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ENDOPROSTHESES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application (and 
claims the bene?t of priority under 35 USC 120) of US. 
application Ser. No. 11/111,509, ?led onApr. 21, 2005 which 
is a continuation-in-part of US. application Ser. No. 10/ 958, 
435, ?led Oct. 5, 2004, now US. Pat. No. 7,794,494; whichis 
a continuation-in-part of US. patent application Ser. No. 
10/683,314, ?led Oct. 10, 2003, now abandoned; which 
claims the bene?t of priority from US. Provisional Patent 
Application Ser. No. 60/488,323, ?led Jul. 18, 2003, and US. 
Provisional Patent Application Ser. No. 60/488,590, ?led Jul. 
18, 2003. The content of each application above is hereby 
incorporated by reference herein in their entirety. 

TECHNICAL FIELD 

[0002] This invention relates to endoprotheses. 

BACKGROUND 

[0003] The body includes various passageways such as 
arteries, other blood vessels, and other body lumens. These 
passageways sometimes become occluded or weakened. For 
example, the passageways can be occluded by a tumor, 
restricted by plaque, or weakened by an aneurysm. When this 
occurs, the passageway can be reopened or reinforced, or 
even replaced, with a medical endoprosthesis. An endopros 
thesis is typically a tubular member that is placed in a lumen 
in the body. Examples of endoprosthesis include stents, cov 
ered stents, and stent-grafts. 
[0004] Endoprosthesis can be delivered inside the body by 
a catheter that supports the endoprosthesis in a compacted or 
reduced-siZe form as the endoprosthesis is transported to a 
desired site. Upon reaching the site, the endoprosthesis is 
expanded, for example, so that it can contact the walls of the 
lumen. 
[0005] The expansion mechanism may include forcing the 
endoprosthesis to expand radially. For example, the expan 
sion mechanism can include the catheter carrying a balloon, 
which carries a balloon-expandable endoprosthesis. The bal 
loon can be in?ated to deform and to ?x the expanded 
endopro sthesis at a predetermined position in contact with the 
lumen wall. The balloon can then be de?ated, and the catheter 
withdrawn. 
[0006] In another delivery technique, the endoprosthesis is 
formed of an elastic material that can be reversibly compacted 
and expanded, e.g., elastically or through a material phase 
transition. During introduction into the body, the endopros 
thesis is restrained in a compacted condition. Upon reaching 
the desired implantation site, the restraint is removed, for 
example, by retracting a restraining device such as an outer 
sheath, enabling the endoprosthesis to self-expand by its own 
internal elastic restoring force. 
[0007] Passageways containing endoprotheses can become 
re-occluded. Re-occlusion of such passageways is known as 
restenosis. It has been observed that certain drugs can inhibit 
the onset of restenosis when the drug is coated on the 
endoprosthesis. 

