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ALLYLATED AMIDE COMPOUNDS AND DIE 
ATTACH ADHESIVES PREPARED THEREFROM 

[0001] The priority of provisional application 60/091,509, 
?led Jul. 2, 1998, is claimed under 35 USC 119(e). 

FIELD OF THE INVENTION 

[0002] This invention relates to allylated amide com 
pounds and adhesives prepared from those compounds. 

BACKGROUND OF THE INVENTION 

[0003] Adhesive compositions, particularly conductive 
adhesives, are used for a variety of purposes in the fabrica 
tion and assembly of semiconductor packages and micro 
electronic devices. The more prominent uses are the bonding 
of integrated circuit chips to lead frames or other substrates, 
and the bonding of circuit packages or assemblies to printed 
Wire boards. 

[0004] The requirements for conductive adhesives in elec 
tronic packaging are that they have good mechanical 
strength, curing properties that do not affect the component 
or the carrier, and thiXotropic properties compatible With 
eXisting application equipment currently used in the indus 
try. 

[0005] Another important aspect of an adhesive bonding 
or interconnection technology is the ability to reWork the 
bond. For single chip packaging involving high volume 
commodity products, a failed chip can be discarded Without 
signi?cant loss. HoWever, it becomes expensive to discard 
multi-chip packages With only one failed chip; consequently, 
the ability to reWork the failed chip Would be a manufac 
turing advantage. Today, one of the primary thrusts Within 
the semiconductor industry is to develop adhesives that Will 
meet all the requirements for adhesive strength and ?exibil 
ity, but that Will also be reWorkable. 

[0006] Conventional adhesive technology uses loW vis 
cosity thermosetting organic materials, the most Widely used 
being epoXy systems. In order to achieve the required 
mechanical performance, relatively high molecular Weight 
thermoplastics Would be the preferred compositions for 
adhesive materials. These materials, hoWever, have high 
viscosity or even solid ?lm form, Which are draWbacks to the 
manufacturing process. Therefore, there is a need for neW 
adhesives that are easily dispensable to conform With auto 
mated manufacturing processes and that are reWorkable. 

SUMMARY OF THE INVENTION 

[0007] This invention relates to allylated amide com 
pounds that can be used in curable compositions. Allylated 
in this conteXt means that allyl moieties are bonded to the 
nitrogen of amide moieties. 

[0008] In another embodiment, this invention is an adhe 
sive composition for use in electronic devices that comprises 
one or more allylated amide compounds, a curing initiator, 
and optionally, one or more ?llers. The composition option 
ally may also contain mono- or polyfunctional vinyl com 
pounds. 
[0009] In another embodiment, this invention is the cured 
adhesive that results from the just described curable adhe 
sive composition. 

[0010] In another embodiment, this invention is a elec 
tronic assembly comprising an electronic component 
bonded to a substrate With a cured adhesive composition 
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prepared from a composition comprising one or more ally 
lated amide compounds, a curing initiator, optionally one or 
more ?llers, and optionally one or more mono- or polyfunc 
tional vinyl compounds. 

[0011] In another embodiment, this invention is a method 
for adhering an electronic component to a substrate With a 
cured adhesive prepared from a composition comprising one 
or more allylated amide compounds, a curing initiator, 
optionally one or more ?llers, and optionally, one or more 
mono- or polyfunctional vinyl compounds, the method 
comprising applying the adhesive to the component or the 
substrate, contacting the component and the substrate, and 
curing the adhesive in situ. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The allylated amide compounds, and vinyl com 
pounds, used in the adhesive compositions of this invention 
are curable compounds, meaning that they are capable of 
polymeriZation, With or Without crosslinking. As used in this 
speci?cation, to cure Will mean to polymeriZe, With or 
Without crosslinking. Cross-linking, as is understood in the 
art, is the attachment of tWo polymer chains by bridges of an 
element, a molecular group, or a compound, and in general 
Will take place upon heating. As cross-linking density is 
increased, the properties of a material can be changed from 
thermoplastic to thermosetting. 

[0013] It is possible to prepare polymers of a Wide range 
of cross-link density by the judicious choice and amount of 
mono- or polyfunctional compounds. The greater proportion 
of polyfunctional compounds reacted, the greater the cross 
link density. In order to provide thermoplastic properties, 
adhesive compositions are prepared from mono-functional 
compounds to limit the cross-link density. HoWever, a minor 
amount of poly-functional compounds can be added to 
provide some cross-linking and strength to the composition, 
provided the amount of poly-functional compounds is lim 
ited to an amount that does not diminish the desired ther 
moplastic properties. Within these parameters, the strength 
and elasticity of individual adhesives can be tailored to a 
particular end-use application. 

[0014] The cross-link density can also be controlled to 
give a Wide range of glass transition temperatures in the 
cured adhesive to Withstand subsequent processing and 
operation temperatures. 
[0015] In those cases Where it is necessary to reWork the 
assembly, the electronic component can be pried off the 
substrate, and any residue adhesive can be heated until it 
softens and is easily removed. 

[0016] In the inventive adhesive compositions, the ally 
lated amide compounds, and vinyl compounds if used in 
combination With the allylated amide compounds, Will be 
present in the curable package adhesive compositions in an 
amount from 2 to 98 Weight percent based on the organic 
components present (excluding any ?llers). 

[0017] The adhesive compositions Will further comprise at 
least one free-radical initiator, Which is de?ned to be a 
chemical species that decomposes to a molecular fragment 
having one or more unpaired electrons, highly reactive and 
usually short-lived, Which is capable of initiating a chemical 
reaction by means of a chain mechanism. The free-radical 
initiator Will be present in an amount of 0.1 to 10 percent, 
preferably 0.1 to 3.0 percent, by Weight of the allylated 
amide compound, or combination of both allylated amide 
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and vinyl compounds (excluding any ?ller). The free radical 
curing mechanism gives a fast cure and provides the com 
position With a long shelf life before cure. Preferred free 
radical initiators include peroxides, such as butyl peroc 
toates and dicumyl peroxide, and am compounds, such as 
2,2‘-aZobis(2-methyl-propanenitrile) and 2,2‘-aZobis(2-me 
thyl-butanenitrile). 
[0018] Alternatively, the adhesive compositions may con 
tain a photoinitiator, such as is sold by Ciba Specialty 
Chemicals under the trademark Irgacure, in lieu of the 
free-radical initiator, and the curing process may then be 
initiated by UV radiation. The photoinitiator Will be present 
in an amount of 0.1 to 10 percent, preferably 0.1 to 3.0 
percent, by Weight of the allylated amide compound, or 
combination of both allylated amide and vinyl compounds 
(excluding any ?ller). In some cases, both photoinitiation 
and free-radical initiation may be desirable. For example, 
the curing process can be started by UV irradiation, and in 
a later processing step, curing can be completed by the 
application of heat to accomplish a free-radical cure. 

