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[57] ABSTRACT

The invention relates to bichromophoric benzotriazole-
styrene compounds which have been found to be effec-
tive ultraviolet stabilizers. The invention also relates to
ultraviolet degradable organic compositions containing
a stabilizing amount of the bichromophoric composition
to prevent such degradation. These stabilizers are effec-
tive in the presencé of other additives commonly em-
ployed in polymeric compositions including, for exam-
ple, pigments, colorants, fillers, reinforcing agents and
the like. These ulraviolet stablizers may also be incorpo-
rated into the organic compositions in the polymer melt
or dissolved in the polymer dope, coated on the exterior
of the molded article, film or extruded fiber.

60 Claims, No Drawings
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BICHROMOPHORIC
BENZOTRIAZOLE-STYRENE ULTRAVIOLET
' STABILIZERS
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This application is a divisional application of Ser. No.
715,016, filed Aug. 16, 1976, now U.S. Pat. No.
4,070,337 which issued Jan. 24, 1978.

This invention relates to bichromophoric benzo-

triazole-styrene ultraviolet stabilizers and their use in 10

organic compositions. More particularly, the invention
relates to bichromophoric benzotriazole-styrene com-
positions and the stabilization of ultraviolet degradable
organic compositions against deterioration resulting
from the exposure to such radiations with such bi- 1
chromophoric compositions. '

The degradative effects of ultraviolet light on various
organic compositions is well known in the art. The
photo-deterioration or degradation is of particul_ar con-
cern with ‘organic - photo-degradable compositions
which are exposed to ultraviolet light, such as sunlight,
for long periods of time. One group of such photo-
degradable organic compositions is polymeric composi-
tions such as polyolefins, polyesters and the like. On
exposure to sunlight for extended periods of time, these
polymeric compositions degrade and their physical
properties are reduced to render the polymeric compo-
sition less useful for most applications. Therefore, con-
siderable effort has been directed to providing a solu-
tion to the photo-degradation problem of polymeric
compositions. As a result of this effort, there have been
discovered many additives and stabilizers which im-
prove the stability of polymeric compositions.

Moreover, various additives and stabilizers exhibit 3
the power to absorb ultraviolet radiation within the
band of 2900 to 4000 A. and, when incorporated in
various plastic materials such as transparent sheets, the
resultant sheet acts as a filter for all the radiation passing
through and will transmit only such radiations as are
not absorbed by the sheet and/or the absorbing agent. It
is thus possible to screen out undesirable radiations and
utilize the resulting transparent sheet as a filter in many
technical and commercial applications, such as wrap-
pings for food products and the like.

While there are many additives, stabilizers and mix-
tures thereof which are known in the art to improve the
ultraviolet light stability of organic compositions, there
is a need in the art for more efficient and effective stabi-
lizers to prevent the photo-degradation of organic com-
positions susceptible to photo-degradation. Therefore,
to provide a more effective and efficient ultraviolet
stabilizer for organic compositions susceptible to such
degradation would be an advance in the state of the art.

It is, therefore, an object of the present invention to
provide more effective and efficient ultraviolet light
stabilizer compositions.

Another object of the present invention is to provtde
useful compositions characterized by improved resis-
tance to ultraviolet degradation and deterioration.

It is still another object of the present invention to
provide compositions containing bichromophoric ben-
zotriazole-styrene compositions which are resistant to
ultraviolet degradation.

It is a still further object of this invention to provide
processes for improving the resistance of organic mate-
rials to deterioration and degradation by actinic radla-
tion and especially ultraviolet radiation.
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It is a still further object of this invention to provide
compositions and processes for improving the resis-
tance of organic materials to deterioration and degrada-
tion by actinic radiations, including short wave-lengthi
visible radiations.

Further objects and advantages of the invention will
be apparent to those skilled in the art from the accompa-
nying disclosure and claims.

In accordance with the present invention, bichromo-
phoric compositions are provided which are useful as
ultraviolet stabilizers or ultraviolet screening agents.
These organic compositions contain at least one benzo-
triazole group containing composition connected to a
styrene group. The compositions of the present inven-
tion have the following structure:

A—B—C

wherein A is a group having the structure

. . o

: N
. Ry ~

b N

R3

: N~

M4
wherein

Ri, Rz, Rzand Ryare hydrogen, lower alkyl or substi-
tuted lower alkyl having 1 to 12 carbon atoms, cycloal-
kyl, substituted cycloalkyl, aryl or substituted aryl hav-
ing 6 to 18 carbon atoms, lower alkylaryl, aryl-substitut-
ed-aryl, chloro, bromo, alkoxy, substituted amino, cy-
ano, carboalkoxy and the substituents Rj and Ry, Ry and
R3, and R3 and R4, combined with the carbon atoms to
which they are attached, are joined alkylene groups
completing a carbocyclic ring, which ring can also be
substituted with one or more of the substituents listed
above for Ry, Rz, R3and Rs.