SUMMARY 

[0008] Generally, the invention relates to a coated 
endoprosthesis. The endoprosthesis may be, e. g., a metal or a 
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metal alloy stent. The coating may include a therapeutic 
agent, e.g., a restenosis inhibiting agent, and may degrade in 
biological systems. 
[0009] In one aspect, the invention features an implantable 
endoprosthesis including a tubular member having a coating. 
The coating includes a polymeric material that includes a 
reaction product of a polyol, an isocyanate and a silsesquiox 
ane having at least two pendent hydroxyl groups. 
[0010] In some embodiments, the coating includes a thera 
peutic agent. The coating includes, e.g., between about 1 
percent by weight and about 35 by weight therapeutic agent or 
between about 5 percent by weight and about 25 by weight 
therapeutic agent. In a speci?c embodiment, the therapeutic 
agent inhibits restenosis. An example of such a therapeutic 
agent is paclitaxel. 
[0011] The polymeric material can be con?gured to fully 
release its therapeutic agent in less than seven days in blood at 
body temperature and/ or to degrade in less than 365 days in 
blood at body temperature. 
[0012] Polyols include, e.g., polyethylene glycol, polyca 
prolactone, polycyclooctene, trans-1,4 butadiene, transiso 
prene, polynorbomene and polymethacrylate copolymer, 
polycaprolactone-polylactide copolymer, polycaprolactone 
polyglycolide copolymer, polycaprolactone-polylactide 
polyglycolide copolymer, polylactide, polycaprolactone 
poly([3-hydroxybutyric acid) copolymer, poly([3 
hydroxybutyric acid) or mixtures of these polyols. 
[0013] In a speci?c embodiment, the polyol has only two 
pendent hydroxyl groups, and the hydroxyl groups are dis 
posed at ends of the polyol. 
[0014] The isocyanate can be, e.g., a diisocyanate, e.g., 4,4' 
diphenyl methylene diisocyanate, toluene-2,4-diisocyanate, 
toluene-2, 6-diisocyanate, hexamethylene-1 ,6-diisocyanate, 
4,4'-diphenylmethane diisocyanate, isophorone diisocyanate, 
and hydrogenated 4,4'-diphenylmethane diisocyanate or mix 
tures of these. 
[0015] The silsesquioxane can be, e.g., 1-(2-trans-cyclo 
hexanediol)ethyl-3,5,7,9,11,13,15-isobutylpentacyclo-[9.5. 
1.13’9.15’l5.17’l3]octasiloxane, 2-ethyl-2-[3-[[(heptaisobu 
tylpentacyclo-[9.5 .1 .13’9. 15’15. 17’l3]octasiloxanyl)oxy] 
dimethylsilyl]-propoxy]propane-1,3 -diol, 1-(2,3 - 
propanediol)propoxy-3,5,7,9,11,13,15-isobutylpentacyclo 
[9.5.1.13’915’15.17’13]octasiloxane, 2-ethyl-2-[3 
[[(heptaisobutylpentacyclo-[9.5.1.13’9.15’l5.17’l3] 
octasiloxanyl)oxy]dimethylsilyl]-propoxy]methyl]-1,3 - 

propanediol or mixtures of these. 
[0016] In some embodiments, a weight ratio of the polyol to 
the silsesquioxane is from about 1:2 to about 1:30, or from 
about 1:5 to about 1:25. 
[0017] The coating can have a thickness, e.g., of between 
about 3 micron and about 150 micron before the implantable 
endoprosthesis is expanded or between about 20 micron and 
50 micron before the implantable endoprosthesis is 
expanded. 
[0018] A coverage of the polymeric material on the tubular 
member can be, e.g., from about 0.5 pg per square millimeter 
of surface area of the tubular member to about 10 pg per 
square millimeter of surface area of the tubular member. 
[0019] The tubular member can include, e.g., an alloy, a 
bioresorbable metal, a metal oxide, a bioresorbable polymer 
or mixtures of these. In speci?c embodiments, the material is 
nitinol. 
[0020] In some embodiments, the polymeric material is a 
thermoplastic and has an absolute molecular weight of 
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greater than about 50,000, e.g., greater than about 100,000, 
greater than about 150,000 or greater than about 250,000. 
[0021] In a speci?c embodiment, the polyol includes a 
polycaprolactone-polylactide copolymer, and the silsesqui 
oxane includes 2-ethyl-2-[3-[[(heptaisobutylpentacyclo-[9. 
5.1 .13’9.15’15.1m3]octasiloxanyl)oxy]dimethylsilyl]-pro 
poxy]methyl]-1,3 -propanediol. 
[0022] The polyol can have, e.g., an absolute molecular 
Weight of from about 5,000 to about 50,000, from about 5,000 
to about 25,000 or from about 10,000 to about 20,000. 
[0023] In some embodiments, the polymeric material has a 
glass transition temperature of less than 100° C. In a speci?c 
embodiment, the polymeric material has a glass transition 
temperature of Within about 10° C. of nominal human body 
temperature or Within about 20° C. of nominal human body 
temperature. 
[0024] The polymeric material can have, e.g., a storage 
modulus at 25° C. ofless than 1,000 MPa, e.g., less than 750 
MPa, less than 600 MPa or less than 500 MPa. 
[0025] In another aspect, the invention features a method of 
treating a cavity or lumen in a mammal. The method includes 
inserting, into the lumen or cavity of the mammal, an implant 
able endoprosthesis including a tubular member having a 
coating. The coating includes a polymeric material that 
includes a reaction product of a polyol, an isocyanate and a 
silsesquioxane having at least tWo pendent hydroxyl group. 
The implantable endoprosthesis is expanded Within the cavity 
or lumen of the mammal. 

