyvinyl· alcohol, 
5 polyvinyl acetate, polyester, polyethylene, 

polypropylene,· polyisobutylene, polyisoprene, 

poly(acid anhydride) and polycarbonate monomeric 
subunits. 

The polyacrylates suitable for use with the 
10 present invention include alkyl branched 

polyacrylates such as polymethacrylates. Likewise, 

the polyacrylamides suitable for use with the present 
. . 

invention include alkyl branched polyacrylamides such 

as polymethacrylamide, and the polyacrylonitriles 

15 . include alkyl branched polyacrylonitriles such as 

polymethacrylonitrile. 
Those of ordinary skill in the art are 

capable of identifyinq the funct.ional groups of the 
polyacrylates, polyamides, polyacrylamides; 

20 polyvin¥1-h.lides, polyacrylonitriles, poll'vinyl 

alcohols, polyvinyl acetates, polyesters, 

polyphenylene ethers, polyether imides, polyether 
ketones, polyether ether ketones, polyacid anhydrides 
and polycarbonates to which the NLO compound of the 

25 present invention can be attached by conventional 
addition and condensation reactions. 

Althouqh the monomeric subunits of 

polyimides, polystyrene, polyethylene; polypropylene, 
polyisobutylene and polyisoprene do not have such 

30 functional groups, such monomeric subunits can first 
be functionalized to form a reactive group for the 
attachment of the NLO compound. See, for example, 
the chloromethylation of polystyrene and the 

subsequent conversion to the more reactive iodomethyl 
35 derivative set forth in U.S. Patent No. 4,935,292 to 

Marks, the disclosure of which is herein incorporated 

by.reference thereto. 
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Alternatively, a functionalized derivative 
of ·these polymers can be used as a startinq material, 
such as the poly(p-hydroxystyrene), the u•e of which 
i~ also disclosed by u.s. Patent No. 4,935~292. As 

s another alternative, rather than covalently bond the 
materials, the polymers can be polymerized in the . 
presence of the .. NLO compounds of the present 
inventipn so that a host polymer matrix is formed 
within which the NLo compound is present as a quest 

10 molecule. 

The NLO compounds of the.present invention 
are attached to th~ monomeric subunits by the polymer 
attachment qroups discussed above. The polymer 
attachment.group is covalently linked to the polymer 

15 at a reactive functional qroup of one of the 
monomer~c subunits suitable for attachment of the NLO 
compound. Thus, the NLO compounds are covalently 
linked to a polymer at the reactive qroups ·of the 
monomeric subunits via polymer attachment qroups on 

20 the NLO compounds. 
The NLO ·c~mpounds of the present invention 

can be attached as polymer side chains by usinq a 
sinqle polymer attachment qroup to coval~ntly bond 
the NLO compounds to monomeric subunits of the 

25 polymer. The NLO. compounds can also be attached 
between two or more monomeric subunits usinq multiple 
polymer attachment qroups, thereby cross-linkinq 
polymer chains. 

Polymers in accordance with this aspect of 
30 the present inventic;>n will not be completely 

substituted with NLO qroups. The present invention 
includes polymers havinq ratios of NLO substituted 
monomeric subunits to unsubstituted monomeric 
subunits between about 1:99 and about so:so. 

35 Substitution ratios between about 5:95 and about 
40:60 are preferred. substitution ratios less than 
about 30:70 are more preferred in order that the 
polymer remains soluble in solvents utilized in the 
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preparation of NLO materials. The most preferred 

substitution ratio is about 25:75. 

In preferred NLO polymers, the monomeric 

subunits are independently selected from monomers of 
s ethylene, acrylates, alkyl-branched acrylates, poly­

imides, acrylamides, alkyl-branched acrylamides, 

styrenes, alpha-alkyl styrenes, vinyl acetate, ether . . 
ketones · and ether ether ketones. :when one of the 
monomeric subunits is a styrene monomer, the aromatic 

10 rinq may be further substituted by .one or more 

hydroxyl or alkyl qroups, provide<?- that the qroups 

are not so large or so numerous to cause undesirable 

steric hindrance effects, the occurrence of which 

will be clear to those or ordinary skill in the art. 