I is a substituent listed above for R;, Ry, R3 and R4
and is present on all positions of the benzenoid ring,
except the carbon atom attached to the N substituent
and the carbon atom attached to the B group. The B
connecting group is attached to the benzenoid ring in

-the ortho, meta or para position from the carbon atom

connected to the heterocyclic ring. The I substituents
can all be one of the substituents listed above or differ-
ent listed: substituents;

wherein :

B is a linking group connecting A and C and can be
carbonyloxy, oxycarbonylalkyleneoxy, alkyleneoxycar-
bonyloxy, oxyalkylenecarbonyloxy, oxycarbonyloxy,
alkyleneoxy, alkyleneoxyalkyleneoxy, oxyalk-
ylenearylenealkyleneoxy, thio, thicalkyleneoxy, oxy(al-

koxy)phosphinooxy, . aminocarbonylalkyleneoxy, N-
alkylaminocarbonylalkyleneoxy, N-arylaminocar-
bonylalkyleneoxy, aminocarbonylamino, N-
alkylaminocarbonylamino, N-alkylamino, N-

‘arylamino,N-alkylaminoalkyleneoxy, N-arylaminoalky-

leneoxy, oxyalkyleneoxy, and oxyaryleneoxy; and
C is a group having the formula
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I is the same substituent as listed above and is present 2

in all positions of the benzenoid rings except the carbon
atom attached to the B group connecting the A and C

moieties. The B connecting group is attached to the

benzenoid ring of C in the meta or para position. The I
substituents can all be one of the substituents listed
above or different listed substituents, and Rs is an alkyl
group containing 1 to 20 carbon atoms or a hydroxyal-
kyl group or a substituted alkoxyalkyl group containing
1 to 20 carbon atoms.

Suitable A groups having the structure

Ry
N
Ry ~
N
R3 .
N g

M

are for example substituted and unsubstituted benzotria-
zoles such as 4-(5-chloro-2H-benzotriazol-2-yl)phenyl,
4-(2H-benzotriazol-2yl)phenyl, 4-(5-methoxy-2H-ben-
zotriazol-2-yD)phenyl, 2,6-dimethyl-4-(2H-benzotriazol-
2-yl)phenyl, 2,6-dimethyl-4-(5-chloro-2H-benzotriazol-
2-yDphenyl, 2-methyl-4-(2H-benzotriazol-2-yl)phenyl,
2-methyl-4-(5-chloro-2H-benzotriazol-2-yl)phenyl,  2-
chloro-4-(2H-benzotriazol-2-yl)phenyl, 2,6-dichloro-4-
(2H-benzotriazol-2-yl)phenyl, 2-chloro-4-(5-chloro-2H-
benzotriazol-2-yl)phenyl, 2,6-dichloro-4-(5-chloro-2H-
benzotriazol-2-yl)phenyl,  2,6-dimethyl-4-(5-methoxy-

2H:-benzotriazol-2-yl)phenyl, 2,6-dichloro-4-(5-
methoxy-2H-benzotriazol-2-yl)phenyl,  2-chloro-4-(5-
methoxy-2H-benzotriazol-2-yl)phenyl, 2-methyl-4-(5-

methoxy-2H-5enzotriazol-2-yl)phenyl, 2-phenyl-4-(2H-
benzotriazol-2-yl)phenyl, 2-phenyl-4-(5-chloro-2H-ben-
zotriazol-2-yl)phenyl, 2-phenyl-4-(5-benzotriazol-2-
yDphenyl, and the like.