[0026] In some embodiments, the expanding is performed 
With a balloon in a vascular lumen. 
[0027] In another aspect, the invention features a method of 
making a implantable endoprosthesis that includes a tubular 
member. The method includes coating the tubular member 
With a polymeric material that includes a reaction product of 
a polyol, an isocyanate and a silsesquioxane having at least 
tWo hydroxyl groups. 
[0028] In some embodiments, the coating also includes a 
therapeutic agent. 
[0029] The coating can be applied, e.g., by spraying a solu 
tion of the polymeric material onto the tubular member. The 
solution can contain, e.g., less than about 10 percent by 
Weight of the polymeric material in a solvent. The solvent can 
be, e.g., tetrahydrofuran, toluene, methylene chloride or mix 
tures of these solvents. 
[0030] In another aspect, the invention features an implant 
able endoprosthesis that includes a tubular member that is 
expandable from a ?rst siZe to a second siZe and has a coating 
that includes a polymeric material and a therapeutic agent. 
During expansion of the implantable endoprosthesis from a 
?rst siZe to a second siZe, the coating does not substantially 
crack. 
[0031] In some embodiments, the polymeric material 
includes a reaction product of a polyol, an isocyanate and a 
silsesquioxane having at least tWo pendent hydroxyl groups. 
[0032] The tubular member can be, e.g., formed from a 
metal. 
[0033] In another aspect, the invention features an implant 
able endoprosthesis that includes a tubular member that has a 
coating that includes a polymeric material and a therapeutic 
agent. During routine chemical steriliZation of the implant 
able endoprosthesis With ethylene oxide, the coating does not 
slough off the tubular member. 
[0034] The tubular member can be, e.g., a stent formed 
from a metal. 
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[0035] The polymeric material can include, e.g., a reaction 
product of a polyol, an isocyanate and a silsesquioxane hav 
ing at least tWo pendent hydroxyl groups. 
[0036] In another aspect, the invention features an implant 
able endopro sthesis that includes a tubular member that has a 
coating that includes a polymeric material that includes a 
reaction product of a polyol and an isocyanate. 
[0037] In some embodiments, the reaction product also 
includes a silsesquioxane that has at least tWo pendent 
hydroxyl groups. 
[0038] The coating can include a therapeutic agent. 
[0039] In another aspect, the invention features an implant 
able endoprosthesis that includes a polymeric material that 
includes a reaction product of a polyol, an isocyanate and a 
silsesquioxane having at least tWo pendent hydroxyl groups. 
For example, the implantable endoprosthesis can include a 
tubular member, and the polymeric material can form a coat 
ing on the tubular member. In some embodiments, the tubular 
member is formed from a metal, e.g., one that degrades or 
corrodes in biological systems. For example, the metal that is 
degradable in biological systems can be magnesium or a 
magnesium alloy. 
[0040] In another aspect, the invention features an implant 
able endopro sthesis that includes a tubular member. The tubu 
lar member includes a polymeric material that includes a 
reaction product of a polyol, a silsesquioxanes and an isocy 
anate. In some embodiments, the polymeric may include 
therapeutic agent dispersed therein. 
[0041] Embodiments may have one or more of the folloW 
ing advantages. The coatings are ?exible and resilient, 
enabling expansion of an implantable endoprosthesis having 
the coating from a ?rst siZe to a second siZe larger than the ?rst 
siZe Without the coating substantially deforming, cracking 
and/or peeling during and/or after the expansion. The coat 
ings can envelope a variety of materials, including metals, 
metal alloys, polymers and polymer alloys. The coatings 
alloW for controlled release of therapeutic agents, e.g., pacli 
taxel. The rate of release of the therapeutic agent and/or the 
rate of degradation of the coating in biological systems can be 
controlled, and in many cases, predetermined, by adjusting 
ratios of the reaction products from Which the coating is 
formed. The coatings are resistant to damage from sterilants, 
e.g., chemical sterilants, e.g., ethylene oxide; for example, 
coatings do not slough off the during routine chemical steril 
iZation. 
[0042] The term “polyol” as used herein includes any 
organic compound having on average tWo or more hydroxyl 
groups. 
[0043] All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. 
[0044] Other aspects, features, and advantages Will be 
apparent from the description and draWings, and from the 
claims. 

