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POLYSILANES, METHODS FOR THEIR PREPARATION,
AND THE USE THEREQF IN COATING COMPOSITIONS

FIELD
[0001] This specification relates to polysilane compounds that can function as adhesion promoting
compounds. This specification also relates to methods for producing such compounds, as well as to the use of

such compounds in, for example. coating compositions.

BACKGROUND

[0002] Organosilancs of the gencral formula R—Si(OR!);, where R is an organic radical and R! is an
alkyl radical, such as a methyl or ethyl radical, have diverse uses, including, for example, in coating
compositions as adhesion promoters, surface modifiers, release agents, rheology-improving agents,
crosslinking agents and hydrophobicizing agents. Such alkoxysilanes can adhere tightly to non-porous
surfaces such as glass, polymer or metal, likely by hydrolytic reactions with water molecules at the glass or
metal surfaces to form siloxane (—Si—O—Si—) bonds. As a result, efforts are continuously made to
improvc the performance of organosilancs, often to improve the adhesion promoting characteristics thercof.
[0003] In view of the foregoing, it would be highly desirable to provide alkoxysilane-containing
adhesion promoting compounds that can be readily and efficiently synthesized and that exhibit significantly
improved adhesion improved performance relative to other adhesion promoters, including other alkoxysilane-

containing adhesion promoters.

SUMMARY
[0004] In some respects, this specification relates to polysilane compounds. The polysilane

compounds comprise: (a) at least two moicties of the structure (1):

Y —Si(X); (1): and

O
\NLN/
H H

(bl) a moiety of the structure (2):

R2

R2

) /\ OR!

OR! Q): or
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(b2) a moiety of the structure (3):
0]

'\J\/'

N N
2
R 0

O

H
R? OR! (3): or

(b3) a combination of a moiety of the structure (2) and a moiety of the structure (3),

in which (i) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (i1)
each X, which may be the same or different, represents an alkoxy group or an organic group that is inert
towards 1socyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an
alkoxy group. (iii) each R' may be the same or different, represents an organic group that is inert to isocyanate

groups at temperatures of 100°C or less; (iv) each R? may be the same or different, represents hydrogen or an

organic group that is inert to isocyanate groups at temperatures of 100°C or less; and (v) " L
represents a linkage to another portion of the polysilane compound.
[0005] This specification also relates to methods for producing such polysilane compounds,

compositions, such as a coating compositions, that includc such polysilanc compounds, and substratcs that arc

at least partially coated with a coating deposited from such coating compositions.

DETAILED DESCRIPTION
[0006] Various implementations are described and illustrated in this specification to provide an
overall understanding of the structure, function, properties, and use of the disclosed inventions. It is
understood that the various implementations described and illustrated in this specification are non-limiting
and non-exhaustive. Thus, the invention is not limited by the description of the various non-limiting and non-
cxhaustive implementations disclosed in this specification. The features and characteristics described in
connection with various implementations may be combined with the features and characteristics of other
implementations. Such modifications and variations are intended to be included within the scope of this
specification. As such, the claims may be amended to recite any features or characteristics expressly or
inherently described in, or otherwise expressly or inherently supported by, this specification. Further,
Applicant(s) reserve the right to amend the claims to affirmatively disclaim features or characteristics that
may be present in the prior art. Therefore, any such amendments comply with the requirements of 35 U.S.C.
§ 112 and 35 U.S.C. § 132(a). The various implementations disclosed and described in this specification can

comprise, consist of, or consist essentially of the features and characteristics as variously described herein.
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[0007] Any patent, publication, or other disclosure material identified herein is incorporated by
reference into this specification in its entirety unless otherwise indicated, but only to the extent that the
incorporated material does not conflict with existing definitions, statements, or other disclosure material
expressly set forth in this specification. As such, and to the extent necessary. the express disclosure as set
forth in this specification supersedes any conflicting material incorporated by reference herein. Any material,
or portion thereof, that is said to be incorporated by reference into this specification, but which conflicts with
existing definitions, statements, or other disclosure material set forth herein, is only incorporated to the extent
that no conflict arises between that incorporated material and the existing disclosure material. Applicant(s)
reserves the right to amend this specification to expressly recite any subject matter, or portion thereof,
incorporated by reference herein.

[0008] In this specification, other than where otherwise indicated, all numerical parameters are to be
understood as being prefaced and modified in all instances by the term "about", in which the numerical
parameters possess the inherent variability characteristic of the underlying measurement techniques used to
determine the numerical value of the parameter. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each numerical parameter described in the
present description should at least be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques.

[0009] Also, any numerical range recited in this specification is intended to include all sub-ranges of
the same numerical precision subsumed within the recited range. For example, a range of "1.0 to 10.0" is
intended to include all sub-ranges between (and including) the recited minimum value of 1.0 and the recited
maximum value of 10.0, that is, having a minimum value equal to or greater than 1.0 and a maximum value
equal to or less than 10.0, such as, for example, 2.4 to 7.6. Any maximum numerical limitation recited in this
specification is intended to include all lower numerical limitations subsumed therein and any minimum
numerical limitation recited in this specification is intended to include all higher numerical limitations
subsumed therein. Accordingly, Applicant(s) rescrves the right to amend this specification, including the
claims, to expressly recite any sub-range subsumed within the ranges expressly recited herein. All such
ranges are intended to be inherently described in this specification such that amending to expressly recite any
such sub-ranges would comply with the requirements of 35 U.S.C. § 112 and 35 U.S.C. § 132(a).

[0010] The grammatical articles "one", "a", "an", and "the", as used in this specification, include "at
least one" or "one or more", unless otherwise expressly indicated. Thus, the articles are used in this
speeification to refer to onc or more than onc (i.c., to "at Icast onc") of the grammatical objccts of the article.
[0011] Throughout this specification "Si" refers to silicon, "H" refers to hydrogen, "N" refers to
nitrogen, "O" refers to oxygen, and "S" refers to sulfur.

[0012] As indicated, certain implementations of the present specification relate to polysilane

compounds. In some implementations, the polysilane compounds of this specification have a molecular
3-
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weight, calculated from the molecular formula of the polysilane compound, of 400 to less than 2000 g/mol,
such as 400 to 1000 g/mol. The polysilanc compound comprises at lcast two, in some cases exactly two,
alkoxysilane ("Si(X)3") groups.

[0013] More specifically, the polysilane compounds of this specification include: (a) at least two

moieties of the structure (1):

Y —Si(X); (1): and

(b1) a moiety of the structure (2):

O
[ ] [ ]
\N)]\N/
H H

RZ

0 OR! (2); or
(b2) a moiety of the structure (3):
0
° )J\ °
\N N /
2
R 0
O H
R?> OR! 3): or

(b3) a combination of a moiety of the structure (2) and a moiety of the structure (3),

in which (1) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (ii)
each X, which may be the same or different, represents an alkoxy group or an organic group that is inert
towards 1socyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an
alkoxy group. (iii) each R' may be the same or different, represents an organic group that is inert to isocyanate

groups at temperatures of 100°C or less; (iv) each R? may be the same or different, represents hydrogen or an

organic group that is inert to isocyanate groups at temperatures of 100°C or less; and (v) " LA

represents a linkage to another portion of the polysilane compound, such as where the polysilane compound

has a molecular weight, calculated from the molecular formula of the polysilane compound, of 400 to less
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than 2000 g/mol, such as 400 to 1000 g/mol. In some implementations, the polysilane compound has 1 to 4,
such as 1 to 2 moieties of the structure (2), and/or 1 to 4, such as 1 to 2, moieties of the structure (3).

[0014] As indicated, each X, which may be the same or different, represents an alkoxy group or an
organic group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that at
least one X represents an alkoxy group. As used herein, the phrase that a group 1s "inert towards isocyanate
groups at temperatures of 100°C or less" means that the group is inert towards isocyanate groups at such
temperatures when, as is depicted in the various structures illustrated herein. the group is covalently attached
to another atom in the structure being discussed. As will be appreciated, Zerevitinov-active hydrogens are not
inert towards isocyanate groups at such temperatures and, as such, any organic group described in this
specification as being inert towards isocyanate groups at such temperatures does not include a Zerevitinov-
active hydrogen (Zerevitinov-active hydrogen is defined in Rompp's Chemical Dictionary (Rommp Chemie
Lexikon), 10th ed., Georg Thieme Verlag Stuttgart, 1996). Generally, groups with Zerevitinov-active
hydrogen are understood in the art to mean hydroxyl (OH), amino (NHx), and thiol (SH) groups.

[0015] In some implementations, R’ in structures (2) and (3), which may be the same or different,
represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon atoms, such as where R' in
structures (2) and (3). which may be the same or different, represents a methyl group, an cthyl group, a propyl
group or a butyl group, and R? in structures (2) and (3), which may be the same or different, represents a
hydrogen, or an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon atoms, such as where R? in
structures (2) and (3), which may be the same or different, represents a methyl group, an ethyl group, a propyl
group or a butyl group. Morcover, in some implementations, cach X in structure (1) represents an identical or
different alkyl, acyloxy, or alkoxy group, such as an identical or different alkyl, acvloxy, or alkoxyl group
having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X represents an alkoxy group. such as
where at least two X's represent an alkoxy, such as methoxy, ethoxy, or propyloxy, group, or where each X
represents an alkoxy, such as methoxy, ethoxy, or propyloxy group. In addition, in some cases, Y in structure
(1) compriscs a lincar or branched alkylenc radical with 1 to 8 carbon atoms, such as a lincar alkylenc radical
having 2 to 4 or, in some cases 3, carbon atoms, or a branched alkylene radical with 5 to 6 carbon atoms.
[0016] In addition, in some embodiments of any of polysilane compounds described in this
specification, the polvsilane compound further comprises: (c) a segment of the structure:

O

'\J\ e

G N
H , in which G is O, S, or NR in which R represents hydrogen or an organic group

that is inert to isocyanate groups at temperatures of 100°C or less , and each " ® " represents a linkage
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to another portion of the polysilane compound. In some embodiments, the polysilane compound has 1 to 4

such scgments.

[0017] In some implementations, any of the polysilane compounds described in this specification

(such as any of the polysilanes including a moiety of the structure (3)) comprise a moiety of the structure 3A:
O

./Y\NJ\ / ’

(X):Si N
2
R 0

O

H
R? OR! (3A)

in which X, Y, R', R?and " ® " are cach as described above with respect to structures (1)-(3). In some
embodiments, the polysilane compound has 1 to 4 such moicties of structure 3A.

[0018] In some implementations, any of the polysilane compounds described in this specification
(such as any of the polysilanes that include a moiety of the structure (3)) include the proviso that the

polysilane compound has only one moiety of the structure 3B:

@)
° )J\ e ™~
Si(X)
\N N 1 3
R')

R?> OR! (3B)

in which X, Y,R', R?and " ® " arc cach as described above with respect to structures (1)-(3).
[0019] In some implementations, any of the polysilane compounds described in this specification
(such as any of the polysilanes that include a moiety of the structure (2)) include the proviso that the

polysilane compound has only one moiety of the structure 2A:
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0
¥ )j\ °
e \N N/
H H

(X)3Si
R2
0
Rz/ OR'
O/}\ORl (2A)

in which X, Y, R, R?and " ® " are cach as described above with respect to structures (1)-(3).
[0020] In some implementations, any of the polysilane compounds described in this specification
(such as any of the polysilanes that include a moiety of the structure (2)) include the proviso that the

polysilane compound has only one moiety of the structure 2B:

R (2B)

n which X, Y, and " ® " arc cach as described above with respect to structures (1)-(3) and R” is not

hydrogen. More specifically, in some implementations, the moiety of the structure 2B has the structure 2B(i):

O
° )k Y
\E N/ N

Si(X)s
H
R2
R?_ 0
OR!
& or (B()

in which X, Y, R!, R?and " ® " are cach as described above with respect to structures (1)-(3).

[0021] In some implementations, the polysilane compound of this specification has the structure (4):
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0 0
XH;Si—Y!'—N HN z g N—Y'—Si(X');
RY H Ho
o R* R — 0
OR’
R0 R3o/ \o O/\OR3
— —m — —n (4)

in which (i) each Y', which may be the same or different. represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) each R®, which may be the same or different, represents an organic
group that is inert towards isocyanate groups at temperatures of 100°C or less, (iii) each R*, which may be the
same or different, each represent hydrogen or an organic group that is inert to isocyanate groups at
temperatures of 100°C or less, (iv) each X!, which may be the same or different, represents an alkoxy group or
an organic group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that
at least one X' represents an alkoxy group, (v) Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hvdrocarbon group
that optionally contains isocyanate-inert oxygen, nitrogen, sulfur or a combination thereof and that includes a
C, to Cis alkylene group or a Cs-Cs cycloalkylene group, and (vi) m and n, which may be the same or
different, are each an integer having a value of 1to 5, such as 1to 3, or 1. In some implementations, m+n is 2
to 10, such as 2to 4, or 2.

[0022] In addition, in some implementations of the polysilane compound represented by structure
(4). each R? in structure (4), which may be the same or different, represents an alkyl group. such as an alkyl
group having 1 to 9 or 1 to 4 carbon atoms, such as where each R?, which may be the same or different,
represents a methyl group, an ethyl group, a propyl group or a butyl group. Moreover, in some embodiments,
each X! in structure (4) represents an identical or different alkyl, acyloxy, or alkoxy group, such as an
identical or different alkyl, acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso
that at least one X' represents an alkoxy group, such as where at least two X''s represent an alkoxy. such as
methoxy. ethoxy. or propyloxy. group, or where each X' represents an alkoxy, such as methoxy, ethoxy, or
propyloxy group. In addition, in some cases, each Y' in structure (4), which may be the same or different,
comprises a linear or branched alkylene radical with 1 to 8 carbon atoms, such as a linear alkylene radical
having 2 to 4 or, in some cases 3, carbon atoms, or a branched alkylene radical with 5 to 6 carbon atoms.

[0023] In some implementations of the polysilane compound represented by structure (4), Z is:

-8-
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é/\( , in which x has a value of 3 to 19;

CHZ X1

[ )
OM /\ﬁ/
CzHs (or H) . in which each X1, X2, X3 and X4, which

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;
[ ] [ )
)
\Q<\ o
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~.

in which each " ®" represents a linkage to another portion of the polysilane compound.

[0024] In other implementations, the polysilane compound of this specification has the structure (5):
O O
X138 ——Y!—N N 7, N N—Y!—Six"),
H H
4 4 4
R o 0 d R R
o) OR? R30 0
— —n = —h )

wherein R?, R*, Y!, X', Z. m, and n are each as described above with reference to structure (4).
[0025] In vet other implementations, the polysilane compound of this specification has the structure
(6):

-11-
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(X‘)3Si—Y‘—(—Y2-)p—1ﬁI N—Y'—sSi(X');
H R4
R4_
0

O/ \OR3 OR? ©)

wherein: (i) each Y', which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) Y? represents a group of the structure:

o)

e — N—Z2—e . _ :
H , in which © o represents a linkage to Y' and Z

represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards
1socyanate groups at temperatures of 100°C or less, such as a hydrocarbon or a hydrocarbon with oxygen in
structure, (iii) p is 0 or 1, (iv) each R?, which may be the same or different, represents an organic group that is
inert to isocyanate groups at temperatures of 100°C or less; (v) each R, which may be the same or different,
represents hydrogen or an organic group that is inert to isocyanate groups at temperatures of 100°C or less;
and (vi) each X', which may be the same or different, represents an alkoxy group or an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X!
represents an alkoxy group.

[0026] In some implementations of the polysilane compound represented by structure (6), each R® in
structure (6), which may be the same or different, represents an alkyl group, such as an alkyl group having 1
to 9 or 1 to 4 carbon atoms, such as where each R? in structure (6), which may be the same or different,
represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon atoms, such as each R? in
structure (6), which may be the same or different, represents a methyl group, an ethyl group, a propyl group or
a butyl group. Moreover, in some implementations, each X! in structure (6) represents an identical or
different alkyl, acyloxy, or alkoxy group, such as an identical or different alkyl, acyloxy, or alkoxyl group
having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents an alkoxy group, such as
where at least two X!"'s represent an alkoxy. such as methoxy, ethoxy, or propyloxy, group, or where each X'
represents an alkoxy, such as methoxy, ethoxy. or propyloxy group. In addition, in some implementations,

each Y in structure (6), which may be the same or different, comprises a linear or branched alkylene radical
-12-
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having 1 to 8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases 3, carbon atoms,
or a branched alkylene radical having 5 to 6 carbon atoms.

[0027] In some implementations of the polysilane compound represented by structure (6), Z is:
°

s

) [
O
X
, in which x has a value of 3 to 19;
e
X2

(CH2)x1

R s

CaHs (or H) ,in which each X1, X2, X3 and X4, which
may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200
to 1500;

-13-
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in which each " ®" represents a linkage to another portion of the polysilane compound.
[0028] In other further implementations, the polysilane compound of this specification has the

structure (7):

(X1)3Si—Yl—éY2>—N N—Y!—siX'),
p

R3O0 0 (7)
wherein R? R* X', Y!, Y2, and p are each as described above with reference to structure (6).
[0029] In still other implementations, the polysilane compound of this specification has the structure
(3):

-15-
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0 0
(X')3Si—Y1~éY2)—N N V4 N N—%Yz)—Y]—Si(X%
H H H
P H P
- —m R4
R4

0

0 OR? OR3

L —In (8)
in which: (i) each Y', which may be the same or different, represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) each Y2, which may be the same or different, represents a group of

0O

® —G N—7——
N °

the structurc: , in which G o rcpresents a linkage to Y'! and

1—@ represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic
group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon or a hydrocarbon
with oxygen in structure, (iii) each p, which may be the same or different, is 0 or 1, (iv) each R, which may
be the same or different, represents an organic group that is inert towards isocyanate groups at temperatures of
100°C or less, (v) each R, which may be the same or different, each represent hydrogen or an organic group
that is inert to isocyanate groups at temperatures of 100°C or less, (vi) each X', which may be the same or
different, represents an alkoxy group or an organic group that is inert towards isocyanate groups at
temperatures of 100°C or less, with the proviso that at least one X! represents an alkoxy group, (vii) Z
represents an organic group, in some cascs a divalent organic group, that is inert towards isocyanate groups at
temperatures of 100°C or less, such as a hydrocarbon group that optionally contains isocyanate-inert oxygen,
nitrogen, sulfur or a combination thereof, and that includes a C; to Cs alkylene group or a Cs-Cs
cycloalkylene group, and (vii) m and n, which may be the same or different, are each an integer having a
value of 1to 5, such as 1to 3, or 1. In some implementations, m+n is 2 to 10, such as 2 to 4, or 2.

[0030] In addition, in some implementations of the polysilane compound represented by structure
(8), each R? in structure (8), which may be the same or different, represents an alkyl group, such as an alkyl
group having 1 to 9 or 1 to 4 carbon atoms, such as where each R*, which may be the same or different,
represents a methyl group, an ethyl group, a propyl group or a butyl group. Moreover, in some

implementations, each X! in structure (8) represents an identical or different alkyl, acyloxy. or alkoxy group,

-16-
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such as an identical or different alkyl, acyloxy, or alkoxyl group having 1to 9 or 1 to 4 carbon atoms, with the
proviso that at least one X' represents an alkoxy group, such as where at least two X''s represent an alkoxy.
such as methoxy, ethoxy, or propyloxy. group, or where each X' represents an alkoxy, such as methoxy,
cthoxy, or propyloxy group. In addition, in some cases, each Y' in structure (8), which may be the same or
different, comprises a linear or branched alkylene radical with 1 to 8 carbon atoms, such as a linear alkylene
radical with 2 to 4 or, in some cases 3, carbon atoms, or a branched alkylene radical with 5 to 6 carbon atoms.

[0031] In some implementations of the polysilane compound represented by structure (8), Z is:

) °
O
X
, in which x has a value of 3to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

,in which each X1, X2, X3 and X4, which
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°
in which each "

[0032]

structure (9):

®" represents a linkage to another portion of the polysilane compound.

In still further implementations, the polysilane compound of this specification has the

)CL )(L
(Xl)gSi—Y'—eY2>*N N Z N N Yzafyl—sw(‘)3
) H H ( ]
e -1 H
R4
R4 0
OR?
0

—n (9)
wherein R?, R* X', Y!, Y2, Z, m, n, and p are each as described above with reference to structure (8).
[0033]

(10):

In other implementations, the polysilane compound of this specification has the structure
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H H b
4
R? R
0
© OR® NOR’

— — m+n (1())
wherein (i) each Y', which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) each YZ, which may be the same or different, represents a group of

O
® —G N—Z7Z—e . . .
the structure: H , in which G o represents a linkage to Y' and
Z ® represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic

group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocvanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) each p, which may be the
same or different, is 0 or 1, (iv) each R?, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R*, which may be the same or
diffcrent, cach represent hydrogen or an organic group that is incrt to isocyanatc groups at tempcraturcs of
100°C or less, (vi) each X', which may be the same or different, represents an alkoxy group or an organic
group that is inert towards isocvanate groups at temperatures of 100°C or less, with the proviso that at least
one X! represents an alkoxy group, (vii) Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group
that optionally contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, that includes a C;
to Cis alkylene group or a Cs-Cs cycloalkylence group, and (vii) m+n is 2 to 10, such as 2 to 4, or 2.

[0034] In addition, in some implementations of the polysilane compound represented by structure
(10), each R? in structure (10), which may be the same or different. represents an alkyl group, such as an alkyl
group having 1 to 9 or 1 to 4 carbon atoms, such as where each R?, which may be the same or different,
represents a methyl group, an ethyl group. a propyl group or a butyl group. Moreover, in some
implementations, each X! in structure (10) represents an identical or different alkyl, acyloxy, or alkoxy group,
such as an identical or different alkyl, acyloxy, or alkoxyl group having 1to 9 or 1 to 4 carbon atoms, with the

proviso that at least one X' represents an alkoxy group, such as where at least two X''s represent an alkoxy,
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such as methoxy, ethoxy, or propyloxy, group, or where each X! represents an alkoxy, such as methoxy,
ethoxy, or propyloxy group. In addition, in some implementations, each Y' in structure (10), which may be
the same or different, comprises a lincar or branched alkylene radical having 1 to 8 carbon atoms, such as a
linear alkylene radical having 2 to 4 or, in some cases 3, carbon atoms, or a branched alkylene radical having
5 to 6 carbon atoms.

[0035] In some implementations of the polysilane compound represented by structure (10), Z is:
°

o [ ]
(@)
X
, In which x has a value of 3 to 19;

(CHa)x1

[ \ﬁ/\ M /Wa/
CzHs5 (or H) . in which each X1, X2, X3 and X4, which

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;
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in which each " ®" represents a linkage to another portion of the polysilane compound.

[0036] In vet other implementations, the polysilane compound of this specification has the structure

(11):

- —Imn (11)

in which R3, R* X', Y!, Y2 Z. m_ n, and p are each as described above with reference to structure (10).
[0037] Some implementations of the polysilane compounds of this specification are the reaction
product of reactants comprising: (a) a polyisocyanate, such as a diisocyanate; and (b) an aspartate silane. In

these implementations, the aspartate silane has the structure:
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R0 0
0 N
\\ H I 4y
C—cC C T Y —Si(X%);
R0 RISH RIS fp

in which each R" and each X*. which may be the same or different, represents an organic group that is inert
with respect to isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X*
represents an alkoxy group, Y* represents a linear or branched linking group comprising 1 or more carbon
atoms, and cach R'*®, which may bc the same or diffcrent, represents hydrogen or an organic group which is
inert towards isocyanate groups at temperatures of 100°C or less.

[0038] The foregoing aspartate silane may comprise a reaction product of reactants comprising: (1)

HoN——(CHy),

—_—Qi(xS
an aminoalkyl alkoxysilane of the formula Si(X%)s3 , and (i) a maleic or fumaric acid

ester of the formula R'°00C——CR"®=CR!3—~COOR"" ,in which R!® and R!7 represent identical or
different organic groups which are isocyanate-inert below 100°C, such as where R'® and R'” represent
identical or different alkyl groups having 1 to 4 carbon atoms, each R'®, which may be the same or different,
represents hydrogen or an organic group which is isocyanate-inert below 100°C each X° represents identical
or different organic groups which are isocyanate-inert below 100°C, with the proviso that at least one X° is an
alkoxy group. such as where each X° represents an identical or different alkyl or alkoxy group having 1 to 4
carbon atoms, with the proviso that at least one X’ is an alkoxy group, and n is an integer having a value of 2
to 4, such as 3.

[0039] Specific examples of suitable aminoalkyl] alkoxysilanes include, without limitation, 2-
aminoethyl-dimethylmethoxysilane, 3-aminopropyl-trimethoxysilane, 3-aminopropyl-triethoxysilane, 3-
aminopropyl-methyl-diethoxysilane, or a mixture of any two or more thereof. Specific examples of suitable
maleic or fumaric acid esters include, without limitation, maleic acid dimethyl ester, maleic acid dicthyl ester,
maleic acid di-n-butyl ester, fumaric acid dimethyl ester, fumaric acid diethyl ester, fumaric acid di-n-butyl
ester, or a mixture of any two or more thercof.

[0040] The reaction of the maleic or fumaric acid ester with the aminoalkyl alkoxysilane may be
carried out within a temperature range of, for example, 0°C to 100°C. The quantity of acid ester and
aminoalkyl alkoxysilane may be chosen so that the starting compounds are used in a molar ratio of acid ester
to aminoalkyl alkoxysilane of 0.8 to 1.2:1, such as 1.0to 1.2:1 or, in some cases, 1.01 to 1.2:1. The reaction
may be carried out with or without a solvent, such as dioxane. The reaction may. of course, be carried out

with mixtures of different 3-aminoalkyl alkoxysilanes and mixtures of fumaric and/or maleic acid esters.
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[0041] Suitable polyisocyanates for reaction with the aspartate silane to produce the certain

embodiments of the polysilane compound of this specification can be represented by the structure:

[ OCN‘]—Z—[—NC O ]

m n, in which Z represents an organic group, in some cases a divalent organic group,
that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that
optionally contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof and that includes a C,
to Cis alkylene group or a Cs-Cs cycloalkylene group, and m and n, which may be the same or different, are
cach an integer having a value of 1to 3, such as 1to 3, or 1. In some implementations, m+n is 2 to 10, such

as 2to 4, or 2. In some cases, Z in the foregoing polyisocyanate structure is:
°

) [ ]
O
X
, in which x has a value of 3to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

. In which each X1, X2, X3 and X4, which
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in which each " ® " represents a linkage to another portion of the polyisocyanate.

[0042] Specific examples of suitable polyisocyanates for reaction with the aspartate silane include,
without limitation, 2.4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 1,3-xylylene diisocyanate, 1,4-
xvlvlene diisocyanate, 1,5-naphthalence diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate,
3.3'-dimethyl-4,4'-diphenylmethane diisocyanate, 4,4'-diphenylmethane diisocvanate, 3,3'-dimethylphenylene
diisocyanate, 4,4'-biphenylene diisocyanate, 1,6-hexane diisocyanate, isophorone diisocyanate,
methylenebis(4-cyclohexylisocyanate), 2,2, 4-trimethylhexamethylene diisocyanate, bis(2-isocyanato-
ethyl)fumarate, 6-1sopropyl-1,3-phenyl diisocyanate, 4-diphenylpropane diisocyanate, hydrogenated
diphenylmethane diisocyanate, hydrogenated xylvlene diisocyanate, tetramethyl xylylene diisocyanate, lysine
isocyanate, hexamethylene diisocyanate trimers (commercially available as Desmodur® N3300A from
Covestro), triphenylmethane-4,4' 4"-triisocyanate (such as is commercially available as Desmodur® RE from
Covestro), hexamethvlene diisocyanate trimers (such as is commercially available as Desmodur® N3200
from Covestro), aromatic polyisocyanates based on toluene diisocyanate (such as is commercially available as

Desmodur® IL BA from Covestro), polyisocyanurates of toluene diisocyanate (such as is commercially

availablc as Desmodur® RC from Covestro), as well as combinations of any two or more thercof.
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[0043] The reaction of the polyisocyanate and the aspartate silane to produce the polysilane
compound of certain embodiments of this specification may, if desired, be carried out in the presence of a
catalyst. Suitable catalysts include. without limitation, an organic metal catalyst, an amine catalyst, or a
combination thereof, such as where the catalyst comprises a copper compound, such as copper naphthenate, a
cobalt compound, such as cobalt naphthenate, a zinc compound, such as zinc naphthenate, a bismuth
compound, such as bismuth neodecanoate, a tin compound, such as di-n-butyl tin dilaurate, triethylamine,
triethylenediamine, 1,4-diazacyclo[2.2.2]octane (DABCO), dimethylethanolamine (DMEA), or a combination
of any two or more of the foregoing. In some implementations, the reaction takes place at a temperature of 10
to 120°C or 25 to 100°C. In addition, in some implementations, the reactants are employed in relative
amounts to provide a molar ratio of isocyanate-reactive groups to isocyanate groups of at least 1:1. such as
more than 1 to less than 1.5. The resulting polysilane compound comprises an aspartate group from the
aspartate silane, as is depicted, for example, by structure (4) described earlier.

