(12) STANDARD PATENT (11) Application No. AU 2007325313 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Dispenser

(61) International Patent Classification(s)
B43K 5/14 (2006.01) B67D 99/00 (2010.01)

(21) Application No: 2007325313 (22) Date of Filing:  2007.11.20
(87) WIPO No: WO08/067220

(30)  Priority Data

(31) Number (32) Date (33) Country
11/565,022 2006.11.30 us
(43) Publication Date: 2008.06.05

(44) Accepted Journal Date: 2012.12.13

(71)  Applicant(s)
Closure Medical Corporation

(72)  Inventor(s)
Shepard, Thomas A.;Schoon, Thomas;Goodman, Jack;Hake, Gregory

(74)  Agent/ Attorney
Callinans, PO Box 1189, Hartwell, VIC, 3124

(56) Related Art
US 5568988
US 4784506
US 2006/0049203




wO 2008/067220 A3 |1 I0E 00 010 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
5 June 2008 (05.06.2008)

PO

(10) International Publication Number

WO 2008/067220 A3

(74)

(51) International Patent Classification:
B67D 5/00 (2006.01)

(21) International Application Number:
PCT/US2007/085236

(22) International Filing Date:
20 November 2007 (20.11.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/565,022 30 November 2006 (30.11.2006)  US

(71) Applicant (for all designated States except US): CLO-
SURE MEDICAL CORPORATION [US/US]; 5250

Greens Dairy Road, Raleigh, NC 27616 (US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): GOODMAN, Jack
[US/US]; 3228 Cottontail Court, Ann Arbor, MI 48103
(US). HAKE, Gregory [US/US]; 12131 63rd St. NE, Ot-
sego, MN 55301 (US). SCHOON, Thomas [US/US]; 5880
Prairie Ridge Drive, Shoreview, MN 55126 (US). SHEP-
ARD, Thomas A. [US/US]J; 327 Staples Drive, Rolesville,
NC 27571 (US).

Agents: BAUM, Allen R. et al.; Hutchison Law Group
Pllc, P.O. Box 31686, Raleigh, NC 27612 (US).

(81) Designated States (unless otherwise indicated, for every

(84)

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:

7 August 2008

(54) Title: DISPENSER

A

/’/
/ /
Mo

/)

©

/

(o

(57) Abstract: An applicator device for dispensing and/or
applying an adhesive material comprises a body portion com-
prising a closed proximal end and an open distal end provid-
ing a cavity. The cavity is sized to accept a frangible con-
tainer having a polymerizable adhesive material. At least one
breaking member integral with the body portion and having a
surrounding gap is at least partially deflectable into the cavity
and each breaking member has a first engagement member.
An annular housing movable with respect to the body por-
tion has a second engagement member complementary with
the first engagement member, the first and the second engage-
ment member being cooperatively engageable with each other
When the annular housing is moved relative to the body por-
tion from a first position where the first and the second en-
gagement member are not cooperatively engaged with each
other.
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DISPENSER

Field
[0001] The present invention relates to a dispenser such as an adhesive applicator
device, in particular, an adhesive applicator device for applying/dispensing a

polymerizable adhesive composition.

BACKGROUND
[0002] Monomer and polymer adhesives are used in both industrial (including
household) and medical applications. Included among these adhesives are the 1,1-
disubstituted ethylene monomers and polymers, such as the a-cyanoacrylates. Since
the discovery of the adhesive properties of such monomers and polymers, they have
found wide use due to the speed with which they cure, the strength of the resulting
bond formed, and their relative ease of use. These characteristics have made the o-
cyanoacrylate adhesives the primary choice for numerous applications such as
bonding plastics, rubbers, glass, metals, wood, and, more recently, biological tissues.
[0003] It is known that monomeric forms of a-cyanoacrylates are extremely
reactive, polymerizing rapidly in the presence of even minute amounts of an initiator,
including moisture present in the air or on moist surfaces such as animal (including
human) tissue. Monomers of 0-cyanoacrylates are anionically polymerizable or free
radical polymerizable, or polymerizable by zwitterions or ion pairs to form polymers.
Once polymerization has been initiated, the cure rate may be very rapid.
[0004] Medical applications of 1,1-disubstituted ethylene adhesive compositions
include use as an alternate or an adjunct to surgical sutures and/or staples in wound
closure, as well as for covering and protecting surface wounds such as lacerations,
abrasions, burns, stomatitis, sores, minor cuts and scrapes, and other wounds. When an
adhesive is applied to surfaces to be joined, it is usually applied in its monomeric
form, and the resultant polymerization gives rise to the desired adhesive bond.
[0005] However, due to the need to apply the adhesive or sealant material in its
monomeric form, and due to the rapid polymerization rate of the monomers, it has
been very difficult to design effective and commercially viable applicators and/or