DESCRIPTION OF DRAWINGS 

[0045] FIG. 1 is a perspective vieW of a metal stent having 
a coating. 
[0046] FIGS. 2, 3 and 4 represent ladder-type 4, T8 cube 
type 5 and cage-type 6 silsesquioxane structures, respec 
tively. 
[0047] 
preparing 
15-isobutylpentacyclo-[9.5 .1 

FIG. 5 is a reaction scheme illustrating a method of 
1-(2 -trans-cyclohexanediol)ethyl-3 ,5 ,7, 9, 1 1 , 1 3, 

.13’9.15’l5.17’13]-octasiloxane 7 
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from the corresponding epoxide, 1-[2-(3,4-epoxycyclohexyl) 
ethyl]-3,5,7,9,11,13,15-isobutylpentacyclo-[9.5.1.13’9.15’l5. 
17’13]octasiloxane 7'. 
[0048] FIG. 6 is a structure of 2-ethyl-2-[3-[[(heptaisobu 
tylpentacyclo-[9.5.1 .13’9. 15’151743]octasiloxanyl)oxy]dim 
ethylsilyl]-propoxy]methyl]-1,3 -propanediol 8. 
[0049] FIG. 7 is a reaction scheme illustrating a method of 
preparing 1-(2,3-propanediol)propoxy-3,5,7,9,11,13,15 
isobutylpentacyclo[9.5.1 .13’9.15’l5.17’13]-octasiloxane 9 
from the corresponding epoxide, 1-(3-glycidyl)propoxy-3,5, 
7,9,11,13,15-isobutylpentacyclo-[9.5.1.13’9.15’15. 17’l3]octa 
siloxane 9'. 
[0050] FIG. 8 is a structure of 2-ethyl-2-[[3-[[(heptacyclo 
pentylpentacyclo-[9.5.1.13’9.15’15.17’l3]octasiloxanyl)oxy] 
dimethylsilyl]propoxy]methyl]propane-1,3-diol 1 1. 
[0051] FIG. 9 is a structure ofa silsesquioxane 12 having 16 
hydroxyl groups per molecule. 
[0052] FIG. 10 is a reaction scheme illustrating a possible 
method of preparing partially condensed silsesquioxanes 2 
and fully condensed silsesquioxanes 3 from an organo-trihy 
droxy silane 1. 
[0053] FIG. 11 is a reaction scheme for producing a poly 
meric material from reacting polyethylene glycol 13, 1-(2 
trans -cyclohexanediol)ethyl-3 ,5 ,7,9,1 1 ,13, 15 -isobutylpenta 
cyclo-[9.5.1.13’915’15.17’13]octasiloxane 7 and 4,4' 
diphenylmethylene diisocyanate 14. 
[0054] FIG. 12 is a reaction scheme for producing a poly 
meric material from reacting polycaprolactone diol 15, 
2-ethyl-2-[3-[[(heptaisobutylpentacyclo-[9.5.1.13’9.15’l5.17’ 
1 3]octasiloxanyl)oxy]dimethylsilyl]-propoxy]methyl]-1,3 - 