[0019] In general, these compositions Will cure Within a 
temperature range of 50° to 250° C., and curing Will be 
effected Within a length of time of less than one minute to 
four hours. As Will be understood, the time and temperature 
curing pro?le for each adhesive composition Will vary, and 
different compositions can be designed to provide the curing 
pro?le that Will be suited to the particular industrial manu 
facturing process. 

[0020] Ease of application, even When thermoplastic prop 
erties are desired for the adhesive, is achieved by using 
relatively loW molecular Weight reactive oligomers or pre 
polymers and curing these in situ after application to the 
electronic component or substrate. Applying the materials in 
an uncured state gives high processibility, and the resultant 
cured thermoplastic adhesive provides high mechanical per 
formance. 

[0021] Suitable conductive ?llers for the adhesives are 
silver, copper, gold, palladium, platinum. 

Allylated Amide Compounds 

[0022] The allylated amide compounds suitable for use in 
the compositions of this invention have a structure repre 
sented by the formulas A and B as depicted here: 

n 

[0023] As used throughout this speci?cation, the notation 
C(O) refers to a carbonyl group. For these speci?c formulae, 
When loWer case “n” is the integer 1, the compound Will be 
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a mono-functional compound; and When loWer case n is 
an integer 2 to 6, the compound Will be a poly-functional 
compound. 

[0024] Formula A represents those compounds in Which: 

[0025] R9 is H, an alkyl or alkyleneoxy group having 1 to 
18 carbon atoms, allyl, aryl, or substituted aryl having the 
structure 

[0026] in Which R10, R11, and R12 are independently H or 
an alkyl or alkyleneoxy group having 1 to 18 carbon atoms; 

[0027] each X independently is an aromatic group selected 
from the aromatic groups having the structures (I) through 
(V) : 

(I) 

> 
<11) 

Q 

[0028] and Q is a linear or branched chain alkyl, alkyloxy, 
alkyl amine, alkyl sul?de, alkylene, alkyleneoxy, alkylene 
amine, alkylene sul?de, aryl, aryloxy, or aryl sul?de species 
having up to about 100 atoms in the chain, Which may 
contain saturated or unsaturated cyclic or heterocyclic sub 
stituents pendant from the chain or as part of the backbone 
in the chain, and in Which any heteroatom present may or 
may not be directly attached to X; 

[0029] or Q is a urethane having the structure: 
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O 

II 

[0030] in Which each R2 independently is an alkyl, aryl, or stituents pendant from the chain or as part of the backbone 
arylalkyl group having 1 to 18 Carbon atoms; R3 is an alkyl in the chain, and in Which any heteroatom present may or 
or alkyloXy chain having up to 100 atoms in the chain, Which may not be directly attached to K. 
chain may contain aryl substituents; X is O, S, N, or P; and ’ 
v is 0 to 50; [0039] or Z is a urethane having the structure: 

O O O 

II II II 

[0031] or Q is an ester having the structure: [0040] in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an alkyl 
or alkyloXy chain having up to 100 atoms in the chain, which 

0 chain may contain aryl substituents; X is O, S, N, or P; and 
H v is 0 to 50; 

[0041] or Z is an ester having the structure: 

[0032] in Which R3 is an alkyl or alkyloXy chain having up 
to 100 atoms in the chain, Which chain may contain aryl (IT 

C 

0 

substituents; —R3_ J; 
[0033] or Q is a siloXane having the structure: 

1 - 4 - 4 1 ~ - 

—1(CR 2_)e—[S1_R —O]f—S1R 2—(CR 9g? m _Wh1ch the [0042] in Which R3 is an alkyl or alkyloXy chain having up 
R substituent independently for each position is H or an to 100 atoms in the Chain, which Chain may Contain aryl 
alkyl group having 1 to 5 carbon atoms and the R4 substitu- substituents; 
ent independently for each position is an alkyl group having 
1 to 5 carbon atoms or an aryl group, and e and g are 

independently 1 to 10 and f is 1 to 50; and 

[0043] or Z is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— in Which the R1 substitu 
ent independently for each position is H or an alkyl group 

[0034] m is 0 or Land n is 1 to 6_ having 1 to 5 carbon atoms and the R4 substituent indepen 
dently for each position is an alkyl group having 1 to 5 

[0035] Formula B represents those compounds in Which carbon atoms or an aryl group, and e and g are independently 
1 to 10 and fis 1 to 50; 

[0036] R9 is H, or an alkyl or alkyleneoXy group having 1 
to 18 Carbon atoms, or an anyl group, or an aryl or [0044] K is an aromatic group selected from the aromatic 

groups having the structures (VI) through (XIII) (although 
only one bond may be shoWn to represent connection to the 
aromatic group K, this Will be deemed to represent any 
number of additional bonds as described and de?ned by n): 

substituted aryl having the structure 

R10 

:—Rll VI 

R12 / I 

\ 
[0037] in Which R10, R11, and R12 are independently H or (VII) 

alkyl amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de species 
having up to about 100 atoms in the chain, Which may 
contain saturated or unsaturated cyclic or heterocyclic sub 

an alkyl or alkyleneoXy group having 1 to 18 carbon atoms; 

[0038] Z is a linear or branched chain alkyl, alkyloXy, V0 \/|— 
P 

in Whichp is 1 to 100; 
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-continued 

(VIII) 

/\_S /\|_ 
V V 

in Whichp is 1 to 100; 

(IX) 

\ / ’ 