dispensers. Such applicators and/or dispensers must balance the competing
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requirements that the monomer not prematurely polymerize, that the monomer be
easily applied, that the monomer polymerize at a desired rate upon application, and
that the sanitary and/or sterile properties of the monomer and applicator be
maintained.

[0006] Problems with known applicators and/or dispensers include, for example,
the adhesive or sealant material being fed from the applicator device by gravity only.
Such gravity feed methods may not allow for desired control over the flow of the
adhesive or sealant material from the applicator device during use. Furthermore,
known applicators/dispensers may not allow for fine control over and placement of

the adhesive or sealant material at the time of use.

SUMMARY
[0007] The above needs are addressed by providing applicators and dispensers
that permit economical and efficient use of adhesive or sealant compositions. In
embodiments applicators and/or dispensers are provided that are user friendly.
[0008] In one embodiment, an applicator device for dispensing a polymerizable
adhesive material is provided. The applicator device comprises a body portion
comprising a closed proximal end and an open distal end providing a cavity. The
cavity is sized to accept a frangible container having a polymerizable adhesive
material. At least one breaking member is integral with the body portion and each
breaking member has a surrounding gap. The at least one breaking member is at least
partially deflectable into the cavity and each breaking member has a first engagement
member. An annular housing is movable with respect to the body portion and has a
second engagement member complementary with the at least one first engagement
member, the first and the second engagement member being cooperatively engageable
with each other. A reservoir is secured to the open distal end of the body portion, the
reservoir having applicator means. A retaining member is located between the body
portion and the reservoir. When the annular housing is moved relative to the body
portion from a first position where the first and the second engagement members are
not cooperatively engaged with each other, to a second position where the first and
the second engagement members are cooperatively engaged with each other, at least a
portion of the breaking member is deflected into the cavity, breaking or piercing the

frangible container and allowing adhesive material to flow into the reservoir.
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[0009] In another embodiment, an applicator device for dispensing a
polymerizable adhesive material is provided. The applicator device comprises a body
portion comprising a closed proximal end and an open distal end providing a cavity.
A plurality of breaking members are integral with the body portion and each breaking
member has a surrounding gap, the plurality of breaking members are at least partially
deflectable into the cavity and each breaking member has a first engagement member.
At least one semi-rigid section sealably contacts each of the plurality of breaking
members and sealably covers each corresponding surrounding gap. An annular
housing is circumferentially rotatable with respect to the body portion and has a
second engagement member complementary with the first engagement member, the
first and the second engagement member being cooperatively engageable with each
other. A reservoir is secured to the open distal end of the body portion. The reservoir
has a distal opening which comprises applicator means. A retaining member is
located between the body portion and the reservoir. A flow restrictor is proximal to
the distal opening of the reservoir. A frangible container of polymerizable monomer
adhesive material is disposed within the cavity between the closed proximal end and
the retaining member. When the annular housing is circumferentially rotated relative
to the body portion from a first position where the first and the second engagement
member are not cooperatively engaged with each other, to a second position where the
first and the second engagement member are cooperatively engaged with each other,
at least a portion of the breaking member is deflected into the cavity, breaking or
piercing the frangible container and allowing adhesive material to flow into the
reservoir.

[0010] In another embodiment, a method of applying/dispensing an adhesive
material is provided. The method comprises providing an applicator device for
dispensing and/or applying an adhesive material. The applicator device comprises a
body portion comprising a closed proximal end and an open distal end providing a
cavity. At least one breaking member is integral with the body portion, each breaking
member having a surrounding gap, and the at least one breaking member is at least
partially deflectable into the cavity. Each breaking member has a first engagement
member. An annular housing is movable with respect to the body portion and has a
second engagement member complementary with the first engagement member, the

first and the second engagement member being cooperatively engageable with each
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other. A reservoir is secured to the open distal end of the body portion, the reservoir
further having a distal opening comprising applicator means. A retaining member is
located between the body portion and the reservoir and a frangible container of
adhesive material is disposed within the cavity between the closed proximal end and
the retaining member. Moving the annular housing relative to the body portion from
a first position, where the first and the second engagement members are not
cooperatively engaged with each other, to a second position where the first and the
second engagement members are cooperatively engaged with each other, deflects at
least a portion of the breaking member into the cavity breaking or piercing the
frangible container. Squeezing the reservoir provides a positive pressure within the
reservoir, dispensing adhesive material from the reservoir to a substrate. Releasing
the squeezed reservoir creates a negative pressure within the reservoir for urging

adhesive material from the container within the cavity into the reservoir.