15 l:n the most preferred NLO polymers, the monomeric 

subunits are independently selected trom monomers of 

acrylates, methaCJ;Ylates, polyimides, ether ketones 

and ether ether ketones. 

The polymerization of the polymeric NLO 
2·0 compounds of the present invention is essentially 

conventional and. readily understood by those of 
ordinary skill in the art. Dependinq u~on the 
material in q\iestion, in some cases, it is preferable 

first to polymerize the polymer and then attach the 

25 side chains to the reactive groups of the monomeric 
sUbunits. :In other cases, it is preferable to 

synthesize a monomer havinq an NLO side chain 

covalently attached thereto to be copolymerized with 
a monomer having no side chain. The NLO"polymers are 

30 then recovered and purified by conventional means 

known to those of ordinary skill in the art. 
The NLO compounds of the present invention 

are particularly well-suited for use with polyimides. 

Polyimides are formed by the reaction of an aromatic 

35 diamine with an aromatic dianhydride to form a 
polyamic acid, which then undergoes a ring-closing 
reaction to form the polyimide structure. The 

cyclization to the polyimide is accomplished by a 
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thermally induced intramolecular condensation. This 
is performed at elevated temperatures above 3oo•c in 
sol vents like NMP, DMAC and DMF, for which the NLO 
compounds of the present invention are particularly 

5 well suited because of thei+ thermal and chemicp.l 
stability under these conditions. 

The NLO compounds of the present invention 
may simply be dissolved in polyamic acid solutions, 
which are then cured to form a polyimide matrix 

10 containinq the NLO compGunds. Th~ polyimide may be 
thermoplastic or it may be thermo$ettinq. The NLO 
compounds of the present invention may also be 
covalently attached to the polyimide by formation of 
a polyamic acid with NLO side chain-substituted 

15 aromatic rings that is subsequently cured to form the 
polyimide. Polyaniic acids _having NLO side chain 
substituted aromatic rings are obtained by forming 
the polyamic acid from aromatic diami~es or aromatic 
dianhydrides, or both,. that are ring-substituted with 

20 side chains of the NLO compounds of the present 
invention. This is described in co-pending and 
commonly owned U. s. Patent Application Serial 
No. 08/500,384, the disclosure of which is 
incorporated herein by reference. 

25 The NLO compounds of the present invention 
can be linked to two .aromatic diamines or two 
aromatic di&nhydrides, or to an aromatic diamine and 
an aromatic dianhydride so as to form a cross-linked 
polyamic acid. The cross-linked polyamic acid is 

3 O then cured to form a polyimide cross-linked by the 
NLO compounds of the present invention. 

The preferred NL<? polymers of the present 
invention typically have weight-average molecular 
weights between about 5,ooo and about· 300,000 daltons 

35 measured by GPC or ~ight. scattering. Films of the 
polyimides and other polymers may be formed by spin­
coatinq, after which the films may be repetitively 
annealed prior to poling at an elevated temperature • 
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at the Tq of the material. Followinq annealinq, the 
dipoles of the side chains may be aliqned by 
apJ?lication of an intense •. electric field, 
(0.2-3.0 MV ca-1) at temperatures near the Tq• 

5 Because of the hiqh Tq's of polyimides, the 
annealinq and dipol4' aliqninq steps for these 
polymers is typically performed at temperatures 
qreater than 2so•c. The NLO compounds of the present 
invention possess the chemical and thermal stability 

10 required for these conditions. . Such cond1:tions are 
also encountered when forDiinq · elec:tro-optic devices 
from polyimide . NLO compounds of the present 
inyention. The foreqoing s!!quence of spin-coatinq, 
annealinq and poling is essentially conventional and 

15 di~closed in U. s. Patent No. 4, 935, 292, the 
disclosure of which is hereby incorporated herein by 
reference thereto. 

It is disclosed in U.S. Patent No. 
4,935,292 and SPIE Proceeding No. 1147, 74-83 (1989} 

20 that for non-cross-linked polymers, further 
stabilization of the NLO side Chain alignment can be 
achieved by rad~at~on-induced or chemical-induced 
cross-linkinq o~ the polY.er matrix. This process is 
als.o essentially conventional, and the disclosure of 

25 which in u.s. Patent No. 4,935,292 is also hereby 
incorporated herein by reference thereto. 