propanediol 8 and 4,4'-diphenylmethylene diisocyanate 14. 
[0055] FIG. 13 is a reaction scheme for producing a poly 
meric material from reacting polycyclooctene diol 16, 
2-ethyl-2-[3-[[(heptaisobutylpentacyclo-[9.5.1.13’9.15’l5.17’ 
1 3]octasiloxanyl)oxy]dimethylsilyl]-propoxy]methyl]-1,3 - 

propanediol 8 and 4,4'-diphenylmethylene diisocyanate 14. 
[0056] FIG. 14 is a reaction scheme for producing a poly 
caprolactone-polylactide random copolymer 19 from lactide 
17 and caprolactone 18. 
[0057] FIG. 15 is a reaction scheme for producing a poly 
meric material from reacting the polycaprolactone-polylac 
tide random copolymer 19 of FIG. 15, 2-ethyl-2-[3-[[(heptai 
sobutylpentacyclo-[9.5.1 .13’9.15’l5.17’13]octasiloxanyl)oxy] 
dimethylsilyl]-propoxy]methyl]-1,3-propanediol 8 and 4,4' 
diphenylmethylene diisocyanate 14. 
[0058] FIG. 16 is a possible reaction product 20 of the 
reaction scheme shoWn in FIG. 15. 
[0059] FIG. 17 is a graph of Weight Percentage Remaining 
Versus Time (days) for seven different polymeric materials in 
the form of ?lms, the polymeric materials being formed from 
the reaction shoWn in FIG. 15. 
[0060] FIGS. 18A-18C illustrate delivery of the stent of 
FIG. 1 into a body lumen. 
[0061] FIG. 19 is a schematic representation of a polymer 
22 including a plurality of silsesquioxane units (SQ), each 
silsesquioxane having tWo pendent hydroxyl groups. 
[0062] FIG. 20 is a structure of a partially condensed sils 
esquioxane 1,3,5,7,9,11,14-heptaisobutyltricyclo[7.3.3.15’ 
1 1]heptasiloxane-endo-3,7,14-triol 23. 

DETAILED DESCRIPTION 

[0063] Referring to FIG. 1, a stent 40 includes bands 44 and 
connectors 46 that extend betWeen and connect adjacent 
bands. During use, stent 40 is expanded from an initial, 
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smaller transverse dimension to a larger transverse dimension 
to contact a Wall of a lumen. Stent 40 is formed from a metal 
or a metal alloy, e.g., stainless steel, titanium, tantalum or 
Nitinol, and has a coating 14 that includes a therapeutic agent 
and a polymeric material that degrades in biological systems. 
The polymeric material includes a reaction product of a 
polyol, an isocyanate and a silsesquioxane having at least tWo 
pendent hydroxyl groups. 
[0064] The polyol can be degradable, non-degradable, 
crystalline, partially crystalline or amorphous. The polyol can 
be, e.g., polyethylene glycol (PEG) polyol, polytetramethyl 
ene glycol polyol (polyTHF), polycyclooctene (PCO) polyol, 
trans-1,4-butadiene polyol, transisoprene polyol, polycapro 
lactone (PCL) polyol, polycaprolactone-polylactide copoly 
mer polyol, e.g., polycaprolactone-polylactide random 
copolymer polyol, polycaprolactone-polyglycolide copoly 
mer polyol, e.g., polycaprolactone-polyglycolide random 
copolymer polyol, polycaprolactone-polylactide-polygly 
colide copolymer polyol, e.g., polycaprolactone-polylactide 
polyglycolide random copolymer polyol, polylactide polyol, 
polycaprolactone-poly([3-hydroxybutyric acid) copolymer 
polyol, e.g., polycaprolactone-poly([3-hydroxybutyric acid) 
random copolymer polyol, poly([3-hydroxybutyric acid) 
polyol, polyester polyols, polyamide polyols, polyimide 
polyols, polyacrylate and polymethacrylate polyols, e.g., 
hydroxyl-terminated polyacrylate homopolymers and 
copolymers, polymethacrylate homopolymers and copoly 
mers, (e.g., copolymers of methyl acrylate or methyl meth 
acrylate and ethyl, propyl, or butyl acrylate or methacrylate), 
propane diols, butane diols, 1,6-hexanediol, 1,8-octanediol, 
neopentylglycol, glycerol, trimethylol propane, pentaeryth 
ritol, quinitol, mannitol, sorbitol, 1,4-trans-cyclohexane exo 
diol and 1,4-trans-cyclohexane endodiaol. 
[0065] Polycaprolactone (PCL) polyols can be prepared, 
e.g., by initiating polymeriZation of caprolactone With a loW 
molecular Weight diol. Examples of loW molecular Weight 
diol initiators include C1-C10 alkyl diols, e.g., propane diol, 
butane diol or hexane diol. 