BRIEF DESCRIPTION OF THE FIGURES
[0011] FIG. 1 illustrates a top perspective view of an applicator device
embodiment.
[0012] FIG. 2 is an exploded view of the embodiment as shown in FIG. 1.
[0013] FIG. 3 is an exploded view of the body portion of the embodiment as
shown in FIG. 1.
[0014] FIG. 4 is a sectional view of the body portion and annular housing
embodiment depicting non-engagement of corresponding engaging members of an
embodiment of FIG. 2.
[0015] FIG. 5 is a sectional view of body portion and annular housing
embodiment depicting engagement of corresponding engaging members of an
embodiment of FIG. 2.
[0016] FIG. 6 is a sectional view of body portion and annular housing depicting
engagement of corresponding engaging members of an embodiment of FIG. 2.
[0017] FIG. 7 is a sectional view of an actuator embodiment.
[0018] FIG. 8 is a top plan view of a retaining member of the embodiment as
shown in FIG. 2.
[0019] FIG. 9 is a top perspective view of an applicator device embodiment.

[0020] FIG. 10 is an exploded view of the embodiment as shown in FIG. 9
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[0021] FIG. 11 is an exploded view of a body portion of the embodiment as
shown in FIG. 9.
[0022] FIG. 12 is perspective view of a body segment of the embodiment as
shown in FIG. 9.

DETAILED DESCRIPTION
[0023] In embodiments, an applicator and/or dispenser (herein after referred to as
“applicator device”) is designed to facilitate manipulation by hand for mixing,
dispensing and/or applying an adhesive or sealant material. For example, applicators
and/or dispensers are provided that are pen-like, providing a familiar feel to the user.
In embodiments, an applicator is designed to reduce or eliminate leakage of adhesive
from the device, be more securably gripped by the user, be more comfortable to the
user, and/or easier to operate. The applicator allows for a "hands forward" position on
the applicator device providing greater control over placement of the adhesive or
sealant material. Additionally, the placement and length of the actuator allows for
ease of use of the applicator while maintaining the hands forward position thereby
allowing for greater control over the flow and direction of the adhesive or sealant
material. In embodiments, the actuator may be recessed into the body portion such
that it is flush to the body of the applicator.
[0024] In particular, embodiments are directed to an applicator device for
dispensing, mixing and/or applying an adhesive or sealant material, comprising: a
body portion; a cavity in the body portion; an actuator movable relative to the body
portion; and at least one breaking member integral with the body portion and
cooperatively engagable by the actuator, wherein movement of the actuator relative to
the body portion moves at least a portion of at least one breaking member into the
cavity of the body portion.
[0025] In embodiments, the applicator device comprises a body portion. The
body portion includes a closed proximal end and an open distal end which forms a
cavity within the body portion. The cavity may be sized to accept a frangible
container of adhesive or sealant material. The body portion may comprise one or
more body segments. The closed distal end may comprise re-sealable means such as
a screw cap or snap-fit cap for insertion of a frangible container at the point of use.

The screw cap or snap-fit cap preferably is designed to lock upon sealing with the
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body to prevent re-opening. The body portion or a body segment of the body portion
may be molded or machined.

[0026] In various embodiments, the applicator device further comprises a
frangible container of adhesive or sealant material at least partially disposed within
the cavity, wherein movement of the actuator relative to the body portion moves the
breaking member(s) to rupture the frangible container.