[0044] In some implementations, the resulting aspartate group-containing polysilane compound is
subjected to further processing to convert the aspartate group to a hydantoin group, wherein such conversion
is carried out optionally in the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic
acid, a phenol, or a mixture of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C,
90 to 120°C, or 100 to 120°C. The resulting polysilane compound comprises a hydantoin group, as is
depicted, for example, by structure (5) described earlier.

[0045] As a result, this specification also relates to methods for making a polysilane compound. The
method comprises reacting a polyisocyanate with an aspartate silane, optionally in the presence of a catalyst,
to produce a polysilane compound comprising an aspartate group. In these methods, the aspartate silane has

the structure:

R!70 0
/
A\ \T/
H H
\C ' —(C—N—Y3=Si(X%),
H
R!70

in which each R", which may be the same or different, represents an organic group that is inert with respect to
isocyanate groups at temperatures of 100°C or less, cach X° represents an alkoxy group or an organic group
that is inert with respect to isocyanate groups at temperatures of 100°C or less, with the proviso that at least
one X°¢ represents an alkoxy group, and Y represents an organic group that is inert with respect to isocyanate
groups at temperatures of 100°C or less. In some implementations, the method further comprises converting
thc aspartatc group to a hydantoin group, whercin such conversion is carricd out optionally in the presenec of

a catalyst, to produce a polysilane compound comprising a hydantoin group.
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[0046] In other implementations, the polysilane compound of this specification comprises the
reaction product of reactants comprising: (a) an aspartate silane; and (b) isocyanate-functional silane. In these
implementations, suitable aspartate silanes include, without limitation, those described carlier with respect to

reaction with a polvisocyanate. Suitable isocyanate-functional silanes for reaction with the aspartate silane

OCN—eYz)—Yl—Si(xl)3
P

linear or branched linking group comprising 1 or more carbon atoms, such as where Y'! comprises a linear or

include, without limitation, those of the structure: ,in which Y represents a
branched alkylene radical having 1 to 8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in
some cases, 3 carbon atoms, or a branched alkylene radical having 5 to 6 carbon atoms, (ii) Y? represents a

O

® —G N—Z—
0 ®

group of the structure: . in which G ® represents a linkage to Y'!

and Z—® represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic
group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof,, (iii) p is 0 or 1, and (iv) each X',
which may be the same or different, represents an alkoxy group or an organic group that is inert towards
isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X! represents an alkoxy
group, such as where each X! represents an identical or different alkyl, acyloxy. or alkoxy group, such as an
identical or different alkyl, acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso
that at least one X! represents an alkoxy group, such as where at least two X''s represent an alkoxy, such as
methoxy, ethoxy, or propyloxy. group, or where each X' represents an alkoxy, such as methoxy, ethoxy, or
propyloxy group.

[0047] Specific examples of suitable isocvanate-functional silanes include, without limitation, 3-
1socyanatopropyl-methyldimethoxysilane, 3-isocyanatopropyl-trimethoxysilane, 3-isocyanatopropyl-
triethoxysilane, a reaction product of an active hydrogen-containing silane, such as a hydroxyl, thiol, primary
aming, or sccondary amine functional silane, and a polyisocyanate, such as any of the polyisocvanates
mentioned above, so as to provide an isocyanate-functional silane containing a urcthane, thiourcthane, urea,
or, in some cases aspartic urea group, as well as mixtures of any two or more of any of the foregoing
isocvanate-functional silanes.

[0048] The reaction of the isocyanate-functional silane and the aspartate silane to produce the
polysilane compound of certain embodiments of this specification may, if desired, be carried out in the

presence of a catalyst. Suitable catalysts include, without limitation, an organic metal catalyst, an amine
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catalyst, or a combination thereof, such as where the catalyst comprises a copper compound, such as copper
naphthenate, a cobalt compound, such as cobalt naphthenate, a zinc compound, such as zinc naphthenate, a
bismuth compound, such as bismuth neodecanoate, a tin compound, such as di-n-butyl tin dilaurate,
tricthylamine, triethylenediamine, 1.4-diazacvclo[2.2.2]octane (DABCO), dimethylethanolamine (DMEA), or
a combination of any two or more of the foregoing. In some implementations, the reaction takes place at a
temperature of 10 to 120°C or 25 to 100°C. In addition, in some implementations, the reactants are employed
in relative amounts to provide a molar ratio of isocyanate-reactive groups to isocvanate groups of at least 1:1,
such as more than 1 to less than 1.5. The resulting polysilane compound comprises an aspartate group from
the aspartate silane, as is depicted, for example, by structure (6) described earlier.

[0049] In some implementations, the resulting aspartate group-containing polysilane compound is
subjected to further processing to convert the aspartate group to a hydantoin group, wherein such conversion
is carried out optionally in the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic
acid, a phenol, or a mixture of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C,
90 to 120°C, or 100 to 120°C. The resulting polysilane compound comprises a hydantoin group, as is
depicted, for example, by structure (7) described carlier.

[0050] As a result, this specification also relates to methods for making a polysilane compound that
comprise reacting (a) an aspartate silane as described above; and (b) an isocyanate-functional silane as
described above, optionally in the presence of a catalyst, to produce a polysilane compound comprising an
aspartate group. In some implementations, the method further comprises converting the aspartate group to a
hydantoin group, wherein such conversion is carried out optionally in the presence of a catalyst, to produce a
polysilane compound comprising a hvdantoin group.

[0051] In vet other implementations, the polysilane compound of this specification comprises the
reaction product of reactants comprising: (a) a primary amine-containing aspartate and/or a polyaspartate; and
(b) isocyanate-functional silane. In these implementations, suitable isocyanate-functional silanes include,
without limitation, thosc described carlicr with respect to rcaction with aspartate silanc.

[0052] The primary amine-containing aspartate and/or a polyaspartate suitable for use in preparing

such polysilane compounds are represented by the structure:
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in which Z! represents a hydrocarbon group (in some cases a divalent hydrocarbon group), which may
optionally be substituted with oxygen, nitrogen, sulfur, or a combination thereof, and R'® and R'®, which may
be the same or different, represents an organic group that is inert towards isocyanate groups at temperatures of
100°C or less, such as where R'® and R'® represent the same or different alkyl group, such as an alkyl group
having 1 to 9 or 1 to 4 carbon atoms, such as where R'® and R'®, which may be the same or different, are cach
a methyl group, an ethyl group, a propyl group or a butyl group, R* and R?!, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, and m and n, which may be the same or different, are each an integer having a valuc of 0 to 4,
with the proviso that m+n is at least 2.

[0053] The primary amine-containing aspartates can be prepared by reacting a primary polyamine
corresponding to the formula: (NH:)mZ'(NHa),, in which Z' is a hydrocarbon group that optionally contains
isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, and m-+n is an integer with a value of at

least 2, such as 2 to 4, with a maleic or fumaric acid ester of the formula (with both isomers as represented by

R22

0 Oyé
G F

O R23

wavy bonds): R* . in which each R??, which may be the same or different,
represents an organic groups that is inert towards isocyanate groups at temperatures of 100°C or less and each
R*, which may be the same or different, represents hydrogen or an organic groups that is inert towards
isocyanate groups at temperatures of 100°C or less.

[0054] Specific examples of suitable primary polyamines include, without limitation,
cthylenediamine, 1.2-diaminopropane, 1,3-diaminopropane, 1,2-diaminobutane, 1.3-diaminobutane, 1.4-
diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-diaminooctane, 2.5-
diamino-2,5-dimethylhexane, 2,2.4-and/or 2,4,4-trimethyl-1,6-diaminohexane, 1,11-diaminoundecane, 1,12-
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diaminododecane, bis-(3-aminopropyl) ether, 1,2-bis-(3-aminopropyloxy)ethane, 1,3-bis-(3-aminopropyloxy)-
2,2'-dimethylpropane, 1,2-bisaminocyclohexane, 1,3-bisaminocyclohexane, 1,4-bisaminocyclohexane, 1,3-
bisaminomethylcyclohexane, 1,4-bisaminomethylcyclohexane, 1,3-bisaminocthylcyclohexane, 1,4-
bisaminoethylcyclohexane, 1,3-bisaminopropylcyclohexane, 1.4-bisaminopropyleyclohexane, hydrogenated
4 4'-diaminodiphenylmethane, 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane, 2.4-and/or 2,6-
hexahydrotoluylene diamine, 2,4'-and/or 4,4'-diamino-dicyclohexyl methane, 3,3'-dimethyl-4,4'-diamino-
dicyclohexyl methane, propane-1,2,3-triamine, pentane-1,3,5-triamine, benzene-1,3,5-triamine,
isophoronediamine, menthanediamine, 1,4-bisaminopropylpiperazine, o-phenylenediamine, m-
phenylenediamine, p-phenylenediamine, 2,4-tolylenediamine, 2,6-tolylenediamine, 2,4-toluenediamine, 2,4'-
and/or 4,4'-diaminodiphenyl methane, m-aminobenzylamine, 4-chloro-o-phenylenediamine, tetrachloro-p-
xylylenediamine, 4-methoxy-6-methyl-m-phenylenediamine, m-xylylenediamine, p-xylylenediamine, 1,5-
naphthalenediamine, 2.6-naphthalenediamine, benzidine, 4,4’-bis(o-toluidine), dianisidine, 4,4'-
diaminodiphenylmethane, 2,2-(4,4'-diaminodiphenyl)propane, 4,4'-diaminodiphenyl ether, 4,4'-thiodianiline,
4.4'-diaminodiphenylsulfone, 4,4'-diaminoditolylsulfone, methylenebis(o-chloroaniling), 3,9-bis(3-
aminopropyl) 2.4.8.10-tetraoxaspiro| 3,53 Jundecane, diethylenetriamine, iminobispropylamine,
methyliminobispropylamine, bis(hexamethylene)triamine, tricthylenetetramine, tetracthylenepentamine,
pentaethylenehexamine, 1,4-bis(aminoethylpiperazine), 1,4-bis(aminopropylpiperazine), 2,6-diaminopyridine,
and bis(3,4-diaminophenyl)sulfone, relatively high molecular weight polyether polyamines containing
aliphatically bound primary amino groups (such as the JEFFAMINE® products commercially available from
Huntsman Corp.), and combinations of any two or more of any of the foregoing.

[0055] Specific examples of suitable maleic or fumaric acid esters include, without limitation,
dimethyl, diethyl and di-n-butyl esters of maleic acid and fumaric acid and the corresponding maleic or
fumaric acid esters substituted by methyl in the 2- and/or 3-position.

[0056] The preparation of the primary amine-containing aspartate and/or polyaspartate amine from
the above mentioned starting matcrials may be carricd out, for cxample, at a temperaturc of -20°C to 100°C
using the starting materials in proportions such that 0.8+m/n to 1.2+m/n, such as 1+m/n, primary amino group
is present for each olefinic double bond, wherein m and n are as defined above with respect to the formula of
the primary polyamine. The reaction may be carried out solvent-free or in the presence of suitable solvents
such as methanol, ethanol, propanol, dioxane and mixtures of such solvents. The reaction may optionally be
carried out in the presence of a catalyst such as an organic metal catalyst where the catalyst comprises a
coppcer compound, such as copper naphthenate, a cobalt compound, such as cobalt naphthenatc, a zinc
compound, such as zinc naphthenate, a bismuth compound. such as bismuth neodecanoate, a tin compound,
such as di-n-butyl tin dilaurate or a combination of any two or more of the foregoing.

[0057] The reaction of the primary amine-containing aspartate and/or polyaspartate and the

1socyanate-functional silane to produce the polysilane compound of certain embodiments of this specification
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may, if desired, be carried out in the presence of a catalyst. Suitable catalysts include, without limitation, an
organic metal catalyst, an amine catalyst, or a combination thercof, such as where the catalyst comprises a
copper compound, such as copper naphthenate, a cobalt compound. such as cobalt naphthenate, a zinc
compound, such as zinc naphthenate, a bismuth compound, such as bismuth neodecanoate, a tin compound,
such as di-n-butyl tin dilaurate, triethylamine, tricthylenediamine, 1,4-diazacvclo[2.2.2]octane (DABCO),
dimethylethanolamine (DMEA), or a combination of any two or more of the foregoing. In some
implementations, the reaction takes place at a temperature of 10 to 120°C or 25 to 100°C. In addition, in
some cases, the reactants are employed in relative amounts to provide a molar ratio of isocyanate-reactive
groups to isocyanate groups of at least 1:1, such as more than 1 to less than 1.5. The resulting polysilane
compound comprises an aspartate group, as is depicted. for example, by structure (8) described earlier.
[0058] In some implementations, the resulting aspartate group-containing polysilane compound is
subjected to further processing to convert the aspartate group to a hydantoin group, wherein such conversion
is carried out optionally in the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic
acid, a phenol, or a mixture of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C,
90 to 120°C, or 100 to 120°C. The resulting polysilane compound comprises a hydantoin group, as is
depicted, for example, by structure (9) described earlier.

[0059] As a result, this specification also relates to methods for making a polysilane compound that
comprise reacting (a) a primary amine-containing aspartate as described above; and (b) an isocyanate-
functional silane as described above, optionally in the presence of a catalyst, to produce a polysilane
compound comprising an aspartate group. In some implementations, the method further comprises converting
the aspartate group to a hydantoin group, wherein such conversion is carried out optionally in the presence of
a catalyst, to produce a polysilane compound comprising a hydantoin group.

[0060] In still other implementations, the polysilane compound of this specification comprises the
reaction product of reactants comprising: (a) isocyanate-functional silane, such as any of the isocyanate-
functional silancs dcscribed carlicr with respect to reaction with aspartate silanc; and (b) a polyaspartatc of the

structure (12):

4

R 0

H | //

Z N \

H OR3
4
R 0
R0
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in which (i) each R’, which may be the same or different, represents an organic group that is inert towards
isocyanate groups at temperatures of 100°C or less, (ii) each R?, which may be the same or different, each
represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of 100°C or less, (iii)
Z represents an organic group, in some cases a divalent organic group, that is inert towards isocyanate groups
at temperatures of 100°C or less, such as a hydrocarbon group that optionally contains isocyanate-inert
oxygen, nitrogen, sulfur, or a combination thereof and that includes a C; to Cis alkylene group or a Cs-Cs
cycloalkylene group, and (iv) m+n is 2 to 10, such as 2 to 4, or 2. In some cases, each R? in the foregoing
polvaspartate structure, which may be the same or different, represents an alkyl group, such as an alkyl group
having 1 to 9 or 1 to 4 carbon atoms, such as where each R®, which may be the same or different. represents a
methyl group, an ethyl group. a propyl group or a butyl group.

[0061] The foregoing polyaspartates can be prepared by reacting a primary polyamine
corresponding to the formula: (NH,)mZ'(NH>),, in which Z! is a hydrocarbon group that optionally contains
isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, and m+n is an integer with a value of at

least 2, such as 2 to 4, with a maleic or fumaric acid ester of the formula (with both isomers as represented by

RZZ

0 Oyé
R22\ =
(0] R23
wavy bonds): R% , in which each R*2, which may be the same or different,
represents an organic groups that is inert towards isocyanate groups at temperatures of 100°C or less and cach
R*. which may be the same or different, represents hydrogen or an organic groups that is inert towards
isocyanate groups at temperatures of 100°C or less.
[0062] Specific examples of suitable primary polyamines include, without limitation,
ethylenediamine, 1,2-diaminopropane, 1,3-diaminopropane, 1,2-diaminobutane, 1,3-diaminobutane, 1,4-
diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-diaminooctane, 2,5-
diamino-2,5-dimethylhexane, 2,2.4-and/or 2,4 ,4-trimethyl-1,6-diaminohexane, 1,11-diaminoundecane, 1,12-
diaminododecane, bis-(3-aminopropyl) ether, 1,2-bis-(3-aminopropyloxy)ethane, 1,3-bis-(3-aminopropyloxy)-
2.2'-dimethylpropane, 1,2-bisaminocyclohexane, 1,3-bisaminocvclohexane, 1.4-bisaminocyclohexane, 1,3-
bisaminomethylcyclohexane, 1,4-bisaminomethylcyclohexane, 1,3-bisaminoethylcyclohexane, 1,4-
bisaminoethylcyclohexane, 1,3-bisaminopropylcyclohexane, 1,4-bisaminopropylcyclohexane, hydrogenated
4.4'-diaminodiphenylmethane, 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane, 2.4-and/or 2.6-
hexahydrotoluylene diamine, 2.4'-and/or 4.4'-diamino-dicyclohexyl methane, 3.3'-dimethyl-4.4'-diamino-

dicyclohexyl methane, propane-1,2,3-triamine, pentane-1,3,5-triamine, benzene-1,3,3-triamine,

-34-



WO 2025/147337 PCT/US2024/057392

isophoronediamine, menthanediamine, 1,4-bisaminopropylpiperazine, o-phenylenediamine, m-
phenylenediamine, p-phenylenediamine, 2,4-tolylenediamine, 2,6-tolylenediamine, 2,4-toluenediamine, 2,4'-
and/or 4,4'-diaminodiphenyl methane, m-aminobenzylamine, 4-chloro-o-phenylenediamine, tetrachloro-p-
xylylenediamine, 4-methoxy-6-methyl-m-phenylenediamine, m-xylylenediamine, p-xylylenediamine, 1,5-
naphthalenediamine, 2.6-naphthalenediamine, benzidine, 4,4'-bis(o-toluidine), dianisidine, 4,4'-
diaminodiphenylmethane, 2,2-(4,4'-diaminodiphenyl)propane, 4,4'-diaminodiphenyl ether, 4,4'-thiodianiline,
4.4'-diaminodiphenylsulfone, 4,4'-diaminoditolylsulfone, methylenebis(o-chloroaniline), 3,9-bis(3-
aminopropyl) 2.4.8.10-tetraoxaspiro| 3,5 Jundecane, diethylenetriamine, iminobispropylamine,
methyliminobispropylamine, bis(hexamethylene)triamine, triethylenetetramine, tetracthylenepentamine,
pentacthylenchexamine, 1.4-bis(aminocthylpiperazine). 1.4-bis(aminopropylpiperazine), 2.6-diaminopyridine,
and bis(3,4-diaminophenyl)sulfone, relatively high molecular weight polyether polyamines containing
aliphatically bound primary amino groups (such as the JEFFAMINE® products commercially available from
Huntsman Corp.). and combinations of any two or more of any of the foregoing.

[0063] Specific examples of suitable maleic or fumaric acid esters include, without limitation,
dimethyl, dicthyl and di-n-butyl esters of maleic acid and fumaric acid and the corresponding maleic or
fumaric acid esters substituted by methyl in the 2- and/or 3-position.

[0064] The preparation of the polyaspartate from the above mentioned starting materials may be
carried out, for example, at a temperature of -20°C to 100°C using the starting materials in proportions such
that 0.8 to 1.2, such as 1, primary amino group is present for each olefinic double bond. The reaction may be
carried out solvent-free or in the presence of suitable solvents such as methanol, ethanol, propanol, dioxane
and mixtures of such solvents. The reaction may optionally be carried out in the presence of a catalyst such as
an organic metal catalyst where the catalyst comprises a copper compound, such as copper naphthenate, a
cobalt compound, such as cobalt naphthenate, a zinc compound, such as zinc naphthenate, a bismuth
compound, such as bismuth neodecanoate, a tin compound, such as di-n-butyl tin dilaurate or a combination
of any two or morc of the forcgoing.

[0065] The reaction of the polyaspartate and the isocyanate-functional silane to produce the
polysilane compound of certain embodiments of this specification may, if desired, be carried out in the
presence of a catalyst. Suitable catalysts include, without limitation, an organic metal catalyst, an amine
catalyst, or a combination thereof, such as where the catalyst comprises a copper compound, such as copper
naphthenate, a cobalt compound, such as cobalt naphthenate, a zinc compound, such as zinc naphthenate, a
bismuth compound, such as bismuth ncodccanoatc, a tin compound, such as di-n-butyl tin dilaurate,
tricthylamine, tricthylenediamine, 1,4-diazacvclo[2.2.2]octane (DABCO), dimethylethanolamine (DMEA), or
a combination of any two or more of the foregoing. In some implementations, the reaction takes place at a
temperature of 10 to 120°C or 25 to 100°C. In addition, in some implementations, the reactants are employed

in relative amounts to provide a molar ratio of isocyanate-reactive groups to isocvanate groups of at least 1:1,
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such as more than 1 to less than 1.5. The resulting polysilane compound comprises an aspartate group, as is
depicted, for example, by structure (10) described carlier.

[0066] In some implementations, the resulting aspartate group-containing polysilane compound is
subjected to further processing to convert the aspartate group to a hydantoin group, wherein such conversion
is carried out optionally in the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic
acid, a phenol, or a mixture of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C,
90 to 120°C, or 100 to 120°C. The resulting polysilane compound comprises a hydantoin group, as is
depicted, for example, by structure (11) described earlier.

[0067] As aresult, this specification also relates to methods for making a polysilane compound that
comprise reacting (a) a polvaspartate as described above: and (b) an isocvanate-functional silane as described
above. optionally in the presence of a catalyst, to produce a polysilane compound comprising an aspartate
group. In some implementations, the method further comprises converting the aspartate group to a hydantoin
group, wherein such conversion is carried out optionally in the presence of a catalyst, to produce a polysilane
compound comprising a hydantoin group.

[0068] This specification also relates to use of the various polyvsilane compounds described above.
More particular, in some respects, this specification relates to the use of such compounds in, for example,
coating compositions. Such coating composition can, of course, include any of a variety of additional
components. For example, in some implementations, such coating composition may include other
components that function to increase the adhesion of a resulting coating to a substrate. Such components may
be included as a component of the coating composition described herein or, alternatively, may be applied to
the substrate prior to applying a coating composition of this specification to the substrate. Examples of such
adhesion promoters include, without limitation. other silane-group containing compounds, epoxy functional
compounds, thiol functional compounds, and ethylenically unsaturated compounds, including combinations
and mixtures of any two or more thereof. Specific examples of such adhesion promoters are alkoxysilanes,
such as 3-mcthacryloxypropyltrimethoxysilanc, 3-glycidyloxypropyltrimethoxysilanc vinyltrimethoxysilane,
vinyltriethoxysilane, 3-mercaptopropyltriethoxysilane, and combination of any two or more thereof.

[0069] In some implementations, such adhesion promoting compounds can react with other
components in the coating composition to thereby form a portion of the film-forming binder of the coating
composition.

[0070] The coating compositions of this specification comprise a film-forming material, such as any
of a varicty of thecrmoplastic and/or thcrmosctting resins. As uscd herein, "thermosctting™ refers to resins in
which, upon curing or crosslinking, the polymer chains are joined together by covalent bonds, such that, once
cured, the resin does not melt upon heating and is insoluble in solvents. On the other hand, "thermoplastic"”

resins include polymers that are not joined by covalent bonds and can undergo liquid flow upon heating.
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[0071] Any of a variety of film-forming resins may be present in the coating compositions of this
specification, including, without limitation, any of a variety of polyurethanes, polyesters, polyethers,
polycarbonates, polyamides, polysiloxanes, epoxy resins, vinyl resins, (meth)acrylate polymers, as well as
copolymers and mixtures of any two or more thereof.

[0072] In some implementations, the film-forming resin (such as any of those previously listed) that
includes reactive functional groups, such as, without limitation, hydroxyl group, isocyanate groups (which
may be blocked), carboxylic acid groups, amine groups, epoxide groups, alkoxy groups, thiol groups, amide
groups, urca groups, among others, includes combinations and mixtures of any two or more thereof. In such
implementations, the coating composition may also include a curing agent, i.e.. a crosslinker, that includes
reactive functional groups that are reactive with the reactive functional groups present on the film-forming
resin. In other cases, however the film-forming resin has functional groups that are reactive with themselves
and, as a result, the film-former resin is self-crosslinking. As used herein, the "crosslinker” or "curing agent"
1s a molecule comprising two or more functional groups that are reactive with other functional groups and
which are capable of linking two or more compounds or polymer molecules through chemical bonds.

[0073] The coating composition of the present invention can be cured at ambient conditions, with
heat, or with other means such as actinic radiation, which refers to electromagnetic radiation that can initiate
chemical reactions and include, without limitation, visible light, ultraviolet (UV) light, X-ray, infrared (IR),
and gamma radiation.

[0074] The coating compositions of this specification can include any of a variety of other
components including, without limitation, plasticizers, surface conditioners, pigments, dyes, fillers, anti-
oxidants, light stabilizers, UV light absorbers and stabilizers, surfactants, flow and surface control agents,
thixotropic agents, organic solvents, reactive diluents, reaction inhibitors, and corrosion-inhibitors.

[0075] The components that form the coating composition can be combined and mixed in a liquid
medium prior to applying the coating composition to a substrate to form a coating. For example, in some
implementations, the components can be combincd and mixed in an organic solvent. In some
implementations, organic solvent is present in an amount of more than 50 weight %, based on total weight of
the liquid medium. Specific examples of suitable organic solvent include, without limitation, glycols, glvcol
ether alcohols, alcohols, ketones, glycol diethers, esters, and diesters, as well as aromatic and aliphatic
hydrocarbons. In other implementations, however, the liquid medium may comprise predominantly water,
1.¢., the liquid medium comprises more than 50 weight % water, more than 60 weight % water, or more than
70 weight % watcr, or morc than 80 weight % watcr, or morc than 90 weight % watcr, or morc than 95
weight % water, or 100 weight % water, based on the total weight of the liquid medium.

[0076] In some implementations, one or more of the components that form the coating composition
can be stored separately, prior to mixing the components together to form the coating composition. After

mixing, the coating composition can be applied to any of a wide variety of substrates, such as metallic and
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non-metallic substrates, such as those constructed of polymeric materials, wood, veneer, particle board,
medium density fiberboard, cement, stone, glass, paper, cardboard, textiles, leather, including composites and
other combinations of any two or more thercof.

[0077] In some case, the coating composition can be applied to a substrate as a one coating laver
along with additional coating layers to form a multi-layer coating system. For example, the coating
compositions of this specification may be applied to a substrate as a primer layer and one or more addition can
be applied thereover as, for example, a basecoat and/or a topcoat. As used herein, a “primer” refers to an
undercoating that functions to prepare a substrate surface for application of a protective or decorative coating
system. A “basecoat” refers to a coating deposited onto a primer and/or directly onto a substrate, and which
include colorants to provide a visual effect. and which may be overcoated with a protective and decorative
topcoat. These additional coating layers can be formed from a coating composition that includes a film-
forming resin that is the same or different from the primer layer.

[0078] The coating compositions of this specification can be applied to any of a variety of articles or
components, such as automobiles and automotive components, industrial substrates, aircraft and aircraft
components, marine substrates and components, storage tanks, windmills, nuclear plants, packaging
substrates, wood flooring and furniture, apparel, electronic components, , glass and transparencies, sports
equipment, and buildings, among many others.

[0079] In some implementations, however, the coating compositions of this specification may be
embodied as a radiation curable coating compositions, including such a composition that may be particularly
suitable for application to optical glass fiber substrates. In particular, the polysilane compounds described in
this specification are currently believed to be particularly beneficial functioning as an adhesion promoting
compound in such compositions. In fact, it has been surprisingly observed that at least some embodiments of
such polysilane compounds, while being readily and efficiently synthesized, can result in cured coatings
exhibiting drastically improved adhesion performance relative to similar coatings that utilize other adhesion
promotcrs, including adhesion promoters conventionally used in radiation curablc coating compositions
suitable for application to optical glass fiber substrates.

