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(57) ABSTRACT 

This invention relates to a process for the synthesis and 
puri?cation of hydroXyl-end group functionaliZed, linear, 
non-crosslinked polyole?ns Without pendant chain branched 
groups, and speci?cally to hydroXyl-end group functional 
iZed polybutadienes. The process comprises polymerizing a 
cyclic ole?n monomer With a chain transfer agent in the 
presence of a suitable catalyst, thereby forming a protected 
end-group functionaliZed polyole?n, followed by adding a 
mixture comprising Water and caustic to the protected end 
group functionaliZed polyole?n to remove the protecting 
groups, thus forming a hydroXyl end-group functionaliZed, 
linear, non-crosslinked polyole?n Without pendant chain 
branched groups. 
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PROCESS FOR THE SYNTHESIS OF 
HYDROXYL-END GROUP FUNCTIONALIZED 

POLYBUTADIENES 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to novel, end-func 
tionaliZed, linear non-crosslinked polyole?ns Without pen 
dant chain branched groups and to a process for the prepa 
ration of these end-functionaliZed, linear, non-crosslinked 
polyole?ns Without pendant chain branched groups. This 
process is improved over the knoWn process in that it utiliZes 
Water and base to remove protecting groups during process 
ing rather than large amounts of organic solvents. 

[0002] Hydroxyl-end functionaliZed polybutadienes syn 
thesiZed via Ring Opening Metathesis Polymerization (or 
ROMP) are disclosed in Chung et. al. (US. Pat. No. 5,247, 
023), Grubbs, et. al. (US. Pat. No. 5,750,815) and Nubel, et 
al (US. Pat. Nos. 5,512,635, 5,559,190, 5,519,101 and 
5,403,904). HoWever, these polybutadienes are synthesiZed 
in a 2-step process Where the ?rst step involves polymer 
iZation and the second step involves conversion of the 
polymer chain ends to hydroxyl functionality. 

[0003] The use of transition metal complexes to catalyZe 
metathesis reactions With functionaliZed ole?ns is Well 
known. US. Pat. Nos. 6,048,993, 6,111,121, 5,917,071, 
5,831,108, 5,710,298, 5,342,909 and 5,312,940 describe the 
synthesis of various metathesis catalysts useful for this 
purpose. US. Pat. Nos. 5,880,231, 5,849,851, 5,750,815, 
5,728,917 and 5,559,190 describe processes by Which these 
catalysts are used to make functionaliZed polymers. US. 
Pat. Nos. 6,060,570, 5,731,383, 5,880,231 and 5,990,340 
describe processes for making end-functionaliZed, linear, 
non-crosslinked polyole?ns Without chain branched groups 
Where the cyclic ole?n (1,5-cyclooctadiene) and a function 
aliZed chain transfer agent (1,4-diacetoxy-2-butene) Were 
used for the synthesis of linear, end-functionaliZed materi 
als. The use of a difunctional chain transfer agent such as 
1,4-diacetoxy-2-butene creates hydroxyl end-functionaliZed 
polybutadienes having a functionality of 2.0. In these 
examples, hoWever, after polymeriZation, the chain ends 
must be converted into hydroxyl functionality to form the 
end-functionaliZed polyole?n. 

[0004] Polyurethane elastomers made from these hydroxyl 
endfunctionaliZed polybutadienes have been described pre 
viously (US. Pat. No. 5,589,543 and Cell Polym 1996, 
15(6), 395). As described therein, hydroxyl end-functional 
iZed polybutadiene Was reacted With diisocyanates and 
extended With chain extenders to produce polyurethanes. In 
one example using the one-shot procedure, molten diphenyl 
methyl diisocyanate (MDI) and butane diol are blended With 
the hydroxyl end-functionaliZed polybutadiene and the reac 
tion mixture is compressed under elevated temperature and 
pressure to form the polyurethane. In another example, 
toluene diisocyanate (TDI) and the hydroxyl end-function 
aliZed polybutadiene are reacted to form a prepolymer, and 
the resultant prepolymer Was chain extended With methyl 
ene-bis-ortho chloroaridine (MbOCA). The mixture is then 
compressed under elevated temperature and pressure to form 
a polyurethane. The polyurethanes formed under these con 
ditions had improved hydrolytic stability and reasonable 
mechanical properties. US. Pat. No. 5,990,340 also 
describes prepolymers made With hydroxyl end-functional 
iZed polybutadiene and various diisocyanates. 
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[0005] Co-pending US. application Ser. No. 09/140,238 
?led on Aug. 26, 1998, Which is commonly assigned, relates 
to a process for preparing thermoplastic polyurethane mate 
rials. This process comprises a) casting an NCO-terminated 
prepolymer With 1,4-butanediol to form a casting composi 
tion, b) extruding the casting composition to form a poly 
urethane elastomer, c) pelleting the polyurethane elastomer 
to form pellets, and d) processing the pellets to form a 
thermoplastic material. Suitable NCO-terminated prepoly 
mers comprise the reaction product of a polyisocyanate With 
an end-functionaliZed, linear, non-crosslinked polyole?n 
Without pendant chain-branched groups Which is prepared 
by reacting 1,4-diacetoxy-2-butene With 1,5-cyclooctadiene 
in the presence of a ruthenium complex catalyst. 