[0027] In embodiments, the body portion or a body segment of the body portion
comprises at least one breaking member. The breaking member is formed from one
or more surrounding gaps in the body portion. The breaking member may be
proximally integral with the body portion and distally extend in a generally parallel
direction with the longitudinal axis of the body portion. Alternatively, the breaking
member may be distally integral with the body portion and proximally extend in a
generally parallel direction with the longitudinal axis of the body portion. The
breaking member may be circumferentially integral with the body portion. The
breaking member is deflectable such that at least a portion of the breaking member
enters the cavity. There may be only one breaking member or there may be a
plurality of breaking members. The term “plurality” as used herein refers to at least
two. In embodiments, there are two breaking members. The breaking members
comprise a first engagement member near or at their distal end. The first engagement
member may be a lobe, tine, protrusion, or equivalent. The first engagement member
may alternatively be a recess, cam race or equivalent. The breaking member(s) may
be positioned anywhere on the body portion or a body segment of the body portion
such that upon deflection at least a portion of the breaking member(s) enters the
cavity.

[0028] In embodiments, the applicator device comprises at least one semi-rigid
section. The semi-rigid section provides a seal such that adhesive material is
restricted from leaking from the body portion of the applicator device. The semi-rigid
section sealably contacts each of the at least one breaking member and sealably
covers each corresponding surrounding gap. There may be a plurality of breaking
members and corresponding gaps that are contacted and sealed by a single semi-rigid
section. Alternatively, each breaking member and corresponding gap may be
contacted and sealed by a separate semi-rigid section. The semi-rigid portion

provides a seal about the breaking member and the corresponding gap in the body
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portion reducing or eliminating leakage from the cavity after the frangible container
has been ruptured. In embodiments, the semi-rigid portion sealably contacts the
breaking members by essentially overlaying the breaking member with the exception
of at least a portion of the engagement member of the breaking member. This may be
achieved by providing an orifice such as a hole in the semi-rigid section for outward
protrusion of the engagement member of the breaking member. The semi-rigid
portion is generally of a material less rigid than the body portion. The semi-rigid
portion may be a thermoplastic elastomer. The semi-rigid section may be formed by
co-injection molding, insert molding or overmolding. In embodiments, the semi-rigid
section may be formed out of the body portion or a body segment of the body portion,
for example, as a thin-walled section.

[0029] In embodiments, the applicator device comprises an actuator. In
embodiments, the actuator comprises a movable annular housing or annular collar.
The terms “annular housing” and “annular collar” are used herein interchangeably.
The annular housing may contain a second engagement member. The second
engagement member of the movable annular housing engages at least one first
engagement member of the breaking member. The second engagement member 1s
complementary with the first engagement member. For example, when the first
engagement member is a lobe, tine, protrusion, or equivalent, the second engagement
member may be a cam, cam race or equivalent, or a thickened wall section.
Alternatively, if the first engagement member is a cam, cam race or equivalent or
thickened wall section, the second engagement member may be a lobe, tine,
protrusion, or equivalent.

[0030] In embodiments, the actuator comprises an annular housing movably
mounted on the body portion. The annular housing may be circumferentially
rotatable or axially movably mounted on the body portion from a first position where
the first and the second engagement member are not cooperatively engaged with each
other, to a second position where the first and the second engagement member are
cooperatively engaged with each other such that the breaking member is deflected
into the cavity when the annular housing is in the second position. In embodiments,
the annular housing is rotatable circumferentially relative to the body portion from a
first position where the first and the second engagement member are not cooperatively

engaged with each other, to a second position where the first and the second
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engagement member are cooperatively engaged with each other such that the breaking
member is deflected into the cavity when the annular housing is in the second
position. In embodiments, the annular housing is axially movable relative to the body
portion from a first position where the first and the second engagement member are
not cooperatively engaged with each other, to a second position where the first and
the second engagement member are cooperatively engaged with each other such that
the breaking member is deflected into the cavity when the annular housing is in the
second position. In embodiments, the annular housing is circumferentially rotatable
and non-axially movable relative to the body portion from a first position where the
first and the second engagement member are not cooperatively engaged with each
other, to a second position where the first and the second engagement member are
cooperatively engaged with each other such that the breaking member is deflected
into the cavity when the annular housing is in the second position. By way of
example, upon movement of the annular housing from the first position to the second
position, the first and the second engagement member are cooperatively engaged with
each other such that at least a portion of at least one breaking member is deflected into
the cavity to rupture the frangible container. In embodiments, movement of the
actuator relative to the body portion to move at least a portion of the breaking member
into the cavity is inhibited prior to use of the applicator device.