The electro-optic coefficient of an 
HLO-active poled polymer film is proportional to the 
product of the molecular second order nonlinear 

30 optical susceptibility. coefficient, 8, and the 

molecu.lar ground state electric dipole moment, l. 

The molecular 8 is dependent upon the frequency at 

which the measurement is performed because of the 
resonance effect near the absorption peak. A method 

35 to compare molecules with different absorption 

properties by extrapolation of the B value measured 

at a specific frequency to zero frequency using a 
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two-level model i.s disclosed by Sinqer, J, Opt. Soc. 

AJL., .1.§., 1339-~0 (1989). The B value of the 

extrapolated zero frequency is defined as 80 • The 

NLO active molecules of the present invention can 

5 exhibit values of the 8of.1 product as hiqh as about 

1,000 in units of 10-48 esu measured at a waveienqt~ 
of 1907 nm. 

Thus, it can be appreciated that the 
present invention provides NLO compounds combininq 

10 second order nonlinear optit:al pr.operties with the 
physical, mechanical and optical properties required 
of an optical material, together with therm~l and 
chemical stability. The followinq examples further 
il1ustrate the present invention, and are not to be 

15 construed as limitinq the scope thereof. Unless . . 

20 

25 

otherwise indicated, materials were obtained from 
Aldrich Chemi~al Supply. All parts and percentaqes 
are by weight unless expressly indicated to be 

all temperatures are in deqi:::ees otherwise and 
Celsius. 

EXAffPLES 

.IXAJDRl!I J; 

&mtb•1i1 gf 
2 1-Hyciroxy-2-<metbvl-sulfinyllaeetoPhenone 

DMSOINaH ...... 
80°C 

To a solution of "dimetbylsulfoxi4e (180 mL, 
30 excess) in benzene (400 mL) was added sodium hydride 

(12.0 qm, o.s mol). This suspension was heated to 
so •c under an arqon atmosphere_. After one hour, the 
resulting solution was cooled to 35°c_ and a solu~ion 

of ethyl salicylate (16, 6 qm, .0.1 mol) in benzene 
35 (200 mL) was added dropwise. After the addition was 

complete, the mixture was allowed to cool to room 
temperature over a two-hour period. The benzene was 
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then removed in vacuo and the resulting oil was 
dissolved in ice water (400 mL). The desired 
_acetophenone was precipitated by dropwise addition of 
glacial acetic acid while maintaining o•c. The 

s precipitate was collected by vacuum filtration, and 
air dried to yield 19.1 gm (96t yield). The pinkish 
solid was· recrystallized from absolute ethanol to 
yield 15.6 gm (80t). 
Example JI 

10 Synthesis of 2-C4 1 =diethylanilinol cbromone 

15 

20 

To a solution of the 2'-Hydroxy-2-(methyl­
sulfinyl)acetophenone of Example I (1.554 gm, 
7.84 mm.ol) in toluene (50 mL) was added piperidine (5 

drops, cat.). 
which time 

'l'he solution was heated to 50°C at 
4-dietbylaminobenzaldehyde (2.78 gm, 

15.68 mmol) was added·. The resulting mixture was 
then heated to reflux for three hours. An additional 
o.s. gms of 2 1 -hydroxy-2-(methyl-sulfinyl) aceto-

25 phenone ~as then added and the mixture was refluxed 
for an additional one hour. 'l'he solution was cooled, 
concentrated in vacuo and absorbed onto silica 
(5 gm). This silica mixture was added· to a medium 
pressure column packed with silica. 'l'he column was 

30 eluded with hexane/ethyl acetate (5: 1) with a 
gradient to 1:1 to afford the cbromone (1.26 gm, 86%) 
as a pale yellow solid and starting aldehyde 
(1.90 gm). 
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Example rn: 
Svntbesis of 2-(4.'-diethylanilinol .4-dicyanocbromone 