[0006] The processes knoWn and described in the art relate 
to the synthesis of hydroxyl end-functionaliZed polybuta 
dienes and require large quantities of organic solvents such 
as, for example, tetrahydrofuran (or similar solvent) to 
saponify acetate end-groups into hydroxyl functionality. 
Additionally, large quantities of methanol (or similar non 
solvents) must be used in the polymer puri?cation. These 
solvents increase both production costs and disposal costs. 
Tetrahydrofuran is a haZardous material, and thus, its use 
and treatment is expensive and environmentally unaccept 
able. Accordingly, it is desirable to develop a process for the 
production of hydroxyl end-functionaliZed, linear, non 
crosslinked, polyole?ns Without pendant chain branched 
groups that does not require enormous quantities of these 
organic solvents. 

[0007] In general, improvements in the production of 
hydroxyl end-group functionaliZed polyole?ns have focused 
on the catalysts used in the polymeriZation. It is the object 
of the present invention, hoWever, to provide a process for 
the synthesis and puri?cation of hydroxyl end-functional 
iZed, linear, non-crosslinked, polyole?ns Without pendant 
chain branched groups With improvements in the end-group 
removal and puri?cation steps. The process of the present 
invention uses only Water and based in the end-group 
removal and puri?cation steps. 

SUMMARY OF THE INVENTION 

[0008] This invention relates to a process for the synthesis 
and puri?cation of hydroxyl end-group functionaliZed, lin 
ear, non-crosslinked polyole?ns Without pendant chain 
branched groups. The process comprises polymeriZing a 
cyclic ole?n monomer With a chain transfer agent in the 
presence of a suitable catalyst thereby forming a protected 
end-group functionaliZed polyole?n, and adding a mixture 
comprising Water and caustic to the protected end-group 
functionaliZed polyole?n to remove the protecting groups 
thereby forming a hydroxyl end-group functionaliZed, lin 
ear, non-crosslinked polyole?n Without pendant chain 
branched groups. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] A protected end-group functionaliZed polyole?n is 
formed, step (I), from the reaction product of: (A) a cyclic 
ole?n monomer, With (B) a chain transfer agent, in the 
presence of (C) a suitable catalyst. After polymeriZation, a 
mixture of Water and caustic is added to the protected 
end-group functionaliZed polyole?n, step (II), to remove the 
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protecting groups thus forming the hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?ns of the 
present invention. 

[0010] The hydroxyl end-group functionaliZed, linear, 
non-crosslinked polyole?ns of the present invention are 
characterized as being free of pendant branched groups. 
These polyole?ns are preferably polybutadienes, but other 
suitable examples include polyethylene, polypropylene, 
polystyrene, poly(methylpentene), polynorbornene, poly 
(oxanonorbornene), and similar compounds. Polyole?ns of 
the present invention have functionalities in the range of 
from 1.7 to 2.2, preferably from 1.95 to 2.05, and most 
preferably of 2.0, as de?ned by vapor phase osmometry 
(VPO) and end group titration. 

[0011] In accordance With the present invention, it is, of 
course, possible to use a solvent during polymeriZation. This 
is, hoWever, less preferred. Suitable solvents include com 
pounds such as, for example, cyclohexane, tetrahydrofuran, 
methylene chloride, etc. 

[0012] As used herein, the terminology “free from pendant 
chain branched groups” describes a polymer Where no 
pendant chain branched group(s) is (are) created during the 
process of making the polymer. Polymerization of mono 
mers or chain transfer agents containing pendant side chains 
such as phenyl rings, pendant functionality, alkyl chains, etc, 
Which therefore create pendant chain branched groups in the 
resultant polymers are, hoWever, considered to be Within the 
scope of the present application. In other Words, polymers 
having pendant chain branched groups Which correspond to 
the pendant chain branched groups of the monomers used to 
prepare the polymers are Within the scope of the present 
application. For example: the polymeriZation of 4-methyl 
pentene creates a polymer Which contains a pendant methyl 
group attached to every 5th carbon atom. Since this methyl 
group Was present in the starting monomer, the resultant 
polymer is considered to be Within the scope of the present 
invention. 