[0066] Polycyclooctene (PCO) polyol, trans-1,4-butadiene 
polyol and transisoprene polyol can be made, e. g., by meth 
ods disclosed in European Polymer Journal, vol. 31, page 
51(1995) and European Polymer Journal, vol. 31, page 339 
(1997). Sartomer Company commercially provides a number 
of poly(diene) polyols, e.g., polybutadiene polyol. 
[0067] Hydroxyl group functionaliZed polyacrylate and 
polymethacrylate polymers can be made, e.g., by methods 
disclosed in Macromolecules, vol. 37, pages 9694-9700 
(2004). 
[0068] Mixtures of polyols can be used. 
[0069] In some embodiments, the polyol has only tWo pen 
dent hydroxyl groups, and the hydroxyl groups are disposed 
at ends of the polyol. 
[0070] The polyol can, e.g., have an absolute molecular 
Weight of from about 5,000 to about 250,000, e.g., from about 
5,000 to about 100,000 or from about 5,000 to about 80,000. 
[0071] Isocyanates can be, e.g., aliphatic, cycloaliphatic, 
aromatic, or heterocyclic. For example, isocyanates include 
C4-C30 linear or branched alkyl diisocyanates and C8-C3 
aryl diisocyanates. Optionally the alkyl or aryl groups can be 
substituted With one or more substituents such as C4-C10 

tertiary alkyl, C1-C12 primary or secondary alkyl, C4-C10 
tertiary alkoxy, C1-C12 primary or secondary alkoxy. The 
alkyl or aryl groups can also be substituted With a halogen, 
e.g., chlorine or bromine. Some speci?c isocyanates include 
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4,4'-diphenyl methylene diisocyanate, toluene-2,4-diisocy 
anate (TDl), toluene-2,6-diisocyanate, hexamethylene-1,6 
diisocyanate (HDI), isophorone diisocyanate (lPDl), hydro 
genated 4,4'-diphenylmethane diisocyanate, 1,3-bis 
isocyanato-1-methylene ethylene benzene, ethylene 
diisocyanate, tetramethylene-1,4-diisoyanate, dodecane-1, 
12-diisocyanate, cyclobutane- 1 ,3 -diisocyanate, naphthyl 
ene-1,5-diisocyanate and triphenylmethane-4,4',4"-triisocy 
anate. 