[0080] Some particular aspects of this specification, therefore, relate to radiation curable coating
composition that comprise a polysilane compound as described above, such as where such polysilane
compound is present is an amount of 0.01 to 99% by weight, 0.1 to 20% by weight, 1 to 50% by weight, 5 to
30% by weight, 40 to 70% by weight, 60 to 80% by weight, 65 to 99% by weight, or 0.01 to 20 % by weight,
bascd on the total weight of the radiation curable coating composition. In thesc implementations, the
radiation curable coating composition includes one or more compounds having radiation-curable groups, such
as where such radiation-curable compounds are present in an amount of up to, for example, 90% by weight,
75% by weight, or 70% by weight, based on the total weight of the radiation curable coating composition.

Examples of such radiation-curable compounds are oligomers and polymers including, without limitation,
-38-



WO 2025/147337 PCT/US2024/057392

polyether (meth)acrylates, polyester (meth)acrylates, urethane (meth)acrylates, epoxy (meth)acrylates, and the
known reactive diluents from radiation curing (cf. Rompp Lexikon Chemie, p. 491, 10th Ed. 1998, Georg-
Thieme-Verlag, Stuttgart).

[0081] More specifically, in some implementations, such radiation curable coating compositions
comprises an cthylenically unsaturated oligomer. As used herein, "oligomer" means a molecule of
intermediate relative molecular mass, the structure of which comprises a plurality of units derived, actually or
conceptually, from molecules of lower relative molecular mass. In some implementations, the reactive
oligomers described in this specification have a number average molecular weight (Mn) of 1000 g/mol to
35,000 g/mol, 1000 g/mol to 30,000 g/mol, 1000 g/mol to 25,000 g/mol, 1000 g/mol to 20,000 g/mol, 2,200 to
10,000 g/mol, or 2.200 to 5,500 g/mol, as measured by size exclusion chromatography (SEC). The
ethylenically unsaturated oligomers comprises at least one ethylenically unsaturated group, in some case, 2 or
more ethylenically unsaturated groups, per molecule.

[0082] In some implementations, the ethylenically unsaturated oligomer comprises a urethane
(meth)acrylate oligomer, comprising a (meth)acrylate group, urcthane groups and a backbone, such as where
the backbone is derived from a polyol which has been reacted with an isocyanate, such as a polyisocyanate,
such as a diisocyanate, and a hvdroxyl group-containing (meth)acrylate. As used in this specification
"(meth)acrylate" encompasses acrylates and methacrylates.

[0083] Examples of suitable polyols are, without limitation, polyether polyols, polyester polyols,
polycarbonate polyols, polycaprolactone polyols, acrylic polyols, and mixtures of any two or more thereof. In
some embodiments, the backbone of the urethane acrylate oligomer comprises a compound derived from a
polypropylene glvcol (PPG). As used herein, a compound derived from a polypropylene glycol includes an
endcapped PPG, such as an EO-endcapped PPG. There are no specific limitations to the manner of
polymerization of the structural units in these polyols. Each of random polymerization, block polymerization,
or graft polymerization is acceptable.

[0084] As uscd herein, a block copolymer mcans a portion of an oligomcr or polymcr, comprising
many constitutional units, wherein at least one constitutional unit comprises a feature that is not present in
adjacent portions. As used herein, mono-, di-, and tri-block copolymers refer to the average amount of a
particular block present in the oligomer. In some embodiments, the particular block refers to a polyether
block, which is derived from one or more of the polyols, such as polyether polyols, described elsewhere
herein. In some embodiments, the block to which a mono-, di-, and/or tri-block copolymer refers is a
polyether block which is derived from one or more of the polyols described clsewhere herein. In an
embodiment, a monoblock copolymer is a copolymer having only an average of around 1, or from about 0.9
to less than 1.3 units of a particular block, such as a polyether block. In another embodiment, a diblock
copolymer may be described as a copolymer having an average of around 2, or from at least 1.5 to less than

2.5 units of a particular block, such as a polyether block, and, in still another embodiment, a triblock
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copolymer may be described as a copolymer having an average of around 3, or from at least 2.5 to less than
3.5 units of a particular block, such as a polyether block. The number of polyether units in a given oligomer
may be determined by the number of polyether polyol molecules utilized in the synthesis of a single oligomer.
[0085] Suitable polyether polyols include, without limitation, polvethvlene glvcol, polypropylene
glycol, polypropylene glycol-ethylene glvcol copolymer, polytetramethylene glycol, polyhexamethylene
glycol, polyheptamethylene glycol, polvdecamethylene glycol, and polyether diols obtained by ring-opening
copolymerization of two or more ion-polymerizable cyclic compounds, such as cyclic ethers, including,
without limitation, cthylene oxide, isobutence oxide, tetrahydrofuran, 2-methyltetrahydrofuran, 3-
methyltetrahydrofuran, dioxane, trioxane, tetraoxane, cyclohexene oxide, styrene oxide, epichlorohydrin,
isoprene monoxide, vinyl oxetane, vinyl tetrahydrofuran, vinyl cyvclohexene oxide, phenyl glycidyl ether,
butyl glycidyl ether, and glycidyl benzoate. Specific examples of combinations of two or more 1on-
polymerizable cyclic compounds include, without limitation, combinations for producing a binary copolymer,
such as tetrahydrofuran and 2-methyltetrahydrofuran, tetrahydrofuran and 3-methyltetrahydrofuran, and
tetrahydrofuran and cthylene oxide: and combinations for producing a ternary copolymer such as a
combination of tetrahydrofuran, 2-methyltetrahydrofuran, and ethylene oxide, a combination of
tetrahydrofuran, butene-1-oxide, and cthylene oxide, and the like. The ring-opening copolymers of these ion-
polymerizable cyclic compounds may be either random copolymers or block copolymers.

[0086] Suitable polyester diols include, without limitation, those obtained by reacting a polyhydric
alcohol and a polybasic acid. Suitable polyhydric alcohols include, without limitation, ethylene glycol,
polvethylene glycol, tetramethylene glycol, polytetramethylene glycol, 1,6-hexanediol, 3-methyl-1,5-
pentanediol, 1,9-nonanediol, 2-methyl-1,8-octanediol, and mixtures of any two or more thercof. Suitable
polybasic acids include, without limitation, phthalic acid. dimer acid. isophthalic acid, terephthalic acid,
maleic acid, fumaric acid, adipic acid, sebasic acid, and mixtures of any two or more thereof.

[0087] Suitable polycarbonate polyols include, without limitation, polycarbonates of
polytctrahydrofuran, poly(hexancdiol carbonatc), poly(nonancdiol carbonatc), poly(3-mcthyl-1,5-
pentamethylene carbonate), and mixtures of any two or more thereof.

[0088] Suitable polycaprolactone diols include, without limitation, those having a melting point of
0°C or higher that are obtained by reacting ¢-caprolactone and a diol compound. Suitable diol compounds
include, without limitation, ethylene glycol, polyethylene glycol, polypropylene glycol, polypropylene glycol,
tetramethylene glycol, polytetramethylene glycol, 1,2-polybutylene glycol, 1,6-hexanediol, neopentyl glycol,
1.4-cyclohexancdimethanol, 1,4-butancdiol, and mixturcs of any two or morc thercof.

[0089] Other suitable polyols include, without limitation, ethylene glycol, 1.4-butanediol, 1,5-
pentanediol, 1,6-hexanediol, polyoxyethylene bisphenol A ether, polvoxypropylene bisphenol A ether,

polyoxyethylene bisphenol F ether, polyoxypropylene bisphenol F ether, and mixtures of any two or more
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thereof. In some embodiments, these other polyols have an alkylene oxide structure in the molecule, such as
polyols containing polytetramethylene glycol and copolymer glycols of butylene oxide and ethylene oxide.
[0090] In some implementations, the number average molecular weight derived from the hydroxyl
number of the polyol is 50 to 15,000 g/mol, such as 1,000 to 8,000 g/mol.

[0091] Suitable polyisocyanates for preparing the urcthane (meth)acrvlate oligomer include, without
limitation, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 1,3-xvlylene diisocvanate, 1,4-xylylene
diisocyanate, 1,5-naphthalene diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate, 3,3'-
dimethyl-4.4'-diphenvlmethane diisocyanate, 4.4'-diphenylmethane diisocyanate, 3,3'-dimethylphenylene
diisocyanate, 4.4'-biphenylene diisocyanate, 1,6-hexane diisocyanate, isophorone diisocyanate,
methylenebis(4-cyclohexylisocyanate). 2.2.4-trimethylhexamethvlene diisocyanate, bis(2-isocvanato-
ethyl)fumarate, 6-1sopropyl-1,3-phenyl diisocyanate, 4-diphenylpropane diisocyanate, hydrogenated
diphenylmethane diisocyanate, hydrogenated xylylene diisocyanate, tetramethyl xylylene diisocyanate, lysine
isocyanate, hexamethylene diisocyanate trimers (commercially available as Desmodur® N3300A from
Covestro), triphenylmethane-4,4',4"-triisocyanate (such as is commercially available as Desmodur® RE from
Covestro), hexamethylene diisocyanate trimers (such as is commercially available as Desmodur® N3200
from Covestro), aromatic polyisocvanates based on toluene diisocyanate (such as is commercially available as
Desmodur® IL BA from Covestro), polyisocyanurates of toluene diisocyanate (such as is commercially
available as Desmodur® RC from Covestro), as well as combinations of any two or more thereof.

[0092] Suitable hydroxyl group-containing (meth)acrylates for use in preparing the urethane
(meth)acrylate oligomer, include, without limitation, (meth)acrylates derived from (meth)acrylic acid and
cpoxy and (meth)acrylates comprising alkylene oxides. such as, in particular, 2-hydroxy cthyl (meth)acrylate,
2-hydroxypropylacrylate and 2-hydroxy-3-oxyphenyl(meth)acrylate.

[0093] To prepare the urethane (meth)acrylate oligomer, the ratio of polyol, polyisocyanate, and
hydroxyl group-containing (meth)acrylate is, in some implementations, determined so that 0.1 to 0.9
cquivalents of a hydroxyl group included in the hydroxyl group-containing (mcth)acrylatc and 1.0to 1.5
equivalents of total hvdroxyl groups present from the polyol and the hydroxyl group-containing
(meth)acrylate are used for one equivalent of isocyanate group included in the polyisocyanate.

[0094] In some embodiments, a urcthanization catalyst is present during the reaction of the foregoing
three components. Suitable such catalysts include, for example, copper naphthenate, cobalt naphthenate, zinc
naphthenate, di-n-butyl tin dilaurate, bismuth neodecanoate, tricthylamine, tricthylenediamine-2-
mcthyltricthylencamine, as well as mixturcs of any two or morc thercof. In some implementations, the
urcthanization catalyst is used in an amount of 0.01 to 1% by weight, based on the total weight of the
reactants. In some cases, the reaction is carried out at a temperature of 10 to 90°C, such as 30 to 80°C.

[0095] In addition to, or in lieu of, the previously described urethane (meth)acrylate, other

ethylenically unsaturated oligomers that can be used in embodiments of the radiation curable compositions of
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this specification include polyester (meth)acrylates, epoxy (meth)acrylates, polvamide (meth)acrylates,
siloxane polymers having a (meth)acrylovloxy group, reactive polymers obtained by reacting (meth)acrylic
acid and a copolymer of glycidyl methacrylate and other polymerizable compounds, as well as mixtures of
any two or more thereof. In some implementations, the oligomer comprises a bisphenol A based acrvlate
oligomer, such as alkoxylated bisphenol-A-diacrylates and diglycidyl-bisphenol-A-diacrylates.

[0096] In some implementations, the oligomer may comprise an unsaturated urcthane-free oligomer,
such as an unsaturated urethane-free polyester acrylate oligomer and/or an unsaturated urethane-free alkyd
acrylate oligomer. Examples of such oligomeric unsaturated compounds are acrylated epoxy resins, acrylated
polyvethers, and acrylated polyesters. Further examples of unsaturated oligomers are unsaturated polyester
resins, such as those prepared from maleic acid, phthalic acid and one or more diols and which have molecular
weights of greater than about 500. Unsaturated oligomers of this type are also known as prepolymers. Typical
examples of unsaturated compounds are esters of ethylenically unsaturated carboxylic acids and polyols or
polyepoxides, and polymers containing e¢thylenically unsaturated groups in the chain or in side groups,
including unsaturated polyesters, polyamides and copolymers thercof, polybutadiene and butadiene
copolymers, polyisoprene and isoprene copolymers, polymers and copolymers containing (meth)acrylic
groups in side-chains, as well as mixtures of one or more than one such polymer. Illustrative examples of
unsaturated carboxylic acids are acrylic acid, methacrylic acid, crotonic acid, itaconic acid, cinnamic acid,
unsaturated fatty acids such as linolenic acid or oleic acid. Suitable polyols are aromatic, aliphatic and
cycloaliphatic polyols. Aromatic polyols are typically hydroquinone, 4,4'-dihydroxydiphenyl, 2,2-bis(4-
hydroxyphenyl)propane, as well as novolacs and cresols. Polyepoxides include those based on the cited
polyols, for instance on the aromatic polyols and epichlorohydrin.

[0097] One or more of the aforementioned ethylenically unsaturated oligomers can be emploved in
compositions according to the present invention in any suitable amount and may be chosen singly or in
combination of one or more of the types enumerated herein. In some implementations, the ethylenically
unsaturated oligomer is present in an amount of 5 to 95% by weight, 10 to 90% by weight, 10 to 80% by
weight, 30 to 93% by weight, 30 to 90% by weight, 65 to 95% by weight, or 50 to 80% by weight, based on
the total weight of solids in the radiation curable composition.

[0098] In addition, in some implementations, the radiation curable coating composition comprises a
reactive diluent compound comprising one or more ethylenically unsaturated groups. Examples of such
compounds include those containing one double bond, such as alkyl or hydroxyalkyl (meth)acrylates, suitable
cxamples of which include, without limitation, mcthyl, cthyl, butyl, 2-cthylhexyl and 2-hydroxycthyl acrylatc,
isobomyl acrylate, methyl and ethyl methacrylate, lauryl-acrylate, ethoxylated nonyvl-phenol acrylate,
phenoxyethyl (meth)acrylate, diethylene-glycol-ethyl-hexyl acylate (DEGEHA), acrvlonitrile, acrylamide,
methacrylamide, N-substituted (meth)acrylamides, vinyl esters, such as vinyl acetate, styrene, alkylstyrenes,

halostyrenes, N-vinylpyrrolidone, N-vinyl caprolactam, vinyl chloride, vinylidene chloride, and mixtures of
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any two or more thereof. Examples of such reactive diluent compounds that contain more than one double
bond are cthylene glycol diacrylate, propylene glycol diacrylate, ncopentyl glycol diacrylate, hexamethylene
glycol diacrylate, bisphenol A diacrylate, 4,4'-bis(2-acryloyloxyethoxy)diphenylpropane. trimethylolpropane
triacrylate, pentaervthritol triacrylate and tetraacrylate, vinyl acrylate, divinyl benzene, divinyl succinate,
diallyl phthalate, triallyl phosphate, triallyl isocyanurate, tris(2-acryloylethyl)isocyanurate, and mixtures of
any two or more thereof.

[0099] In some embodiments, reactive diluent compound is present in an amount of 5 to 90% by
weight, 10 to 90% by weight, 10 to 80% by weight, 10 to 60% by weight, 10 to 40% by weight, or 10 to 30%
by weight, based on the total weight of solids in the radiation curable composition.

[0100] In some implementations, the radiation curable compositions of this specification include a
free-radical photoinitiator. More specifically, in some cases, the free-radical photoinitiator comprises an
acylphosphine oxide, such as a bisacylphosphine oxide (BAPO) and/or monoacylphosphine oxide (MAPO),
an a-hydroxy ketone, or a mixture of any two or more thereof. In some implementations, the sum of the
amount of polysilane compound and photoinitiator is 1 to 99% by weight, based on the total weight of solids

in the radiation curable composition.

[0101] In some embodiments, the photoinitiator comprises a bisacylphosphine oxide having the
structure:
Rs
O ﬁ
P C Rs3
Rso
Rs; Rs4
2

in which wherein Rso is Ci-Ciz alkyl, cyclohexyl or phenyl, which is unsubstituted or is substituted by 1 to 4
halogen atoms, or Ci-Cs alkyl; Rs; and Rs; are each independently of the other C,-Cs alkyl or C,-Cs alkoxy;
Rs3 is hydrogen or C;-Cs alkyl; and Rs4 is hydrogen or methyl. For example, in some implementations, Rso is
C»-Cyo alkyl, cyclohexyl or phenyl which is unsubstituted or is substituted by 1 to 4 C;-C, alkyl, Cl or Br. In
another embodiment, Rso is Cs-Cs alkyl, cyclohexyl or phenyl which is unsubstituted or is substituted in the
2-, 3-, 4- or 2,5-positions by Ci-C, alkyl. In somc cascs, Rso is C4-Ci» alkyl or cyclohexyl, Rs; and Rs; arc
cach independently of the other C,-Cs alkyl or Ci-Cs alkoxy and Rs; is hydrogen or C;-Cs alkyl. In some
embodiments, Rs) and Rs; are Ci-Cs alkyl or C;-C4 alkoxy and Rss is hydrogen or C;-Cs alkyl. Another
embodiment is where Rs; and Rs» are methyl or methoxy and Rs: is hydrogen or methyl, such as where Rs;,

Rs> and Rs3 are methyl. Still another embodiment is where Rsi, Rs2 and Rs; are methyl and Rss 1s hydrogen. In
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yet other embodiments, Rso is C3-Cs alkyl, such as where Rs; and Rs; are methoxy, Rss and Rss are hydrogen
and Rso 1s 1sooctyl. In some cases, Rso 1s isobutyl or phenyl. Specific examples of suitable bisacylphosphine
oxides include, without limitation, bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide, bis(2.4.,6-
trimethylbenzoyl)-(2.4-bis-pentyloxyphenyl)phosphine oxide, or a mixture thereof.

[0102] Specific examples of suitable photoinitiator blends include, without limitation, those
disclosed in U.S. Pat. Nos. 6,020,528 and 7,169,826. In some implementations, the photoinitiator blends
comprises mixture of bis(2.4,6-trimethylbenzoyl)phenylphosphine oxide (CAS #162881-26-7) and 2,4.6.-
trimethylbenzovlethoxyphenylphosphine oxide (CAS #84434-11-7) in a ratio by weight of, for example, 1:11
to 1:7. In other implementations, the photoinitiator blend comprises a mixture of bis(2.4.6-
trimethylbenzoyl)phenylphosphine oxide, 2.4,6,-trimethylbenzoylethoxyphenylphosphine oxide and 2-
hydroxy-2-methyl-1-phenyl-1-propanone (CAS #7473-98-5) in a weight ratios of, for example, 3:1:15 to
4:1:16. In another embodiments, the photoinitiator blend comprises a mixture of bis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide and 2-hydroxy-2-methyl-1-phenyl-1-propanone in a weight ratio of,
for example, 1:3 to 1:5.

[0103] Other suitable photoinitiators include, without limitation, other mono- or
bisacvlphosphinoxides, such as diphenvl-2.4.6-trimethylbenzoyvlphosphine oxide and bis(2.6-
dimethoxybenzoyl)-2.4.4-trimethylpentylphosphineoxide: a-hydroxyketones, such as 1-
hydroxycyclohexylphenylketone and 2-hydroxy-1-[4-(2-hydroxyethoxy)phenyl]-2-methyl-1-propanone; o-
aminoketones, such as 2-methyl-1-[4-(methylthio)phenyl]-2-(4-morpholinyl)-1-propanone, 2-benzyl-2-
(dimethylamino)-1-[4-(4-morpholinyl)phenyl]-1-butanone, 2-(4-methylbenzyl-2-(dimethylamino)-1-[4-(4-
morpholinyl)phenyl]-1-butanone and 2-benzyl-2-(dimethylamino)-1-[3.4-dimethoxyphenyl]-1-butanone:
benzophenones, such as benzophenone, 2.4,6-trimethylbenzophenone, 4-methylbenzophenone. 2-
methylbenzophenone, 2-methoxycarbonylbenzophenone, 4,4'-bis(chloromethyl)-benzophenone, 4-
chlorobenzophenone, 4-phenylbenzophenone, 4,4'-bis(dimethylamino)-benzophenone, 4,4'-
bis(dicthylamino)benzophenone, methyl2-benzoylbenzoate, 3,3'-dimcthyl-4-methoxybenzophenonce, 4-(4-
methylphenylthio)benzophenone, 2.4,6-trimethyl-4'-phenyl-benzophenone and 3-methyl-4'-phenyl-
benzophenone; ketal compounds, such as 2,2-dimethoxy-1,2-diphenyl-cthanone; and compoundic or dimeric
phenvlglyoxylic acid esters, such as methylphenylglvoxylic acid ester, 5.5'-0x0-
di(ethyleneoxydicarbonylphenyl) and 1,2-(benzoylcarboxy)ethane, or a mixture of any two or more thereof.
[0104] Still other suitable photoinitiators include, without limitation, oxime esters as disclosed in
U.S. Pat. No. 6,596,445 Also suitablc arc phenyl glyoxalatcs, such as arc disclosed in U.S. Pat. No. 6,048,660
and germanium-based photoinitiators as disclosed in Dalton Trans. 2021, 50, 12392-12398.

[0105] In some implementations, the free-radical photoinitiator is present in an amount of 0.1 to

10 % by weight, such as 0.1 to 5 % by weight, or, in some cases. 1 to 5 % by weight, based on the total weight

of the radiation curable composition.
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[0106] Photoinitiators suitable for use in the radiation curable compositions of this specification are
also described in United States Patent Application Publication No. US 2021/0088720 A1 at [0080]-[0128], the
cited portion of which being incorporated herein by reference.

[0107] As will be appreciated, the radiation curable compositions of this specification may include
any of a variety of further components, including any of a variety of various additives that may enable the
composition to achieve certain desirable characteristics such as improved shelf life, improved coating
oxidative and hydrolytic stability, improved cure speed, additional coating functional performance, and the
like. For example, in some implementations, the radiation curable compositions of this specification may
include one or more of a photosensitizer, a radiation cure amine synergist, a UV absorber, an antioxidant, a
UV stabilizer, a light stabilizer, a filler material, a chain transfer thiol compound, a surface active compound,
a viscosity modifier, an additional addition promoter, a water scavenger such as tetracthyl orthosilicate
(TEOS) and orthoformate, oxygen quencher or a functional material including pigments, dyes, photochromic
dyves, laser dyes, liquid crystals, light emitting materials, nano materials, quantum dots, fluorescent materials,
dichroic dyes, antistatic materials, refractive index modifier and bioactive materials, among others. Some
suitable additives are described in United States Patent Application Publication No. US 2021/0088720 Al at
[0122]-]0134], the cited portion of which being incorporated herein by reference.

[0108] The radiation curable compositions of this specification may comprise an adhesion promoter
that is different from the polysilane compound described earlier in this specification. Suitable adhesion
promoters include silane coupling agents (different from the previously described polysilane compounds),
such as hydrolysable silane compounds which contain a mercapto group and/or a plurality of alkoxy groups,
such as those described in United States Patent Application Publication No. US 2002/0013383 Al, the
relevant portions of which being incorporated herein by reference. Specific examples of such adhesion
promoters are gamma-mercaptopropyltrimethoxysilane, trimethoxysiliylpropyl acrylate, 3-
trimetoxysilylpropane-1-thiol, and mixtures of any two or more thereof. In some implementations, the
radiation curablc composition may include an cthylenically unsaturatcd silanc, such as thosc comprising: (a) a
moiety of the structure (1):

Y —Si(X);3 (1); and

(b)(1) a moiety of the structure (2):

-45-



WO 2025/147337 PCT/US2024/057392

3

0
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\N N/
H H R

O
R4/
/\ OR'
0 OR? (2). or
(b)(2) a moiety of the structure (3):
0]
Y
\N N/
R* o
© H
R* OR! (3): or

(b)(3) a combination of a moiety of the structure (2) and a moiety of the structure (3), in which (i) Y

represents a linear or branched linking group comprising 1 or more carbon atoms, (i1) each X, which may be
the same or different, represents an alkoxy group or an organic group that is inert towards isocyanate groups
at temperatures of 100°C or less, with the proviso that at least one X represents an alkoxy group, (iii) R! and
R?, which may be the same or different. cach represent an organic group that is inert to isocyanate groups at

temperatures of 100°C or less; (iv) R* and R*, which may be the same or different, each represent hydrogen or
. "

an organic group that is inert to isocyanate groups at temperatures of 100°C or less; and (v) each "
represents a linkage to another portion of the ethylenically unsaturated silane. Such ethylenically unsaturated
silanes, as well the preparation thereof, are described in the U.S. Provisional Patent Application entitled
ETHYLENICALLY UNSATURATED COMPOUNDS, METHODS FOR THEIR PREPARATION, AND
THE USE THEREOF IN COATING COMPOSITIONS, which is filed concurrently herewith and is
incorporated herein by reference.

[0109] In some embodiments, the radiation curable compositions of this specification have a total
silane content (determined as described in the Examples section of this specification) of up to 10 mmol, such
as 1to 10 mmol, 1 to 8 mmol, or 2 to 6 mmol, per 100 gram of the radiation curable composition. Also, in
some implementations, the radiation curable compositions of this specification have a total content of
urca+urcthane (determined as described in the Examples section of this specification) of 20 to 200 mmol, such

as 30 to 150 mmol, or, in some cases 40 to 100 mmol, per 100 gram of the radiation curable composition.
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[0110] Further, in some embodiments, a cured coating deposited from the coating composition
exhibits a peel strength of at least 40 gram-force/inch ("gf/in"), or at least 55 gf/in, when measured at least 7
days after as described in the Examples section of this specification. In addition, in some embodiments, a
cured coating deposited from the coating composition exhibits an elongation at break of at least 35 %, such as
at least 50%, when measured as described in the Examples section of this specification.

[0111] In addition, in some embodiments, the coating compositions of this specification are
configured to possess a viscosity of at least >0.1 Pascal seconds (Pa's), at least 0.2, at least 0.5, at least 1 Pa's,
and/or less than 15 Pa-s, less than 12 Pa-s, or less than 10 Pa's, or 1 to 15 Pa‘s, 2 to 12 Pa‘s, or 3 to 10 Pa's,
wherein viscosity is measured at 25 °C and a shear rate of 50 s-1.

[0112] As should be appreciated, in some respects, this specification relates to a method for coating
an optical fiber. Such methods comprise providing a glass optical fiber, such as by drawing a glass optical
fiber through a draw tower; applying a primary coating composition onto the surface of the glass optical fiber;
optionally, imparting a dose of UV light sufficient to at least partially cure said primary coating composition;
applying a secondary coating composition to the primary coating composition; exposing the secondary
coating composition to at least one radiation source capable of emitting ultraviolet radiation to affect curing of
said secondary coating composition and, optionally, said primary coating composition. In these methods, the
primary coating composition and/or the secondar coating composition is a composition of the type described
in this specification.