[0013] In general, suitable compounds to be used as com 
ponent (A) of the present invention include any cyclic ole?n 
monomer of from 4 to about 30 carbon atoms can be utiliZed 
in the presence of a functionaliZed ole?n to prepare the 
ole?nic compounds of this invention. The cyclic ole?ns 
include both mono- and polycyclic unsaturated hydrocarbon 
compounds. Representative examples of polycyclic unsat 
urated hydrocarbon compounds include norbornene, norbor 
nadiene, 2,2,2-bicyclooctene-2, dicyclopentadiene and the 
like. 

[0014] The preferred unsaturated alicyclic compounds are 
those comprising a single unsaturated alicyclic ring. These 
alicyclic rings may be mono- or multi-substituted by such 
groups as alkyl, aryl, arylalkyl, and halogen groups. 

[0015] Representative examples of unsaturated alicyclic 
compounds containing a single alicyclic ring having at least 
4 and not more than 6 carbon atoms, preferably having 4 or 
5 carbon atoms in the cyclic ring and containing one double 
bond in the ring are cyclobutene, cyclopentene, and cyclo 
hexene. 

[0016] Representative examples of unsaturated alicyclic 
compounds containing at least six carbon atoms, preferably 
at least seven carbon atoms, in the cyclic ring and containing 
one or more (preferably more than one) non-conjugated 
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carbon-to-carbon double bonds in the cyclic ring include 
cyclooctene; 1,4-cyclohexadiene; 1,4- and 1,5-cyclooctadi 
ene; 1,4,7-cyclononatriene, cyclodecene, cyclododecene, 
1,4-, 1,5- and 1,6-cyclodecadiene: 1,4-, 1,5-, 1,6- and 1,7 
cyclododecadiene; 1,4,7- and 1,5,9-cyclododecatriene and 
the like. 

[0017] The most preferred unsaturated alicyclic com 
pounds of this invention are those containing from one to 
three carbon-to-carbon double bonds in the ring and in 
Which the double bonds are located in relation to each other 
in a manner that they are not adjacent and are non-conju 
gated. Representative examples of such preferred materials 
are cyclobutene, cyclopentene, cyclooctene, cyclododecene, 
and 1,5-cyclooctadiene, 1,5,9-cyclododecatriene and 1,9,17 
cyclotetracosatriene. 
[0018] Representative examples of substituted alicyclic 
compounds are alkyl-substituted compounds such as 1-me 
thyl-1,5-cyclooctadiene; aryl-substituted compounds such 
as 3-phenyl-1-cyclooctene: aralkyl-substituted compounds 
such as 3-benZyl-1-cyclooctene; alkaryl-substituted com 
pounds such as 3-tolyl-1-cyclooctene and halogen-substi 
tuted compounds such as a S-chloro-l-cyclooctene, 
1-chloro-1,S-cyclooctadiene; 5-chloro-1-cyclododecene and 
5,6-dichloro-1-cyclooctene. Mixtures of the unsaturated ali 
cyclic compounds are suitable, including both substituted 
unsaturated alicyclic compounds and the unsubstituted 
unsaturated alicyclic compounds. 

[0019] Suitable chain transfer agents to be used as com 
ponent (B) of the present invention include compounds, for 
example, Which contain internal unsaturation and pendant 
functionality. Such compounds may contain more than one 
internally unsaturated bond, With the proviso that these are 
non-conjugated. In general, such compounds correspond to 
the structure: 

[0021] F: represents a protected functionality such as, 
for example, acetate, ester, acetal, amide, epoxide, 
etc. 

[0022] and 

m=n, m>n, or m<n, 

[0023] and 

[0024] Wherein the sum of m plus n is greater than or 
equal to 1, and preferably equal to 2. 

[0025] Other suitable chain transfer agents include acyclic 
ole?ns such as, for example acyclic ole?ns containing from 
4 to 30 carbon atoms and at least one internal double bond. 
Some examples of such compounds include 3-hexenyl-1,6 
diacetate, 10-ecosenyl-1,20-diacetate, etc. Apreferred chain 
transfer agent is 1,4-diacetoxy-2-butene. The chain transfer 
agent is used to control molecular Weight of the polymer, 
introduce functionality to the polymer chain ends, and to 
reduce the amount of catalyst required. 