(X) 

[0045] 
chain alkyl, alkyloXy, alkyl amine, alkyl sul?de, alkylene, 

in Which R5, R6, and R7 are a linear or branched 

alkyleneoXy, alkylene amine, alkylene sul?de, aryl, aryloXy, 
or aryl sul?de species having up to about 100 atoms in the 
chain, Which may contain saturated or unsaturated cyclic or 

heterocyclic substituents pendant from the chain or as part of 

the backbone in the chain, and in Which any heteroatom 

present may or may not be directly attached to the aromatic 

ring; or R5, R6, and R7 are a siloXane having the structure 

—1(CR12)e—[SiR42—O]f—SiR42—(CH3)g— in Which the 
R substituent is H or an alkyl group having 1 to 5 carbon 

atoms and the R4 substituent independently for each position 
is an alkyl group having 1 to 5 carbon atoms or an aryl 

group, and e is 1 to 10 and f is 1 to 50; 

(XI) 

(XII) 

and 

Dec. 20, 2001 

-continued 
(XIII) 

O O 

t t 

O—|(|: T|Z—OH 
O O 

[0046] and m is 0 or 1 and n is 1 to 6. 

Vinyl Compounds 
[0047] The compounds suitable for use in the adhesive 
compositions of this invention have a structure represented 
by one of the formulae: [M-Xm]n-Q or [M-Zm]n-K, in Which 
mis0or1,andnis1to6. 
[0048] M represents a vinyl group and can be the male 
imide moiety having the structure: 

R1 o 

[0049] in Which R1 is H or C1 to C5 alkyl; or or the vinyl 
moiety having the structure: 

[0050] in Which R1 and R2 are H or an alkyl having 1 to 
5 carbon atoms, or together form a 5 to 9 membered ring 
With the carbons forming the vinyl group; B is C, S, N, O, 
C(O), O-C(O), C(O)-O, C(O)NH or C(O)N(R8), in Which R8 
is C1 to C5 alkyl. Preferably, B is O, C(O), O-C(O), C(O)-O, 
C(O)NH or C(O)N(R8); more preferably B is O, C(O), or 
C(O)N(R8). 
[0051] X independently is an aromatic group selected 
from the aromatic groups having the structures (I) through 
(V) : 

(I) 

(II) 
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-continued 
(III) 

[0052] Preferably, X is structure (II), (III), (IV) or (V), and 
more preferably is structure (II). 

[0053] Q and Z independently can be a linear or branched 
chain alkyl, alkyloXy, alkyl amine, alkyl sul?de, alkylene, 
alkyleneoXy, alkylene arnine, alkylene sul?de, aryl, aryloXy, 
or aryl sul?de species having up to about 100 atoms in the 
chain, Which may contain saturated or unsaturated cyclic or 
heterocyclic substituents pendant from the chain or as part of 
the backbone in the chain, and in Which any heteroatorn 
present may or may not be directly attached to X; 

[0054] or Q and Z independently can be a urethane having 
the structure: 

O 

H 
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[0059] Preferably, Q and Z Will be a linear or branched 
chain alkyl, alkyloXy, alkylene, or alkyleneoXy species hav 
ing up to about 100 atoms in the chain, as described With 
pendant saturated or unsaturated cyclic or heterocyclic sub 
stituents, or a siloXane as described, and more preferably is 
a linear or branched chain alkyl species or siloXane, as 
described. 

[0060] K is an aromatic group selected from the aromatic 
groups having the structures (VI) through (XIII) (although 
only one bond may be shoWn to represent connection to the 
aromatic group K, this Will be deemed to represent any 
number of additional bonds as described and de?ned by n): 

(VI) 

in Whichp is 1 to 100; 

[0055] in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an alkyl 
or alkyloXy chain having up to 100 atoms in the chain, Which 
chain may contain aryl substituents; X is O, S, N, or P; and 
v is 0 to 50; 

[0056] or Q and Z independently can be an ester having 
the structure: 

[0057] in Which R3 is an alkyl or alkyloXy chain having up 
to 100 atoms in the chain, Which chain may contain aryl 
substituents; 

[0058] or Q and Z independently can be a siloXane having 
the structure: —(CR12)e—[SiR4—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each position 
is H or an alkyl group having 1 to 5 carbon atoms and the 
R4 substituent independently for each position is an alkyl 
group having 1 to 5 carbon atoms or an aryl group, and e and 
g are independently 1 to 10 and f is 1 to 50. 

-continued 

A A tot-Stu 
in Whichp is 1 to 100; 

(VIII) 

(IX) 

(X) 

[0061] in Which R5, R6, and R7 are a linear or branched 
chain alkyl, alkyloXy, alkyl arnine, alkyl sul?de, alkylene, 
alkyleneoXy, alkylene arnine, alkylene sul?de, aryl, aryloXy, 
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or aryl sul?de species having up to about 100 atoms in the 
chain, Which may contain saturated or unsaturated cyclic or 
heterocyclic substituents pendant from the chain or as part of 
the backbone in the chain, and in Which any heteroatorn 
present may or may not be directly attached to the aromatic 
ring; or R5, R6, and R7 are a siloXane having the structure 
—1(CR12)e—[SiR42—O]f—SiR42—(CH3)g— in Which the 
R substituent is H or an alkyl group having 1 to 5 carbon 
atoms and the R4 substituent independently for each position 
is an alkyl group having 1 to 5 carbon atoms or an aryl 
group, and e is 1 to 10 and f is 1 to 50; 

(XI) 
CH3 

\ CH 

_O/\ 3 \\ _; 
(XII) 

l > O (§—c— 01 

\\ it 
(FF), 

and 

(XIII) 

[0062] Preferably, K is structure (VIII), or (XI), more 
preferably is structure or (XI), and most preferably is 
structure 

Other Cornposition Cornponents 

[0063] Depending on the nature of the substrate, the 
composition may also contain a coupling agent. Acoupling 

HO 
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agent as used herein is a chemical species containing a 
polyrneriZable functional group for reaction With the rnale 
irnide and other vinyl compound, and a functional group 
capable of condensing with metal hydroxides present on the 
surface of the substrate. Such coupling agents and the 
preferred amounts for use in compositions for particular 
substrates are knoWn in the art. Suitable coupling agents are 
silanes, silicate esters, rnetal acrylates or rnethacrylates, 
titanates, and compounds containing a chelating ligand, such 
as phosphine, rnercaptan, and acetoacetate. When present, 
coupling agents typically Will be in amounts up to 10 percent 
by Weight, and preferably in amounts of 0.1 to 3.0 percent 
by Weight, of the allylated arnide and vinyl cornpound, if 
any. 