To a 40°c solution of the 2-(4 '-diethyl-
anilino) chromone of Example II (1.46 911, 5. o mmol) 
in acetic anhydride (50 mL) was a~ded malononitrile 
(0.30 qm, 7.7 mmol). The resultinq mixture was 
heated to 95°C and maintained for three hours under 
an arqon atmosphere. The mixture was cooled, 

15 concentrated in yacu,o to near· dryness and the 
resul tinq solution was purified by medium pressure 
flash chromatoqraphy usinq hexane/ethyl acetate (5:1) 
with a qradient to 3:1 to yield the desired product 
as a pale yellow solid (2.7 qm, 83%). The compound 

20 exhibited a A.max (dioxane) of 472 nm and a 8µ of 
550 ( 10-48esu) • 

25 

30 

35 

Example xy 
synthesis of 2-(4 1 -dietbylanilinol.4-CN.N'-diethyl­
thiob8rbituric acidl chromone 
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To a 40°C solution of the 2-(4'-diethyl­
anilino) chromone of Example II (1.46 gm, s.o mmol) 
in acetic anhydride (50 lllL) was added thiobarbituric 
acid (0.63 9111, 7.7 mmol). The resulting mixture was 

5 heated to 1oo•c and maintained for three hours under 
an argon atmosphere. The mixture was cooled, 
concentrated in yacuo to near dryness and the 
resulting solution was purified by medium pressure 
flash chromatOC)raphy using hexane/ethyl acetate (5:1) 

10 with a gradient to 1:1 to yield the desired product 
as a black solid (2.3 9111, 70%). The compund 

15 

20 

25 

30 

35 

exhibited a 1max (dioxane) of 568 nm and a 8µ of 
220 (10-48esu) • 
1¥amgJ.e1 :!-~ 

The following compounds were prepared as in 

Examples I-IV with the disclosed yields, Amax and 

8µ ·(10-48 esu) measured at 1907 nm. 

MOLECULE A.max (dioxane) pµ Yield 

~ I 450 4SO 42% 0 
J _N 

~ I 
0 488 700 S2% 

J N -CN CN 

490 SSS 58% 

589 340 47% 

503 1720 79% 
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i.max (dioxane) 

sos 

615 

526 

634 

602 

628 

Yield 

830" 59% 

2300 84% 

890 57% 

2350. 47% 

1550 32% 

3100 56% 
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The NLO compounds of the present invention 
thus possess a combination of. NLO properties and 
thermal and chemical stability heretofore unobtained 
by the prior art. At the same time, the compounds 

s have good solubility, high laser damage thresholds, 
are easily synthesized and have well-known and 
understood chemical properties. The sinqle-rinq and 
fused-rinq structures of the present invention 
containinq five-membered heteroaromatic rinqs 

10 represent a versatile family of compounds that can be 
readily· varied to increase their . second order NLO 
properties. 

The foreqoinq examples and description of 
the preferred embodiment should be taken as 

15 illustratinq, rather than as limitinq, the present 
invention as defined by the claims. As will be 
readily appreciated, numerous variations and 
combinations of the features set forth above can be 
utilized without departing from the present invention 

· 20 as set forth in the claims. All such modifications 
are intended to be included within the scope of the 
following claims. 
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CLAIMS 

1. A nonlinear optical compound 

exhibiting second-order nonlinear optical prop~rties 

and possessing a delocalized resonance conf iCJUration 

5 having a structure represented by: 

10 

15 

y z 

R-D 

wherein R is a pi-conjugated electron 
delocalized organic moiety·; 

D is an electron donating group; 

R1 is selected from the group 

consisting of hydrogen, electron withdrawing 

moieties, polymer attachment groups, -CN, -COOR", 

-SOR" and -S02R", wherein R" is an .alkyl group 

containing from 1 to 15 carbon atolllS; 

x is s or o; and 

Y and z .are independently selected 

20 from the group consisting of CN, C02R' , N02, COR' and 

S02R', wherein R' is an alkyl group containing from 1 

to 15 carbon atoms, or X and Y toqether form a ring 

structure selected from the group consisting of 

1,3-indanediones, N,N-diallyl and N,N-d.ialkyl 

25 thiobarbituric acids, 3-dicyanovinylindane-l-ones, 

1,3-bisdicyanovinyl indanes and 3-sulfone-l-dicyano­
vinyl indanes. 