[0026] Suitable catalysts (C) for the present invention 
include, for example, the other knoWn metathesis catalysts 
including, for example, transition metal containing catalysts 
such as, for example, ruthenium, osmium, titanium, tung 
sten, etc. Other similar metathesis catalysts Which are also 
suitable for the present invention are knoWn and described 
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in, and prepared according to the process disclosed in, for 
example, US. Pat. Nos. 5,142,073, 5,198,511, 5,296,566, 
5,312,940, 5,342,909 and 5,559,190, the disclosures of 
Which are herein incorporated by reference. In a preferred 
embodiment of the present invention, the catalyst comprises 
a ruthenium metal carbene complex based compound. Most 
preferably, the catalyst comprises bis(tricyclohexylphos 
phine) benZylidene-ruthenium dichloride. 

[0027] It is of course, also possible that additives are 
present in the process of the present invention. Suitable 
additives include, for example, antioxidants or other stabi 
liZers such as, for example, light stabiliZers or heat stabiliZ 
ers, plasticiZers, lubricants, etc. 

[0028] The ring opening metathesis polymeriZation pro 
cess (ROMP) Which is used in the presently claimed process 
to prepare the end-functionaliZed polyole?ns in step (I) is 
knoWn and described in the prior art. See, for example, US. 
Pat. Nos. 5,750,815, 5,880,231 and 6,060,570, the disclo 
sures of Which are herein incorporated by reference. 

[0029] The process according to the invention utiliZes 
potassium or sodium hydroxide and Water as the mixture 
comprising Water and caustic of step (II). The mixture of 
Water and caustic is added in a molar ratio (for base to 
protected functionality) of from about 1:1 to about 10:1, and 
preferably of about 1.1:1 (base to protected functionality). 
The addition of the Water and caustic mixture to the pro 
tected end-group functionaliZed polyole?n removes the pro 
tecting groups to form the polyole?ns of the present inven 
tion. In processes described by the prior art, base in the 
presence of organic solvents such as tetrahydrofuran (THF) 
is added to the protected end-group functionaliZed polyole 
?n to “deprotect” the polyole?n. Puri?cation then requires a 
solvent such as methanol. The addition of the Water and 
caustic replaces the use of base and organic solvents in the 
post-polymeriZation steps. 

[0030] In another embodiment of the present invention, 
the presence of a phase transfer agent (or catalyst) may be 
used in the mixture of Water and caustic to signi?cantly 
increase the rate of reaction in the “deprotection” step. Some 
examples of suitable phase transfer agents include com 
pounds such as tri-n-octylmethylammonium chloride, (i.e. 
Aliquat 336), sodium stearate, 1,4,7,10,13,16-hexaoxacy 
clooctadecane (i.e. 18-croWn-6), Which are all efficient in 
catalyZing the “deprotection” of the acetate endgroups. 

[0031] The residual basic polymer resulting from the step 
of adding the mixture of Water and caustic is neutraliZed 
With a suitable acid. Suitable neutraliZation acids include 
virtually any organic acid or inorganic acid knoWn by one of 
ordinary skill in the art such as, for example, phosphoric 
acid, nitric acid, hydrochloric acid, sulfuric acid, oxalic acid, 
formic acid, acetic acid, maleic acid, adipic acid, propionic 
acid, butanoic acid, etc., as Well as any other acid suitable to 
neutraliZe the residual base after reaction and further neu 
traliZe the alkoxide chain ends of the polymer. A preferred 
acid for neutraliZing the basic polymer is sulfuric acid. 

[0032] During the neutraliZation step, the acid is sloWly 
added to the composition to neutraliZe the base present after 
completion of the deprotection reaction. In general, the 
concentration of the acid may be from 0 to 100% by Weight, 
but it is preferably in the range of less than 25% by Weight 
due to the highly exothermic nature of the neutraliZation 
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process. These neutraliZation steps create salts, such as, for 
example, potassium sulfate, Which are Water soluble and can 
be removed via Water Wash steps With a Weight ratio of Water 
to polymer as high as 100:1, and preferably 1:1. The 
resulting neutraliZed and Washed polymer is then puri?ed by 
Well-knoWn methods such as ?ltration. Filtration is typically 
accomplished by any of the normal ?ltering processes 
knoWn to those skilled in the art. The polymer is loW enough 
in viscosity that it can be easily ?ltered through <10 micron 
?lters. Filtration removes residual salts and other insoluble 
materials produced during polymeriZation and neutraliZation 
Which Were not removed during Washing steps With Water. It 
is necessary to neutraliZe the caustic and to ?lter the product 
after step (II) in order to recover a usable polymer, hoWever, 
the need to treat the polymer With large amounts of solvent 
at this step is eliminated. 