[0031] In embodiments, the applicator device further comprises a retaining
member at least partially disposed in the open distal end of the body portion. The
retaining member may be positioned between the body portion and a reservoir. The
retaining member directs flow of the polymerizable adhesive material from the body
portion into the reservoir and/or provides for venting. The retaining member
restrains fragments of broken frangible container within the body portion. The
retaining member is preferably positioned proximal to the distal opening of the
reservoir. The retaining member may be made of a material that is at least one of
porous, absorbent and adsorbent in nature. The retaining member may be made of a
wicking material. The retaining member may comprise a one-way flow controlling
element in combination with a venting element such that air may easily or
unimpededly enter the cavity as adhesive or sealant material concurrently leaves the
cavity. In embodiments, the retaining element may comprise a plurality of orifices.

For example, the retaining element may comprise a generally centered orifice
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circumferentially surrounded by generally smaller orifices such that air may easily or
unimpededly enter the cavity as adhesive or sealant material concurrently leaves the
cavity.

[0032] In embodiments, the retaining member may further comprise a filter to
prevent particles of the broken frangible container from exiting the cavity. The filter
may be positioned between the retaining member and the frangible container.
Alternatively, the filter may be positioned such that the retaining member is between
the filter and the frangible container. The filter may be integral with the retaining
member. The filter may be any material or may be compatible or non-interactive with
the polymerizable adhesive material. By way of example, the filter may be a screen
or porous disk. By further way of example, the filter may be of polyethylene (e.g.,
high-density or ultra-high molecular weight), polyethylene terephthalate (PET),
polypropylene, glass or metal etched with holes. In embodiments, at least one of a
medicament, a polymerization initiator, a polymerization rate modifier and a stabilizer
for a polymerizable monomer is in or on the retaining member and/or in or on the
filter.

[0033] In embodiments, the applicator device further comprises a reservoir
secured to the open distal end of the body portion. The reservoir is in fluid
communication with the cavity to receive the adhesive or sealant material. The
reservoir is essentially a hollow chamber which may function as a reservoir, siphon
and/or dispensing pump. The reservoir may siphon adhesive from the cavity when
released after squeezing because of a differential pressure that is caused by the
recovery of the reservoir to its original shape. The reservoir may be flexible, semi-
flexible, semi-rigid, reinforced or an exoskeleton. In embodiments, the reservoir is
flexible. The reservoir may be of any material which is compatible with the adhesive
or sealant material such as polysilicones, KRATON®, polyurethanes, thermoplastic
elastomer, and the like. In embodiments, at least one of a medicament, a
polymerization initiator, a polymerization rate modifier and a stabilizer for a
polymerizable monomer is in or on the reservoir. The reservoir may be molded, for
example, by liquid injection molding (LIM).

[0034] In embodiments, the applicator device further comprises applicator means
such as an applicator device tip that is connected to or integral with the reservoir. In

embodiments, the applicator means may comprise one of a tube, a nozzle, a spatula, a
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rolling ball, a brush, and a swab. In embodiments, the applicator means such as an
applicator device tip is removable and/or interchangeable. Examples of tips for
applicators may be found in U.S. Patent Nos. 6,425,704 and 6,705,790, incorporated
herein by reference in their entireties.

[0035] In embodiments, the applicator device further comprises a flow restrictor
disposed in the reservoir proximal to the applicator device tip, the flow restrictor
providing a restricted flow of a material when the material is being dispensed from the
reservoir. The flow restrictor may be frictionally secured proximal to the applicator
device tip. The flow restrictor may be a machined plug, which may contain an orifice.
The flow restrictor preferably restricts flow more than the retaining member and/or
filter fluid path from the body portion to the reservoir. In embodiments, at least one
of a medicament, a polymerization initiator, a polymerization rate modifier and a
stabilizer for a polymerizable monomer is in or on the flow restrictor. In
embodiments, at least one of a medicament, a polymerization initiator, a
polymerization rate modifier and a stabilizer for a polymerizable monomer is in or on
the retaining member/filter, in or on the reservoir, in or on the flow restrictor, and/or
in or on the applicator means.

[0036] In other embodiments, a method of applying/dispensing an adhesive or
sealant material is provided. The method comprises providing an applicator device
including a container of adhesive or sealant matérial at least partially in the cavity of
the applicator device; moving an actuator relative to the body portion to deflect a
breaking member to rupture the container; squeezing a flexible reservoir to siphon the
adhesive from the cavity; and dispensing the adhesive or sealant material from the
reservoir. In embodiments, the method further comprises applying the dispensed
adhesive or sealant material to a substrate to be bonded. The substrate may be any
material requiring adhesive or sealant, including living tissue, particularly in medical
embodiments. The substrate may be a flexible material such as a mesh. In
embodiments, the mesh comprises at least one of a medicament, a polymerization
initiator, a polymerization rate modifier and/or a stabilizer for a polymerizable
monomer and/or an adhesive material.