2. The nonlinear optical compound of 

claim 1, wherein R comprises from 1 to 10 aromatic 

30 rings or fused ring systems. 

3. The nonlinear optical Qompound of 

claim 2, wherein R comprises at least one 

heteroaromatic ring, or at least one fused ring 

system comprising a heteroaromatic ring. 
35 4. ·The nonlinear optical compound of 

claim 3, wherein said heteroaromatic ring comprises a 

five-membered beteroaromatic ring. 

11111111111111111111111111111!: 
* C L M S * 
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s. The nonlinear optical compound of 

claim 4, wherein said five-membered heteroaromatic 

rinq has the structure: 

C) 
wherein Y is C or N and X is selected from the group 

consisting of o,.s, Se, Te and N. 

6. The nonlinear optical compound of 

10 claim 5, wherein all of said rings comprise said 

five-membered heteroaromatic ring,. and all of said 

fused ring systems contain said five-membered 

heteroaromatic rinq. 

7. The nonlinear optical compound of 

15 claim.2, .wherein R comprises two or more rings or 

fused ring systems linked together to form a 

delocalized resonance configuration. 

a. The nonlinear optical compound of 

claim 7, wherein R comprises from two to four 

20 .aromatic ririqs or fused ring systems. 

9. The nonlinear optical compound of 

claim 7, wherein ae least two adjacent rings or fused 

rinq systems are linked toqether by a conjugated 

functional group comprisinq from one to three 

25 moieties independently selected from the group 

consistinq of -N=N-, -cH=N-, -CH=N-N=CH-, -esc and 

(-CH=CH-)j, wherein j is from one to three. 

10. The nonlinear optical compound of 

claim 7, wherein at least two adjacent rings or fused 

30 ring systems are linked together by at least one 

non-conjugated linkaqe. 

11. The · nonlinear optical compound of 

claim 7, wherein said two or more rings or fused ring 

systems comprise at least two adjacent rings or fused 

35 ring systems directly covalently bonded together 

without forming a fused structure of said adjacent 

pair. 

111111111111111111111111111111 
* C L M S * 
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12. The nonlinear optical compound of 

claim 2, wherein said aromatic rinqs or fused rinq 

systems are independently selected from the qroup 

consistinq of pyrrole, furan, thiophene, imidazole, 
5 oxazole, thiazole, triazole, tetrazole, pyrazole, 

pyrimidine, purine, quinolines, carbazole, benzene, 
naphthalene, furazan, pyrazine, indole, isoindole, 

indazole, phenothiazine, benzotriazole, anthracine, 
phenanthrene, quinazoline, pteridine and 

10 azophenanthrenes. 

13. ·The nonlinear opt~cal compound of 

claim 12, wherein said aromati¢ rinqs or fused rinqs 
systems are independently selected from the qroup 
consistinq of pyrrole, furan, thiophene, thiazole and 

15 oxazole. 
14. The nonlinear optical compound of 

claim 2, wherein R comprises at least one fused rinq 

system containinq.two or three aromatic rinqs. 
15. The nonlinear optical compound· of 

20 claim 2,. wherein R consists essentially of a sinqle 

fused rinq system containinq two or three aromatic 

rinqs. 
16. The nonlinear optical compound· of 

claim 15, wherein said fused rinq system comprises at 

25 least one five-membered heteroaromatic rinq having 

the structure: 

C) 
30 wherein Y is c or N and X is selected from the group 

consisting of O, s, Se and N. 
17. The nonlinear optical compound of 

claim 16, wherein said fused rinq system comprises 
two or three of said five-membered heteroaromatic 

35 rings. 
18. The nonlinear optical compound of 

claim 1, wherein Y and Z are both CN groups. 

111111~ 1111~ 11m11m11111111 
" s * 
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19. The nonlinear optical compound of 

claim l, wherein Y and Z together form a ring 

structure selected from the group consisting of 

l_,3-indanediones, N,N-d·iallyl and N,N-dialkyl 

s thiobarbituric acids, 3-dicyanovinylindane-l-ones, 

1,3-bisdicyanovi~yl indanes and 3-sulfone-l-dicyano­

vinyl indanes. 