[0064] In addition, the compositions may contain corn 
pounds that lend additional ?exibility and toughness to the 
resultant cured cornposition. Such compounds may be any 
therrnoset or therrnoplastic material having a Tg of 50° C. or 
less, and typically Will be a polymeric material characteriZed 
by free rotation about the chemical bonds, such as can be 
obtained by the presence of carbon-carbon double bonds 
adjacent to carbon-carbon single bonds, the presence of ester 
and ether groups, and the absence of ring structures. Suitable 
such rnodi?ers include polyacrylates, poly(butadiene), poly 
THF (polyrneriZed tetrahydrofuran), CTBN (carboXy-terrni 
nated butyronitrile) rubber, and polypropylene glycol. When 
present, toughening compounds may be in an amount up to 
about 15 percent by Weight of the rnaleirnide and other 
rnonofunctional vinyl cornpound. 

[0065] SiloXanes may also be added to the compositions to 
impart elastorneric properties. Suitable siloXanes are the 
rnethacryloXypropyl-terrninated polydirnethyl siloXanes, 
and the arninopropyl-terrninated polydirnethylsiloXanes, 
available from United Chernical Technologies. 

[0066] The composition may also contain organic ?llers, 
such as, polymers to adjust rheology. Other additives knoWn 
and used in the art may also be used for speci?c purposes, 
such as, adhesion promoters. The selection of the types and 
amounts suitable is Within the eXpertise of one skilled in the 
art. 

EXAMPLE 1 

Preparation of Bis Phenol F-Bis(diallylarnide) 

[0067] 

O 

1. 2 eq. W , cat. R3N 

2. KMnO4, NaOHaq 
—> OH 
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-continued 

HO c6 c6 OH 

\H/ {\O O/Y \H/ 
O HO HO O 

DCC, DMAP 

W 

[0068] Bisphenol F (200.3 g, 1 rnol) is solvated in tetrahy 
drofuran (500 rnL) in a 2 L three-necked ?ask 
equipped With mechanical stirrer and re?ux condenser. To 
this solution is added 1,2-epoxy-9-decene (308.5 g, 2 rnol) 
and benZyldirnethylarnine (0.67 g, 5 rnrnol). The solution is 
warmed to 80° C. for 7 hours and then allowed to cool to 
room temperature. Solvent is removed in vacuo to yield an 
oil. 

[0069] The intermediate isolated above (508.8 g, 1 rnol) is 
dissolved in THF (1 L) and H20 (1 L) in a 3 L three-necked 
?ask equipped with mechanical stirrer, re?ux condenser and 
internal temperature probe under nitrogen. To this solution is 
added KMnO4 (316 g, 2 rnol), and the resulting mixture 
warmed to 80° C. for 5 hours. The reaction is alloWed to cool 
to room temperature and bulk solvent is removed in vacuo. 
The resulting material is solvated in CHZCl2 (1 L), ?ltered, 
and Washed With H2O (3><1 L). The isolated organics are 
dried over MgSO4 and solvent removed in vacuo to yield a 
diacid interrnediate. 

[0070] The above diacid (544.8 g, 1 rnol) is combined With 
diallylarnine (194.3 g, 2 rnol) and CHZCl2 (1 L) in a 3 L 
three-necked ?ask equipped With a mechanical stirrer, addi 
tion funnel and internal temperature probe under nitrogen. 
The solution is cooled to 40 C. in an ice bath. The addition 
funnel is charged With dicyclohexylcarbodiirnide (DCC) 
(412.7 g, 2 rnol) dissolved in CHZCl2 (300 rnL), and this 
solution added to the stirred arnine solution over the course 
of 60 minutes. The reaction is stirred on the ice bath for an 
additional 30 minutes. The mixture is alloWed to Warm to 
room temperature and further stirred for 4 hours. The 
solution is ?ltered to remove precipitated dicyclohexylurea 
(DCU). The isolated organics are dried over MgSO4 anhyd., 
?ltered and solvent removed in vacuo to yield the bis(dial 
lylarnide) product. 

EXAMPLE 2 

Preparation of Poly(butadiene)bis(diallylarnide) 

[0071] 
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[0072] Diallylamine (97.15 g, 1 mol) is solvated in 
acetone (500 mL) in a 2 L three-necked ?ask equipped With 
mechanical stirrer, addition funnel and internal temperature 
probe under nitrogen. The solution is cooled on an ice bath. 
MaleiniZed poly(butadiene) (Ricon 131MA5, Ricon Resins 
Inc., 1766 g) dissolved in acetone (500 mL) is charged into 
the addition funnel and added to the cooled amine solution 
over the course of 60 minutes maintaining an internal 
temperature <10° C. The solution is stirred on ice for an 
additional 60 minutes, then alloWed to Warm to room 
temperature and stirred for another 2 hours. Solvent and 
residual diallylamine are removed in vacuo to yield the 
poly(diallylamide). 

EXAMPLE 3 

Preparation of Dimer Bis(diallylamide) or 
10,11-Dioctyl-1,20-eicosyl bis(diallylamide) 

[0073] Dimer acid (sold under the trademark Empol 1024 
by Unichema, 20.5 g, 35.7 mmol) Was solvated in anhydrous 
toluene (250 mL) in a 500 mL four-necked ?ask equipped 
With re?ux condenser, addition funnel, and magnetic stirring 
under nitrogen. This solution Was Warmed to 80° C., and 
oXalyl chloride (12.5 mL, 143 mmol) Was added dropWise 
over the course of 60 minutes. Evolution of CO2, CO and 
HCl Was immediately evident. The reaction Was stirred for 
an additional 3 hours after the addition Was complete, 
alloWed to cool to room temperature and solvent removed in 
vacuo to yield an orange oil. IR and 1H NMR spectral data 
Were consistent With the desired bis(acid chloride) product. 