Suitable B groups are for example carbonyloxy, ox-
ycarbonylmethyleneoxy, oxycarbonylethyleneoxy, ox-
ycarbonyl-1,4-butanediyloxy, alkyleneoxycarbonyloxy
such as methyleneoxycarbonyloxy, ethyleneoxycar-
bonyloxy, 1,4-butanediyloxycarbonyloxy, 1,5-pen-
tanediyloxycarbonyloxy, oxycarbonyloxy, alkyleneoxy
such as methylenoxy, ethyleneoxy, 1,3-propanediyloxy
and the like, alkyleneoxyalkyleneoxy such as me-
thyleneoxymethylenoxy, ethyleneoxyethylenoxy, me-
thyleneoxyethyleneoxy, ethyleneoxymethyleneoxy and
the like, oxyalkyleneoxy such as oxymethyleneoxy,
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4
oxyethyleneoxy, oxy-1,4-butanediyloxy and the like,
oxyalkylenearylenealkyleneoxy such as oxymethylene-
phenylenemethyleneoxy, oxyethylenephenylenemethy-
leneoxy, oxypropylenephenylenemethyleneoxy, oxye-
thylenenaphthylene-ethyleneoxy and the like, thio, thi-
oalkyleneoxy such as thiomethyleneoxy, thioethy-
leneoxy and the like, oxy(alkoxy)phosphinooxy such as
oxy(methoxy)phosphinooxy, oxy(ethoxy)phos-
phinooxy, oxy(butoxy)phosphinooxy and the like,
aminocarbonylalkyleneoxy such as aminocarbonyl-
methyleneoxy, aminocarbonyl-1,4-butanediyloxy, N-
methylaminocarbonylmethyleneoxy, N-
phenylaminocarbonylethyleneoxy and the like, amino-
carbonylamino, alkylaminocarbonylamino such as N-
methylaminocarbonylamino, N-ethylaminocar-
bonylamino and the like, arylaminocarbonylamino such
as N-phenylaminocarbonylamino, N-(3-methylphenyl-
)aminocarbonylamino, N-arylaminocarbonyl-N’-
arylamino, such as N-phenylaminocarbonyl-N'-
phenylamino, N-alkylaminocarbonyl-N'-arylamino
such as N-methylaminocarbonyl-N'-phenylamino and
the like, N-arylaminocarbonyl-N'-alkylamino such as
N-phenylaminocarbonyl-N'-methylamino or  N-
methylaminocarbonyl-N'-phenylamino and the like,
alkyleneamino such as methyleneamino, 1,4-
butanediylamino, 1,5-pentanediylamino, and the like,
arylenecamino such as phenyleneamino and the like,
N-alkylaminoalkyleneoxy such as N-
methylaminomethyleneoxy, N-ethylaminomethy-
leneoxy and the like, N-arylaminoalkyleneoxy such as
N-phenylaminomethyleneoxy, . N-phenylaminoethy-
leneoxy and the like, oxyalkyleneaminoalkyleneoxy
such as oxymethyleneaminomethyleneoxy, oxyme-
thyleneaminoethyleneoxy and the like, al-
kyleneaminocarbonylamino such as me-
thyleneaminocarbonylamino, ethyleneaminocar-
bonylamino and the like, oxyalkylene(N-alkyl-
)aminoalkyleneoxy such as oxymethylene(N-methyl-
Yaminomethyleneoxy and the like;
wherein C is a styrenic group having the formula

CORs
CH=C
CORs
(D4
CN
CH==C
CN
04

I

\ CH=C—COR;
CN

4

are for example 4-(8,8-dicarbomethoxyvinyl)phenyl,
4-[8,B-dicarbo-(2-ethylhexyloxy)vinyl]phenyl, 4-38,8-
dicarbo(n-dodecyloxy)vinyl]phenyl, 2-chloro-4-(8,8-
dicarbomethoxyvinyl)pheny), 2-methyl-4-(8,3-dicarbo-
n-butoxyvinyl)phenyl, 2-methoxy-4-(8,8-dicarbo-n-
butoxyvinyl)phenyl, 2-acetamido-4-(8,8-dicarboethox-
yvinyl)phenyl, 2-phenyl-4-[B,8-dicarbo-(2-hydroxye-
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thoxy)vinyl]phenyl,  2-cyclohexyl-4-[B,B8-dicarbo-(2-
methoxyethoxy)vinyl]phenyl, 2-bromo-4-[8,8-dicarbo-
(2-n-butoxyethoxy)vinyl]phenyl, 2-cyano-4-(8,B-dicar-
bo-n-dodecyloxyvinyl)phenyl, 2-isopropyl-4-(8,8-
dicarbomethoxyvinyl)phenyl, 2-n-butyl-4-[8,8-dicarbo-
(2-B-methoxyethoxy)-vinyl]phenyl,  2-t-amyl-4-(83,8-
dicarbo-isopropyloxyvinyl)phenyl, 4-(B,8-
dicyanovinyl)phenyl, 2-methyl-4-(8,8-dicyanovinyl)-
phenyl, 2-cyano-4-(8,8-dicyanovinyl)phenyl, 2-t-butyl-
4-(B,B-dicyanovinyl)phenyl,  2-n-cyclohexyl)-4-(83,8-
dicyanovinyl)phenyl, 2-t-octyl-4-(B,8-dicyanovinyl)-
pheny}, 2-benzamido-4-(8,8-dicyanovinyl)phenyl, 2-n-
dodecyloxy-4-(8,8-dicyanovinyl)phenyl, 4-(8-cyano-
B-carbomethoxyvinyl)phenyl, 2-cyclopentyl-4-(83-
cyano-8-carboethoxyvinyl)phenyl,  2-isopropyl-4-[8-
cyano-g8-carbo-(2-ethylhexyloxy)vinyl}phenyl, 2-
chloro-4-[B-cyano-B-carbo-(2-methoxyethoxy)-vinyl]-
phenyl, 2-methoxy-4-(8-carbomethoxyvinyl)phenyl.