[0072] Mixtures of isocyanates can be used. 
[0073] Referring to FIGS. 2-4, silsesquioxanes, also known 
as T-resins, can exist in a variety of structural con?gurations, 
including ladder-type structures 4 (FIG. 2), T8 cube-type 
structures 5 (FIG. 3) and cage-type structures 6 (FIG. 4). 
Many silsesquioxanes are commercially available from either 
Hybrid PlasticsTM, Aldrich Chemical or from Reade 
Advanced Materials. Silsesquioxanes are discussed in “Sils 
esquioxanes, Bridging the Gap Between Polymers and 
Ceramics”, Chem?les, Vol. 1, No. 6, 2001 (Aldrich Chemi 
cal), the entire contents of Which is hereby incorporated by 
reference herein. 
[0074] Referring to FIG. 5, one silsesquioxane is 1-(2 
trans -cyclohexanediol)ethyl-3 ,5 ,7,9,1 1 ,13, 15 -isobutylpenta 
cyclo-[9.5.1.13’9.15’l5.17’13]octasiloxane 7. It can be pre 
pared from the corresponding epoxide, 1-[2-(3,4 
epoxycyclohexyl)ethyl]-3,5,7,9,11,13,15 
isobutylpentacyclo-[9.5.1.139.15’l5.17’l3]octasiloxane 7' by 
hydrolysis. 
[0075] Referring noW to FIG. 6, another silsesquioxane 
2-ethyl-2-[3-[[(heptaisobutylpentacyclo—[9.5 .1 .13’9. 15’15. 
1 7’ 13 ]octasiloxanyl)oxy]dimethylsilyl] -propoxy] methyl] -1 , 
3-propanediol 8. 
[0076] Referring to FIG. 7, another silsesquioxane is 1-(2, 
3-propanediol)propoxy-3,5,7,9,1 1,13,15-isobutylpentacy 
clo-[9.5.1 .13’9.15’15.17’13]octasiloxane 9. It can be made from 
the corresponding epoxide, 1-(3-glycidyl)propoxy-3,5,7,9, 
11,13,15-isobutylpentacyclo-[9.5.1.13’9.15’15.17’13]octasi 
loxane 9'. 
[0077] FIG. 8 shoWs another silsesquioxane, namely, 
2-ethyl-2-[[3-[[(heptacyclopentylpentacyclo-[9.5.1139.15’ 
1 5.17’1 3] octasiloxanyl)oxy] -dimethylsilyl]propoxy]methyl] 
propane-1,3-diol 11. FIG. 9 illustrates a silsesquioxane 12 
that has 16 hydroxyl groups per molecule. 
[0078] Mixtures of silsesquioxanes can be used. 
[0079] Referring to FIG. 10, one method of producing sils 
esquioxanes is via hydrolytic condensation of trifunctional 
organosilicon compounds, e.g., trihaloalkyl silanes or tri 
alkoxyalkyl silanes. Hydrolysis of the trifunctional organo 
silicon compounds gives trihydroxy silanes 1, Which upon 
condensation gives incompletely-condensed silsesquioxanes 
2, Which can be represented by formula [RSiO3/2]n(H2O)3n/ 
2-x. Further condensation of 2 gives fully condensed silses 
quioxanes 3, represented by formula [RSiO3/2]n. 
[0080] The polymers can be synthesiZed, e.g., by a one-step 
condensation polymeriZation as described in “Shape Memory 
Polymers Based On Semicrystalline Thermoplastic Polyure 
thanes Bearing Nanostructured Hard Segments, ” U.S. patent 
application Ser. No. , ?led concurrently hereWith. 
Generally, the polymers are prepared by charging a ?ask that 
has been purged With an inert gas, e.g., nitrogen, With the 
polyol. To the polyol is added a selected silsesquioxane in a 
solvent, e.g., toluene. The polyol-silsesquioxane mixture is 
heated to approximately 50-80° C. and maintained at that 
temperature. A selected isocyanate or mixture of isocyanates 
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is/ are added together With a catalyst, e. g., dibutyltin dilaurate. 
Temperature is maintained With stirring. Over time, the reac 
tion mixture thickens. In a typical embodiment, the reaction 
mixture is maintained at the reaction temperature for 2 to 3 