[0074] Diallyl amine (10.0 mL) Was solvated in diethyl 
ether (EtZO) (200 mL) in a 500 mL three-necked ?ask 
equipped With mechanical stirrer, addition funnel and inter 
nal temperature probe under nitrogen. NaOH (3.2 g, 80 
mmol) dissolved in H20 (100 mL) Was added to this 
solution. This solution Was cooled to 4° C. on an ice bath. 

The bis(acid chloride) described above Was solvated in Et2O 
(20 mL), charged into the addition funnel and added to the 
stirred amine solution over the course of 30 minutes, main 
taining an internal temperature <10° C. This solution Was 
stirred on ice for an additional one hour, then alloWed to 
Warm to room temperature, and stirred for an additional 4 
hours. The organic layer Was isolated and Washed With 5% 
HClaq (200 mL), and H20 (2x200 mL). The isolated organ 
ics Were dried over MgSO4 anhydrous, ?ltered, and the 
solvent removed in vacuo to yield an orange oil (87%), 
Which eXhibited IR and 1H NMR spectral data consistent 
With the desired bis(diallylamide). 

What is claimed is: 

1. An allylated amide compound having the formula 

in Which m is 0 or 1, n is 1 to 6, and 

(a) R9 is H, an alkyl group having 1 to 18 carbon atoms, 
an alkyleneoXy group having 1 to 18 carbon atoms, an 
allyl group, an aryl group, or a substituted aryl group 
having the structure 

/ A? n 

\ \THR 

in Which R10, R11, and R12 are independently H or an 
alkyl or alkyleneoXy group having 1 to 18 carbon 
atoms; 

(b) X is an aromatic group selected from the group of 
aromatic groups having the structures: 

<1) 

<11) 

(III) 
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-continued 
(IV) 

/ O 
—/\l— —C—> and 

(V) 

(c) Q is a linear or branched chain alkyl, alkyloXy, alkyl 
amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species having up to about 100 atoms in the chain, 
Which may contain saturated or unsaturated cyclic or 
heterocyclic substituents pendant from the chain or as 
part of the chain, and in Which any heteroatom present 
may or may not be directly attached to X. 

2. The allylated amide compound according to claim 1 in 
Which Q is a linear or branched chain alkyl species having 
up to about 100 atoms in the chain, Which may contain 
saturated or unsaturated cyclic or heterocyclic substituents 
pendant from the chain or as part of the chain, and in Which 
any heteroatom present may or may not be directly attached 
to X. 

3. The allylated amide compound according to claim 1 in 
Which Q is a urethane having the structure: 

O O O 

|| II II 
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6. The allylated amide compound according to claim 1 in 
Which Q is an ester having the structure: 

O O O O 

in Which p is 1 to 100, 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents, 

or a siloXane having the structure —(CR12)e—[SiR42— 
O]f—SiR42—(CR12)g— in Which the R1 substituent 
independently for each position is H or an alkyl group 
having 1 to 5 carbon atoms, the R4 substituent inde 
pendently for each position is an alkyl group having 1 
to 5 carbon atoms or an aryl group, e and g are 
independently 1 to 10, and f is 1 to 50. 

7. The allylated amide compound according to claim 1 in 
Which Q is an ester having the structure: 

in Which p is 1 to 100, 

in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 
chain, Which chain may contain aryl substituents; X is 
O, S, N, or P; and v is 0 to 50. 

4. The allylated amide compound according to claim 1 in 
Which Q is a siloXane having the structure (CR 2)e— 
[SiR“2—O]f—SiR4 2—(CR12)g— 

in Which the R1 substituent independently for each posi 
tion is H or an alkyl group having 1 to 5 carbon atoms, 
the R4 substituent independently for each position is an 
alkyl group having 1 to 5 carbon atoms or an aryl 
group, e and g are independently 1 to 10, and f is 1 to 
50. 

5. The allylated amide compound according to claim 1 in 
Which Q is an ester having the structure: 

in Which R3 is an alkyl or alkyloXy chain having up to 100 
atoms in the chain, Which chain may contain aryl 
substituents. 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents, 

or a siloXane having the structure —(CR12)e—[SiR42— 
O]f—SiR42—(CR12)g— in Which the R1 substituent 
independently for each position is H or an alkyl group 
having 1 to 5 carbon atoms, the R4 substituent inde 
pendently for each position is an alkyl group having 1 
to 5 carbon atoms or an aryl group, e and g are 

independently 1 to 10, and f is 1 to 50. 

8. An allylated amide compound having the formula 

in Which m is 0 or 1, n is 1-6, and 

(a) R9 is H, an alkyl or alkyleneoXy group having 1 to 18 
carbon atoms, allyl, aryl, or substituted aryl having the 
structure 
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in Which R10, R11, and R12 are independently H or an 
alkyl or alkyleneoXy group having 1 to 18 carbon 
atoms; 

(b) K is an aromatic group selected from group of 
aromatic groups having the structures: 

(VI) 

/ | 
\ , 

(VII) 

/\_O /\|_ 
in Which p is 1 to 100; 

(VIII) 

\) V 
in Which p is 1 to 100; 

(IX) 

\ / ’ 

(X) 

in Which R5, R6, and R7 are a linear or branched chain 
alkyl, alkyloXy, alkyl amine, alkyl sul?de, alkylene, 
alkyleneoXy, alkylene amine, alkylene sul?de, aryl, 
aryloXy, or aryl sul?de species having up to about 100 
atoms in the chain, Which may contain saturated or 
unsaturated cyclic or heterocyclic substituents pendant 
from the chain or as part of the backbone in the chain, 
and in Which any heteratom present may or may not be 
directly attached to the aromatic ring; or 
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R5, R6, and R7are a siloXane having the structure 
—(CR12)e—[SiR42—O]f—SiR42—(CH3)g— in Which 
the R1 substituent is H or an alkyl group having 1 to 5 
carbon atoms and the R4 substituent independently for 
each position is an alkyl group having 1 to 5 carbon 
atoms or an aryl group, and e is 1 to 10 and f is 1 to 50; 

(XI) 
CH3 

\ CH3 \ _O/ \O_; 
(XII) 

O (§—|<|:—)0,1 

no \\ II 
(we), 

and 

(XIII) 
O O 

l! I . 