The bichromophoric benzotnazole-styrene composi-
tions can be added to organic compositions which are
susceptible to ultraviolet degradation. Such composi-
tions include, for example, polymeric compositions
such as polyester fiber and molding compositions, such
as poly(ethylene terephthalate), poly(tetramethylene
terephthalate) and the like; polyolefins such as, for ex-
ample, high, medium and low density polyethylene,
polypropylene, polybutene and the like; polyamides
such as N-methoxymethyl polyhexamethylene adipa-
mide and the like; polycarbonates; polyvinyl chlorides
and copolymers; cellulose esters; acrylic/butadiene/sty-
rene plastic; polyacrylics such as methyl methacrylate;
polystyrene; gelatin; vinylidene chloride copolymers
such as vinylidene chloride/vinyl acetate copolymers;
ethylene vinyl acetate copolymers; fluorocarbon resins
such as poly(vinylidene fluoride); cellulose ethers such
as methyl cellulose; polyvinyl esters such as polyvinyl
acetate; polyethylene oxide; polyvinyl acetals; polyfor-
maldehydes; and polyurethanes. Such compositions also
include natural and synthetic rubbers, such as polybuta-
diene, and unsaturated organic compositions such as oils
and the like, as well as compositions containing such
organic compositions.

The bichromophoric benzotriazole-styrene composi-
tions, as effective ultraviolet stabilizers or screening
agents, are generally used in an amount of from 0.01 to
10%, by weight, based on the weight of the organic
material to which they are added. While a detectable
amount of ultraviolet screening and stabilization may be
obtained with amounts less than 0.01%, this amount of
stabilization or screening would be of little practical
utility in a commercial application. Moreover, while
amounts greater than 10%, by weight, provide effective

m
NH,

"NO; HiC

+ NaNoz +

A + NaOH + ZN — > @[N\
N
N/

6

.ultraviolet stability and screening, such concentrations

,Y are undesirable because of cost and the deleterious ef-
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fect which such concentrations may have on the me-
chanical properties of the organic composition in which.
the stabilizer is incorporated. Preferably, the stabilizer is
used in an amount of from about 0.1 to about 3%, by
weight. For example, an amount of 2%, by weight, of
the stabilizer effectively stabilizes cellulose acetate bu-
tyrate plastic compositions.

The ultraviolet stabilized organic compositions of the
present invention may also contain other additives,
pigments, colorants, stabilizers and the like. For exam-
ple, polymeric compositions, such as polyolefins, may
also contain and generally do contain other additives
such as white or colored pigments or colorants, antioxi-
dants, plasticizers, flow aids, processing aids, polymeric
modifiers and the like.

These novel bichromophoric benzotriazole-styrene
ultraviolet stabilizers may be incorporated into organic
compositions by melt-blending or may be added onto
the surface of an organic plastic material prior to being
molded into a suitable object. These materials can also
be added to coatings and the like which can be applied
to the surface of a molded object.

This invention will be further illustrated by the fol-
lowing examples although it will be understood that
these examples are included merely for purposes of
illustration and are not intended to limit the scope of the
invention.

EXAMPLE 1

o-Nitroaniline (0.5 mole) was diazotized in the usual
manner with concentrated hydrochloric acid (120 mi.)
and sodium nitrite (0.5 mole). The clear diazonium solu-
tion was added slowly to a cold solution (0°-5° C.) of
2,6-dimethylphenol (0.5 mole) in 450 ml. of 10% sodium
hydroxide. The mixture was stirred for 1 hour and
Compound A filtered out (80% yield). One-tenth mole
of Compound A was dissolved in 100 ml. of 2 N NaOH.
Zinc dust (30 g.) and sodium hydroxide (50 ml. of a 25%
solution) were added slowly to the well-stirred solution.
The mixture was then cooled to <30° C. and acidified
with concentrated hydrochloric acid. After stirring for
2 hours, the precipitate was filtered. Compound B was
recrystallized from toluene (m.p. 185°-188° C., 60%
yield). A mixture of the sodium salt of Compound B
(0.01 mole) and 4-bromomethylbenzylidenemalononi-
trile (0.01 mole) in 250 ml. of ethanol was refluxed for
15 hours. The product, C, was crystallized from methyl
cellosolve after removal of sodium bromide by filtra-
tion. (Yield: 65%).