[0113] As should also be appreciated, this specification also relates to coated optical fibers, the
coated optical fiber comprising a glass core and a cladding layer in contact with and surrounding said glass
core; and a coating portion, said coating portion further including a primary coating layer in contact with said
cladding laver; and a secondary coating layer in contact with and surrounding said primary coating layer.
According to this aspect, the primary coating layer and/or the secondary coating layer is a cured product of a
coating composition of the type described in this specification. In some cases, the optical fiber comprises a
corc, a cladding, a primary coating contacting the outcr annular cladding region, and a sccondary coating,.
According to some of these embodiments, the core comprises pure silica glass (Si0») or silica glass with one
or more dopants that increase the index of refraction of the glass core relative to pure, undoped silica glass.
Suitable such dopants include, without limitation, GeQO:, Al,Os, P20s, TiOs, Z1r0-, Nb2Os, Ta,Os, and/or
combinations thereof. The cladding layer may comprise pure silica glass (S10-), silica glass with one or more
dopants which increase the index of refraction (e.g., GeO-, Al,Os, P20s, Ti02, ZrO», Nb,Os and/or Ta:0s),
such as when the cladding is “up-doped,” or silica glass with a dopant which dccrcascs the index of refraction,
such as fluorine, such as when the inner cladding is “down-doped”, so long as the maximum relative
refractive index [AIMAX] of the core is greater than the maximum relative refractive index [A4MAX] of the
cladding. According to one embodiment, the cladding is pure silica glass. According to some of these

embodiments, the primary coating has an in-situ (or on-fiber) tensile modulus of less than 5 Mpa, less than 2
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Mpa, less than 1.5 Mpa, or less than 1.0 Mpa. Methods for describing in-situ modulus are well-known in the
art and are described in, inter alia, US 7,171,103 and US 6,961,508, which are incorporated herein by
reference. In an embodiment, the cured primary coating has an in-situ glass transition temperature of less than
-10°C, less than —35 °C, less than —40 °C. less than —45 °C. and in other embodiments not more than —50 °C.
A primary coating with a low in-situ modulus reduces the microbending which is the coupling mechanism
between the modes propagating in the fiber. A low in-situ glass transition temperature ensures that the in-situ
modulus of the primary coating will remain low even when the fiber is deployed in very cold environments.
[0114] The primary coating typically has a thickness in the range of 20 to 50 um (e.g., about 25 or
32.5 um), thinner thickness in the range of 15 to 25 um for 200 pum fibers. In other embodiments, the primary
coating has a thickness that is no more than 40 um. such as 20 to about 40 pm, or, in some cases. 20 to 30 um.
[0115] The secondary coating is in contact with and surrounds the primary coating. The secondary
coating is, for example, the polymerization product of a coating composition whose molecules become highly
crosslinked when polymerized. The secondary coating, according to an embodiment, may possess an in-situ
tensile modulus of greater than 800 Mpa, greater than 1110 Mpa, greater than 1300 Mpa, greater than 1400
Mpa, or, in some cases. greater than 1500 Mpa. In some embodiments, the secondary coating has a high in-
situ modulus (e.g., greater than about 800 Mpa at 25°C) and a high Tg (e.g., greater than about 50°C). In
some cases, the in-situ secondary modulus is from 1000 Mpa to 8000 Mpa, such as 1200 Mpa to 5000 Mpa or
1500 Mpa to 3000 Mpa. The in-situ Tg of the secondary coating is, in some embodiments, from 50°C to
120°C or, in some cases, 50°C to 100°C. Moreover, in some embodiments, the secondary coating has a
thickness of no more than 40 um, such as 20 to 40 um, or, in some cases, 20 to 30 um.

[0116] Suitable outer (or secondary) coating materials, as well as considerations related to selection
of these materials, are also described in, for example, U.S. Patent Nos. 4,962,992 and 5,104,433, each of
which being incorporated herein by reference. As an alternative to these, high modulus coatings have also
been obtained using low oligomer content coating systems, as described in U.S. Patent No. 6,775,451 and
U.S. Patent No. 6,689,463, cach of which being incorporated hercin by reference. Also suitable arc high
modulus coating produced using non-reactive oligomer components, as described in U.S. Patent Application
Publication. No. US 2007/0100039 A1, which is incorporated herein by reference. The secondary coating
may also include an ink, as is well known in the art and, in such cases, may be referred to as a "colored
secondary coating."

[0117] The coated optical fiber may, if desired, comprise one or more additional layers disposed on
the sccondary laycr, such as a standalonc "ink" laycr applicd and curcd scparatcly from the sccondary coating.
[0118] It is known in the art how to formulate typical optical fiber coating for primary and secondary
coatings for fiber as described above, as well as for ink and matrix materials for curing using broadband UV

lamps. A good discussion of this technology and associated chemistry and test methods can be found in
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sections 4.6 to the end of chapter 4 in the textbook, "Specialty Optical Fibers Handbook" by A. Mendez and
T.F. Morse, © Elsevier Inc. 2007, published by Elsevier.

[0119] Any optical fiber type may be used in embodiments of inventions described herein. In some
implementations, however, the coated optical fiber possesses a mode-field diameter from 8 to 10 um at a
wavelength of 1310 nm, a mode-field diameter from 9 to 13 um at a wavelength of 1550 nm, and/or an
effective area of 20 to 200 um?. Such fibers may be single mode and/or large-effective area fibers, given the
expected demand for coating processes for these fibers that utilize higher line or processing speeds. However,
other fiber types, such as multimode fibers, may be used as well.

[0120] As should also be appreciated, this specification also relates to an optical fiber cable, wherein
the optical fiber comprises at least one optical fiber as described herein, and/or wherein the optical fiber is the

cured product of a coating composition as described herein.

[0121] Various aspects of the subject matter described herein are set out in the following numbered

clauses:

[0122] Clause 1. A polysilane compound comprising: (a) at least two moictics of the structure (1):
* Y —Si(X) (1) and

(b1) a moiety of the structure (2):

0
\NLN/
H H R

2

O
R2
/\ OR!
0 OR! (2): or
(b2) a moiety of the structure (3):
0]
° )k °
\N N /
2
R 0
O H
R2 ORI (3)’ or

(b3) a combination of a moiety of the structure (2) and a moiety of the structure (3),
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in which (1) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (ii)
each X, which may be the same or different, represents an alkoxy group or an organic group that is inert
towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an
alkoxy group, (iii) each R!, which may be the same or different, represents an organic group that is inert to
isocyanate groups at temperatures of 100°C or less; (iv) each R*, which may be the same or different, each
represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of 100°C or less; and
)"

[0123] Clause 2. The polysilane compound of clause 1, wherein R' in structures (2) and (3), which

® " represents a linkage to another portion of the polysilane compound.

may be the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where R! in structures (2) and (3). which may be the same or different, represents a methyl
group, an ethyl group, a propyl group or a butyl group, and R? in structures (2) and (3), which may be the
same or different, represents a hydrogen, or an alkyl group, such as an alkyl group having 1to 9 or 1 to 4
carbon atoms, such as where R” in structures (2) and (3), which may be the same or different, represents a
methyl group, an ethyl group, a propyl group or a butyl group.

[0124] Clause 3. The polysilane compound of clause 1 or clause 2, wherein each X in structure (1)
represents an identical or different alkyl, acyloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1to 9 or 1 to 4 carbon atoms, with the proviso that at least one X represents
an alkoxy group, such as where at least two X's represent an alkoxy, such as methoxy, ethoxy, or propyloxy,
group, or where cach X represents an alkoxy, such as mcthoxy, cthoxy, or propyloxy group.

[0125] Clausc 4. The polysilane compound of one of clause 1 to clause 3, wherein Y in structure (1)
comprises a linear or branched alkylene radical having 1 to 8 carbon atoms, such as a linear alkylene radical

having 2 to 4 or, in some cases 3, carbon atoms, or a branched alkylene radical having 5 to 6 carbon atoms.

[0126] Clause 5. The polysilane compound of one of clause 1 to clause 4, wherein the polysilane
O
.\ )k P ¢
G N
compound further comprises: (¢) a segment of the structure: H ,in which G is O, S,

or NR, in which R represents hydrogen or an organic group that is inert to 1socyanate groups at temperatures

of 100°C or less , and each "

® " represents a linkage to another portion of the polysilane compound,
such as where the polysilane compound comprises 1 to 4 such segments.

[0127] Clause 6. The polysilane composition of one of clause 1 to clause 5, such as where the
polysilane compound comprises a moiety of the structure (3), with the proviso that the polvsilane compound

comprises a moiety of the structure 3A:
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H
R? OR! (3A)

in which X. Y,R', R*and " ® " arc cach as described in clause 1 with respect to structures (1)-(3), such
as where the polysilane compound has 1 to 4 moicties of structure 3A.

[0128] Clause 7. The polysilane compound of one of clause 1 to clause 3, such as where the
polysilane compound comprises a moiety of the structure (3), with the proviso that the polysilane compound

has only one moiety of the structure 3B:

O
Y-
o )J\ N
Si(X)
R? o

0O

H
R?> OR! (3B)

in which X, Y, R!, RZand "

[0129] Clause 8. The polysilane compound of one of clause 1 to clause 3, such as where the

® " arc cach as described in clause 1 with respect to structures (1)-(3).

polysilane compound comprises a moiety of the structure (2), with the proviso that the polysilane compound

has only one moiety of the structure 2A:

0]
A
/\N N/

H H

(X);Si
R2
0O
Rz/ OR!
O/b\ORl (2A)

in which X, Y, R!, R?and " ® " are cach as described in clause 1 with respect to structures (1)-(3).
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[0130] Clause 9. The polysilane compound of one of clause 1 to clause 5, such as where the
polysilane compound comprises a moicty of the structure (2), with the proviso that the polysilane compound

has only one moiety of the structure 2B:

0
° )k Y-

R (2B)

Si(X)3

in which X, Y, and " ® " are each as described in clause 1 respect to structures (1)-(3) and R’ is not

hydrogen, such as where the moiety of the structure 2B has the structure 2B(1):

0
° )k Y
NN

Si(X);
H
RZ
R%_| 0
OR!
& o (2B(i)

in which X. Y, R!, R®and " ® " are each as described in clause 1 with respect to structures (1)-(3).
[0131] Clause 10. The polysilane compound of one of clause 1 to clause 9, wherein the polysilane
compound has a molecular weight, calculated from the molecular formula of the polysilane compound, of 400
to less than 2000 g/mol, such as 400 to 1000 g/mol.

[0132] Clause 11. A polysilane compound (or the polysilane compound of one of clause 1 to clause

5 and clause 10), wherein the polysilane compound has the structure (4):

0 0
(X";Si——Y!'—N HN z hl N—Y'—siXx");
R* H "
o R R* O
= OR?

— —n — — @)
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in which (i) each Y, which may be the same or different, represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) cach R*, which may be the same or different, represents an organic
group that is inert towards isocyvanate groups at temperatures of 100°C or less, (iii) each R*, which may be the
same or different, each represent hvdrogen or an organic group that is inert to isocyanate groups at
temperatures of 100°C or less, (iv) each X', which may be the same or different. represents an alkoxy group or
an organic group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that
at least one X! represents an alkoxy group, (v) Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group
that optionally contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thercof and that includes a
Ci to Cys alkylene group or a Cs-Cs cvcloalkylene group. and (vi) m and n, which may be the same or
different, are each an integer having a value of 1to 5, such as 1 to 3, or 1, such as where m+n is 2 to 10, such
as 2 to 4, or 2, such as where the polysilane compound has a molecular weight, calculated from the molecular
formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000 g/mol.

[0133] Clause 12. The polysilane compound of clause 11, wherein each R? in structure (4), which
may be the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where each R®, which may be the same or different, represents a methyl group, an ethyl group,
a propyl group or a butyl group.

[0134] Clause 13. The polysilane compound of clause 11 or clause 12, wherein each X! in structure
(4) represents an identical or different alkyl, acvloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X!'s represent an alkoxy, such as methoxy, ethoxy. or propyloxy.
group, or where each X! represents an alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0135] Clause 14. The polysilane compound of one of clause 11 to clause 13, wherein each Y! in
structure (4), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a lincar alkylenc radical having 2 to 4 or, in some cascs 3, carbon atoms, or a
branched alkylene radical having 5 to 6 carbon atoms.

[01306] Clause 15. The polysilane compound of one of clause 11 to clause 14, wherein Z in structure

4)is:
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X
, in which x has a value of 3to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

. In which each X1, X2, X3 and X4, which
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in which each " ®" represents a linkage to another portion of the polysilane compound.
[0137] Clause 162. A polysilane compound (or the polvsilane compound of one of clause 1 to clause

5 and clause 10), wherein the polysilane compound has the structure (5):

— _m —n (&)

in which (i) each Y', which may be the same or different. represents a linear or branched linking group
comprising | or more carbon atoms, (ii) each R®, which may be the same or different, represents an organic
group that is inert towards isocyanate groups at temperatures of 100°C or less, (iii) each R*, which may be the
same or different, each represent hydrogen or an organic group that is inert to isocyanate groups at
temperatures of 100°C or less, (iv) each X!, which may be the same or different, represents an alkoxy group or
an organic group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that

at least one X! represents an alkoxy group, (v) Z represents an organic group. in some cases a divalent organic
P y group P g group g
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group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group,
which may optionally be substituted with oxygen, nitrogen, sulfur or a combination thereof and that includes a
Ci to Cis alkylene group or a Cs-Cs cvcloalkylene group, and (vi) m and n, which may be the same or
different, are each an integer having a value of 1 to 3, such as 1 to 3, or I, such as where m+n is 2 to 10, such
as 2 to 4, or 2, such as where the polysilane compound has a molecular weight, calculated from the molecular
formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000 g/mol.

[0138] Clause 17. The polysilane compound of clause 16, wherein each R? in structure (5), which
may be the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where each R?, which may be the same or different, represents a methyl group, an ethyl group,
a propyl group or a butyl group.

[0139] Clause 18. The polysilane compound of clause 16 or clause 17, wherein each X' in structure
(5) represents an identical or different alkyl, acvloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X''s represent an alkoxy, such as methoxy, ethoxy, or propyloxy.
group, or where each X' represents an alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0140] Clause 19. The polysilane compound of one of clause 16 to clause 18, wherein each Y! in
structure (5), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases 3, carbon atoms, or a
branched alkylene radical having 5 to 6 carbon atoms.

[0141] Clause 20. The polysilane compound of one of clause 16 to clause 19, wherein Z in structure

) is:

, In which x has a value of 3 to 19;

-57-



WO 2025/147337 PCT/US2024/057392

LJ%

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;
°
\Q<\ °
[ ] [ [ ]
or

,in which each X1, X2, X3 and X4, which
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in which each " ®" represents a linkage to another portion of the polysilane compound.
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[0142] Clause 21. A polysilane compound (or the polysilane compound of one of clause 1 to clause
5 and clause 10), wherein the polysilane compound has the structure (6):

O

(Xl)qSi—Yl—é Yz)—N N—Y!—-s8i(X!),
. p H

H R*

R4_

AN

wherein: (i) each Y!, which may be the same or different, represents a linear or branched linking group

O

3 3
OR OR (6)

comprising 1 or more carbon atoms, (ii) Y? represents a group of the structure:

PN

® —G N—24—
0 o

,in which G ® represents a linkage to Y' and Z ®

represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards
1socyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally contains
isocyanate-inert oxvgen, nitrogen, sulfur, or a combination thereof, (iii) p is 0 or 1, (iv) each R®, which may be
the same or different, represents an organic group that is inert to isocyanate groups at temperatures of 100°C
or less; (v) each R*, which may be the same or different, represents hydrogen or an organic group that is inert
to isocyanate groups at temperatures of 100°C or less; and (vi) each X!, which may be the same or different,
represents an alkoxy group or an organic group that is inert towards isocyanate groups at temperatures of
100°C or less, with the proviso that at least one X! represents an alkoxy group, such as where the polysilane
compound has a molecular weight, calculated from the molecular formula of the polysilane compound, of 400
to less than 2000 g/mol, such as 400 to 1000 g/mol.

[0143] Clause 22. The polysilane compound of clause 21, wherein each R? in structure (6), which
may be the same or different, represents an alkyl group, such as an alkyl group having 1to 9 or 1 to 4 carbon
atoms, such as where each R? in structure (6), which may be the same or different, represents an alkyl group,
such as an alkyl group having 1 to 9 or 1 to 4 carbon atoms, such as each R? in structure (6), which may be the
same or different, represents a methyl group, an cthyl group, a propyl group or a butyl group.

[0144] Clause 23. The polysilane compound of clause 21 or clause 22, wherein each X' in structure

(6) represents an 1dentical or different alkyl, acvloxy, or alkoxy group, such as an identical or different alkyl,
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acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X''s represent an alkoxy, such as methoxy, ethoxy, or propyloxy,
group, or where each X' represents an alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0145] Clause 24. The polysilane compound of one of clause 21 to clause 23, wherein each Y! in
structure (6), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases 3, carbon atoms, or a
branched alkylene radical having 5 to 6 carbon atoms.

[01406] Clause 25. The polysilane compound of one of clause 21 to clause 24, wherein Z in structure

(6) is:

>

o [ ]
O
X
, in which x has a value of 3 to 19;

(CH2)x1

Py

CzHs (or H) , in which each X1, X2, X3 and X4, which
may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;
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in which each " ® " represents a linkage to another portion of the polysilane compound.
[0147] Clause 26. A polysilane compound (or the polysilane compound of one of clause 1 to clause

5 and clause 10), wherein the polysilane compound has the structure (7):

o)

X,8i——Y! Y24—N N— y!l—=sixt
3 3
p

R4

R30 0 (7)
wherein: (i) each Y, which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) Y~ represents a group of the structure:
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® —G N—Z72—e . . - ‘
H , in which G ® represents a linkage to Y' and Z

represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards
1socyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally contains
isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) p is 0 or 1, (iv) each R?, which may be
the samc or diffcrent, represents an organic group that is incrt to isocyanatc groups at tcmperaturcs of 100°C
or less; (v) each R?, which may be the same or different, represents hydrogen or an organic group that is inert
to isocyanate groups at temperatures of 100°C or less; and (vi) each X', which may be the same or different,
represents an alkoxy group or an organic group that is inert towards isocyanate groups at temperatures of
100°C or less, with the proviso that at least one X! represents an alkoxy group, such as where the polysilane
compound has a molecular weight, calculated from the molecular formula of the polysilane compound, of 400
to less than 2000 g/mol, such as 400 to 1000 g/mol.

[0148] Clause 27. The polysilane compound of clause 26, wherein each R? in structure (7), which
may be the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where each R? in structure (7), which may be the same or different, represents an alkyl group.
such as an alkyl group having 1 to 9 or 1 to 4 carbon atoms, such as each R? in structure (7), which may be the
same or different, represents a methyl group, an ethyl group, a propyl group or a butyl group.

[0149] Clause 28. The polysilane compound of clause 26 or clause 27, wherein each X' in structure
(7) represents an identical or different alkyl, acvloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X!'s represent an alkoxy, such as methoxy, ethoxy, or propyloxy,
group, or where each X! represents an alkoxy. such as methoxy, ethoxy, or propyloxy group.

[0150] Clause 29. The polysilane compound of one of clause 26 to clause 28, wherein each Y'! in
structure (7), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases 3, carbon atoms, or a
branched alkylene radical having 3 to 6 carbon atoms.

[0151] Clause 30. The polysilane compound of one of clause 26 to clause 29, wherein Z in structure
(7) is:
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X
, in which x has a value of 3to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

. In which each X1, X2, X3 and X4, which
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in which each " ®" represents a linkage to another portion of the polysilane compound.
[0152] Clause 31. A polysilane compound (or the polysilane compound of one of clause 1 to clause

5 and clause 10), wherein the polysilane compound has the structure (8):

0 0
X),Si— yl-4—y?2 N)kN z N)LN y2—yil—sjx!
(XH)s8Si ‘6 )’H N H+ i(X%);
P H p

L - m R4

R4

0
0 OR’ OR3
- —n (8)

in which: (i) each Y!, which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) each Y2, which may be the same or different, represents a group of

i
® —(G N—Z—eo . _ '
the structure: H , in which G ® represents a linkage to Y' and
Z ® cpresents alinkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic

group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
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inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (ii1) each p, which may be the
same or different. is 0 or 1, (iv) each R?, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R*, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X!, which may be the same or different, represents an alkoxy group or an organic
group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least
one X' represents an alkoxy group, (vii) Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group
that includes a C; to Cy5 alkylene group or a Cs-Cs cycloalkylene group, and (vii) m and n, which may be the
same or different, are each an integer having a value of 1to 5, such as 1to 3, or 1, such as where m+n is 2 to
10, such as 2 to 4, or 2, such as where the polysilane compound has a molecular weight, calculated from the
molecular formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000 g/mol.
[0153] Clause 32. The polysilane compound of clause 31, wherein each R? in structure (8), which
may be the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where each R®, which may be the same or different, represents a methyl group, an ethyl group,
a propyl group or a butyl group.

[0154] Clause 33. The polysilane compound of clause 31 or clause 32, wherein each X! in structure
(8) represents an identical or different alkyl, acvloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X!'s represent an alkoxy, such as methoxy, ethoxy. or propyloxy.
group, or where each X! represents an alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0155] Clause 34. The polysilane compound of one of clause 31 to clause 33, wherein each Y! in
structure (8), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a lincar alkylenc radical having 2 to 4 or, in some cascs 3, carbon atoms, or a
branched alkylene radical having 5 to 6 carbon atoms.

[0156] Clause 35. The polysilane compound of one of clause 31 to clause 34, wherein Z in structure
(8) is:

-68-



WO 2025/147337 PCT/US2024/057392

) [ J
O
X
, in which x has a value of 3to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

. In which each X1, X2, X3 and X4, which
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in which each "

® " represents a linkage to another portion of the polysilane compound.

[0157] Clause 36. A polysilane compound (or the polysilane compound of one of clause 1 to clause
5 and clause 10), wherein the polysilane compound has the structure (9):
i )(L
(Xh,Si YL%YQ);IP\II N J 7 N N‘eYZ);YI_Si(X]”
4
R R* 0
OR?
(0]

n (9)

in which: (i) each Y', which may be the same or different, represents a linear or branched linking group

comprising 1 or morc carbon atoms, (ii) cach YZ, which may be the same or diffcrent, represents a group of

0]

® —G
the structure:

Z_

N—Z——
M ®

, in which G ® represents a linkage to Y' and

® represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic

group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is

inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
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contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iit) each p, which may be the
same or different, is 0 or 1, (iv) each R?, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) cach R*, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X!, which may be the same or different, represents an alkoxy group or an organic
group that is mert towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least
one X! represents an alkoxy group, (vii) Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group
that includes a C; to Cis alkylene group or a Cs-Cs cycloalkylene group, and (vii) m and n, which may be the
same or different, are each an integer having a value of 1 to 5, such as 1 to 3, or 1, such as where m+n is 2 to
10, such as 2 to 4, or 2, such as where the polysilane compound has a molecular weight, calculated from the
molecular formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000 g/mol.
[0158] Clause 37. The polysilane compound of clause 36, wherein each R? in structure (9), which
may be the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where each R?, which may be the same or different, represents a methyl group, an ethyl group,
a propyl group or a butyl group.

[0159] Clause 38. The polysilane compound of clause 36 or clause 37, wherein each X! in structure
(9) represents an identical or different alkyl, acvloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X''s represent an alkoxy, such as methoxy, ethoxy, or propyloxy.
group, or where each X' represents an alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0160] Clause 39. The polysilane compound of one of clause 36 to clause 38, wherein each Y! in
structure (9), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases 3, carbon atoms, or a
branchcd alkylene radical having 5 to 6 carbon atoms.

[0161] Clause 40. The polysilane compound of one of clause 36 to clause 39, wherein Z in structure

(9) is:
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may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;
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in which each " ® " represents a linkage to another portion of the polysilane compound.
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[0162] Clause 41. A polysilane compound (or the polysilane compound of one of clause 1 to 5 and

clause 10), wherein the polysilane compound has the structure (10):

9]

PN

z N N+Y2)—Y1—Si(xl)3
H H P
R4

O

F
0 \0R3 oR
— — m+n ( 1 ())

wherein (i) each Y', which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) each Y-, which may be the same or different, represents a group of

0O
® ——G N—Z——eo . .
the structure: H , in which © ® represents a linkage to Y'! and
Z ® represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic

group that 1s inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (ii1) each p, which may be the
same or different, is 0 or 1, (iv) each R®, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R*, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X!, which may be the same or different, represents an alkoxy group or an organic
group that is mnert towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least
one X! represents an alkoxy group, (vii) Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group
that includes a C, to Cis alkylene group or a Cs-Cs cycloalkylene group, and (vii) m+n is 2 to 10, such as 2 to
4, or 2, such as where the polysilane compound has a molecular weight, calculated from the molecular
formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000 g/mol.
[0163] Clause 42. The polysilane compound of clause 41, wherein each R? in structure (10), which
may be the samc or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where each R?, which may be the same or different, represents a methyl group, an ethyl group,
a propyl group or a butyl group.

-75-



WO 2025/147337 PCT/US2024/057392

[0164] Clause 43. The polysilane compound of clause 41 or clause 42, wherein each X! in structure
(10) represents an identical or different alkyl, acyloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X''s represent an alkoxy, such as methoxy, ethoxy, or propyloxy.
group, or where each X! represents an alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0165] Clause 44. The polysilane compound of one of clause 41 to clause 43, wherein each Y! in
structure (10), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a lincar alkylene radical having 2 to 4 or, in some cases 3, carbon atoms, or a
branched alkvlene radical having 5 to 6 carbon atoms.

[0166] Clause 45. The polysilane compound of one of clause 41 to clause 44, wherein Z in structure
(10) 1s:

® o
(@)
X
, in which x has a value of 3to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

. In which each X1, X2, X3 and X4, which
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in which each " ® " represents a linkage to another portion of the polysilane compound.
[0167] Clause 46. A polysilane compound (or the polysilane compound of one of clause 1 to clause

5 and clause 10), wherein the polysilane compound has the structure (11):

0
7. N N+Y2)—Y1—Si(xl)3
P
H
4
R R4 0

0

OR?

- = m+n (1])

whercin (i) cach Y!, which may be the samc or different, represents a lincar or branched linking group

comprising 1 or more carbon atoms, (ii) each Y which may be the same or different, represents a group of
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® —¢G N—Z—eo . _ '
the structure: H , in which G ® represents a linkage to Y' and
Z o represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic

group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) cach p, which may be the
same or different. is 0 or 1, (iv) each R, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R?, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X!, which may be the same or different, represents an alkoxy group or an organic
group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least
one X' represents an alkoxy group, (vii) Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hvdrocarbon group
that includes a C, to Cis alkylene group or a Cs-Cs cycloalkylene group, and (vii) m+n is 2 to 10, such as 2 to
4, or 2, such as where the polysilane compound has a molecular weight, calculated from the molecular
formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000 g/mol.

[0168] Clause 47. The polysilane compound of clause 46, wherein each R? in structure (11), which
may be the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon
atoms, such as where each R?, which may be the same or different, represents a methyl group, an ethyl group,
a propyl group or a butyl group.

[0169] Clause 48. The polysilane compound of clause 46 or clause 47, wherein each X! in structure
(11) represents an identical or different alkyl, acyloxy, or alkoxy group, such as an identical or different alkyl,
acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least one X' represents
an alkoxy group, such as where at least two X!'s represent an alkoxy, such as methoxy, ethoxy. or propyloxy.
group, or where each X! represents an alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0170] Clause 49. The polysilane compound of one of clause 46 to clause 48, wherein each Y! in
structure (11), which may be the same or different, comprises a linear or branched alkylene radical having 1 to
8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases 3, carbon atoms, or a
branched alkylene radical having 5 to 6 carbon atoms.

[0171] Clause 50. The polysilane compound of one of clause 46 to clause 49, wherein Z in structure
(1) 1s:
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° o
O
X
, In which x has a value of 3 to 19;

CHZ X1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

, In which each X1, X2, X3 and X4, which
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in which each " ®" represents a linkage to another portion of the polysilane compound.
[0172] Clause 51. A polysilane compound (or the polysilane compound of one of clause 1 to clause
50) comprising a reaction product of reactants comprising: (a) a polyisocyanate, such as a diisocyanate; and
(b) an aspartate silane having the structure:
R0 O
o P
"\

C—C—C—N—Y*=Si(X");

R0 RIS RISH pp

in which each R" and each X*, which may be the same or different, represents an organic group that is inert
with respect to isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X*
represents an alkoxy group, Y* represents a linear or branched linking group comprising 1 or more carbon
atoms, and each R™*®, which may be the same or different, represents hydrogen or an organic group which is
inert towards isocyanate groups at temperatures of 100°C or less, such as where the polysilane compound has
a molecular weight, calculated from the molecular formula of the polysilane compound, of 400 to less than
2000 g/mol, such as 400 to 1000 g/mol.