\w 
HO—C C—OH 

|| II 

and 

(c) Z is a linear or branched chain alkyl, alkyloXy, alkyl 
amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species having up to about 100 atoms in the chain, 
Which may contain saturated or unsaturated cyclic or 
heterocyclic substituents pendant from the chain or as 
part of the chain, and in Which any heteroatom present 
may or may not be directly attached to K. 

9. The allylated amide compound according to claim 8 in 
Which Z is a linear or branched chain alkyl species having 
up to about 100 atoms in the chain, Which may contain 
saturated or unsaturated cyclic or heterocyclic substituents 
pendant from the chain or as part of the chain, and in Which 
any heteroatom present may or may not be directly attached 
to K. 

10. The allylated amide compound according to claim 8 in 
Which Z is a urethane having the structure: 

O 

H 
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in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 
chain, Which chain may contain aryl substituents; X is 
O, S, N, or P; and v is 0 to 50. 

11. The allylated amide compound according to claim 8 in 
Which Z is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— 

in Which the R1 substituent independently for each posi 
tion is H or an alkyl group having 1 to 5 carbon atoms, 
and the R4 substituent independently for each position 
is an alkyl group having 1 to 5 carbon atoms or an aryl 
group, and e and g are independently 1 to 10 and f is 
1 to 50. 

12. The allylated amide compound according to claim 8 in 
Which Z is an ester having the structure: 

in Which R3 is an alkyl or alkyloXy chain having up to 100 
atoms in the chain, Which chain may contain aryl 
substituents. 

13. The allylated amide compound according to claim 8 in 
Which Z is an ester having the structure: 

O O O 

II II II 

in Which p is 1 to 100, 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents, 

or a siloXane having the structure —(CR12)e—[SiR42— 
O]f—SiR42—(CR12)g— in Which the R1 substituent 
independently for each position is H or an alkyl group 
having 1 to 5 carbon atoms, the R4 substituent inde 
pendently for each position is an alkyl group having 1 
to 5 carbon atoms or an aryl group, e and g are 
independently 1 to 10, and f is 1 to 50. 

14. The allylated amide compound according to claim 8 in 
Which Z is an ester having the structure: 

O O 

II II 

in Which p is 1 to 100, 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents, 

or a siloXane having the structure —(CR12)e—[SiR42— 
O]f—SiR42—(CR12)g— in Which the R1 substituent 
independently for each position is H or an alkyl group 
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having 1 to 5 carbon atoms, the R4 substituent inde 
pendently for each position is an alkyl group having 1 
to 5 carbon atoms or an aryl group, e and g are 

independently 1 to 10, and f is 1 to 50. 

15. The allylated amide compound according to any one 
of claims 8 to 14 in Which K is 

A A ow 
in Which p is 1 to 100. 

16. The allylated amide compound according to any one 
of claims 8 to 14 in Which K is 

in Which R5, R6, and R7 are a linear or branched chain alkyl, 
alkyloXy, alkyl amine, alkyl sul?de, alkylene, alkyleneoXy, 
alkylene amine, alkylene sul?de, aryl, aryloxy, or aryl 
sul?de species having up to about 100 atoms in the chain, 
Which may contain saturated or unsaturated cyclic or het 
erocyclic substituents pendant from the chain or as part of 
the chain, and in Which any heteroatom present may or may 
not be directly attached to the aromatic ring. 

17. The allylated amide compound according to any one 
of claims 8 to 14 in Which K is 

CH3 

/ I (:3 / I 
7\ CH3 \\ 

_O O_ 

18. A curable adhesive composition comprising an ally 
lated amide compound according to any one of claims 1 
through 17, a curing initiator selected from the group 
consisting of a free-radical initiator and a photoinitiator, 
optionally a ?lter and optionally an adhesion promoter. 

19. A curable adhesive composition comprising an ally 
lated amide compound according to any one of claims 1 
through 17 a curing initiator selected from the group con 
sisting of an anionic and a cationic initiator, optionally a 
?ller, and optionally an adhesion promoter. 

20. A curable adhesive composition according to claim 
18, further comprising a compound having the structure 

[M-X -Q in Which m is 0 or 1 and n is 1 to 6, and 

(a) M is a maleimide moiety having the structure: 
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:1}? 
in Which R1 is H or an alkyl group having 1 to 5 carbon 

atoms; 

(b) X is an aromatic group selected from the group of 
aromatic groups having the structures: 

(I) 

> 
<11) 

@ 
and 

(c) Q is a linear or branched chain alkyl, alkyloXy, alkyl 
amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species, Which may contain saturated or unsaturated 
cyclic or heterocyclic substituents pendant from the 
chain or as part of the chain, and in Which any hetera 
tom present may or may not be directly attached to X; 
or 

(d) Q is a urethane having the structure: 

W W 
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chain, Which chain may contain aryl substituents; X is 
O, S, N, or P; and v is 0 to 50; or 

(e) Q is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— in Which the R1 sub 
stituent independently for each position is H or an alkyl 
group having 1 to 5 carbon atoms, and the R4 substitu 
ent independently for each position is an alkyl group 
having 1 to 5 carbon atoms or an aryl group, and e and 
g are independently 1 to 10 and f is 1 to 50; or 

(f) Q is an ester having the structure: 

O O 

|| || 

in Which R3 is an alkyl or alkyloXy chain having up to 100 
atoms in the chain, Which chain may contain aryl 
substituentsl; or 

(g) Q is an ester having the structure: 

0 O 0 

|| || || 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50; or 

(h) Q is an ester having the structure: 

O O O 

I || || 

in Which p is 1 to 100, and 

in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 
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each R3 can independently be a siloXane having the 

structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 

atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 

aryl group, e and g are independently 1 to 10, and f is 

1 to 50. 