o

CH3 % ©N=Nv
X NO»

CH; @

CH
OH 3

OH

CH;3

CH3
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-continued
CN ®
€} /
B + BrCHy CH=C —
CN
CHj3
N CN
N OCH; CH=C
-~
N CN
CH3
c

Other novel bichromophoric compounds can be pre- 15
pared by substitution of other benzotriazoles for 4-(2H-
benzotriazol-2-yl)-2,6-dimethylphencl, such as 4-(5-
chloro-2H-benzotriazol-2-yl)-2,6-dimethylphenol, 4-(5-
chloro-2H-benzotriazol-2-yl)phenol, 4-(5-methyl-2H-
benzotriazol-2-yl)-2,6-dimethylphenol, 4-(5-methyl-2H-
benzotriazol-2-yl)-2-methylphenol, 4-(5-chioro-2H-ben-
zotriazol-2-y1)-2-methylphenol, 4-(2H-benzotriazol-2-
yD)-2-methylphenol, 4-(2H-benzotriazol-2-yl)-2-chloro-
phenol, 4-(5-chloro-2H-benzotriazol-2-yl)-2-chloro-
phenol,  4-(5-methyl-2H-benzotriazol-2-yl)-2-chloro-
phenol, 4-(2H-benzotriazol-2-yl)-2,6-dimethoxyphenol,
4-(5-chloro-2H-benzotriazol-2-yl)-2,6-dimethoxy-
phenol,  4-(5-methyl-2H-benzotriazol-2-yl)-2,6-dime-

. thoxyphenol, 4-(2H-benzotriazol-2-yl)-2-methoxy-
phenol, 4-(5-chloro-2H-benzotriazol-2-yl)-2-methoxy-
phenol, and 4-(5-methyl-2H-benzotriazol—2—yl)-2-
methoxyphenol.

Also, other bichromophoric compounds can be pre-
pared by substituting other styrene compounds such as
4-(B,B-dicarbomethoxyvinyl)benzyl bromide, 4-[83,8-
dicarbo(2-ethylhexyloxy)vinyl]phenyl ethyl bromide,
4-[B,B-dicarbo(n-dodecyloxy)vinyl]phenoxy ethyl bro-
mide, 2-chloro-4-(8,3-dicarbomethoxyvinyl)benzyl
bromide, 2-methyl-4-(83,8-dicarbo-n-butoxyvinyl)ben-
zyl bromide, 2-methoxy-4-(8,8-dicarbo-n-butoxyvinyl)-
benzyl bromide, 2-acetamido-4-(3,8-dicarboethox-
yvinyl)benzyl bromide, 2-phenyl-4-[8,8-dicarbo(2-
hydroxyethoxy)vinyl]benzyl bromide, 2-cyclohexyl-4-

_ [B,B-dicarbo(2-methoxyethoxy)vinyl]benzoy! bromide,
2-bromo-4-[8,8-dicarbo(2-n-butoxyethoxy)vinyl]ben-
zyl bromide, 2-cyano-4-(3,8-dicarbo-n-dodecylox-
yvinyl)butyl bromide, 2-isopropyl-4-(8,8-dicarbome-
thoxyvinyl)methyl bromide, 2-n-butyl-4-[83,8-dicar-
bo(2-B-methoxyethoxy)vinyl]benzyl bromide, 2-t-amyl-
4-(8,B-dicarbo-isopropyloxyvinyl)ether bromide, 4-
(B,B8-dicyanovinyl)benzyl bromide, 2-methyl-4-(8,8-
dicyanovinyl)benzyl bromide, 2-cyano-4-(8,8-
dicyanovinyl)benzyl bromide, 2-t-butyl-4-(3,8-
dicyanovinyl)benzy! bromide, 2-n-cyclohexyl-4-(8,8-
dicyanovinyl)ethyl bromide, 2-t-octyl-4-(8,8-
dicyanovinyl)benzyl bromide, 2-benzamido-4-(8,8-
dicyanovinyl)benzyl bromide, 2-n-dodecyloxy-4-(8,8-
dicyanovinyl)benzyl bromide, 4-(8-cyano-B-carbome-
thoxyvinyl)benzyl bromide, 2-cyclo-pentyl-4-(8-cyano-
B-carboethoxyvinyl)benzyl bromide, 2-isopropyl-4-{83-
cyano-B-carbo(2-ethylhexyloxy)vinyl]benzyl bromide,
2-chloro-4-[8-cyano-B-carbo(2-methoxyethoxy)vinyl]-
benzyl bromide, 2-methoxy-4-(8-cyano-8-carbome-
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thoxyvinyl)benzyl bromide, for 4-bromomethyl benzyl-
idene malononitrile.