20. The nonlinear optical compound of 

claim 1, wherein Ri is a polymer attachment group 

10 selected from the group consisting of functionalized 

alkyl moieties containinq between. 3 and 12 carbon 

atoms selected from the_ group·consisting of alkoxy, 

aminoalkyl, alkylhalide, hydroxyalkyl, alkylsulfide, 

alkylthiol, ·alkylazid~, alkylcarboxylic, 

15 alkylsulfonic, alkylalkene, alkylisocyanate, 

alkylisothiocyanate and alkylalkyne moieties. 

21. _ The nonlinear optical compound of 

claim 1, wherein D is selected from the group 

consisting of -lm6R1, "'."0Rs, -SRs, -TeRs, -seRs, 

20 -CH=NRg, -CH=N-NR6R7 and -CH=C[lffi6R7]21 whe~ein R6 and 

R1 are independently selected from the group 

consisting of hydrogen, alkyl groups containing up to 

12 carbon atoms and alkyl groups containing up to 12 

25 
carbon atoms 

selected from 

having reactive functional groups 

the group consisting of hydroxyl, 

ethylene, acetylene, amine, thiol, sulfonic acid and 

carboxylic acid, or ~ and R7 together form a cyclic 

group containing up to 8 carbon atoms; Rs is selected 

from the group consisting of alkyl groups containing 

30 up 6 carbon atoms; and Rg is selected frQm the group 

consisting of hydrogen and alkyl groups containing up 

to 1:0 carbon atoms. 
22. The nonlinear optical compound of 

claim 21, wherein R6 and R7 together form a cyclic 

35 group s.elected from the group consisting of 

pyrrolidine, piperidine, piperazine and · morpholine 

groups. 
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23. The nonl~near optical compound of 

claim 1, wherein D is an electron donating group 
having the structure: 

wherein E, F, G and H.are members of a saturated or 
10 unsaturated five- to eight-membered cyclic ring or 

two-ring system having five- to eight-membered rings 

that are electron donating· in nature and are 
independently selected from the group consisting of 

-CH-, -CH2-, o, N, s, Se, Te and -NR-; and R3, R41 Rs 
15 and Rio are independently selected from the group 

consisting of hydrogen, alkyl moieties containing up 
to 18 carbon atoms and functionalized alkyl moieties 
containing up to 18 carbon atoms, wherein said 

functionalized alkyl moieties are selected from the 
20 group consisting of alkoxy, aminoalkyl, alkylhalide, 

hydroxyalkyl, alkylsulfide, alkylthiol, alkylazide, 

alkylcarboxylic, alkylsu~fonic, alkylalkene, 
alkylisocyanate, alkylisothiocyanate and alkylalkyne 
moieties. 

25 24. The nonlinear optical compound Qf 

claim 23, wherein 
group selected 
1,3-dithiolium, 

D comprises an electron donating 
from the group consisting of 

2-benzo-l,3-dithiolium and 
2-ethylenedithio-l,3-dithtolium moieties. 

30 25. The nonlinear optical compound of 
claim 1, wherein said compound comprises up to two 
polymer attachment groups independently selected from 

the group consisting of functionalized alkyl moieties 
containing between 3 and 12 carbon atoms selected 

35 from the group consisting of . alkoxy, aminqal.kyl, 
al.kylhalide, hydroxyal.kyl, alkylsulfide, alkylthiol, 
alkylazide, alkylcarboxylic, alkylsulfonic, 
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alkyla~kyne, alkylisocyanate, alkylisothiocyanate and 

alkylalkyne moieties. 

26. The nonlinear optical compound of 

claim 25, wherein D or R1 is a polymer attachment 

s qroup, or both n and R1 are polymer attachment 

qroups. 

27. The nonlinear optical. compound of 

claim 1; further including a second electron donating 

group attached· to R so that said delocalized 

l.O resonance configuration is Diaintained. 

28. A combination exhib~ting second order 

nonlinear optical properties comprising said 

nonlinear optical compound of claim 1 and a medium 

chemically inert to said nonlinear optical compound. 