O 

II 

21. Acurable adhesive composition according to claim 18 
further comprising a compound having the structure 

in Which In is 0 or 1 and n is 1-6; and 

(a) R1 and R2 are H or an alkyl group having 1 to 5 carbon 
atoms, or together form a 5 to 9 membered ring With the 
carbons forming the vinyl group; 

(b) B is C, S, N, O, C(O), C(O)NH or C(O)N(Rs), in 
Which R8 is an alkyl group having 1 to 5 carbon atoms; 

(c) X is an aromatic group selected from the group of 
aromatic groups having the structures: 

(I) 

> 
(II) 

and 

(d) Q is a linear or branched chain alkyl, alkyloXy, alkyl 
arnine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
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arnine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species, Which may contain saturated or unsaturated 
cyclic or heterocyclic substituents pendant from the 
chain or as part of the chain, and in Which any hetera 
torn present may or may not be directly attached to X; 
or 

(e) Q is a urethane having the structure: 

O 

ll 

in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 
chain, Which chain may contain aryl substituents; X is 
O, S, N, or P; and v is 0 to 50; or 

(f) Q is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— in Which the R1 sub 
stituent independently for each position is H or an alkyl 
group having 1 to 5 carbon atoms, and the R4 substitu 
ent independently for each position is an alkyl group 
having 1 to 5 carbon atoms or an aryl group, and e and 
g are independently 1 to 10 and f is 1 to 50; or 

(g) Q is an ester having the structure: 

0:0 0:0 
in Which R3 is an alkyl or alkyloXy chain having up to 100 

atoms in the chain, Which chain may contain aryl 
substituentsl; or 

(h) Q is an ester having the structure: 

0 o 0 

|| || || 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50; or 

(i) Q is an ester having the structure: 
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in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50. 

22. Acurable adhesive composition according to claim 18 
further comprising a compound having the structure 

[M-Zm]n-K in Which m is 0 or 1 and n is 1-6, and 

(a) M is a maleimide moiety having the structure 

R1 o 

O 

in Which R1 is H or an alkyl having 1 to 5 carbon atoms; 

(b) K is an aromatic group selected from group of 
aromatic groups having the structures: 

(V) 

(VI) 

wo 
(v11) 

__/\_S__/\_ 
V V 

in which p-is 1 to 100; - P 

(VIII) 

/ \ 

\ I I / ’ 
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-continued 
(IX) 

in Which R5, R6, and R7 are a linear or branched chain 
alkyl, alkyloXy, alkyl amine, alkyl sul?de, alkylene, 
alkyleneoXy, alkylene amine, alkylene sul?de, aryl, 
aryloXy, or aryl sul?de species, Which may contain 
saturated or unsaturated cyclic or heterocyclic substitu 
ents pendant from the chain or as part of the backbone 
in the chain, and in Which any heteratom present may 
or may not be directly attached to the aromatic ring; 

or R5, R6, and R7 are a siloXane having the structure 
—(CR12)e—[SiR42—O]f—SiR42—(CH3)g— in Which 
the R1 substituent is H or an alkyl group having 1 to 5 
carbon atoms and the R4 substituent independently for 
each position is an alkyl group having 1 to 5 carbon 
atoms or an aryl group, and e is 1 to 10 and f is 1 to 50; 

(X) 
CH3 

\/\ CH3 \ \ 
_ O_ 

(XI) 

1 > H 
(IT N—C— 01 

(XII) 

and 

(c) Z is a linear or branched chain alkyl, alkyloXy, alkyl 
amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species, Which may contain saturated or unsaturated 
cyclic or heterocyclic substituents pendant from the 
chain or as part of the chain, and in Which any hetera 
tom present may or may not be directly attached to K; 
or 

(d) Z is a urethane having the structure: 
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O 

H 

in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 
chain, Which chain may contain aryl substituents; X is 
0, S, N, or P; and v is 0 to 50; or 

(e) Z is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— in Which the R1 sub 
stituent independently for each position is H or an alkyl 
group having 1 to 5 carbon atoms, and the R4 substitu 
ent independently for each position is an alkyl group 
having 1 to 5 carbon atoms or an aryl group, and e and 
g are independently 1 to 10 and f is 1 to 50; or 

(f) Z is an ester having the structure: 

in Which R3 is an alkyl or alkyloXy chain having up to 100 
atoms in the chain, Which chain may contain aryl 
substituentsl; or 

(g) Z is an ester having the structure: 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50; or 

(h) Z is an ester having the structure: 

0 0 

|| || 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 
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each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50. 

23. Acurable adhesive composition according to claim 18 
further comprising a compound having the structure 

in Which m is 0 or 1 and n is 1-6; and 

(a) R1 and R2 are H or an alkyl group having 1 to 5 carbon 
atoms, or together form a 5 to 9 membered ring With the 
carbons forming the vinyl group; 

(b) B is C, S, N, C, C(O), C(O)NH or C(O)N(R8), in 
Which R8 is an alkyl group having 1 to 5 carbon atoms; 

(c) K is an aromatic group selected from the group of 
aromatic groups having the structures: 

(V) 

(VI) 

A A word 
in Which p is 1 to 100; 

A A JRJSIk/T 
(v11) 
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-continued 

in Which p is 1 to 100; 

(VIII) 

R5 (IX) 

f/m 

in Which R5, R6, and R7 are a linear or branched chain 
alkyl, alkyloXy, alkyl amine, alkyl sul?de, alkylene, 
alkyleneoXy, alkylene amine, alkylene sul?de, aryl, 
aryloXy, or aryl sul?de species, Which may contain 
saturated or unsaturated cyclic or heterocyclic substitu 

O 

H 
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-continued 
(X11) 

|| || 
0 O 

and 

(d) Z is a linear or branched chain alkyl, alkyloXy, alkyl 
amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species, Which may contain saturated or unsaturated 
cyclic or heterocyclic substituents pendant from the 
chain or as part of the chain, and in Which any hetera 
tom present may or may not be directly attached to K; 
or 

(e) Z is a urethane having the structure: 

ents pendant from the chain or as part of the backbone 
in the chain, and in Which any heteratom present may 
or may not be directly attached to the aromatic ring; or 