The example hereinabove shows the linking group as
an oxyalkyleneoxy group. Other linking groups can be
provided as known in the art, as for example:

65

1. an oxycarbonylalkyleneoxy by esterification of an
acid or acid chloride with an alcohol or phenol in
alkaline medium;

2.an oxycarbonyloxy by the reaction of phosgene with
alcohol or phenol in alkaline medium;

3. an alkyleneoxy by the reaction of halide with alkali
salt of alcohol or phenol;

4. an alkyleneoxyalkyleneoxy by the reaction of halide
with alkali salt of alcohol or phenol;

5. a sulfinyldioxy by the reaction of thionyl chloride
with alcohol or phenol in alkaline solution;

6. a thio by the reaction of a sodium sulfide with a hal-
ide;

7. an oxy(alkoxy)phosphinooxy by the reaction of a
dichlorophosphite with phenol in the presence of a
base;

8. an N-alkyl or N-arylaminocarbonyl by the reaction of
an acid chloride with an amine;

9. an N-alkyl or N-arylaminocarbonylalkoxy by the
reaction of an acid chloride with an amine;

10. an N-alkyl or N-arylaminocarbonylamino by the
reaction of phosgene with an amine;

11. an N-alkyl or N-arylaminoalkylene by the reaction
of an alkyl halide with an amine;

12. an N-alkyl or N-arylaminoalkyleneoxy by the reac-
tion of an oxyalkyl halide with an amine.

These bichromophoric benzotriazole-styrene compo-
sitions find particular utility as ultraviolet stabilizers in
organic compositions requiring ultraviolet stability.
Such compositions include polymeric compositions
such as, for example, polyester fiber and molding com-
positions, poly-alpha-olefins, polyamides, acrylics, fluo-
rocarbon resins, cellulose esters and the like, as well as
molded or shaped articles, film and coatings formed
from such materials and the like. Such compositions
also include natural and synthetic rubbers, such as natu-
ral rubber, as well as organic materials such as oils, fats,
and unsaturated organic materials and materials having
such materials contained therein such as paints, var-
nishes, cosmetics and the like.

The invention has been described in detail with par-
ticular reference to preferred embodiments thereof, but
it will be understood that variations and modifications
can be effected within the spirit and scope of the inven-
tion.

We claim:

1. A compound having the formula:

A—B—C

wherein A is a group having the structure




wherein

4,159,270

Ry

Ry
R3

10

Ri, R2, R3 and R4 are hydrogen, chloro, bromo,
lower alkyl having 1 to 12 carbon atoms, cyclo-
hexyl, phenyl, lower alkylphenyl, phenyl-substitut-

. ed-phenyl, alkoxy, cyano, carboalkoxy, acetamido
and the substituents R; and Rj; R> and R3, and R3
and Ry, combined with the carbon atoms to which
they are attached, are joined alkylene groups com-
pleting a carbocyclic ring, which ring can also be
substituted with one or more of the substituents
listed above for Ry, Rz, Rz and Ry;

I is the same as R, Ry, R3 and R4and is present on all
positions of the benzenoid ring, except the carbon
atom attached to the heterocyclic ring and the
carbon atom attached to the B group connecting
the heterocyclic aromatic A group' ‘with the aro-
matic C group, .wherein B is a linking group con-
necting A and C and is carbonyloxy, oxycar-
bonylalkyleneoxy, alkyleneoxycarbonyloxy, ox-
yalkylenecarbonyloxy, oxycarbonyloxy, alkylene-
Oxy, ‘alkyléneoxyalkyleneoxy, - oxyalkylene
phenylenealkyleneoxy, thio, thioalkyleneoxy, sulfi-
nyldioxy, oxy(alkoxy)phosphinooxy, car-
bonylamino, N-alkylcarbonylamino, N-phenylcar-
bonylamino, aminocarbonylalkyleneoxy, N-
alkylaminocarbonylalkyleneoxy, N-
phenylaminocarbonylalkyleneoxy, aminocar-
bonylamino, N-alkylaminocarbonylamino, N- -
alkylamino, N-phenylamino, N-alkylaminoalky-
leneoxy, N-phenylaminoalkyleneoxy, oxyalky-
leneoxy, oxyphenyleneoxy, oxy; and

wherein C is a group having the formula
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10
wherein I is the same substituent as listed above and is
present in all positions of the benzenoid rings except the
carbon atom attached to the B group connecting the A
and C moieties, and sald I substituents can all be one of

the substituents listed above or different listed substitu-
ents and Rs is an alkyl group containing 1-to 20 carbon

atoms or a hydroxyalkyl group or an alkoxyalkyl group
containing 1 to 20 carbon atoms.