[0173] Clause 52. The polysilane compound of clause 51, wherein the aspartate silane comprises a

reaction product of reactants comprising: (1) an aminoalkyl alkoxysilane of the formula

- —_ QY5
HoN (CHy)n Si(X%); , and (i1) a maleic or fumaric acid ester of the formula
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R'*00C——CR"¥*=CR"*~COOR!” . in which R!® and R represent identical or different organic
groups which are isocyanate-inert below 100°C, such as where R'¢ and R!'7 represent identical or different
alkyl groups having 1 to 4 carbon atoms, cach R'®, which may be the same or different, represents hydrogen
or an organic group which is isocyanate-inert below 100°C each X° represents identical or different organic
groups which are isocyanate-inert below 100°C, with the proviso that at least one X’ is an alkoxy group, such
as where each X° represents an identical or different alkyl or alkoxy group having 1 to 4 carbon atoms, with
the proviso that at least one X° is an alkoxy group, and n is an integer having a value of 2 to 4, such as 3.
[0174] Clause 53. The polysilane compound of clause 52, wherein the aminoalkyl alkoxysilane
comprises 2-aminoethyl-dimethylmethoxysilane, 3-aminopropyl-trimethoxysilane, 3-aminopropyl-
triethoxysilane, 3-aminopropvl-methyl-diethoxysilane, or a mixture of any two or more thereof.

[0175] Clause 54. The polysilane compound of clause 52 or clause 53, wherein the maleic or
fumaric acid esters comprises maleic acid dimethyl ester, maleic acid diethyl ester, maleic acid di-n-butyl
ester, fumaric acid dimethyl ester, fumaric acid diethyl ester, fumaric acid di-n-butyl ester, or a mixture of any
two or more thereof.

[0176] Clause 55. The polysilane compound of one of clause 52 to clause 54, wherein the maleic or
fumaric acid ester and the aminoalkyl alkoxysilane are present in a molar ratio of acid ester to aminoalkyl
alkoxysilane 0f 0.8 to 1.2:1, 1.0to 1.2:1 or 1.01 to 1.2:1.

[0177] Clause 56. The polysilane compound of one of clause 51 to clause 535, wherein the

OCN‘]?Z—[‘NCO ]
m n_in which Z represents an organic group, in some

cases a divalent organic group, that is inert towards isocyanate groups at temperatures of 100°C or less. such

polyisocyanate has the structure:

as a hydrocarbon group that includes a C; to Cis alkylene group or a Cs-Cs cycloalkylene group, and m and n,
which may be the same or different, are each an integer having a value of 1 to 5, such as 1 to 3, or 1, such as

where m+n is 2 to 10, such as 2 to 4, or 2, and such as where Z in the foregoing polyisocvanate structure is;
°
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O
X
, in which x has a value of 3to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;
°
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in which each " ® ' represents a linkage to another portion of the polyisocyanate.
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[0178] Clause 57. The polysilane compound of one of clause 51 to clause 56, wherein the
polvisocyanate comprises 2,4-tolvlene diisocyanate, 2,6-tolylene diisocyanate, 1,3-xylylene diisocyanate, 1,4-
xylylene diisocyanate, 1,53-naphthalene diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate,
3.3'-dimethyl-4,4'-diphenylmethane diisocvanate, 4,4'-diphenylmethane diisocvanate, 3,3'-dimethylphenylene
diisocyanate, 4,4'-biphenylene diisocyanate, 1,6-hexane diisocyanate, isophorone diisocyanate,
methylenebis(4-cyclohexylisocyanate), 2,2, 4-trimethylhexamethylene diisocyanate, bis(2-isocyanato-
ethyl)fumarate, 6-1sopropyl-1,3-phenyl diisocyanate, 4-diphenylpropane diisocyanate, hydrogenated
diphenylmethane diisocyanate, hydrogenated xylylene diisocyanate, tetramethyl xylylene diisocyanate, lysine
isocyanate, a hexamethylene diisocyanate trimer, triphenylmethane-4,4',4"-triisocyanate, a hexamethylene
diisocyanate trimer, an aromatic polyisocyanate based on toluene diisocyanate. a polvisocyanurate of toluene
diisocyanate, or a combination of any two or more thereof.

[0179] Clause 57. A method for making the polysilane compound of one of clause 51 to clause 52,
comprising reacting the polyisocyanate with the aspartate silane, optionally in the presence of a catalyst, to
produce a polysilane compound comprising an aspartate group.

[0180] Clause 58. The method of clause 37, wherein the optional catalyst comprises an organic
metal catalyst, an amine catalyst. or a combination thereof, such as where the catalyst comprises a copper
compound, such as copper naphthenate, a cobalt compound, such as cobalt naphthenate, a zinc compound,
such as zinc naphthenate, a bismuth compound, such as bismuth neodecanoate, a tin compound, such as di-n-
butyl tin dilaurate, triethylamine, tricthylenediamine, DABCO, DMEA, or a combination of any two or more
of the foregoing.

[0181] Clause 59. The method of clause 37 or clause 38, wherein the reaction takes place at a
temperature of 10 to 120°C or 25 to 100°C.

[0182] Clause 60. The method of one of clause 37 to clause 59, wherein the polyisocyanate and the
aspartate silane are used in relative amounts to provide a molar ratio of isocyanate-reactive groups to
1socyanatc groups of at lcast 1:1, such as morc than 1:1 to Icss than 1.5:1.

[0183] Clause 61. The method of one of clause 57 to clause 60, further comprising converting at
least some of the aspartate groups to a hydantoin group, wherein such conversion is carried out optionally in
the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic acid, a phenol, or a mixture
of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C, 75 to 105°C, 80° to 100°C,
90 to 120°C, or 100 to 120°C.

[0184] Clausc 62. A polysilanc compound (or the polysilanc compound of onc of clausc 1 to clausc
50) comprising a reaction product of reactants comprising: (a) an aspartate silane; and (b) isocyanate-

functional silane, wherein (1) the aspartate silane has the structure:
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R0 0
0 N
\\ H I 4y
C—cC C T Y —Si(X%);
R0 RISH RIS fp

in which (i) each R' and each X*, which may be the same or different. represents an organic group that is
inert with respect to isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X*
represents an alkoxy group, (ii) Y* represents a linear or branched linking group comprising 1 or more carbon
atoms, and (iii) cach R'*®*, which may be thc same or diffcrent, represents hydrogen or an organic group which

is inert towards isocyanate groups at temperatures of 100°C or less. and (2) the isocyanate-functional silane

OCN —eYz)—Y'—Si(xlh
p . in which (1) Y!

group comprising 1 or more carbon atoms, such as where Y' comprises a linear or branched alkylene radical

has the structurc: represents a lincar or branched linking
having 1 to 8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases, 3 carbon atoms,
or a branched alkylene radical having 5 to 6 carbon atoms, (ii) Y? represents a group of the structure:

0)

e —G N—Z7Z—e
H , in which G ® represents a linkage to Y' and Z ®

represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards
isocyanate groups at temperatures of 100°C or less. such as a hydrocarbon group that optionally contains
isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) p is 0 or I, and (iv) each X!, which
may be the same or different, represents an alkoxy group or an organic group that is inert towards isocyanate
groups at tempcraturcs of 100°C or less, with the proviso that at lcast onc X! represents an alkoxy group, such
as where each X' represents an identical or different alkyl, acyloxy, or alkoxy group, such as an identical or
different alkyl, acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least
one X' represents an alkoxy group, such as where the polysilane compound has a molecular weight, calculated
from the molecular formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000
g/mol.

[0185] Clausc 63. The polysilanc compound of clausc 62, wherein the aspartate silanc compriscs a

reaction product of reactants comprising: (i) an aminoalkyl alkoxysilane of the formula

_ —_ QX3
HoN (CHy), Si(X°); , and (i1) a maleic or fumaric acid ester of the formula
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R'*00C——CR"¥*=CR"*~COOR!” . in which R!® and R represent identical or different organic
groups which are isocyanate-inert below 100°C, such as where R'¢ and R!'7 represent identical or different
alkyl groups having 1 to 4 carbon atoms, cach R'®, which may be the same or different, represents hydrogen
or an organic group which is isocyanate-inert below 100°C each X° represents identical or different organic
groups which are isocyanate-inert below 100°C, with the proviso that at least one X’ is an alkoxy group, such
as where each X° represents an identical or different alkyl or alkoxy group having 1 to 4 carbon atoms, with
the proviso that at least one X° is an alkoxy group, and n is an integer having a value of 2 to 4, such as 3.
[0186] Clause 64. The polysilane compound of clause 63, wherein the aminoalkyl alkoxysilane
comprises 2-aminoethyl-dimethylmethoxysilane, 3-aminopropyl-trimethoxysilane, 3-aminopropyl-
triethoxysilane, 3-aminopropvl-methyl-diethoxysilane, or a mixture of any two or more thereof.

[0187] Clause 65. The polysilane compound of clause 63 or clause 64, wherein the maleic or
fumaric acid esters comprises maleic acid dimethyl ester, maleic acid diethyl ester, maleic acid di-n-butyl
ester, fumaric acid dimethyl ester, fumaric acid diethyl ester, fumaric acid di-n-butyl ester, or a mixture of any
two or more thereof.

[0188] Clause 66. The polysilane compound of one of clause 63 to clause 65, wherein the maleic or
fumaric acid ester and the aminoalkyl alkoxysilane are present in a molar ratio of acid ester to aminoalkyl
alkoxysilane of 0.8 to 1.2:1, 1.0to 1.2:1 or 1.01 to 1.2:1.s include, without limitation, those described earlier
with respect to reaction with a polyisocvanate.

[0189] Clause 67. The polysilane compound of one of clause 62 to clause 66, wherein at least two
XUs represent an alkoxy, such as methoxy, ethoxy, or propyloxy, group, or where each X! represents an
alkoxy, such as methoxy, ethoxy, or propyloxy group.

[0190] Clause 68. The polysilane compound of one of clause 62 to clause 67, wherein the
isocyanate-functional silane comprises 3-isocyanatopropyvl-methyldimethoxysilane, 3-isocyanatopropyl-
trimethoxysilane, 3-isocyanatopropyl-triethoxysilane, a reaction product of an active hydrogen-containing
silane, such as a hydroxyl, thiol, primary amine, or secondary amine functional silane, and a polyisocyanate,
in which the rcaction product is an isocyanatc-functional silanc containing a urcthanc, thiourcthanc, urca, or
aspartic urea group, or a mixture of any two or more of any of the foregoing isocyanate-functional silanes.

[0191] Clause 69. The polysilane compound of clause 68, wherein the polyisocyanate has the

[ OCN }72—[‘NCO ]
structure: m n_in which Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group,
which may optionally be substituted oxygen, nitrogen, sulfur, or a combination thereof, and that includes a C,

to Cis alkylene group or a Cs-Cs cycloalkylene group, and m and n. which may be the same or different, are
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each an integer having a value of 1 to 5, such as 1to 3, or 1, such as where m+n i1s 2 to 10, such as 2 to 4, or 2,

and such as where Z in the foregoing polyisocyanate structure is:
®

s

® [ ]
O
X
, 1in which x has a value of 3 to 19;

(CH2)x1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200
to 1500;

,in which each X1, X2, X3 and X4, which
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in which each " ®" represents a linkage to another portion of the polyisocyanate.

[0192] Clause 70. The polysilane compound of one of clause 68 or clause 69, wherein the
polyisocyanate comprises 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 1,3-xylylene diisocyanate, 1,4-
xvlvlene diisocyanate, 1,5-naphthalence diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate,
3.3'-dimethyl-4,4'-diphenylmethane diisocyanate, 4,4'-diphenylmethane diisocvanate, 3,3'-dimethylphenylene
diisocyanate, 4,4'-biphenylene diisocyanate, 1,6-hexane diisocvanate, isophorone diisocyanate,
methylenebis(4-cyclohexylisocyanate), 2,2.4-trimethylhexamethylene diisocyanate, bis(2-isocyanato-
ethyl)fumarate, 6-1sopropyl-1.3-phenyl diisocyanate, 4-diphenylpropane diisocyanate, hydrogenated
diphenylmethane diisocyanate, hydrogenated xylvlene diisocyanate, tetramethyl xylylene diisocyanate, lysine
1socyanate, a hexamethylene diisocyanate trimer, triphenylmethane-4,4',4"-triisocyanate, a hexamethylene
diisocyanate trimer, an aromatic polyisocyanate based on toluene diisocyanate, a polyisocyanurate of toluene
diisocyanate, or a combination of any two or more thereof.

[0193] Clause 71. A method for making the polysilane compound of one of clause 62 to clause 70,
comprising reacting the aspartate silane with the isocyanate-functional silane, optionally in the presence of a
catalyst, to produce a polysilane compound comprising an aspartate group.

[0194] Clause 72. The method of clause 71, wherein the optional catalyst comprises an organic
metal catalyst, an amine catalyst, or a combination thereof, such as where the catalyst comprises a copper
compound, such as copper naphthenate, a cobalt compound, such as cobalt naphthenate, a zinc compound,

such as zinc naphthenate, a bismuth compound, such as bismuth neodecanoate, a tin compound, such as di-n-
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butyl tin dilaurate, triethylamine, tricthylenediamine, DABCO, DMEA, or a combination of any two or more
of the foregoing.

[0195] Clause 73. The method of clause 71 or clause 72, wherein the reaction takes place at a
temperature of 10 to 120°C or 25 to 100°C.

[0196] Clause 74. The method of one of clause 71 to clause 73, wherein the aspartate silane and the
1socyanate-functional silane are used in relative amounts to provide a molar ratio of isocyanate-reactive
groups to isocyanate groups of at least 1:1, such as more than 1:1 to less than 1.5:1.

[0197] Clause 75. The method of one of clause 71 to clause 74, further comprising converting at
least some of the aspartate groups to a hydantoin group, wherein such conversion is carried out optionally in
the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic acid, a phenol, or a mixture
of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C, 75 to 105°C, 80° to 100°C,
90 to 120°C, or 100 to 120°C.

[0198] Clause 76. A polysilane compound (or the polysilane compound of one of clause 1 to clause
50) comprising a reaction product of reactants comprising: (a) a primary amine-containing aspartatc and/or a

polvaspartate, and (b) isocyanate-functional silane, wherein (1) the isocyanate-functional silane has the

OCN‘GYZ)—YI—Si(X%
P ,in which (i) Y'

comprising 1 or more carbon atoms, such as where Y' comprises a linear or branched alkylene radical having

structure: represents a linear or branched linking group
1 to 8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases, 3 carbon atoms, or a
branched alkylene radical having 5 to 6 carbon atoms, (ii) Y? represents a group of the structure:

o)

o —CG N—7Z2——e
H , in which G ® rcpresents a linkage to Y! and Z o

represents a linkage to N, and in which G is O, S. or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards
1socyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally contains
isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) p is 0 or 1, and (iv) each X!, which
may be the same or different, represents an alkoxy group or an organic group that is inert towards isocyanate
groups at temperatures of 100°C or less, with the proviso that at least one X' represents an alkoxy group, such
as where each X' represents an identical or different alkyl, acyloxy. or alkoxy group, such as an identical or
different alkyl, acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least
one X! represents an alkoxy group, and (2) the primary amine-containing aspartate and/or a polyaspartate

suitable for use in preparing such polysilane compounds are represented by the structure:

-02-



WO 2025/147337 PCT/US2024/057392

0
R21
H
OR"
R20
A OR'®
NHZT N
H
m
0

— N

-

in which Z! represents a hydrocarbon group (in some cases a divalent hydrocarbon group) that optionally
contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, and R'® and R'?, which may be
the same or different, represents an organic group that is inert towards isocyanate groups at temperaturcs of
100°C or less, such as where R'® and R'® represent the same or different alkyl group, such as an alkyl group
having 1 to 9 or 1 to 4 carbon atoms, such as where R'® and R"?, which may be the same or different, are each
a methyl group, an ethyl group, a propyl group or a butyl group, R? and R*!, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, and m and n, which may be the same or different, are each an integer having a value of 0 to 4,
with the proviso that m+n is at least 2, such as where the polysilane compound has a molecular weight,
calculated from the molecular formula of the polysilane compound, of 400 to less than 2000 g/mol, such as
400 to 1000 g/mol.

[0199] Clause 77. The polysilane compound of clause 76, wherein the primary amine-containing
aspartate comprises a reaction product of (a) a primary polyamine of the formula: (NH:)wZ!(NH>),, in which
Z! is a hydrocarbon group (ins some cases a divalent hydrocarbon group) that is optionally be substituted with
oxygen, nitrogen, sulfur, or a combination thereof, and m+n is an integer with a value of at least 2, such as 2

to 4, and (b) a maleic or fumaric acid ester of the formula (with both isomers as represented by wavy bonds):

R22

o /

0 E/O

22
R ~ /
(@) R®
R , in which each R%, which may be the same or different, represents an organic

groups that is inert towards isocyanate groups at temperatures of 100°C or less and each R*, which may be
the same or different, represents hydrogen or an organic groups that is inert towards isocvanate groups at

temperatures of 100°C or less.
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[0200] Clause 78. The polysilane compound of clause 77, wherein the primary polyamine comprises
cthylenediamine, 1,2-diaminopropane, 1,3-diaminopropane, 1,2-diaminobutane, 1,3-diaminobutane, 1,4-
diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-diaminooctane, 2,5-
diamino-2,5-dimethylhexane, 2,2,4-and/or 2.4 4-trimethyl-1,6-diaminohexane, 1.1 1-diaminoundecane, 1,12-
diaminododecane, bis-(3-aminopropyl) ether, 1,2-bis-(3-aminopropyloxy)ethane, 1,3-bis-(3-aminopropyloxy)-
2.2'-dimethylpropane, 1,2-bisaminocyclohexane, 1,3-bisaminocyclohexane, 1,4-bisaminocyclohexane, 1,3-
bisaminomethylcyclohexane, 1,4-bisaminomethyleyclohexane, 1,3-bisaminoethylcyclohexane, 1,4-
bisaminoethylcyclohexane, 1,3-bisaminopropylcyclohexane, 1,4-bisaminopropyleyclohexane, hydrogenated
4.4'-diaminodiphenylmethane, 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane, 2,4-and/or 2.6-
hexahydrotoluylene diamine, 2.4'-and/or 4.4'-diamino-dicyclohexyl methane, 3,3'-dimethyl-4.4'-diamino-
dicyclohexyl methane, propane-1,2.3-triamine, pentane-1,3,5-triamine, benzene-1,3,5-triamine,
isophoronediamine, menthanediamine, 1,4-bisaminopropylpiperazine, o-phenylenediamine, m-
phenylenediamine, p-phenylenediamine, 2,4-tolylenediamine, 2,6-tolylenediamine, 2,4-toluenediamine, 2.4'-
and/or 4,4'-diaminodiphenyl methane, m-aminobenzylamine, 4-chloro-o-phenylenediamine, tetrachloro-p-
xylylenediamine, 4-methoxy-6-methyl-m-phenylenediamine, m-xylylenediamine, p-xylylenediamine, 1,5-
naphthalenediamine, 2.6-naphthalenediamine, benzidine, 4.4'-bis(o-toluidine), dianisidine, 4.4'-
diaminodiphenylmethane, 2,2-(4,4'-diaminodiphenyl)propane, 4,4'-diaminodiphenyl ether, 4.4'-thiodianiline,
4.4'-diaminodiphenylsulfone, 4,4'-diaminoditolylsulfone, methylenebis(o-chloroaniline), 3,9-bis(3-
aminopropyl) 2,4,8,10-tetraoxaspiro[ 3,5 Jundecane, diethylenetriamine, iminobispropylamine,
methyliminobispropylamine, bis(hexamethylene)triamine, triethylenetetramine, tetracthylenepentamine,
pentacthylenehexamine, 1,4-bis(aminoethylpiperazine), 1,4-bis(aminopropylpiperazine), 2.6-diaminopyridine,
and bis(3.4-diaminophenyl)sulfone, relatively high molecular weight polvether polyamines containing
aliphatically bound primary amino groups (such as the JEFFAMINE® products commercially available from
Huntsman Corp.). and combinations of any two or more of any of the foregoing.

[0201] Clausc 79. The polysilanc compound of clausc 77 or clausc 78, whercin the malcic or
fumaric acid ester comprises maleic acid dimethyl ester, maleic acid diethyl ester, maleic acid di-n-buty] ester,
fumaric acid dimethyl! ester, fumaric acid diethyl ester, fumaric acid di-n-butyl ester, or a mixture of any two
or more thereof.

[0202] Clause 80. The polysilane compound of one of clause 76 to clause 79, wherein the
isocyanate-functional silane comprises 3-isocyanatopropyl-methyldimethoxysilane, 3-isocyanatopropyl-
trimecthoxysilanc, 3-isocyanatopropyl-tricthoxysilanc, a rcaction product of an active hydrogen-containing
silane, such as a hydroxyl, thiol, primary amine, or secondary amine functional silane, and a polyisocyanate,
in which the reaction product is an isocyanate-functional silane containing a urethane, thiourethane, urea, or

aspartic urea group, or a mixture of any two or more of any of the foregoing isocyanate-functional silanes.
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[0203] Clause 81. The polysilane compound of clause 80, wherein the polyisocyanate has the

OCN }—Z —[—NCO
m

group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group

structure: n, in which Z represents an organic group, in some cases a divalent organic

that includes a C, to Cis alkylene group or a Cs-Cs cycloalkylene group, and m and n, which may be the same

or different, are cach an integer having a value of 1 to 5, such as 1 to 3, or 1, such as where m+n is 2 to 10,

such as 2 to 4, or 2, and such as where Z in the foregoing polyisocyanate structure is:
®

s

) [ ]
O
X
. 1In which x has a value of 3 to 19:

CHZ X1

Py

CaHs (or H) , in which each X1, X2, X3 and X4, which

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200
to 1500;
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in which each " ®" represents a linkage to another portion of the polyisocyanate.

[0204] Clause 82. The polysilane compound of one of clause 80 or clause 81, wherein the
polyisocyanate comprises 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 1,3-xylylene diisocyanate, 1,4-
xvlvlene diisocyanate, 1,5-naphthalence diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate,
3.3'-dimethyl-4.4'-diphenylmethane diisocyanate, 4,4'-diphenylmethane diisocvanate, 3,3'-dimethylphenylene
diisocyanate, 4,4'-biphenylene diisocyanate, 1,6-hexane diisocvanate, isophorone diisocyanate,
methylenebis(4-cyclohexylisocyanate), 2,2.4-trimethylhexamethylene diisocyanate, bis(2-isocyanato-
ethyl)fumarate, 6-1sopropyl-1.3-phenyl diisocyanate, 4-diphenylpropane diisocyanate, hydrogenated
diphenylmethane diisocyanate, hydrogenated xylvlene diisocyanate, tetramethyl xylylene diisocyanate, lysine
1socyanate, a hexamethylene diisocyanate trimer, triphenylmethane-4,4',4"-triisocyanate, a hexamethylene
diisocyanate trimer, an aromatic polyisocyanate based on toluene diisocyanate, a polyisocyanurate of toluene
diisocyanate, or a combination of any two or more thereof.

[0205] Clause 83. A method for making the polysilane compound of one of clause 76 to clause 82,
comprising reacting the primary amine-containing aspartate and/or a polyaspartate with the isocyanate-
functional silane, optionally in the presence of a catalyst, to produce a polysilane compound comprising an
aspartate group.

[02006] Clause 84. The method of clause 83, wherein the optional catalyst comprises an organic
metal catalyst, an amine catalyst. or a combination thereof, such as where the catalyst comprises a copper
compound, such as copper naphthenate, a cobalt compound, such as cobalt naphthenate, a zinc compound,

such as zinc naphthenate, a bismuth compound, such as bismuth neodecanoate, a tin compound, such as di-n-
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butyl tin dilaurate, triethylamine, tricthylenediamine, DABCO, DMEA, or a combination of any two or more
of the foregoing.

[0207] Clause 83. The method of clause 83 or clause 84, wherein the reaction takes place at a
temperature of 10 to 120°C or 25 to 100°C.

[0208] Clause 86. The method of one of clause 83 to clause 85, wherein the primary amine-
containing aspartate and/or a polyaspartate with the isocvanate-functional silane are used in relative amounts
to provide a molar ratio of isocyanate-reactive groups to isocvanate groups of at least 1.1, such as more than
1:1to less than 1.5:1.

[0209] Clause 87. The method of one of clause 83 to clause 86, further comprising converting at
least some of the aspartate groups to a hydantoin group, wherein such conversion is carried out optionally in
the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic acid, a phenol, or a mixture
of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C, 75 to 105°C, 80° to 100°C,
90 to 120°C, or 100 to 120°C.

[0210] Clause 88. A polysilane compound (or the polysilane compound of one of clause 1 to clause

50) comprising a reaction product of reactants comprising: (a) isocvanate-functional silane having the

OCN‘GYZ)—YI—Si(X%
P ,in which (i) Y'

comprising 1 or more carbon atoms, such as where Y' comprises a linear or branched alkylene radical having

structure: represents a linear or branched linking group
1 to 8 carbon atoms, such as a linear alkylene radical having 2 to 4 or, in some cases, 3 carbon atoms, or a
branched alkylene radical having 5 to 6 carbon atoms, (ii) Y? represents a group of the structure:

o)

o —CG N—7Z2——e
H , in which G ® rcpresents a linkage to Y! and Z o

represents a linkage to N, and in which G is O, S. or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards
1socyanate groups at temperatures of 100°C or less, such as a hydrocarbon groupthat optionally contains
isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) p is 0 or 1, and (iv) each X!, which
may be the same or different, represents an alkoxy group or an organic group that is inert towards isocyanate
groups at temperatures of 100°C or less, with the proviso that at least one X' represents an alkoxy group, such
as where each X' represents an identical or different alkyl, acyloxy. or alkoxy group, such as an identical or

different alkyl, acyloxy, or alkoxyl group having 1 to 9 or 1 to 4 carbon atoms, with the proviso that at least
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one X! represents an alkoxy group; and (b) a polyaspartate of the structure — —Jminin

which (i) cach R?, which may be the same or different, represents an organic group that is inert towards
isocyanate groups at temperatures of 100°C or less, (ii) each R*, which may be the same or different, each
represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of 100°C or less, (i11)
Z represents an organic group, in some cases a divalent organic group, that is inert towards isocyanate groups
at temperatures of 100°C or less, such as a hydrocarbon group that includes a C; to Cis alkylene group or a
Cs-Cs cycloalkylene group, and (iv) m+n is 2 to 10, such as 2 to 4, or 2, such as where each R®, which may be
the same or different, represents an alkyl group, such as an alkyl group having 1 to 9 or 1 to 4 carbon atoms,
such as where each R*, which may be the same or different. represents a methyl group, an ethyl group, a
propyl group or a butyl group, such as where the polysilane compound has a molecular weight, calculated
from the molecular formula of the polysilane compound, of 400 to less than 2000 g/mol, such as 400 to 1000
g/mol.

[0211] Clause 89. The polysilane compound of clause 88, wherein the isocyanate-functional silane
comprises 3-isocyanatopropyl-methyldimethoxysilane, 3-isocyanatopropyl-trimethoxysilane, 3-
isocyanatopropyl-tricthoxysilane, a reaction product of an active hvdrogen-containing silane, such as a
hydroxyl, thiol, primary amine, or secondary amine functional silane, and a polvisocyanate, in which the
reaction product is an isocyanate-functional silane containing a urethane, thiourethane, urea, or aspartic urea
group, or a mixture of any two or more of any of the foregoing isocyanate-functional silanes.

[0212] Clause 90. The polysilane compound of clause 89, wherein the polyisocyanate has the

[ OCN]—Z+NCO ]
structure: m n_1n which Z represents an organic group, in some cases a divalent organic
group, that is inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group
that includes a C, to Cis alkylene group or a Cs-C cycloalkylene group, and m and n, which may be the same
or different, are cach an integer having a value of 1 to 3, such as 1 to 3, or 1, such as where m+n is 2 to 10,

such as 2 to 4, or 2, and such as where Z in the foregoing polyisocyanate structure is:
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° o
O
X
, In which x has a value of 3 to 19;

CHZ X1

may be the same or different, has a value of 1 to 10, provided that the structure has a molecular weight of 200

to 1500;

, In which each X1, X2, X3 and X4, which
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in which each " ®" represents a linkage to another portion of the polyisocyanate.