hours. In a typical embodiment, the thickened polymer solu 
tion is puri?ed by precipitation by pouring the mixture into 
n-hexane. 
[0081] Referring noW to FIG. 11, in a speci?c embodiment, 
the polymeric material is prepared by reacting polyethylene 
glycol 13 together With 1-(2-trans-cyclohexanediol)ethyl-3, 
5,7,9,1 1,13,15-isobutylpentacyclo-[9.5.1.13’9.15’15.17’13] 
octasiloxane 7 and 4,4' diphenyl methylene diisocyanate 14. 
[0082] Referring to FIG. 12, in another speci?c embodi 
ment, the polymeric material is prepared by reacting polyca 
prolactone diol 15 together With 2-ethyl-2-[3-[[(heptaisobu 
tylpentacyclo-[9.5 .1 .1”. 15’15. 17’l3]octasiloxanyl)oxy] 
dimethylsilyl]-propoxy]methyl]-1,3-propanediol 8 and 4,4' 
diphenylmethylene diisocyanate 14. 
[0083] Referring to FIG. 13, in another speci?c embodi 
ment, the polymeric material is prepared by reacting polycy 
clooctene diol 16 together With 2-ethyl-2-[3-[[(heptaisobu 
tylpentacyclo-[9.5.1.13’9.154517’13]octasiloxanyl)oxy] 
dimethylsilyl]-propoxy]methyl]-1,3-propanediol 8 and 4,4' 
diphenylmethylene diisocyanate 14. 
[0084] Referring to FIGS. 14-16, a polycaprolactone-poly 
lactide random copolymer 19 can be prepared by ring-open 
ing condensation of D,L-lactide (meso) 17 and caprolactone 
18. Random copolymer 19 can then be reacted together With 
2-ethyl-2-[3-[[(heptaisobutylpentacyclo-[9.5.1.13’9.15’l5.17’ 
13]octasiloxanyl)oxy]dimethylsilyl]-propoxy]methyl]- 1 ,3 
propanediol 8 and 4,4'-diphenylmethylene diisocyanate 14 to 
produce polymer 20 (FIG. 16). The polymer system enables 
systematic variation of ratio x/y, polyol degree of polymer 
iZation and total polymerization. For example, the ratio x/y 
can be betWeen about 1 and about 20, the polyol degree of 
polymeriZation can be betWeen about 2 and about 1000, and 
the total polymeriZation can be betWeen about 3 to about 
1000. 
[0085] In general, the mole ratio ofpolyol to silsesquioxane 
to isocyanate can be, e.g., about 1:2:3, 1:5:6 or about 1:10:11. 
The Weight ratio of the polyol to the silsesquioxane can be, 
e.g., from about 1:2 to about 1:30, from about 1:5 to about 
1:25 or from about 1:5 to about 1:15. 

[0086] In some embodiments, the polyol, the isocyante 
and/or the silsesquioxane is suf?ciently hydrophilic so that 
the polymeric material forms a hydrogel When exposed to 
Water. 

[0087] The polymeric material can have, e.g., an absolute 
molecular Weight of greater than about 25,000, e.g., greater 
than about 75,000, greater than about 85,000, greater than 
about 100,000, or greater than about 200,000. In some 
embodiments, the absolute molecular Weight of the poly 
meric material is from about 25,000 to about 250,000, from 
about 25,000 to about 150,000 or from about 50,000 to about 
1 50,000. 
[0088] The polymeric material can have a polydispersity 
of, e.g., from about 1.1 to about 2.1, e.g., from about 1.3 to 
about 2.0, or from about 1.3 to about 1.8. 
[0089] The polymeric material can be a thermoplastic or a 
thermoset. In some embodiments, the polymers have a glass 
transition temperature of less than 100° C., e.g., less than 80° 
C., less than 65° C., less than 50° C., less than 45° C., less than 
35° C., less than 30° C., less than 20° C., less than 10° C., less 
than 0° C., less than —25° C. or less than —50° C. In one 