2. A compound according to claim 1 wherem said B
linking group is carbonyloxy. .

3. A compound according to claim l wherein sald B
linking group is oxycarbonylalkyleneoxy.

4. A compound according to claim 1 wherein said B

linking group is alkyleneoxycarbonyloxy.

5. A compound according to claim 1 wherein said B

linking group is oxyalkylenecarbonyloxy.

- 6. A compound ‘according to claim 1 wherem said B
linking group is oxycarbonyloxy. '

7. A compound according to claim 1 wherem said B
linking group is alkyleneoxy.

8. A compound according to claim 1 wherein said B
linking group is alkyleneoxyalkyleneoxy.

9. A compound according to claim 1 wherein said B
linking group is oxyalkylenearylenealkyleneoxy.
- 10. A compound according to claim 1 wherein said B
linking group is thio.
" 11. A compound according to claim 1 wherein said B
linking group is thioalkyleneoxy.

12. A compound according to claim 1 wherein said B
linking group is sulfinyldioxy.

13. A compound according to claim 1 wherein, said B
lmklng group is oxy(alkoxy)phosphmooxy

14. A compound according to claim 1 wherein sa.ld B
linking group is carbonylamino.

15. A compound according to claim 1 wherein said B

linking group is N-alkylcarbonylamino.
~ 16. A compound according to claim 1 wherein said B

linking group is N-arylcarbonylamino.
17. A compound according to claim 1 wherein said B

- linking group is amindcarbonylalkyleneoxy.

18. A compound according to claim 1 wherein said B
linking group is N-alkylaminocarbonylalkyleneoxy.

19. A compound according to claim 1 wherein said B
linking group is N-arylaminocarbonylalkyleneoxy.

20. A compound according to claim 1 wherein said B
linking group is aminocarbonylamino.

J21LA compound according to claim 1 wherein said B

linking group is N-alkylaminocarbonylamino.

22. A compound according to claim 1 wherein said B
linking group is N-alkylamino.

23. A compound according to claim 1 wherein said B
linking, group is N-arylamino. .

24. A compound according to claim 1 wherein said B
linking group is N-alkylaminoalkyleneoxy.

25. A compound according to claim 1 wherein said B
linking group is. N-arylaminoalkyleneoxy.

26. A compound according to claim 1 wherein said B

 linking group is oxyalkyleneoxy
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27. A compound according to claim 1 wherein said B
linking group is oxyaryleneoxy.

28. A compound according to claim 1 having the
formula:
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11 12
CH;3
N C—OCH;
l N: OCH;CH,0 H==c
N~ c—ocn;
29. A conipound according to claim 1 having the 32. A compound accordmg to claim 1 having the
formula: formula:
0o
0
/C—OCH:,
C—OCH:CH CHBC\
a ﬁ—-ocn'g
o)
CHj3 ﬁ)
(") _ C—O0OCH;
OC~CH: CH=C
C—OCH
G 3
o
30. A compound according to claim 1 having the 33. A compound according to claim 1 having the
formula: formula:
CHj ql ﬁ
N O h) C-OCH3
N C—0—CH=C
CH3 N~ 'Cll—OCH:g
o

C-—OCH;;
OC—CH20 H—C
C—OCH3

31. A compound according to claim 1 having the 34. A compound according to claim 1 having the
formula: formula:

CH3

0
N o C—OCH;
~ il /
N: C—O CH"‘C\
CH;3 N7 ﬁ—ocns
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13 , 14
‘I:l’
N ~ . /C—OCH3
N— OCH,CH;0 CH=C
7 AN ;
.N ﬁ—OCH_’,
o .
35. A compound according to claim 1 having the 38. A compound according to claim 1 having com-
formula: pound has the formula:
0o
o g OCH.
—OCH;3
N~ I / ,
N C—OCH;CH;O CH=C .
N~ \c-ocn
T
1 ,
v OCHj3 ﬁ
.CH3 N ~ - /C—OCH3
N OCH,CH,0 CH=C\
CH
} N~ ' g—ocH;
: o)
36. A compound according to claim 1 having the 39. A compound according to claim 1 having the
formula: formula:
(I? ;
N 0 /C"'OCH3
N— COCH,CH,0 CH=C :
~ AN .
N C—0OCH;3
i .
o)
CH; .
N ~o CN
N OCHCH20 CH=C
N~ . CN
37. A compound according to claim 1 having the 40. A compound according to claim 1 having the
formula: 50 formula:
CHj3
N I
~ (I? C—OCH;3;
N COCHCH,0 CH=C
cl N < ﬁ-—ocm
N 9 CN
N C—OCH;CH,0 CH=C
~
cl N CN