[0213] Clause 91. The polysilane compound of one of clause 89 or clause 90, wherein the
polyisocyanate comprises 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 1,3-xylylene diisocyanate, 1,4-
xvlvlene diisocyanate, 1,5-naphthalence diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate,
3.3'-dimethyl-4.4'-diphenylmethane diisocyanate, 4,4'-diphenylmethane diisocvanate, 3,3'-dimethylphenylene
diisocyanate, 4,4'-biphenylene diisocyanate, 1,6-hexane diisocvanate, isophorone diisocyanate,
methylenebis(4-cyclohexylisocyanate), 2,2.4-trimethylhexamethylene diisocyanate, bis(2-isocyanato-
ethyl)fumarate, 6-1sopropyl-1.3-phenyl diisocyanate, 4-diphenylpropane diisocyanate, hydrogenated
diphenylmethane diisocyanate, hydrogenated xylvlene diisocyanate, tetramethyl xylylene diisocyanate, lysine
1socyanate, hexamethylene diisocyanate trimers (such as is commercially available as Desmodur® N3300A
from Covestro), triphenylmethane-4,4',4"-triisocyanate (such as is commercially available as Desmodur® RE
from Covestro), hexamethylene diisocyanate trimers (such as is commercially available as Desmodur®
N3200 from Covestro), aromatic polyisocyanates based on toluene diisocyanate (such as is commercially
available as Desmodur® IL BA from Covestro), polyisocyanurates of toluene diisocyanate (such as is
commercially available as Desmodur® RC from Covestro), or a combination of any two or more thereof.
[0214] Clause 92. The polysilane compound of one of clause 88 to clause 91, wherein the
polyaspartate is a reaction product of a primary polyamine of the formula: (NH2)mZ'(NHz)s, in which Z' is a
hydrocarbon group that optionally contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination

thereof, and m+n 1s an integer with a value of at least 2, such as 2 to 4, and (b) a maleic or fumaric acid ester
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R22
0 O}/O
R22
o = R23
of the formula (with both isomers as represented by wavy bonds): R , In which

each R??, which may be the same or different, represents an organic groups that is inert towards isocyanate
groups at temperatures of 100°C or less and each R?*, which may be the same or different, represents
hydrogen or an organic groups that is inert towards isocyanate groups at temperatures of 100°C or less.

[0215] Clause 93. The polysilane compound of clause 92, wherein the primary polyamine comprises
ethylenediamine, 1,2-diaminopropane, 1.3-diaminopropane, 1,2-diaminobutane, 1.3-diaminobutane, 1.4-
diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-diaminooctane, 2,5-
diamino-2,5-dimethylhexane, 2.2.4-and/or 2,4 ,4-trimethyl-1,6-diaminohexane, 1,11-diaminoundecane, 1,12-
diaminododeccanc, bis-(3-aminopropyl) cther, 1,2-bis-(3-aminopropyloxy)cthanc, 1,3-bis-(3-aminopropyloxy)-
2.2'-dimethylpropane, 1,2-bisaminocyclohexane, 1,3-bisaminocyclohexane, 1,4-bisaminocyclohexane. 1,3-
bisaminomethylcyclohexane, 1.4-bisaminomethylcyclohexane, 1.3-bisaminoethylcyclohexane, 1,4-
bisaminoethylcyclohexane, 1.3-bisaminopropylcyclohexane, 1.4-bisaminopropylcyclohexane, hydrogenated
4 4'-diaminodiphenylmethane, 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane, 2.4-and/or 2,6-
hexahydrotoluylene diamine, 2,4'-and/or 4,4'-diamino-dicyclohexyl methane, 3,3'-dimethyl-4,4'-diamino-
dicyclohexyl methane, propane-1,2,3-triamine, pentane-1,3,5-triamine, benzene-1,3,5-triamine,
isophoronediamine, menthanediamine, 1,4-bisaminopropylpiperazine, o-phenylenediamine, m-
phenvlenediamine, p-phenylenediamine, 2,4-tolylenediamine, 2,6-tolylenediamine, 2,4-toluenediamine, 2,4'-
and/or 4,4'-diaminodiphenyl methane, m-aminobenzylamine, 4-chloro-o-phenylenediamine, tetrachloro-p-
xylylenediamine, 4-methoxy-6-methyl-m-phenylenediamine, m-xylylenediamine, p-xylylenediamine, 1,5-
naphthalenediamine, 2,6-naphthalenediamine, benzidine, 4,4'-bis(o-toluidine), dianisidine, 4,4'-
diaminodiphenylmethane, 2,2-(4.4'-diaminodiphenyl)propane, 4,4'-diaminodiphenyl ether, 4,4'-thiodianiline,
4.4'-diaminodiphenylsulfone, 4,4'-diaminoditolylsulfone, methylenebis(o-chloroaniline), 3,9-bis(3-
aminopropyl) 2.4,8.10-tetraoxaspiro[5,5Jundecane, dicthvlenetriamine, iminobispropylamine,
methyliminobispropylamine, bis(hexamethylene)triamine, triethylenetetramine, tetracthylenepentamine,
pentacthylenehexamine, 1.4-bis(aminoethylpiperazine), 1,4-bis(aminopropylpiperazine), 2,6-diaminopyridine,
and bis(3,4-diaminophenyl)sulfone, relatively high molecular weight polyvether polyamines containing
aliphatically bound primary amino groups (such as the JEFFAMINE® products commercially available from

Huntsman Corp.), and combinations of any two or more of any of the foregoing.
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[0216] Clause 94. The polysilane compound of clause 92 or clause 93, wherein the maleic or
fumaric acid ester comprises maleic acid dimethyl ester, maleic acid diethyl ester, maleic acid di-n-butyl ester,
fumaric acid dimethyl ester, fumaric acid diethyl ester, fumaric acid di-n-butyl ester, or a mixture of any two
or more thereof.

[0217] Clause 95. A method for making the polysilane compound of on¢ of clause 88 to clause 94,
comprising reacting the isocvanate-functional silane and the polyaspartate, optionally in the presence of a
catalyst, to produce a polysilane compound comprising an aspartate group.

[0218] Clause 96. The method of clause 95, wherein the optional catalyst comprises an organic
metal catalyst, an amine catalyst, or a combination thereof, such as where the catalyst comprises a copper
compound, such as copper naphthenate, a cobalt compound, such as cobalt naphthenate, a zinc compound,
such as zinc naphthenate, a bismuth compound, such as bismuth neodecanoate, a tin compound, such as di-n-
butyl tin dilaurate, triethylamine, triecthylenediamine, DABCO, DMEA, or a combination of any two or more
of the foregoing.

[0219] Clause 97. The method of clause 95 or clause 96, wherein the reaction takes place at a
temperature of 10 to 120°C or 25 to 100°C.

[0220] Clause 98. The method of one of clause 95 to clause 97, wherein the primary amine-
containing aspartate and/or a polyaspartate with the isocvanate-functional silane are used in relative amounts
to provide a molar ratio of isocyanate-reactive groups to isocvanate groups of at least 1.1, such as more than
1:1to less than 1.5:1.

[0221] Clause 99. The method of one of clause 95 to clause 98, further comprising converting at
least some of the aspartate groups to a hydantoin group, wherein such conversion is carried out optionally in
the presence of a catalyst, such as a Bronsted acids, a carboxylic acid, a sulfonic acid, a phenol, or a mixture
of any two or more thereof, at a reaction temperature of 0 to 200°C, 70 to 130°C, 75 to 105°C, 80° to 100°C,
90 to 120°C, or 100 to 120°C.

[0222] Clausc 100. A composition, such as a radiation curablc composition, comprising: (a)
polysilane compound of any one of clause 1 to clause 56, clause 62 to clause 70, clause 76 to clause 82, or
clause 88 to clause 94, or (b) a polysilane compound produced by the method of any of clause 57 to clause 61,
clause 71 to clause 75, clause 83 to clause 87, or clause 95 to clause 99.

[0223] Clause 101. The composition of clause 100, wherein the polysilane compound is present is
an amount of 0.01 to 99% by weight, 0.1 to 20% by weight. 1 to 50% by weight, 5 to 30% by weight, 40 to
70% by weight, 60 to 80% by weight, 65 to 99% by weight, or 0.01 to 20 % by weight, bascd on the total
weight solids in the composition.

[0224] Clause 102. The composition of clause 100 or clause 101, wherein the composition further
comprises (b) an cthylenically unsaturated oligomer, such as an ethylenically unsaturated oligomer having a

number average molecular weight (Mn) of 1000 g/mol to 35,000 g/mol, 1000 g/mol to 30,000 g/mol, 1000
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g/mol to 25,000 g/mol, 1000 g/mol to 20,000 g/mol, 2,200 to 10,000 g/mol, or 2,200 to 5,500 g/mol, as
measured by size exclusion chromatography (SEC).

[0225] Clause 103. The composition of clause 102, wherein the ethylenically unsaturated oligomer
comprises a urcthane (meth)acrylate oligomer, comprising a (meth)acrylate group, a urethane group and a
backbone, such as where the backbone is a reaction product of: (1) a polyol, such as a diol, (2) a
polyisocvanate, such as a diisocyanate, and (3) a hydroxyl group-containing (meth)acrylate.

[0226] Clause 104. The composition of clause 103, wherein the polyol comprises a polyether polyol,
a polyester polyol, a polycarbonate polvol, a polycaprolactone polyol, an acrylic polyol, or a mixture of any
two or more thereof, such as where the polyol comprises a polypropylene glycol.

[0227] Clause 105. The composition of clause 103 or clause 104, wherein the number average
molecular weight derived from the hydroxyl number of the polyol is 50 to 15.000 g/mol or 1,000 to 8,000
g/mol.

[0228] Clause 106. The composition of one of clause 103 to clause 105 wherein the polyisocyanate
used to prepare the urcthane acrylate oligomer comprises 2.4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
1.3-xvlvlene diisocyanate, 1,4-xylylene diisocyanate, 1,5-naphthalene diisocyanate, m-phenylene

diisocyanate, p-phenylene diisocyvanate, 3.3'-dimethyl-4,4°'-diphenylmethane diisocyanate, 4,4'-
diphenylmethane diisocyanate, 3,3'-dimethylphenylene diisocyanate, 4,4'-biphenylene diisocyanate, 1,6-

hexane diisocyanate, isophorone diisocyanate, methylenebis(4-cyclohexvlisocyanate), 2,2,4-
trimethylhexamethylene diisocyanate, bis(2-isocyanato-ethyl)fumarate, 6-isopropyl-1,3-phenyl diisocyanate,
4-diphenylpropane diisocyanate, hydrogenated diphenylmethane diisocyanate, hydrogenated xylylene
diisocyanate, tetramethyl xylylene diisocvanate, lysine isocyanate, hexamethylene diisocyanate trimers (such
as is commercially available as Desmodur® N3300A from Covestro), triphenylmethane-4.4' 4"-triisocyanate
(such as is commercially available as Desmodur® RE from Covestro), hexamethylene diisocyanate trimers
(such as is commercially available as Desmodur® N3200 from Covestro), aromatic polvisocyanates based on
toluene diisocyanate (such as is commercially available as Desmodur® IL BA from Covestro),
polyisocyanurates of toluene diisocyanate (such as is commercially available as Desmodur® RC from
Covestro), as well as combinations of any two or more thereof.

[0229] Clause 107. The composition of one of clause 103 to clause 106, wherein the hydroxyl
group-containing (meth)acrylate used to prepare the urethane (meth)acrylate oligomer comprises a
(meth)acrylate derived from (meth)acrylic acid and/or an epoxy (meth)acrylate comprising an alkylene oxide,
such as 2-hydroxy ethyl(meth)acrylate, 2-hydroxypropylacrylate and 2-hydroxy-3-oxyphenyl(meth)acrylate.
[0230] Clause 108. The composition of one of clause 103 to clause 107, wherein the polyol, the
polyisocyanate, and the hydroxyl group-containing (meth)acrylate used to prepare the urethane (meth)acrylate

oligomer are used in relative amounts such that 0.1 to 0.9 equivalents of a hydroxyl group included in the
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hydroxvl group-containing (meth)acrylate and 1.0 to 1.5 equivalents of total hydroxyl groups present from the
polyol and the hydroxyl group-containing (meth)acrylate are used for one equivalent of isocyanate group
included in the polyisocyanate.

[0231] Clause 109. The composition of one of clause 102 to clause 108, wherein the ethylenically
unsaturated oligomer is present in an amount of 5 to 95% by weight, 10 to 90% by weight, 10 to 80% by
weight, 30 to 95% by weight, 30 to 90% by weight, 65 to 95% by weight, or 50 to 80% by weight, based on
the total weight of solids in the composition.

[0232] Clause 110. The composition of one of clause 100 to clause 109, wherein the composition
further comprises (¢) a reactive diluent compound comprising one or more cthylenically unsaturated groups.
[0233] Clause 111. The composition of clause 110, wherein the reactive diluent comprises one
double bond, such as an alkyl or hydroxyalkyl (meth)acrylate, such as methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, isobornyl
(meth)acrylate, lauryl (meth)acrylate, ethoxylated nonyl-phenol (meth)acrylate, phenoxyethyl (meth)acrylate,
diethylene-glycol-ethyl-hexyl acylate (DEGEHA), acrylonitrile, acrylamide, methacrylamide, an N-
substituted (meth)acrylamide, a vinyl ester (such as vinyl acetate), styrene, an alkylstyrene. a halostyrene, a N-
vinylpyrrolidone. a N-vinyl caprolactam. a vinyl chloride, a vinylidene chloride, or a mixture of any two or
more thereof.

[0234] Clause 112. The composition of clause 111, wherein the reactive diluent comprises more
than one double bond, such as ethylene glycol di(meth)acrylate, propylene glycol di(meth)acrylate, neopentyl
glycol di(meth)acrylate, hexamethylene glycol di(meth)acrylate, bisphenol A di(meth)acrylate, 4,4'-bis(2-
acrvloyloxyethoxy)diphenylpropane, trimethylolpropane tri(meth)acrylate, pentaerythritol tri(meth)acrylate,
pentaerythritol tetra(meth)acrylate. vinyl (meth)acrylate, divinyl benzene, divinyl succinate, diallyl phthalate,
triallyl phosphate, triallyl isocyanurate, tris(2-acryloylethyl)isocyanurate, or a mixture of any two or more
thereof.

[0235] Clausc 113. The composition of any onc of clausc 110 to clausc 112, wherein the reactive
diluent is present in an amount of 5 to 90% by weight, 10 to 90% by weight, 10 to 80% by weight, or, in some
cases, 10 to 60% by weight, 10 to 40% by weight, or 10 to 30% by weight, based on the total weight of solids
in the composition.

[0236] Clause 114. The composition of any one of clause 100 to clause 113, wherein the
composition further comprises (d) a photoinitiator, such as where the sum of the amount of polysilane
compound and photoinitiator is 1 to 99% by weight, bascd on the total wcight of solids in the composition.
[0237] Clause 115. The composition of clause 114, wherein the photoinitiator comprises an
acylphosphine oxide, such as a bisacylphosphine oxide (BAPO) and/or a monoacylphosphine oxide (MAPO),

an o-hydroxy ketone, or a mixture of any two or more thercof.
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[0238] Clause 116. The composition of clause 115, wherein the photoinitiator comprises a

bisacvlphosphine oxide having the structure:

Rs
0 O
N\l
P C Rs;
Rso
Rs) Rsy
2

in which wherein Rso 1s Ci-Ci2 alkyl, cyclohexyl or phenyl, which is unsubstituted or is substituted by 1 to 4
halogen atoms, or C;-Cs alkyl; Rs; and Rs: are each independently of the other C;-Cs alkyl or C;-Cs alkoxy:
Rs; 1s hydrogen or C1-Cs alkyl; and Rsa is hydrogen or methyl, such as where the bisacylphosphine oxide
comprises bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide, bis(2,4,6-trimethylbenzoyl)-(2,4-bis-
pentyloxyphenyl)phosphine oxide, or a mixture thereof.

[0239] Clause 117. The composition of one of clause 114 to clause 116, wherein the photoinitiator is
present in an amount of 0.1 to 10 % by weight, such as 0.1 to 5 % by weight, or, in some cases, 1 to 5 % by
weight, based on the total weight of the radiation curable composition.

[0240] Clause 118. The composition of one of clause 100 to clause 117, wherein the composition
further comprises (¢) gamma-mercaptopropyltrimethoxysilane, trimethoxysiliylpropyl acrylate, 3-
trimetoxysilylpropane-1-thiol, an ethylenically unsaturated silane comprising: (a) a moiety of the structure (1):

Y—Si(X)s (1); and

(bl) a moiety of the structure (2):

O
\NLN/
H H

R3

\

R4

\ OR!

OR? (2). or

AN

(b2) a moiety of the structure (3):
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R OR! (3): or

(b3) a combination of a moicty of the structure (2) and a moiety of the structure (3), in which (1) Y represents
a linear or branched linking group comprising 1 or more carbon atoms, (ii) each X, which may be the same or
different, represents an alkoxy group or an organic group that is inert towards isocyanate groups at
temperatures of 100°C or less, with the proviso that at least one X represents an alkoxy group, (iii) R! and R?,
which may be the same or different, cach represent an organic group that is inert to isocyanate groups at

temperatures of 100°C or less; (iv) R* and R*, which may be the same or different, ecach represent hydrogen or

an organic group that is inert to isocyanate groups at temperatures of 100°C or less; and (v) each " o
represents a linkage to another portion of the ethylenically unsaturated silane.
[0241] Clause 119. The composition of one of clause 100 to clause 118, wherein the composition

has atotal silane content (determined as described in the Examples section of this specification) of up to 10
mmol, such as 1 to 10 mmol, 1 to 8 mmol, or, in some cases 2 to 6 mmol. per 100 gram of the radiation
curable composition and/or the composition has a total content of urea+urethane (determined as described in
the Examples section of this specification) of 20 to 200 mmol, such as 30 to 150 mmol, or, in some cases 40
to 100 mmol, per 100 gram of the composition.

[0242] Clause 120. The composition of one of clause 100 to claim 119, wherein the composition
further comprises an additive that comprises a photosensitizer, a radiation cure amine synergist, a UV
absorber, an antioxidant, a UV stabilizer, a thermo stabilizer, an adhesion promoter, a filler material, a train
transfer thiol compound, a surface active compound, a viscosity modifier, an additional addition promoter, a
water scavenger, such as TEOS and orthoformate, an oxygen quencher or a functional material, such as
pigments, dyes, photochromic dyes, laser dyes, liquid crystals, light emitting materials, nano materials,
quantum dots, fluorescent materials, dichroic dyes, antistatic materials, refractive index modifier and bioactive
materials.

[0243] Clause 121. The composition of one of clause 100 to clause 120, wherein the composition
further comprises organic solvent.

[0244] Clause 122. The composition of one of clause 100 to clause 121, wherein the composition
has a viscosity of at least >0.1 Pascal seconds (Pa-s), at least 0.2, at least 0.5, at least 1 Pa's, and/or less than
15 Pa-s, less than 12 Pa-s, or less than 10 Pa-s, or 1 to 15 Pa‘s, 2 to 12 Pa's, or 3 to 10 Pa's, wherein viscosity

1s measured at 25 °C and a shear rate of 2500 s-1.

-108-



WO 2025/147337 PCT/US2024/057392

[0245] Clause 123. A cured coating formed from the composition of one of clause 100 to clause
122.
[02406] Clause 124. A substrate at least partially coated with a cured coating of clause 123, such as

where the substrate comprises an optical fiber.

[0247] Clause 125. The substrate of clause 124, further comprising a secondary coating in contact
with and surrounding the cured coating and, optionally, an ink layer disposed on the secondary coating,.
[0248] Clause 126. The substrate of clause 124 or clause 125, wherein the cured coating has a
tensile modulus of less than less than 5 MPa, less than 2 MPa, less than 1.5 MPa, or less than 1.0 MPa.
[0249] Clause 127. The substrate of any one of clause 124 to clause 126, wherein the cured coating
exhibits a peel strength of at least 40 gf/in, or at least 55 gf/in, when measured at least 7 days after as
described in the Examples section of this specification.

[0250] Clause 128. The substrate of any one of clause 124 to clause 127, wherein the cured coating
exhibits an elongation at break of at least 35 %, such as at least 50%, when measured as described in the
Examples section of this specification.

[0251] Clause 129. A method for coating an optical fiber comprising: (a) providing a glass optical
fiber. such as by drawing a glass optical fiber through a draw tower; (b) applying a primary coating
composition onto the surface of the glass optical fiber; (c) optionally, imparting a dose of UV light sufficient
to at least partially cure said primary coating composition; (d) applving a secondary coating composition to
the primary coating composition; (¢) exposing the secondary coating composition to at least one radiation
source capable of emitting ultraviolet radiation to affect curing of said secondary coating composition and,
optionally, said primary coating composition, wherein the primary coating composition and/or the secondar
coating composition comprises a composition of any one of clause 100 to clause 122.

[0252] Clause 130. A coated optical fiber comprising: (a) a glass core and a cladding layer in contact
with and surrounding said glass core; and (b) a coating portion at least partially coating the cladding layer, the
coating portion comprising: (i) a primary coating laycr in contact with said cladding laycr; and (ii) a
secondary coating layer in contact with and surrounding said primary coating layer, wherein the primary
coating layer and/or the secondary coating layer is a cured product of a composition of any one of clause 100
to clause 122.

[0253] Clause 131. The coated optical fiber of clause 130, wherein the core comprises pure silica
glass (S10-) or silica glass with one or more dopants, such as where the dopants comprise GeO-, Al>Qs, P,0s,
Ti0;, ZrO;, Nb2Os, Ta,0s, or a combination of any two or morc thercof.

[0254] Clause 132. The method of clause 129 or the coated optical fiber of clause 130 or clause 131,
wherein the cured primary coating has an in-situ glass transition temperature of less than —35°C, less than
—40°C, less than —45°C, or not more than —50°C, and/or the cured primary coating has a thickness of 20 to 50

um, 20 to 40 pm, 20 to 30 pm, 25 or 32.5 pum, or 15 to 25 um.
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Clause 133. The method of clause 129 or clause 132 or the coated optical fiber of one of

clause 130 to clause 131, wherein the secondary coating exhibits an in-situ tensile modulus of greater than
800 MPa, greater than 1110 MPa, greater than 1300 MPa, greater than 1400 MPa, or greater than 1500 MPa,
1000 MPa to 8000 MPa, 1200 MPa to 5000 MPa, or 1500 MPa to 3000 MPa, and/or an in-situ Tg of 50°C to
120°C or 50°C to 100°C, and/or a thickness of no more than 40 um, 20 to 40 pum, or 20 to 30 um.

[0256]

Clause 134. The coated optical fiber of one of clause 130 to clause 131, wherein the coated

optical fiber possesses a mode-field diameter from 8 to 10 pm at a wavelength of 1310 nm, a mode-field

diameter from 9 to 13 pum at a wavelength of 1550 nm, and/or an effective area of 20 to 200 um”.

[0257]

The non-limiting and non-exhaustive examples that follow are intended to further describe

various non-limiting and non-exhaustive implementations without restricting the scope of the implementations

described in this specification.

Table 1 — Materials Used

EXAMPLES

Component Chemical Descriptor Trade name (Supplier/Manufacturer
DBTDL Dibutyltin Dilaurate DABCO T-12 EVONIK
BHT Butylated hydroxytoluene Acros
AQI 2-Isocyanatocthyl acrylate AOQI-VM Karenz
TDI 2 4-diisocyanato-1-methyl-benzene DES%SI;E RT Covestro
ACCLAIM
PPG-4000 Polypropylene glycol POLYOL 4200 Covestro
PPG 725 Polypropylene glycol ARCOL PPG 725 Covestro
A polyaspartate of the type described| DESMOPHEN
NH-1723LF by structure (12) NH 1723LF Covestro
IPDA Isophorone diamine Sigma-Aldrich
HEA 2-Hydroxyethyl acrylate BASF
Diethyl maleate Diethyl maleate Acros
KBM-903 3-Aminopropyltrimethoxysilane KBM-903 Shin-Etsu Silicone
TMSPI 3-Isocyanotopropyltrimethoxysilane Gelest
PEA 2-Propenoic acid, 2-phenoxyethyl AgiSyn 2832 Covestro
ester
. - 2-methyl-4,6-
Antioxidant 1520 bis(octylsulfanylmethylyphenol Irganox 1520 BASF
Diphenyl(2,4,6-
PO trimethylbenzoyl)phosphine oxide Speedeure TPO Lambson
Acrylated Silane TMPSA | 3-(Trimethoxysilyl)propyl acrylate KBM-5103 Shin-Etsu
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1,6-
o . -Bis(tri xysilyl)hes |
Bis(trimethoxysilylhexane 1,6-Bis(trimethoxysilyl)hexane Gelest
Bis(3- Bis(3-trimethoxysilylpropyl)amine Gelest

trimethoxysilylpropyl)amine
N.N'-Bis[(3-trimethoxysilyl) N,N'-Bis[(3-trimethoxysilyl)

o o Gelest
propyljethylenediamine propyl]ethylenediamine cles
Jeffamine T-403 Polyetheramine Jeffamine T-403 Huntsman
[0258] Many materials used herein were made resulting in a mixture having a statistical distribution

of molccular weight that can be casily recognized by those skilled in the art. The structurcs in this scction, and

elsewhere herein, only show the designed averaged, or "ideal” structure, unless otherwise noted.