R5, R6, and R7 are a siloXane having the structure 
—(CR12)e—[SiR42—O]f—SiR42—(CH3)g— in Which 
the R1 substituent is H or an alkyl group having 1 to 5 
carbon atoms and the R4 substituent independently for 
each position is an alkyl group having 1 to 5 carbon 
atoms or an aryl group, and e is 1 to 10 and f is 1 to 50; 

(X) 

(X1) 

in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 
chain, Which chain may contain aryl substituents; X is 
O, S, N, or P; and v is 0 to 50; or 

(f) Z is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— in Which the R1 sub 
stituent independently for each position is H or an alkyl 
group having 1 to 5 carbon atoms, and the R4 substitu 
ent independently for each position is an alkyl group 
having 1 to 5 carbon atoms or an aryl group, and e and 
g are independently 1 to 10 and f is 1 to 50; or 

(g) Z is an ester having the structure: 

O O 

II II 

in Which R3 is an alkyl or alkyloXy chain having up to 100 
atoms in the chain, Which chain may contain aryl 
substituents; or 

(h) Z is an ester having the structure: 

in Which p is 1 to 100, and 
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each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50; or 

(i) Z is an ester having the structure: 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50. 

24. Acurable adhesive composition according to claim 19 
further comprising a compound having the structure 

[M-X -Q in Which m is 0 or 1 and n is 1 to 6, and 

(a) M is a maleimide moiety having the structure: 

O 

ll 
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in Which R1 is H or an alkyl group having 1 to 5 carbon 

atoms; 

(b) X is an aromatic group selected from the group of 
aromatic groups having the structures: 

(1) 

(II) 

(III) 

and 

(c) Q is a linear or branched chain alkyl, alkyloXy, alkyl 
amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species, Which may contain saturated or unsaturated 
cyclic or heterocyclic substituents pendant from the 
chain or as part of the chain, and in Which any hetera 

tom present may or may not be directly attached to X; 
or 

(d) O is a urethane having the structure: 
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in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 
chain, Which chain may contain aryl substituents; X is 
O, S, N, or P; and v is 0 to 50; or 

(e) Q is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— in Which the R1 sub 
stituent independently for each position is H or an alkyl 
group having 1 to 5 carbon atoms, and the R4 substitu 
ent independently for each position is an alkyl group 
having 1 to 5 carbon atoms or an aryl group, and e and 
g are independently 1 to 10 and f is 1 to 50; or 

(f) Q is an ester having the structure: 

O O 

II II 

in Which R3 is an alkyl or alkyloXy chain having up to 100 
atoms in the chain, Which chain may contain aryl 
substituentsl; or 

(g) Q is an ester having the structure: 

O O O 

|| || || 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50; or 

(h) Q is an ester having the structure: 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 

structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
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tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50. 

25. Acurable adhesive composition according to claim 19 
further comprising a compound having the structure 

in Which m is 0 or 1 and n is 1-6; and 

(a) R1 and R2 are H or an alkyl group having 1 to 5 carbon 
atoms, or together form a 5 to 9 membered ring With the 
carbons forming the vinyl group; 

(b) B is C, S, N, O, C(O), C(O)NH or C(O)N(R8), in 
Which R8 is an alkyl group having 1 to 5 carbon atoms; 

(c) X is an aromatic group selected from the group of 
aromatic groups having the structures: 

(1) 

(II) 

(III) 

(IV) 

and 

(d) Q is a linear or branched chain alkyl, alkyloXy, alkyl 
amine, alkyl sul?de, alkylene, alkyleneoXy, alkylene 
amine, alkylene sul?de, aryl, aryloXy, or aryl sul?de 
species, Which may contain saturated or unsaturated 
cyclic or heterocyclic substituents pendant from the 
chain or as part of the chain, and in Which any hetera 
tom present may or may not be directly attached to X; 
or 

(e) Q is a urethane having the structure: 
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H 
O 

H 
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in Which each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; R3 is an 
alkyl or alkyloXy chain having up to 100 atoms in the 
chain, Which chain may contain aryl substituents; X is 
O, S, N, or P; and v is 0 to 50; or 

(f) Q is a siloXane having the structure: —(CR12)e— 
[SiR42—O]f—SiR42—(CR12)g— in Which the R1 sub 
stituent independently for each position is H or an alkyl 
group having 1 to 5 carbon atoms, and the R4 substitu 
ent independently for each position is an alkyl group 
having 1 to 5 carbon atoms or an aryl group, and e and 

g are independently 1 to 10 and f is 1 to 50; or 

(g) Q is an ester having the structure: 

O O 

II II 

in Which R3 is an alkyl or alkyloxy chain having up to 100 
atoms in the chain, Which chain may contain aryl 
substituentsl; or 

(h) Q is an ester having the structure: 

0 O 

O 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 
structure—(CR12)e—[SiR42—O]f—SiR42—(CR12)g— 
in Which the R1 substituent independently for each 
position is H or an alkyl group having 1 to 5 carbon 
atoms, the R4 substituent independently for each posi 
tion is an alkyl group having 1 to 5 carbon atoms or an 
aryl group, e and g are independently 1 to 10, and f is 
1 to 50; or 

(i) Q is an ester having the structure: 

in Which p is 1 to 100, and 

each R3 can independently be an alkyl or alkyloXy chain 
having up to 100 atoms in the chain, Which chain may 
contain aryl substituents; or 

each R3 can independently be a siloXane having the 

structure —(CR12)e—[SiR42—O]f—SiR42— 
(CR12)g— in Which the R1 substituent independently 
for each position is H or an alkyl group having 1 to 5 
carbon atoms, the R4 substituent independently for each 
position is an alkyl group having 1 to 5 carbon atoms 
or an aryl group, e and g are independently 1 to 10, and 
f is 1 to 50. 

26. Acurable adhesive composition according to claim 19 
further comprising a compound having the structure 

[M-Zm]n-K in Which m is 0 or 1 and n is 1-6, and 

(a) M is a maleimide moiety having the structure 

R1 o 

in Which R1 is H or an alkyl having 1 to 5 carbon atoms; 

(b) K is an aromatic group selected from group of 
aromatic groups having the structures: 

(V) 

(VI) 

wo 
(v11) 

Q <I> 
in Which p is 1 to 100; 