41. A compound according to claim 1 having the
formula:
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i5 i6
CH3 a
N o CN
~ I /7 \ /
N C—0 CH’-'—'C\
CHj3 N~ CN
42. A compound according to claim 1 having the 10 45. A compound according to claim 1 having the
formula: formula:

CH3
N Ne) CN
= ~ I /
I | N C—0 CH=C\
CH; N~ CN
N
- /CN
N OCH,CH0 CH=C
P AN
N CN

43. A compound according to claim 1 having the 4%. A compound according to claim 1 having the
" formula: formula:
CHj3 ’
N~ fl) /CN
N OC—CH;0 CH=C\
N < oN
(8] CN
Al ] /
N C—OCH;CH;0 CH=C
N~ . \CN
44. A compound according to claim 1 having the 47. A compound according to claim 1 having the
formula: formula:
cl
CN
T I /
N OC—CH,0 CH=‘-C\
- cN

N o CN
CHj ~ il /
N COCH;CH,0 CH=C
CH3 AN
N~ CN
CHj3

48. A compound according to claim 1 having the
formula:
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17 18
CH;3
CH3 CH3—C—CHj
(o] " CN
N~ i /
N: COCH;CHZ0 CH=C
N ~ N
a ‘ CN
' CHy—C—CH; ’ '
CH;
49. A compound according to claim 1 wherein said 52. A compound according to claim 1 having the
bichromophoric compound has the formula: » formula: ;
. : OC4Hg
CN
CH3—{ N . -/
- N OCH,CH,0 CH=C\ :
3 e .
N~ — CN
CH; Cl
T~ i I
N C—0 CH=C—C—0C3H37
CH; N~ g CN
50. A compound according to claim 1 having the 53. A compound according to claim 1 having the
formula: formula:
B CH;
N < ﬁ ‘
N OCH,;CH;0 CH=C—C=—0C4Hs
N~ dn
CHj3
s i I
N c—0 CH=(I:—C—OCHZCH3
CH3 N~ CN

51. A compound according to claim 1 having the 50 54. A compound according to claim 1 having the
formula: formula:

o} o
~ fl il
N C—OCH;CH,0 cn=<|:—c—-ocn3
- CN
CH;j
N < ‘I:I) fl)
N 0C—CH,0 CH=C—C—OCH;CH3
~ 1l
N CN

§5. A compound according to claim 1 having the
formula:

Z

Z

Cl




4,159,270

19 20
Ci
o) o]
T~ i I
I N OC—CH;0 CH=(|3—C—OCH2CH2 CH;
N~ CN
56. A compound according to claim 1 having the 58. A compound according to claim 1 having the
formula: formula:

e [ e L
N OCH,;CH,0 CH==C—C—0CH; C—CH;0CH3
N - _‘ . (IJN (IJH3
EYo et
N COCH,CH,0O CH=C—C-—0CH;CH;0CH;CHj;
N~ ' &N

57. A compound according to claim 1 having the 59. A compound according to claim 1 having the
formula: formula:
~ ] il
N C—OCH;CH0 CH==C—C=—0OCH;CH;CH;CH,CH3
N~ CN
CH3
s ) i
N COCHzCH;0 CH=C~C=~0CH,;CH;CH,CH;
a N~ CN

40 60. A compound according to claim 1 having the

formula:
OCH;
CHj N \ ]
N OCH;CH,0 CH=C—C—O0CH;
CH3 -
N CN
* * * * *
50
55
60
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1t is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:
Column 11, the formula of Claim 30 should read
1 g
H
3 (",1
o/\o /._.\ 8 /°-'\ /8—0CH3
— 10| wo JeC-0-e(  Je—CB=C] —_—
Ve W4 oo *=e g—QCH
CH . 3
3
4 : .
Column 14, the first two lines of Claim 38 should read
——38. A compound according to Claim 1 having the formula:—
& Column 17, the first two lines of Claim 49 should read
—49, A compound according to Claim 1 having the formula:——
Column 18, the formula of Claim 54 should read
H
‘ /.\. /?—-g\ g /o—c\ 8
— 1 0| we e—0b—cH,0—s]  e—CH=G-C-OCH,CH, —
LN _/ 27 N _/ 273
\./ *e *—a N
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