Example 1: Synthesis of Mono-aspartic Precursor

[0259] IPDA (149 g, 0.87 mol) was added to a four-necked flask (1000 mL), purged with dry air, and
cooled to 5 °C using an ice bath. Diethyl maleate (152 g, 0.88 mol) was then added dropwise, keeping the
mixture below 10 °C. Upon addition the mixture was stirred for 2 hours and allowed to warm up to 20-25 °C
to yield the final product mixture comprising a structure (A) as a viscous liquid. The product was then

available to be used in subsequent formulation without further purification. The structure (A) appears below:

o
e
HzN N O
o0
(A)

Example 2: Synthesis of Tri-aspartic Precursor

[0260] Jeffamine T-403 (240 g, 0.5 mol) and BHT (0.5g, 1000 ppm) was added to a four-necked
flask (1000 mL) and purged with dry air. Diethyl maleate (260 g, 1.5 mol) was then added dropwise. Upon
addition the mixture was stirred for 6 hours and stored for 6 months to yield the final product mixture
comprising a structure (B) as a viscous liquid. The product was then available to be used in subsequent

formulation without further purification. The structure (B) appears below:
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o
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HN O~
j\\ 0
A,
HN{J\/Ox OJ%NH
i L
o) o)
0“0 00
] "
(x+y+2)=5-6 (B)

Example 3: Synthesis of Silane Precursor

[0261] KBM-903 (182 g, 1 mol) was placed in a four-necked flask (500 ml) and then cooled down to
0-5 °C (ice bath) under nitrogen before the addition of diethyl maleate (175 g, 1 mol) dropwise. The resulting
mixture was then stirred at 0-10 °C for 3 hours to vield the final product mixture comprising a structure (C) as
a viscous liquid. The product was then available to be used in subsequent formulation without further

purification. The structure (C) appears below:

o
LO—
HN S0
< ©)

Example 4: Svnthesis of Ethvlenically Unsaturated Silane Monomer (ME-01)

[0262] To create ME-01, the silane precursor of Example 3 (70.2 g, 0.2 mol) was placed in a four
necked flask (250 ml) and purged with a gaseous mixture consisting of air and nitrogen in a 3:1 ratio by
volume. Then DBTDL (0.06 g, 600 ppm), BHT (0.10 g, 1000 ppm), and AOI (28.6 g, 0.20 mol) were each
added sequentially. While still under the purge of the 3:1 air/nitrogen mixture, the reaction mixture was
further stirred at 70 °C for another 2-4 hours to yield the final product mixture comprising a structure (D) as a
viscous liquid. The product was then available to be used in subsequent formulation without further

purification. The structure (D) appears below:
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Example 5: Svnthesis of Polysilane Compound (ME-02)
[0263]

To create ME-02, TMSPI (55g, 0.27 mol) was placed in a four-necked flask (500 ml), purged
with dry air, and stirred. The mono-aspartic precursor of Example 1 (45g, 0.13 mol) was then added

dropwise, keeping the temperature below 45°C. The resulting mixture was then stirred at 60 °C for 4 hours to
yield the final product mixture comprising a structure (E) as a viscous liquid. The product was then available

to be used in subsequent formulation without further purification. The structure (E) appears below:

O 0O ~
S NN o
\O' i N \n/ N N/\/\Si' ~
~0 H l
O 0 O\
O
o ok \l

(E)

Example 6: Svnthesis of Polysilane Compound (ME-03)
[0264]

To create ME-03, NH-1723LF (117g, 0.2 mol) was placed in a four-necked flask (500 ml),
purged with dry air, and stirred. TMSPI (83g, 0.4 mol) was then added and the resulting mixture was stirred at
60°C for 16 hours. The mixture was then stirred at 70°C for 12 hours to yield the final product mixture
comprising a structure (F) as a viscous liquid. The product was then available to be used in subsequent

formulation without further purification. The structure (F) appears below:

0 0]
o AP QPPN
e \S|i/\/\H N N H/\/\Slr ~
0K ” o<

0 O O 0]

Example 7: Svynthesis of Polysilane Compound (ME-04)

[0265]

(F)

To create ME-04, TDI (29g, 0.2 mol) was placed in a four-necked flask (500 ml), purged with

dry air, and stirred. The silane precursor of Example 3 (59g, 0.2 mol) was then added dropwise, keeping the
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temperature below 45°C. The resulting mixture was then stirred for 1 hour. TMSPI (34g, 0.2 mol) and PPG
725 (128g, 0.2 mol) were then added to the mixture and stirred at 20-25°C for 15 minutes. DBTDL (0.2g, 600
ppm) was then added and the resulting mixture was then stirred at 60°C for 2 hours to vield the final product
mixture comprising a structure (G) as a viscous liquid. The product was then available to be used in

subsequent formulation without further purification. The structure (G) appears below:

£

o 7~
o\ Q i 0 H H N scl;)"o\
e \Si/\/\NJl(O \n/ \Ir NN I‘O
o H X 0 O '
~ PPG 725

(G)

Example 8: Synthesis of Polysilane Compound (ME-05)
[0266] To create ME-05, TDI (38¢g, 0.2 mol) and PPG 725 (84g, 0.1 mol) were placed in a four-
necked flask (500 ml), purged with dry air, and stirred for 15 minutes. DBTDL (0.12g, 600 ppm) was then

added with active cooling and stirred at 70°C for 1 hour. The silane precursor of Example 3 (77g, 0.2 mol)
was then added to the mixture and stirred at 60°C for 1 hour to yield the final product mixture comprising a

structure (H) as a viscous liquid. The product was then available to be used in subsequent formulation

<)

0 O
OZS_);O -
0 0 o
09/ M /©\/ oK NN 8O~
NGNS N N7 Yo g Y NP
5 i H x 0 o |
7 PPG 725
o 0

0O Q

(7 w

Example 9: Synthesis of Polysilane Compound (ME-06
[0267] To create ME-06, ME-03 (100g) was placed in a four-necked flask (500 ml) and

purged with dry air. The resulting mixture was then heated to 70-80°C before the addition of acrylic acid (g,

without further purification. The structure (H) appears below:

1%). The resulting mixture was then stirred at 85°C for 1-2 hours to vield the final product mixture
comprising a structure (I) as a viscous liquid. The product was then available to be used in subsequent

formulation without further purification. The structure (I) appears below:
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O 0

Example 10: Synthesis of Polysilane Compound (ME-07)
[0268] To create ME-07, ME-04 (128¢g) was placed in a four-necked flask (500 ml) and purged with

dry air. The resulting mixture was then heated to 70-80°C before the addition of acrylic acid (1.2g, 1%). The
resulting mixture was then stirred at 85°C for & hours to vield the final product mixture comprising a structure
(J) as a viscous liquid. The product was then available to be used in subsequent formulation without further

purification. The structure (J) appears below:

Example 11: Synthesis of Polysilane Compound (ME-08
[0269] To create ME-08, ME-05 (145g) was placed in a four-necked flask (300 ml) and purged with

dry air. The resulting mixture was then heated to 70-80°C before the addition of acrylic acid (1.5g, 1%). The
resulting mixture was then stirred at 85°C for 5-6 hours to yield the final product mixture comprising a
structure (K) as a viscous liquid. The product was then available to be used in subsequent formulation without

further purification. The structure (K) appears below:
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Example 12: Synthesis of Polysilane Compound (ME-09)
[0270]

To create ME-09, tri-aspartic precursor of example 2 (124g, 0.12 mol) was placed in a four-
necked flask (500 ml) and purged with dry air. TMSPI (77g, 0.38 mol) was then added and the
resulting mixture was stirred at 70°C for 12-14 hours to yield the final product mixture comprising a

structure (L) as a viscous liquid. The product was then available to be used in subsequent formulation without

further purification. The structure (L) appears below:

O
~, Q Q e
O\(l)/\/\ PR {J\,O)\j%(,o\)} N /\/\9,0
7S N“ N 2 INT N ST
0 O 0 O«
o O

(x+y+z)=5-6 (L)

Example 13: Svnthesis of Oligomer 1
[0271]

To create Oligomer 1, a mixture of PPG 4000 (3474 g, 0.9 mol), TDI (313 g, 1.8 mol), and
BHT (1000 ppm) was placed in a four-necked flask (5000 ml) and purged with dry air. The resulting mixture
was then stirred at 20-25°C for 15 mins before the addition of mixture of DBTDL (400 ppm). The resulting
mixture was then stirred without external heat for 15 minutes, then stirred at 60°C for 1-2 hours. Then HEA
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(208 g, 1.8 mol) was added. While still under the purge of dry air, the reaction mixture was stirred at 85°C for
another 1-2 hours to yield the final product mixture comprising a structure (M) as a viscous liquid. The
product was then available to be used in subsequent formulation without further purification. The structure

(E) appears below:

O O (@]
S e A L e & a e

PPG 4000 (M)

Example 14: Synthesis of Oligomer 2
[0272] To create Oligomer 2, a mixture of PPG 4000 (74.3 kg, 19.1 mol), HEA (2.2 kg, 19.1 mol),
BHT (1000 ppm), acrylic acid (40g, 0.56 mol), TDI (3.3 kg, 19.1 mol), and DBTDL (800 ppm) were added

scquentially to a batch reactor (180 L). The resulting mixture was then stirred at 70°C for 2-4 hours to yield
the final product mixture comprising a structure (N) as a viscous liquid. The product was then available to be

used in subsequent formulation without further purification. The structure (N) appears below:

O 0
/\g’o\/\OJLHj@\”JL(“OJ\‘);OH

PPG 4000 (N)

Example 15: Synthesis of Oligomer 3
[0273] To create Oligomer 3, a mixture of TDI (7.22g. 0.04 mol) and BHT (0.10g, 1000 ppm) was

placed in a four-necked flask (250 ml) and then purged with a gaseous mixture consisting of air and nitrogen
in a 3:1 ratio by volume. The resulting mixture was then stirred at 20-25°C for 10 mins before the addition of
mixture of DBTDL (0.03g, 300 ppm), HEA (2.40g, 0.02 mol) and the silane precursor of Example 3 (7.28g,
0.02 mol). The resulting mixture was then stirred at 60°C for 1 to 2 hours. Then, DBTDL (0.03g. 300 ppm)
and PPG 4000 (82.9g, 0.02 mol) were added sequentially. While still under the purge of the 3:1 air/nitrogen
mixture, the reaction mixture was further stirred at 85°C for another 2 hours to yield the final product mixture
with an average structure (O) as a viscous liquid. The product was then available to be used in subsequent

formulation without further purification. The structure (O) appears below:
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[001] PPG4000 (0)
Table 2 - Reactants for ME-01 to ME-09 (in mole ratios)
Reactant (e/mol) ME-01 | ME-02 | ME-03 | ME-04 | ME-05 | ME-06 [ ME-07 | ME-08 | ME-09
AOI 141.1 1 - - - - - - -- -
TMSPI 2053 - 2 2 1 - 2 1 -- 3
TDI 17420 - - -- 1 2 - 1 2 -
Desmophen NH-
1793LF 57718 - - 1 - - 1 - - -
PPG 725 ~725 - - -- 1 | - 1 1 -
Silane Precursor .
of Example 3 35135 1 - -- 1 2 - 1 2 -
Mono-aspartic
Precursor of 3425 -- 1 -- -- -- -- -- -- --
Example 1
Tri-aspartic
Precursor of 9927 -- -- - -- -- -- -- - 1
Example 2
Table 3 - Reactants for Oligomers 1-3 (in mole ratios)

Reactant MW (g/mol) 1 2 3

TDI 174.2 2 1 2

HEA 116.1 2 1 1

PPG 4000 ~4000 1 1 1

Silane Precursor of Example 3 3515 -- - 1
[0274] The synthesis of the polysilanes above which may be considered as part of an aspartate silane

component are expected to be useful in a composition for coating an optical fiber, such as a primary coating

composition for coating an optical fiber. To exhibit this further, a subset of these polysilanes was used to

create a variety of compositions, which were formulated and evaluated as described below. Such

compositions below are formulated alongside appropriate controls utilizing select oligomers described above

which may or may not contain additional silane functionality or additional aspartate functionality.
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Formulations 1-38

[0275] Each of the formulations described in Tables 4A-41 was prepared by mixing a 100g sample in
a 100 ml mixing cup suitable for use with a SpeedMixer™. Specifically, the oligomer and monomer
components, not including silane containing oligomer and/or monomer, were mixed in addition to the other
components as specified in Tables 4A-41 below. Upon addition to the cup, the cup was closed and mixed in a
SpeedMixer ™ DACI150FVZ at 3000 RPM for 3 minutes. After this, the mixing operation was stopped, and
the resulting mixture was transferred to a suitable receptacle and then heated to 60 °C in an oven and
maintained at this temperature for about 6 hours to ensure complete dissolution of all components. The sample
was then removed from the oven and mixed again for three additional minutes in the SpeedMixer again via
the same method. after which the silane containing monomer was added, resulting in 100 g total. Finally, the
mixture was mixed again for an additional 3 minutes in the SpeedMixer again via the same method.

[0276] These formulations were next characterized according to their respective total silane content
and total urea + urethane content per the methodology described below. Then, all formulations were tested
according to the methods described below to determine their peel strength, elongation percentage, film
modulus, toughness, tensile strength, and viscosity. Unless otherwise shown, values for total silane content are
rounded to one decimal place and values for the urca + urcthane content are rounded to the nearest whole
number. Film modulus, toughness, and tensile strength values, meanwhile, have been rounded to two decimal
places. Viscosity is presented to the nearest one centipoise unit. Finally, elongation percentage values are
presented as rounded to the nearest 1%. Values for each of these measured characteristics are reported in
Tables 4A-41 below.

[0277] The "Total Silane" for a given composition was determined by first calculating the amount of
moles of silane groups (in which "silane groups" refers to groups of the structure Si(X)s, in which X
represents an alkoxy group or an organic group that is inert towards isocyanate groups at temperatures of
100°C or less, with the proviso that at least one X represents an alkoxy group) in each silane containing

componcent (Y) in accordance with the following cxpression:
N Wt
MW

where Wt = the amount by weight of the respective component Y relative to 100g of the total associated

* 1000

composition; N = the number of silane groups present in one molecule of component Y; and MW is the
theoretical molecular mass of component Y (in g/mol). The total silane content is reported in units of
mmol/100g. The theoretical molecular mass values for the reactants used in creating the monomers and
oligomers (including the silane containing monomers, polysilanes, and oligomers) of the formulations herein
are reported in Tables 2-3.

[0278] Then, the value for total silane for the entire composition was calculated by adding up the
values of moles of silane groups for each silane-containing component according to the following expression:
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n

EYL- =Y+ +Ys+ Y,

i=1
[0279] The values for total silane herein are reported in units of mmol/100g. The values for total
silane may be optionally expresses in units of mol/100g by dividing the summed value by 1000, although
unless specifically noted, the values herein are not reported in this fashion. For clarity, where "equivalents” or
"milliequivalents” is specified herein, unless otherwise noted, the value is to be interpreted in reference to
100g of the composition with which it is associated. Total silane values for cach formulation are presented in
Table 4A-41 below.
[0280] It should be noted that if the complete recipe of a composition is not known ex ante, the
equivalents of silane moieties may be determined analytically via any suitable method as will be appreciated
by the skilled artisan to which this invention applies, such as via size exclusion chromatography (SEC),
infrared spectroscopy, HPLC, GC, MALDI-TOF mass spectrometry, or nuclear magnetic resonance (NMR)
methods.
[0281] Values for the urea + urethane content is determined via the same method as that prescribed
for "Total Silane" above, except for the fact that instead of assessing silane groups or silane containing
components, total isocyanate groups thar are reacted with an isocyanate-reactive compound were counted.
[0282] Viscosity was measured using Anton Paar Rheolab QC. The instrument was set up for the Z3
and Z4 system, both of which were used. Samples for using the Z3 system were weighed out in the amount of
14.7g + 0.2¢g and loaded into a disposable aluminum cup. while those for the Z4 system had a mass of 3.5g +
0.2g. The sample in the cup was examined and if upon visual inspection it was determined to contain bubbles,
the sample and cup were either subjected to centrifugation or allowed to sit long enough so that the bubbles
would escape from the bulk of the liquid. Bubbles appearing at the top surface of the liquid were considered
to be acceptable. Next, the bob was gently loaded into the liquid in the measuring cup, after which the cup and
bob were installed in the instrument. Viscosities were run at 25°C + 0.1°C and 55°C + 0.1°C with a five-
minute equilibration period to ensure the temperature was constant and at a shear rate of 50 sec™’. Ten
readings at each temperature were recorded and the reported results represent the average viscosity values of
ten different readings. The values were recorded as expressed in millipascal seconds (mPa-s) and a shear rate
of 50 s unless otherwise specified.
[0283] To create films such that various physical properties could be tested, cach sample was cured
under a constant flow of nitrogen gas with a 1 JJem” UV-dose of Conveyor Fusion Unit Model DRS-10/12
QN, 600W UV-lamp system having as lamps 1600M radiator (600 W/inch which equals 240 W/cm, and thus,
in total 600 W) fitted with R500 reflector, one with a H bulb and one with a D bulb UV lamp, of which the D-
bulb was used to cure the samples. The UV-dose was then measured with an International Light IL390

radiometer. Then, individual test strips having a width of approximately 1.27 cm (0.5 inches £1/327) and a
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length of approximately 12.7 cm (5 inches + 1/8”) were then cut from the film. The exact thickness of each
specimen was measured with a calibrated micrometer.

[0284] The method for determining segment modulus as used herein is described in paragraphs
[0132]-[0133] and [0135] of EP2089333B1, the cited portions of which being hereby incorporated by
reference, except that cured films were conditioned for at least 24 hours prior to testing. The tensile properties
(tensile strength, percent elongation at break, and segment modulus) were determined with an MTS Criterion
T™ Model 43.104 with respect to test strips of a cured film of each sample having a 3-mil thickness as
prepared per the "Film Sample Preparation” procedure described above. Due to these relatively soft coatings
(c.g., those with a modulus of less than about 10 MPa), the coating was drawn down and cured on a glass
plate and the individual specimens cut from the glass plate with a scalpel after applying a thin layer of tale. A
0.9 kg (2-1b) load cell was used in an Instron 4442 Tensile Tester, and the modulus was calculated at 2.5%
clongation with a least-squares fit of the stress-strain plot. Cured films were conditioned at 23.0°C + 0.1°C
and 50.0% + 0.5% relative humidity for 16 to 24 hours prior to testing. For testing specimens, the gage length
was 5.1 cm (2-inches), and the crosshead speed was 25.4 mm/min. All testing was performed at a temperature
0f 23.0°C £ 0.1°C and a relative humidity of 50.0% + 0.5%. All measurements were determined from the
average of at least six test specimens. Values for tensile strength were determined as the highest stress born by
the sample before break. Values for toughness were determined as the total area under the stress-strain curve.
[0285] Adhesive properties were determined with an Instron Tensile Tester Model 4442 using test
strips of a cured film of each sample having a 3-mil thickness as prepared per the "Film Sample Preparation”
procedure described above. The Instron Tensile Tester Model 4442 was setup with a 21b load cell, 20 psi
pncumatic grips, and 10.00”/min crosshead speed for testing. The cured film per plate was cut into 4 strips
were cut using a scalpel and 1.00” wide steel bar, placing a 6 cut on either side of the bar with a %4 gap
between cut specimens. To minimize the effects of minor sample defects, sample specimens are cut parallel to
the direction in which the drawdown of the cured film was prepared.

[0280] The curcd film cut into four strips was then conditioned for 7 days at 23.0°C = 2.0°C and
50% + 5% RH. After the 7 days, two alternating strips (1** and 3 or 2™ and 4™) were tested for dry adhesion.
A thin layer of talc was applied using a cotton-tipped applicator to reduce blocking during the adhesion test. A
clip attached to braided nylon string was run through a pulley with the nylon string clamped into the upper
jaw of the Instron testing instrument. The first strip was peeled back from the glass plate about one inch and
place horizontally on the table with the peeled-back end of the specimen facing away from the pulley. The
bindcr clip was attachcd to the pecled-back end of the specimen and allowed to lay flat on the sample. The
plate was pulled to put tension on the braided nylon string until the load on the Instron reads positive, at which
point the software method was started and continued until the average force value became relatively constant.
The test 1s terminated by clicking on the stop button in the software or loosening the tension on the string.

This was repeated for two plates and reported values are the average of the plateau force for four samples run.
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Following testing the dry adhesion, the plate (containing unused strips) is then put in a humidity chamber at
23.0°C £+ 2.0°C and 95% + 5% RH humidity for 24 hours. After removal from the humidity chamber, a
polyethylene water slurry is applied to the strips using a synthetic foam brush to prevent drying, and the wet
adhesion is measured following the same instrument method for dry adhesion outlined above. This was

repeated for two plates and reported values are the average of the plateau force for four samples run.

Table 4A — Formulations 1-6. All amounts listed in parts by weight

Formulations 1* 2% 3 4 5% 6
Oligomer 1 600 |60.0 |[60.1 |395 603 |3597
Oligomer 2 150 | 140 | 140 |[149 141 | 149
Monomer ME-01 0.0 1.0 -- 0.7 -- --
Polysilane ME-02 -- - 0.8 03 -- 03
Acrylated Silane TMPSA - - - - 0.5 0.3
PEA 225 1225 [226 |223 226 | 224
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0 2.0 2.0
TOTALS 100 | 100 |100 | 100 100 | 100
Total Silane (mmol/100g) 0.0 2.0 2.0 2.0 2.0 2.0
[Ureaturethane content] (mmol/100g formulation) 61 65 61 63 61 61
Viscosity (@ 25 °C (mPa*s) 3183 | 3036 | 3090 | 3069 | 2999 | 3018
Peel Strength (gf/in) (7days, Dry) 19 75 34 104 23 37
Peel Strength (gf/in) (7days, Wet) 4 28 13 39 10 17
Elongation (at break) (%) 63 71 56 74 64 68
Film Modulus (Tensile) (MPa) 177 (170 | 178 | 1.73 1.80 | 1.73
Toughness (N*mm/m3) 026 031 |020 |0.33 027 1028
Tensile Strength (MPa) 070 (073 |059 |0.77 072 |0.70

* Formulations 1, 2 and 5 arc comparative cxamples

[0287] For all silane containing formulations other than comparative formulation 1 in Table 4A, total
silane content in each formulation was controlled at same silicone atom level of 2 mmol per 100 grams of
formulation. With the use of ME-02, the improvement in adhesion was studied by both dry peel strength test
and wet peel strength test. Three control formulations (formulations 1, 2 and 5) were used as comparative
examples. Comparative formulation 1 had no adhesion promoter in mixture. Comparative formulation 2 had
adhesion promoter ME-01, and comparative formulation 5 had a commercially available adhesion promoter

acrylated silane TMPSA.
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[0288] Both comparative formulations 2 and 5 that contained an adhesion promoter showed better
peel strength than comparative formulation 1. To increase adhesion further based on formulations 2 and 5
without increasing silicone atom level and changing mechanical properties is much desired in fiber optical
application.

[0289] With the invention of new polysilane adhesion promoters, ME-02 was used as the only
adhesion promoter in formulation 3. ME-02 was also used in a mixture of adhesion promoters in formulation
4 and 6. To formulate formulation 4 and 6, only 20 mol% of the adhesion promoters in formulation 2 and 5
was replaced by ME-02 respectively.

[0290] The coating from Formulation 3, using only ME-02 as the adhesion promoter, exhibited
improved dry and wet peel strength compared to the control Formulation 1. Surprisingly. without having a
UV curable functionality, ME-02 in formulation 3 performed even better than the commercially available
acrylated silane TMPSA as in Formulation 5. This unexpected result makes the polysilane adhesion promoter
valuable to be used alone as an addition promoter in UV curable coatings. Additionally, coatings from
Formulations 4 and 6, containing an 80:20 molar ratio mixture of monofunctional acrylated silane TMPSA
with ME-02, can be seen to also have improved dry and wet peel strength compared to the coatings from
Formulation 2 and 5 containing only monofunctional acrylated silane TMPSA at the same total silane content.

Table 4B — Formulations 7-9. Aspartate polysilane screening. Amounts are in parts by weight

Formulations S5* 7 8 9
Oligomer 1 60.3 60 591 58.9
Oligomer 2 14.1 14 14.8 14.7
ME-03 - 1.0 - -
ME-04 -- -- 1.5 --
ME-05 -- -- -- 1.8
Acrylated Silane TMPSA 0.5 -- -- --
PEA 22.6 22.5 22.2 22.1
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100
Total Silanc (mmol/100g) 2.0 2.0 2.0 2.0
[Ureaturethane content] (mmol/100g formulation) 61 63 63 64
Viscosity @, 25 °C (mPa*s) 2999 3068 3237 3324
Peel Strength (gf/in) (7days, Dry) 23 34 51 72
Peel Strength (gf/in) (7days, Wet) 10 14 24 30
Elongation (at break) (%) 64 60 59 51
Film Modulus (Tensile) (MPa) 1.80 1.74 1.88 1.66
Toughness (N*mm/m?) 0.27 0.22 0.25 0.16
Tensile Strength (MPa) 0.72 0.63 0.66 0.54

* Formulation 5 is a comparative example
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[0291] Table 4B shows screening of aspartate polysilane adhesion promoters at a silane loading of 2
mmol/100g compared to the control formulation 3 containing commercially available acrylated silane
TMPSA. ME-03 contains the aspartate group on the inside of both urea linkages, while ME-04 contains one
aspartate silane and ME-05 contains two aspartate silanes. Unexpectedly again, all the polysilane adhesion
promoters performed better than the commercially available acrylated silane TMPSA in formulation 5 despite

not having a UV curable functionality.

Table 4C — Formulations 10-12. Hydantoin polysilane screening. Amounts are in parts by weight

Formulations 5% 10 11 12
Oligomer 1 60.3 60.1 59.1 59
Oligomer 2 14.1 14 148 14.7
ME-06 - 0.9 -- --
ME-07 -- -- 14 --
ME-08 -- -- -- 1.7
Acrvlated Silane TMPSA 0.5 -- -- --
PEA 22.6 22.5 22.2 22.1
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100
Total Silane (mmol/100g) 2.0 2.0 2.0 2.0
[Ureca+urcthane content] (mmol/100g formulation) 61 62 63 64
Viscosity @, 25 °C (mPa*s) 2999 3193 3256 3331
Peel Strength (gf/in) (7days, Dry) 23 41 49 73
Peel Strength (gf/in) (7days, Wet) 10 19 27 42
Elongation (at break) (%) 64 46 54 56
Film Modulus (Tensile) (MPa) 1.80 1.67 1.67 1.75
Toughness (N*mm/m?) 0.27 0.14 0.19 0.20
Tensile Strength (MPa) 0.72 0.53 0.58 0.60
* Formulation 5 is a comparative example
[0292] Table 4C shows screening of new hydantoin polysilanes at a silane loading of 2 mmol/100g

compared to the control formulation 5 containing commercially available acrylated silane TMPSA. ME-06
and ME-08 contain two hydantoin silane moietics while ME-07 contains only one hydantoin silane moiety.
Unexpectedly again, coatings produced using the polysilane adhesion promoters performed better than the
commercially available acrylated silane TMPSA in formulation 5 despite not having a UV curable
functionality. Compared to coatings produced with the non-hydantoin polysilanes in Table 4B, the coatings

produced with hydantoin polysilanes of Table 4C appeared to provide enhanced wet and dry adhesion.

Table 4D — Formulations 13-18. aspartate polysilane screening. Amounts are in parts by weight

[Formulations | s« | 13 [ 14x | 15+ | 16 | 17 | 18 |
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Oligomer 1 60.3 59.7 59.7 59.7 59.6 59.5 594
Oligomer 2 14.1 14.9 14.9 14.9 14.9 14.9 14.9
1,6-Bis(trimethoxysilyl)hexane -- 0.1 - - -- -- --
Bis(3-trimethoxysilylpropyl)amine -- -- 0.1 - -- -- --
N,N'-Bis|(3- _ _ _ 01 _ _ _
trimethoxysilyl)propylJethylenediamine )

ME-03 -- -- - - 0.3 -- --
ME-04 - -- - - -- 0.5 --
ME-05 - -- - - -- - 0.6
Acrylated Silane TMPSA 0.5 0.3 0.3 0.3 0.3 0.3 0.3
PEA 22.6 224 224 22.4 224 22.3 22.3
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100 100 100 100
Total Silane (mmol/100g) 2.0 2.0 2.0 2.0 2.0 2.0 2.0
[Ureaturethane content] (mmol/100g) 61 61 61 61 61 62 62
Viscosity @) 25 °C (mPa*s) 2999 3000 3007 3009 3189 3219 3250
Peel Strength (gf/in) (7 days, Dry) 23 27 23 28 63 50 45
Peel Strength (gf/in) (7 days, Wet) 10 15 12 13 24 27 22
Elongation (at break) (%) 64 67 57 57 69 47 82
Film Modulus (Tensile) (MPa) 1.80 1.72 1.67 1.72 1.73 1.71 1.85
Toughness (N*mm/m?) 0.27 0.28 0.20 0.21 0.29 0.15 0.42
Tensile Strength (MPa) 0.72 0.72 0.62 0.64 0.72 0.53 0.88

* Formulation 5, 13, 14, and 15 are comparative examples

[0293] Tablc 4D shows screcning of ncw aspartatce polysilanc in formulations 16-18 comparcd to
three commercially available polysilane formulation 13-15, all consisting of an 80:20 molar ratio mixture of
monofunctional acrylated silane TMPSA to polysilane at a silane loading of 2 mmol/100g. ME-03 contains
the aspartate group on the inside of both urea linkages, while ME-04 contains one aspartate silane and ME-05
contains two aspartate silanes. As shown in formulations 13-15, coatings produced using the commercial
polysilane exhibited similar wet and dry adhesion results to the control formulation 5 without any polysilane
adhesion promoter. However and unexpectedly, coatings produced using the aspartate polysilanc adhesion
promoters in formulations 16-18 exhibited significantly increased wet and dry adhesion results compared to

all four controls.

Table 4E — Formulations 19-21. Hydantoin polysilane screening. Amounts are in parts by weight

Formulations 5* 13* 14* 15% 19 20 21
Oligomer 1 60.3 59.7 59.7 59.7 59.6 59.5 59.5
Oligomer 2 14.1 14.9 14.9 14.9 14.9 14.9 14.9
1,6-Bis(trimethoxysilyl)hexane -- 0.1 - - -- -- --
Bis(3-trimethoxysilylpropyl)amine -- -- 0.1 - - -- --
N.N'-Bis[(3- B _ _ 01 _ . .
trimethoxysilyl)propyljethyvlenediamine )
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ME-06 - -- - - 0.3 - -
ME-07 -- -- - - -- 0.5 --
ME-08 - -- - - -- - 0.6
Acrylated Silane TMPSA 0.5 0.3 0.3 0.3 0.3 0.3 0.3
PEA 22.6 22.4 22.4 22.4 22.4 223 223
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100 100 100 100
Total Silane (mmol/100g) 2.0 2.0 2.0 2.0 2.0 2.0 2.0
[Ureaturcthane content] (mmol/100g) 61 61 61 61 61 62 62
Viscosity @ 25 °C (mPa*s) 2999 3000 3007 3009 3169 3098 3224
Peel Strength (gf/in) (7 days, Dry) 23 27 23 28 60 56 57
Pccl Strength (gf/in) (7 days, Wet) 10 15 12 13 20 27 29
Elongation (at break) (%) 64 67 37 57 52 54 44
Film Modulus (Tensile) (MPa) 1.80 1.72 1.67 1.72 1.74 1.78 1.73
Toughness (N*mm/m?) 0.27 0.28 0.20 0.21 0.19 0.20 0.13
Tensile Strength (MPa) 0.72 0.72 0.62 0.64 0.58 0.63 0.51

* Formulation 5, 13, 14, and 15 are comparative examples

[0294] Table 4E shows screening of hydantoin polysilanes in formulations 19-21 compared to three
commercially available polysilane formulations 13-15, all consisting of an 80:20 molar ratio mixture of
monofunctional acrylated silane TMPSA to polysilane at a silane loading of 2 mmol/100g. ME-06 and ME-08
contain two hydantoin silane moieties while ME-07 contains only one hydantoin silane moiety. As shown in
formulations 13-135, coatings produced using the commercial polysilane exhibited similar adhesion results to
the control formulation 5 without any polysilane adhesion promoter. However and unexpectedly. coatings
produced using the hydantoin polysilane adhesion promoters in formulations 19-21 exhibited increased wet

and dry adhesion results compared to all four controls.