15 29. The combination of claim 28, wherein 

said nonlinear optical compound has an external 

field-induced molecular alignment. 

30. The combination of claim 28, 

comprising a blend of.said.nonlinear optical· compound 

20 in a chemically inert medium selected from the group 

consisting of polyacrylates, polymethacrylates, 

polyacrylamides, polycarbonates, polyamides, 

polyquinolines, polyesters, polystyrenes, polyimides, 

polyether ketones, polyether ether ketones, 

25 polyphenylene ethers and copolymers thereof. 

31. The combination of claim 30, wherein 

said chemically inert medium comprises a polyimide. 

32. The combination of claim 28, wherein 

sai~ nonlinear optical compound comprises at least 

30 one polymer attachment qroup, and said polymer 

attachinent groups are covalently linked to at least 

drie polymer comprising one or more monomeric ·subunits 

h~ving a reactive group capable of being covalently 

attached to a polym~r attachment group, whereby said 

3 5 nonline.ar optical compound is covalently linked to 

said polymers at said reactive groups of. said 

subunits via said polymer attachment groups. 
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33. The combination of claim 32, wherein 
said polymer atta~hment groups are independently 
selected from the group consisting of functionalized 
al.kyl moieties containing between 3 and 12 carbon 

5 atoms_ selected from the .group consisting of alkoxy, 
a~inoalkyl, alky~halide, hydroxylalkyl, alkylsulfide, 
alkylthiol, alkylazide, alkylcarboxylic, 
alkylsulfonic, alkylalkene, alkylisocyanate, 
alkylisothiocyanate and alkylalkyne moieties. 

l.O 34. The combination ·of claim 32, wherein 
said polymers comprise a plurality.of said monomeric 
subunits having. reactive · groups covalently 
substituted with a nonlinear optical compound via 
said polymer. attachment group, so that the ratio of 

15 said monomeric subunits having reactive groups 
covalently linked to a nonlinear optical compound to 
monomeric subunits without a nonlinear. optical 
compound covalently linked thereto is between about 
1:99 and about 50:50. 

20 35. The combination of claim 34, wherein 
said ratio is between about.5:95 and about 40:60. 

36. The combination of claim 35, ·wherein 
said ratio is about 25:75. 

3 7. The combination of claim 34, wherein 
25 said monomeric subunits having reactive groups 

covalently substituted with a nonlinear optical 
compound via a polymer attachment group, and: said 
monomeric supunits without · a nonlinear optical 
compound covalently linked thereto are independen~ly 

3 o selected from · the group consisting of acrylate, 
amide, acrylamide, styrene, vinyl halide, 
acrylonitrile, vinyl alcohol, vinyl acetate monomeric 
subunits and monomeric subunits of polyimides, 
polyesters, polyphenylene ethers, polyether ketones, 

35 polyether ether ketones, acid anhydrides, 
polyethylene, polypropylene, polyisobutylene, 
polyisoprene, polyurethanes, polyquinolines, epoxy 

11111111111111 111111111111 1111 
* C L M S * 



-38-

polymers, polybenzoxazoles, polybenzothiazoles, 

polysulfones and polycarbonates. 

3a·. The combination of claim 37, wherein 

said monomeric subunits having reactive groups 

5 covalently substituted with a nonlinear optical 

compound · via a functionalize alkyl moiety comprise 

polyimide monomeric subunits. 

39. .The combination of claim 38, wherein 

said polyimide is formed by reacting an aromatic 

10 diamine with an aromatic dianbydiide to form a 

polyamic acid, which . is cycliZll!d . to form said 

polyimide by a thermally induced intramolecular 

condensation, wherein either of said aromatic 

diamines or said aromatic dianhydrides, or both, are 

15 covalently substituted with said no;nlinear optical 

compound via said functionalized alkyl moiety. 

40. The combination of claim 28, · whe.rein 

said chemically inert · medium comprises a polymer 

matrix within wh~ch said nonlinear optical· co~pound 

20 is cured. 

41. The combinatio~ of claim 40, wherein 

said polymer matrix comp~is~s a polyimide. 

42. The .combination of claim 40 '· wherein 

said polymer matrix is crosslinked. 
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