[0037] In other embodiments, the method comprises placing a container of
adhesive or sealant material at least partially into the cavity of an applicator device;

moving the actuator relative to the body portion to deflect the breaking member to
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rupture the container; squeezing the flexible reservoir to siphon the adhesive from the
cavity and dispensing the adhesive or sealant material from the reservoir.

[0038] In embodiments, the applicator device comprises a frangible container that
includes one or more adhesive, or sealant materials. As used herein, the terms
“ampoule” and “cartridge” are used interchangeably and refer to a frangible container
capable of containing an adhesive or adhesive composition or sealant material. The term
“frangible” in the context of a container refers generally to the ability of the container to
be readily or easily broken or ruptured such that the contents of the container are
released. The adhesive or sealant material may comprise a polymerizable monomeric
adhesive or sealant material. In embodiments, the adhesive or sealant material
comprises a polymerizable 1,1-disubstituted ethylene monomer formulation. In
embodiments, the adhesive or sealant material comprises a cyanoacrylate formulation.
In embodiments, synthetic adhesive materials such as polyurethane, polyethylene
glycol, acrylates, glutaraldehyde and biologically based adhesives may be used.
[0039] Monomers that may be used in the frangible container of the
applicator/dispensor are readily polymerizable, e.g. anionically polymerizable or free
radical polymerizable, or polymerizable by zwitterions or ion pairs to form polymers.
Some such monomers are disclosed in, for example, U.S. Patent No. 5,328,687 to
Leung, et al., which is hereby incorporated by reference in its entirety herein.
Preferably, the cyanoacrylate adhesive compositions comprise one or more
polymerizable cyanoacrylate monomers and are biocompatible. The term
"biocompatible" refers to a material being suited for and meeting the requirements of
amedical device, used for either long or short term implants or for non-implantable
applications, such that when implanted or applied in an intended location, the material
serves the intended function for the required amount of time without causing an
unacceptable response. Long term implants are defined as items implanted for more
than 30 days.

[0040] The cyanoacrylate adhesive compositions comprising one or more
polymerizable cyanoacrylate monomers may include combinations or mixtures of
cyanoacrylate monomers.

[0041] By way of example, useful monomers include a-cyanoacrylates of formula

(I). These monomers are known in the art and have the formula

11
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R2HC——C M

COOR3

wherein R? is hydrogen and R? is a hydrocarbyl or substituted hydrocarbyl group; a
group having the formula --R*-O-R*-O-R®, wherein R* is a 1,2-alkylene group having
2-4 carbon atoms, R’ is an alkylene group having 1-4 carbon atoms, and R® is an alkyl
group having 1-6 carbon atoms; or a group having the formula
—R'—C—0—R®
o)

wherein R’ is

CH;,

(CH™ ___th—  —C(CHa—

) ’

wherein n is 1-10, preferably 1-5 carbon atoms, and R® is an organic moiety.

[0042] Examples of suitable hydrocarbyl and substituted hydrocarbyl groups
include straight chain or branched chain alkyl groups having 1-16 carbon atoms;
straight chain or branched chain C, -C¢ alkyl groups substituted with an acyloxy
group, a haloalkyl group, an alkoxy group, a halogen atom, a cyano group, or a
haloalkyl group; straight chain or branched chain alkenyl groups having 2 to 16
carbon atoms; straight chain or branched chain alkynyl groups having 2 to 12 carbon
atoms; cycloalkyl groups; aralkyl groups; alkylaryl groups; and aryl groups.

[0043] The organic moiety R® may be substituted or unsubstituted and may be
straight chain, branched or cyclic, saturated, unsaturated or aromatic. Examples of
such organic moieties include C, -Cg alkyl moieties, C, -Cg alkenyl moieties, C; -Cg
alkynyl moieties, C;- Cy; cycloaliphatic moieties, aryl moieties such as phenyl and
substituted phenyl and aralkyl moieties such as benzyl, methylbenzyl, and
phenylethyl. Other organic moieties include substituted hydrocarbon moieties, such
as halo (e.g., chloro-, fluoro- and bromo-substituted hydrocarbons) and oxy-
substituted hydrocarbon (e.g., alkoxy substituted hydrocarbons) moieties. Preferred
organic radicals are alkyl, alkenyl, and alkynyl moieties having from 1 to about 8
carbon atoms, and halo-substituted derivatives thereof. Particularly preferred are

alkyl moieties of 4 to 6 carbon atoms.
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[0044] In the cyanoacrylate monomer of formula (I), R’ may be an alkyl group
having 1-10 carbon atoms or a group having the formula -AOR’, wherein A is a
divalent straight or branched chain alkylene or oxyalkylene moiety having 2-8 carbon
atoms, and R’ is a straight or branched alkyl moiety having 1-8 carbon atoms.