Table 4F — Formulations 22-26. Amounts are in parts by weight

Formulations 22% 23 24 25 26
Oligomer 1 60 593 592 593 593
Oligomer 2 14 14.8 14.8 14.8 14.8
ME-01 1.0 0.7 0.7 0.7 0.7
ME-04 - 0.5 - - -
ME-05 - - 0.6 - -
ME-07 - - - 0.5 -
ME-08 - - - - 0.6
PEA 22.5 222 222 222 222
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100 100
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Total Silane (mmol/100g) 2.0 2.0 2.0 2.0 2.0
[Ureaturethane content] (mmol/100g) 63 63 63 63 63
Viscosity @ 25 °C (mPa*s) 3036 3241 3353 3229 3135
Peel Strength (gf/in) (7 days, Dry) 75 106 98 118 126
Pcel Strength (gf/in) (7 days. Wet) 28 46 41 56 68
Elongation (at break) (%) 71 59 64 57 80
Film Modulus (Tensile) (MPa) 1.70 1.69 1.70 1.68 1.85
Toughness (N*mm/m?) 0.31 0.21 0.26 0.20 0.41
Tensile Strength (MPa) 0.73 0.62 0.66 0.59 0.87
* Formulation 22 is a comparative example
[0295] Tablc 4F shows scrcening of aspartate polysilanc, formulations 23-24, and hydantoin

polysilane, formulations 25-26, aspartate silane in formulations consisting of an 80:20 molar ratio mixture of

monofunctional acrylate aspartate silane monomer 1 to polysilane at a silane loading of 2 mmol/100g.

Compared to the control formulation 22 consisting of only monomer I, coatings produced using the aspartate

and hydantoin polysilane once again unexpectedly exhibited increased adhesion. Additionally, coatings

produced using the hydantoin polysilane of formulations 25-26 had higher wet and dry adhesions compared to

coatings produced using the aspartate polysilane of formulations 23-35.

Table 4G — Formulations 27-29. Aspartate polysilane ladder study with acrylated silane TMPSA. Amounts

are in parts by weight

Formulations 5% 27 28 16 29 7
Oligomer 1 60.3 597 597 59.6 595 60.0
Oligomer 2 14.1 14.9 149 14.9 14.9 14.0
ME-03 - 0.1 0.2 0.3 0.6 1.0
Acrylated Silane TMPSA 0.5 0.4 0.4 0.3 0.2 -
PEA 22.6 224 224 22.4 223 22.5
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100 100 100
Total Silane (mmol/100g) 2.0 2.0 2.0 2.0 2.0 2.0
Adhesion Promoter Molar Ratio ME-03 0 0.05 0.10 0.20 0.40 1.00
[Ureaturethane content] (mmol/100g) 61 61 61 61 62 63
Viscosity @ 25 °C (mPa*s) 2999 3174 3151 3189 3169 3068
Peel Strength (gf/in) (7 days, Dry) 23 26 23 63 46 34
Peel Strength (gf/in) (7 days, Wet) 10 14 15 24 25 14
Elongation (at break) (%) 64 55 67 69 65 60
Film Modulus (Tensile) (MPa) 1.80 1.73 1.75 1.73 1.77 1.74
Toughness (N*mm/m?) 0.27 0.20 0.28 0.29 0.27 0.22
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Tensile Strength (MPa) | 072 | 060 | 071 | 072 | 070 | 063 |
* Formulation 5 is a comparative example

[02906] Table 4G shows a ladder study of aspartate polysilane ME-03 at increasing mole ratios with
acrylated silane TMPSA. from 0 to 1. Compared to the control formulation 5 consisting of only acrylated
silane TMPSA the addition of ME-03 did not appear to increase the adhesion at mole ratios less than 0.1.
However, as the mole ratio was further increased, coatings produced using the aspartate polysilane ME-03
exhibited enhanced wet and dry adhesion at mole ratios greater than 0.1. This was unexpected as ME-03 does

not contain any UV curable functional group.

Table 4H — Formulations 30-33. Aspartate polysilane ladder study with ME-01. Amounts in parts by weight

Formulations 22% 30 31 32 33 7
Oligomer 1 60 594 594 594 59 4 60.0
Oligomer 2 14 14.9 14.9 149 149 14.0
ME-01 1.0 0.9 0.8 0.7 0.4 -
ME-03 - 0.1 0.2 0.3 0.6 1.0
PEA 225 223 223 223 223 225
ANTIOXIDANT 1520 0.5 0.5 0.5 0.5 0.5 0.5
TPO 2.0 2.0 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100 100 100
Total Silane (mmol/100g) 2.0 2.0 2.0 2.0 2.0 2.0
Adhesion Promoter Molar Ratio ME-03 | 0.00 0.05 0.10 0.20 0.40 1.00
[Ureaturethane content] (mmol/100g) 63 62 62 62 62 63
Viscosity @ 25 °C (mPa*s) 3036 3213 3214 3220 3194 3068
Pecl Strength (gf/in) (7 days, Dry) 75 82 97 104 79 34
Peel Strength (gf/in) (7 days, Wet) 28 44 40 39 34 14
Elongation (at break) (%) 71 53 63 57 52 60
Film Modulus (Tensile) (MPa) 1.70 1.78 1.83 1.83 1.8 1.74
Toughncss (N*mm/m3) 0.31 0.19 0.27 0.22 0.18 0.22
Tensile Strength (MPa) 0.73 0.60 0.70 0.65 0.60 0.63

* Formulation 22 is a comparative example

[0297] Tablc 4H shows a laddcr study of aspartate polysilanc ME-03 at incrcasing molc ratios with
acrylate aspartate silane ME-01, from O to 1. Compared to the control formulation 22 consisting of only ME-
01, the addition of ME-03 up to mole ratios of 0.4 appeared to improve both the wet and dry adhesion. This
was unexpected as ME-03 does not contain any UV curable functional group and represents a different regime
than Table 4F when used with acrylated silane TMPSA.
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Table 41- Formulations 34-38. Aspartate polysilane screening. Amounts are in parts by weight

Formulations 1* 34 5% 35 36* 37 38
Oligomer 1 60 594 60.3 59.6 30 30 30
Oligomer 2 15 14.8 14.1 14.9 30 344 345
Oligomer 3 -- - -- -- 15 9.983 | 9.983
ME-09 - 1.07 - 0.36 - 0.57 --
ME-03 -- - - - - - 0.53
Acrylated Silane TMPSA -- - 0.5 031 -- - -
PEA 225 223 22.6 223 22.5 225 22.5
ANTIOXIDANT 1520 0.5 0.50 0.5 0.50 0.5 0.50 0.50
TPO 2.0 2.0 2.0 2.0 2.0 2.0 2.0
TOTALS 100 100 100 100 100 100 100
Total Silane (mmol/100g) 0.0 2.0 2.0 2.0 32 32 32
EQ Ratio 0 1 0 0.33 0 0.33 0.33
[Ureaturethane content] (mmol/100g) 61 62 61 61 54 53 53
Viscosity @ 25 °C (mPa*s) 3183 3100 | 2999 | 3013 | 2962 | 2347 | 2367
Peel Strength (gf/in) (7 days, Dry) 19 37 23 61 71 89 97
Peel Strength (gf/in) (7 days, Wet) 4 19 10 32 58 71 76
Elongation (at break) (%) 63 57 64 58 33 91 79
Film Modulus (Tensile) (MPa) 1.77 2.12 1.80 1.90 0.77 0.84 0.86
Toughness (N*mm/m?) 0.26 0.24 0.27 0.23 0.19 0.24 0.19
Tensile Strength (MPa) 0.70 0.69 0.72 0.69 0.39 0.46 0.42

* Formulation 1, 5, and 36 are comparative examples

[0298] Table 41 shows additional aspartate polysilane screening. A trifunctional aspartate silane was
synthesized represented by ME-09 demonstrated in formulation FE-34. Compared to the control formulation
FE-01, the addition of the trifunctional aspartate silane ME-09 to formulation FE-34 resulted in an increase in
both the wet and dry adhesion. This was unexpected as ME-09 does not contain any UV curable functional
group. Additionally, when used in conjunction with a monofunctional acrylate silane adhesion promoter in
FE-35 and FE-37 at a 0.33 equivalents ratio (EQ ratio in table), coatings produced with the ME-09 exhibited
further increased wet and dry adhesion compared to the controls FE-05 and FE-36 containing only
monofunctional acrylate silane adhesion promoters. FE-05 and FE-35 utilize acrylated silane TMPSA as the
monofunctional acrylate silane adhesion promoter while FE-36 and FE-37 utilized Oligomer 3 as the
monofunctional acrylate silane adhesion promoter. In addition to ME-09, coatings produced using ME-03 also
demonstrated an increase in the wet and dry adhesion when added to Oligomer 3 in FE-38 compared to the
control FE-36. These aspartate polysilane adhesion promoters produced coatings with further increased

adhesion with either monomeric or oligomeric monofunctional acrylate silane adhesion promoters.
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[0299] In any group of formulations being compared in Tables 4A-41, the major formulation
composition difference was only in the small amount of silane adhesion promoters. Such change in
formulation did not appear to have much impact on mechanical properties and viscosity.

[0300] Although the invention has been described in detail in the foregoing for the purpose of
illustration, it is to be understood that such detail is solely for that purpose and that variations can be made
therein by those skilled in the art without departing from the spirit and scope of the invention except as it may

be limited by the claims.
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WHAT IS CLAIMED IS:

1. A radiation curable composition comprising:
I polysilane compound comprising:
(a) at least two moieties of the structure (1):

Y —Si(X);

(1): and
(b1) a moiety of the structure (2):
O
. °
Y
H H R?
O
R2
/\ OR!
o OR! (2): or
(b2) a moiety of the structure (3):
0
° )}\ °
Sy N
2
R 0
© H
R?> OR! (3); or

(b3) a combination of a moiety of the structure (2) and a moiety of the structure (3),
in which (i) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (i1)
each X, which may be the same or different, represents an alkoxy group or an organic group that is inert
towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an
alkoxy group, (iii) each R!, which may be the same or different, represents an organic group that is inert to
isocyanate groups at temperatures of 100°C or less; (iv) each R?, which may be the same or different, each
represent hydrogen or an organic group that is incrt to isocyanatc groups at temperaturcs of 100°C or lcss; and

™"

® " represents a linkage to another portion of the polysilane compound: and

(II) a free-radical photoinitiator.
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2. The radiation curable composition of claim 1, wherein the sum of the amount of polysilane compound

(I) and photoinitiator (II) is 1 to 99% by weight, based on the total weight of solids in the radiation curable

composition.
3. The radiation curable composition of claim 1, wherein each R? is hydrogen.
4. The radiation curable composition of claim 1, wherein the polysilane compound further comprises:

)
\G)LN/°
H

represents hydrogen or an organic group that is inert to isocyanate groups at temperatures of 100°C or less,

(c) a segment of the structure: ,in which G 1s O, S, or NR in which R

and cach " ® " represents a linkage to another portion of the polysilane compound.
5. The radiation curable composition of claim 1. wherein the polysilane compound has the structure (4):
0] O
(X;Si——Y!'—N HN z lﬁl N—Y'—si(X");
R* H H R4
) R? R¥—— O
/\ /\ OR’
RO R0 o) 0 OR’

— —n — — @

in which (i) each Y', which may be the same or different, represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) each R®, which may be the same or different. represents an organic
group that is inert towards isocyanate groups at temperatures of 100°C or less, (iii) each R*, which may be the
same or different, each represent hydrogen or an organic group that is inert to isocyanate groups at
temperatures of 100°C or less, (iv) each X!, which may be the same or different, represents an alkoxy group or
an organic group that is inert towards isocyanate groups at temperaturcs of 100°C or less, with the proviso that

at least one X! represents an alkoxy group, (v) Z represents an organic group that is inert towards isocyanate
P y group P g group Y
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groups at temperatures of 100°C or less, and (vi) m and n, which may be the same or different, are each an

integer having a value of 1 to 5. such as 1to 3, or 1.

6. The radiation curable composition of claim 1, wherein the polysilane compound has the structure (5):
O
(X";8i—Y'—N Z N—Y'—Si(X');
H
R4
R4 0]
¢ OR?
I —_— I

—n ®)

in which (i) each Y', which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) each R?, which may be the same or different, represents an organic

group that is inert towards isocyanate groups at temperatures of 100°C or less, (iii) each R*, which may be the

same or different, each represent hydrogen or an organic group that is inert to isocyanate groups at

temperatures of 100°C or less, (iv) each X', which may be the same or different, represents an alkoxy group or

an organic group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that

at least one X! represents an alkoxy group, (v) Z represents an organic group that is inert towards isocyanate

groups at temperatures of 100°C or less, and (vi) m and n, which may be the same or different, are each an

integer having a value of 1 to 5, such as 1 to 3, or .

7. The radiation curable composition of claim 1, wherein the polysilane compound has the structure (6):

(x‘)3Si—Y‘—(—Y2-)—N
) p H

o)

N—Y'—si(X');

(6)
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wherein: (i) each Y!, which may be the same or different, represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) Y? represents a group of the structure:

0O

¢ —G N—Z2———
H o

,in which G ® represents a linkage to Y' and 2 |

represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards
1socyanatc groups at tcmpcraturcs of 100°C or Iess, such as a hydrocarbon group that optionally contains
isocyanate-inert oxvgen, nitrogen, sulfur, or a combination thereof, (iii) p is 0 or 1, (iv) each R?, which may be
the same or different, represents an organic group that is inert to isocvanate groups at temperatures of 100°C
or less; (v) each R, which may be the same or different, represents hydrogen or an organic group that is inert
to isocyanate groups at temperatures of 100°C or less; and (vi) each X!, which may be the same or different,
represents an alkoxy group or an organic group that is inert towards isocyanate groups at temperatures of

100°C or less, with the proviso that at least one X' represents an alkoxy group.

3. The radiation curable composition of claim 1, wherein the polysilane compound has the structure (7):
0]
(X1)3Si—Y1—€Y2)—N N—Y!—siX"),
P
H
0 R R*
R30 0 (7

wherein: (i) each Y', which may be the same or different, represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) Y represents a group of the structure:
0]

®—G N—7——
o [ ]

, in which G e represents a linkage to Y' and Z ®

represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic group that is
inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is inert towards

isocyanate groups at temperatures of 100°C or less. such as a hydrocarbon group that optionally contains
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isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) p is 0 or 1, (iv) each R?, which may be
the same or different, represents an organic group that is inert to isocvanate groups at temperatures of 100°C
or less; (v) each R*, which may be the same or different, represents hydrogen or an organic group that is inert
to isocyanate groups at temperatures of 100°C or less; and (vi) each X!, which may be the same or different,
represents an alkoxy group or an organic group that is inert towards isocyanate groups at temperatures of

100°C or less, with the proviso that at least one X' represents an alkoxy group.

9. The radiation curable composition of claim 1, wherein the polysilane compound has the structure (8):

0 0
(X1)3Si—Yl‘eY2%ﬁ z N H—eyza—Yl—Si(xlb
p H P

L - m \/ R4
R4

N

0 OR’ OR3
— —n (8)

TZ

O

in which: (i) each Y!, which may be the same or different, represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) cach Y2, which may be the same or different, represents a group of

0O

® —G N—Z——
o ®

the structure: ,in which G ® represents a linkage to Y' and

Z—® represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic
group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocvanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) each p, which may be the
same or different, is 0 or 1, (iv) each R?, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R*, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X', which may be the same or different, represents an alkoxy group or an organic
group that is inert towards isocvanate groups at temperatures of 100°C or less, with the proviso that at least

one X! represents an alkoxy group, (vii) Z represents an organic group that is inert towards isocyanate groups
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at temperatures of 100°C or less, and (vii) m and n, which may be the same or different, are each an integer

having a valuec of 1 to 5, suchas 1to 3, or 1.

10. The radiation curable composition of claim 1, wherein the polysilane compound has the structure (9):

O O

(Xl);Si—Yl—éYzé—N)kN )J\N—evza—vl—suxl)g
) A H H o

R4 0

z N

R4

OR?
0
— — (9)

in which: (i) each Y!, which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) each Y2, which may be the same or different, represents a group of

O
e —G N—Z—eo - ‘
the structure: H ,in which © o represents a linkage to Y' and
Z—®@ represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic

group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) each p, which may be the
same or different. is 0 or 1, (iv) each R?, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R*, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X!, which may be the same or different, represents an alkoxy group or an organic
group that is inert towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least
one X' represents an alkoxy group, (vii) Z represents an organic group that is inert towards isocyanate groups
at temperatures of 100°C or less, and (vii) m and n, which may be the same or different, are cach an integer

having a value of 1 to 5, suchas 1to 3, or 1.

11. The radiation curable composition of claim 1, wherein the polysilane compound has the structure

(10):
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0
z N N—esﬂa—yl—Si(xl)3
H H b
R* RY
0
© OR* ~ORS

— — min (10)
wherein (i) each Y, which may be the same or different, represents a linear or branched linking group

comprising 1 or more carbon atoms, (ii) cach Y2, which may be the same or different, represents a group of

O

® —G N—Z———
o [ ]

the structure: ,in which G ® represents a linkage to Y' and

Z—® represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic
group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocvanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (ii1) each p, which may be the
same or different, is O or 1, (iv) each R?, which may be the same or different, represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R*, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X!, which may be the same or different, represents an alkoxy group or an organic
group that is inert towards isocvanate groups at temperatures of 100°C or less, with the proviso that at least
one X! represents an alkoxy group, (vii) Z represents an organic group that is inert towards isocyanate groups

at temperatures of 100°C or less, and (vii) m+n is 2 to 10.

12. The radiation curable composition of claim 1, wherein the polysilane compound has the structure

(11):

-137-



WO 2025/147337 PCT/US2024/057392

0
Z N N—évza—vl—smxlh
p
H
4
R RS O

0

OR?

- —'m+n (1 1)
wherein (i) each Y, which may be the same or different, represents a linear or branched linking group
comprising 1 or more carbon atoms, (ii) each Y2, which may be the same or different, represents a group of

0

® —G N—2Z—
H ®

the structure: ,in which G ® represents a linkage to Y' and

Z—®@ represents a linkage to N, and in which G is O, S, or NR in which R is hydrogen or an organic
group that is inert to isocyanate groups at temperatures of 100°C or less, Z represents an organic group that is
inert towards isocyanate groups at temperatures of 100°C or less, such as a hydrocarbon group that optionally
contains isocyanate-inert oxygen, nitrogen, sulfur, or a combination thereof, (iii) each p, which may be the
same or different. is O or 1, (iv) each R?, which may be the same or different. represents an organic group that
is inert towards isocyanate groups at temperatures of 100°C or less, (v) each R*, which may be the same or
different, each represent hydrogen or an organic group that is inert to isocyanate groups at temperatures of
100°C or less, (vi) each X!, which may be the same or different, represents an alkoxy group or an organic
group that is inert towards isocyvanate groups at temperatures of 100°C or less, with the proviso that at least
one X' represents an alkoxy group, (vii) Z represents an organic group that is inert towards isocyanate groups

at temperatures of 100°C or less, and (vii) m+n is 2 to 10.

13. The radiation curable composition of claim 1, wherein the polysilane compound (I) is present is an
amount of 0.01 to 99% by weight, 0.1 to 20% by weight, 1 to 50% by weight, 5 to 30% by weight, 40 to 70%
by weight, 60 to 80% by weight, 65 to 99% by weight, or 0.01 to 20 % by weight, based on the total weight of

solids in the composition.

14. The radiation curable composition of claim 13, further comprising:
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(b) an ethylenically unsaturated oligomer.

15. The radiation curable composition of claim 14, wherein the ethylenically unsaturated oligomer
comprises a urcthane (meth)acrylate oligomer comprising a reaction product of reactants comprising: (1) a

polyol, (2) an polyisocvanate, and (3) a hydroxyl group-containing (meth)acrylate.

16. The radiation curable composition of claim 15, wherein the polyol comprises a diol and the

polyisocyanate comprises a diisocyanate.

17. The radiation curable composition of claim 15, wherein the urethane (meth)acrylate oligomer is
present in an amount of 30 to 95% by weight or 65 to 95% by weight, based on the total weight of solids in

the composition.

18. The radiation curable composition of claim 17, further comprising:
(c) a reactive diluent compound comprising one or more ethylenically unsaturated groups, wherein the
reactive diluent compound is present in an amount of 5 to 90% by weight, based on the total weight of solids

in the composition.

19. A cured coating formed from the radiation curable composition of claim 1.

20. A substrate at least partially coated with the cured coating of claim 19, where the substrate comprises

an optical fiber.

21. A method for coating an optical fiber comprising:

(a) providing a glass optical fiber;

(b) applying a primary coating composition onto a surface of the glass optical fiber;

(c) optionally, imparting a dose of UV light sufficient to at least partially cure said primary coating
composition;

(d) applying a sccondary coating composition to the primary coating composition; and

(¢) exposing the secondary coating composition to at least one radiation source capable of emitting
ultraviolet radiation to affect curing of said secondary coating composition and, optionally, said primary

coating composition,
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wherein the primary coating composition and/or the secondary coating composition comprises the

radiation curable composition of claim 1.

22. A coated optical fiber comprising:
(a) a glass core and a cladding layer in contact with and surrounding said glass core; and
(b) a coating portion at least partially coating the cladding layer, the coating portion comprising;:
(i) a primary coating layer in contact with said cladding layer; and
(i1) a sccondary coating layer in contact with and surrounding said primary coating layer,

wherein the primary coating layer and/or the secondary coating layer is the cured coating of claim 19.

23. The radiation curable composition of claim 1. with the proviso that the polysilane compound (I)
comprises a moiety of the structure 3A:

o)

/Y\NJ\N/ )

2
R 0

(X)3Si

O

H
R> OR! (3A)

in which X, Y, R!, R®and " ® " arc cach as described with respect to structures (1)-(3). such as where

the polysilane compound has 1 to 4 such moicties of structure 3A.

24, That radiation curable composition of claim 1, with the proviso that the polysilane compound (I) has

only one moiety of the structure 3B:

0
Y-
A )k g
(X);
\N N/ 1 3
R? 0

O

H
RZ OR! (3B)

in which X, Y, R!, R?and " ® " are each as described with respect to structures (1)-(3).
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25. The radiation curable composition of claim 1, with the proviso that the polysilane compound (I) has

only one moiety of the structure 2A:

0
v )J\ °
e \N N/
H H

(X)3Si
R2
0O
Rz/ OR!
0/\OR1 (2A)

in which X, Y, R!, R>and " ® " arc cach as described with respect to structures (1)-(3).

26. The radiation curable composition of claim 1, with the proviso that the polvsilane compound (1) has

only one moiety of the structure 2B:

R? (2B)

in which X, Y, and " ® " are each as described with respect to structures (1)-(3) and RY is not hydrogen.

217. The radiation curable composition of claim 26, wherein the moiety of the structure 2B has the

O
° )J\ Y
\Iﬁl N/ N

H

structurc 2B(1):

SiX)3

RZ
0)

OR!
or! (2B(i))

\

0

in which X, Y, R', R*and " ® " arc cach as described with respect to structures (1)-(3).
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28. A polysilane compound comprising:
(a) at least two moictics of the structure (1):

(b1) a moiety of the structure (2):
0
° °
ﬁ N
H

R2

/\ OR!

1
0" OR 2):
(b2) a moiety of the structure (3):
0
® )J\ °
\N N/
2
R 0
O H
R* OR! 3): or

(b3) a combination of a moiety of the structure (2) and a moiety of the structure (3),

with the proviso that the polysilane compound has only one moiety of the structure 2A:

0]
e
~ \N N/
H H R2

(X)38i
0
Rz/ OR!
O/\OR' QA)

in which (1) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (ii)
each X, which may be the same or different, represents an alkoxy group or an organic group that is inert
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towards 1socyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an
alkoxy group. (iii) each R! may be the same or different, represents an organic group that is inert to isocyanate

groups at temperatures of 100°C or less; (iv) each R? may be the same or different, represents hydrogen or an

organic group that is inert to isocyanate groups at temperatures of 100°C or less; and (v) " L

represents a linkage to another portion of the polysilane compound.

29. A polysilane compound comprising:

(a) at least two moictics of the structure (1):

(b1) a moiety of the structure (2):
0
. '
Y
H H R?
0O
R2
/\ OR'
o] OR! (2); or
(b2) a moiety of the structure (3):
0]
) )J\ °
\N N -~
R? o
O H
R2 OR] (3)’ or

(b3) a combination of a moiety of the structure (2) and a moiety of the structure (3),

with the proviso that the polysilane compound has only one moiety of the structure 2B:

0
° )L ¥

R (2B)

Si(X);
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in which (1) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (ii)
each X, which may be the same or different, represents an alkoxy group or an organic group that is inert
towards isocyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an
alkoxy group, (iii) R is not hydrogen, (iv) each R! may be the same or different, represents an organic group
that is inert to isocyanate groups at temperatures of 100°C or less: (v) each R? may be the same or different,
represents hydrogen or an organic group that is inert to isocyanate groups at temperatures of 100°C or less;

and (vi) "

® " represents a linkage to another portion of the polysilane compound.

30. The polysilane compound of claim 29, wherein the moiety of the structure 2B has the structure 2B(i):
0
¢ N )k Ys
N N \Si(X)3
H
H
R2
R O
1
G o OR
o? or (2B().
31 A polysilane compound comprising:

(a) at least two moicties of the structure (1):

Y —Si(X); ().

(bl) a moiety of the structure (2):

O
\NJ}\N/
H H R

2

RZ

/\ | OR!

(b2) a moiety of the structure (3):
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IT
R? OR! (3): or

(b3) a combination of a moicty of the structure (2) and a moiety of the structure (3),

with the proviso that at least one of the moicties of the structure (1) is a moiety of the structure 3A:
O
®
N N
R2

0O

(X)3Si
O

H
R? OR! (3A)

in which (i) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (ii)

each X, which may be the same or different, represents an alkoxy group or an organic group that is inert

towards 1socyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an

alkoxy group. (iii) each R' may be the same or different, represents an organic group that is inert to isocyanate

groups at temperatures of 100°C or less; (iv) each R* may be the same or different, represents hydrogen or an

organic group that is inert to isocyanate groups at temperatures of 100°C or less; and (v) "

represents a linkage to another portion of the polysilane compound.

A polysilane compound comprising:
(a) at least two moictics of the structure (1):

(b1) a moiety of the structure (2):
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0

[ ] ]
\N)J\N/
H H

R2

R2

0 OR! (2): or
(b2) a moiety of the structure (3):
0
) )J\ °
\N N -
2
R 0
© I1
R? OR! (3); or

(b3) a combination of a moicty of the structure (2) and a moiety of the structure (3),

with the proviso that the polysilane compound has only one moiety of the structure 3B:

O
M~
Si(X
\N N I )3
R2

O

O

H
R?> OR! (3B)

in which (1) Y represents a linear or branched linking group comprising 1 or more carbon atoms, (ii)
each X, which may be the same or different, represents an alkoxy group or an organic group that is inert
towards 1socyanate groups at temperatures of 100°C or less, with the proviso that at least one X represents an
alkoxy group. (iii) each R! may be the same or different, represents an organic group that is inert to isocyanate

groups at temperatures of 100°C or less; (iv) each R? may be the same or different, represents hydrogen or an
. "

organic group that is inert to isocyanate groups at temperatures of 100°C or less; and (v) "

represents a linkage to another portion of the polysilane compound.
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