[0045] Examples of groups represented by the formula -~AOR’ include 1-
methoxy-2-propyl, 2-butoxy ethyl, isopropoxy ethyl, 2-methoxy ethyl, and 2-ethoxy
ethyl.

[0046] The a-cyanoacrylates of formula (I) may be prepared according to
methods known in the art. U.S. Patent Nos. 2,721,858 and 3,254,111, each of which
is hereby incorporated in its entirety by reference, disclose methods for preparing o-
cyanoacrylates. For example, the a-cyanoacrylates may be prepared by reacting an
alkyl cyanoacetate with formaldehyde in a nonaqueous organic solvent and in the
presence of a basic catalyst, followed by pyrolysis of the anhydrous intermediate
polymer in the presence of a polymerization inhibitor.

[0047] The a-cyanoacrylates of formula (I) wherein R’ is a group having the
formula R*-O-R*-0-R® may be prepared according to the method disclosed in U.S.
Patent No. 4,364,876 to Kimura et al., which is hereby incorporated in its entirety by
reference. In the Kimura et al. method, the a-cyanoacrylates are prepared by
producing a cyanoacetate by esterifying cyanoacetic acid with an alcohol or by
transesterifying an alkyl cyanoacetate and an alcohol; condensing the cyanoacetate
and formaldehyde or para-formaldehyde in the presence of a catalyst at a molar ratio
0f 0.5-1.5:1, preferably 0.8-1.2:1, to obtain a condensate; depolymerizing the
condensation reaction mixture either directly or after removal of the condensation
catalyst to yield crude cyanoacrylate; and distilling the crude cyanoacrylate to form a
high purity cyanoacrylate.

[0048] The a-cyanoacrylates of formula (I) wherein R? is a group having the

formula
—R/—C—0—R®

I

6]

may be prepared according to the procedure described in U.S. Patent No. 3,995,641 to

Kronenthal et al., which is hereby incorporated in its entirety by reference. Examples
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of monomers of formula (I) include cyanopentadienoates and a-cyanoacrylates of the

formula:
CN

ZHC—C (1)

COOR3

wherein Z is —CH=CH, and R* is as defined above. The monomers of formula (II)
wherein R is an alkyl group of 1-10 carbon atoms, i.e., the 2-cyanopenta-2,4-dienoic
acid esters, may be prepared by reacting an appropriate 2-cyanoacetate with acrolein
in the presence of a catalyst such as zinc chloride. This method of preparing 2-
cyanopenta-2,4-dienoic acid esters is disclosed, for example, in U.S. Patent No.
3,554,990, which is hereby incorporated in its entirety by reference.

[0049] Suitable a-cyanoacrylate monomers which may be used, alone or in
combination, include alkyl a-cyanoacrylates such as 2-octyl cyanoacrylate; dodecyl
cyanoacrylate; 2-ethylhexyl cyanoacrylate; butyl cyanoacrylate such as n-butyl
cyanoacrylate; ethyl cyanoacrylate; methyl cyanoacrylate or other a-cyanoacrylate
monomers such as methoxyethyl cyanoacrylate; 2-ethoxyethyl cyanoacrylate; 3-
methoxybutyl cyanoacrylate; 2-butoxyethyl cyanoacrylate; 2-isopropoxyethyl
cyanoacrylate; and 1-methoxy-2-propyl cyanoacrylate. In embodiments, the
monomers are ethyl, n-butyl, or 2-octyl a-cyanoacrylate. Other cyanoacrylate
monomers which may be used include alkyl ester cyanoacrylates, such as those
prepared by the Knoevenagel reaction of an alkyl cyanoacetate, or an alkyl ester
cyanoacetate, with paraformaldehyde, subsequent thermal cracking of the resultant
oligomer and distillation<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>