[0033] The process steps (I) and (II) can be performed 
sequentially, With or Without isolation and puri?cation of the 
products of each step. If desired, the same reaction vessel 
can be employed for both reactions. Optimally, all reactions 
should be liquid phase reactions, using neat liquid reactants, 
hoWever, solvents can be used at any step to reduce viscosity 
or dissolve solid reactants as needed. 

[0034] These reactions can be run at temperatures ranging 
from room temperature to >150° C. Typically, reactions are 
run in the range of 40 to 60° C. to prevent oxidative 
crosslinking during the reaction. The reaction is usually run 
in stainless steel reactors, but glass or glass-lined vessels in 
other reactors suitable for use in the production of organic 
materials are also suitable. High pressures may increase the 
rate of reaction but typically, this reaction is run at ambient 
pressure. Under these modest conditions, (i.e. 50% concen 
tration of base, 50° C. reaction temperature, ambient pres 
sure, etc.) the reaction is complete in about 2 to 4 hours as 
measured via Fourier Transform Infrared Spectroscopy 
(FTIR). Adequate mixing is required to ensure complete 
dispersion of the base during deprotection. 

[0035] The hydroxyl end-group functionaliZed, linear, 
non-crosslinked polyole?ns Without pendant chain branched 
groups of the present invention can be used as a reactive 
intermediate for polyurethanes, coatings, plastics and adhe 
sive applications to improve barrier properties, to impart loW 
temperature impact properties and to improve chemical 
resistance. 

[0036] In particular, the neW hydroxy-functional polyb 
utadiene (HFPB) produced by the process of the present 
invention is a suitable polymeric diol Which contains no 
ester or ether bonds, but is suitable for incorporation into 
polyurethane applications and the like. The resulting poly 
urethanes Would exhibit improved hydrophobicity, acid and 
base resistance, and impact properties in current polymer 
formulations. HFPB may also be suitable in polyurethane 
applications for thermoplastic polyurethanes (TPU;s), thin 
?lms, ?bers, cast elastomers and the like, as disclosed in, for 
example, US. Pat. No. 5,990,340, the disclosure of Which is 
herein incorporated by reference. 

[0037] The compositions obtained from the process of the 
present invention are reacted in conventional condensation 
polymeriZation reactions to form macromolecules, conven 
tional transesteri?cation reactions to prepare alcohols, and 
conventional amination reactions to form amines, Which, in 
turn, can be further reacted to prepare additional compounds 
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suitable for further reactions or polymerized to form mac 
romolecules such as polyesters, polyurethanes, polyamides, 
polyethers, etc. 

[0038] The following examples further illustrate details 
for the process of this invention. The invention, Which is set 
forth in the foregoing disclosure, is not to be limited either 
in spirit or scope by these examples. Those skilled in the art 
Will readily understand that knoWn variations of the condi 
tions of the folloWing procedures can be used. Unless 
otherWise noted, all temperatures are degrees Celsius and all 
parts and percentages are parts by Weight and percentages by 
Weight, respectively. 

EXAMPLES 

Example 1 

[0039] A clean, dry reactor Was ?lled With nitrogen. The 
chain transfer agent, 1,4-bis-acetoxy-2-butene (154 g, 1.8 
moles) Was distilled and added to the reactor. The, 1,5 
cyclooctadiene (99%, unstabiliZed, 1760 g, 32.5 moles) Was 
added to the reactor and nitrogen Was bubbled through the 
solution for 30 minutes. The catalyst, bis(tricyclohexylphos 
phine)-benylidene-ruthenium dichloride (3.06 g, 3.7 mmole) 
Was dissolved in a minimal amount of methylene chloride 
under a nitrogen blanket and this solution Was added to the 
reactor. The mixture in the reactor Was sloWly heated to 50° 
C. Since the reaction Was mildly exothermic, cooling With 
chilled Water Was used to control the reaction temperature. 
After 8 h, vinyl acetate (0.625, 7.3 mmole) Was added to the 
reaction to deactivate the catalyst. The mixture Was stirred 
for another hour and cooled to 25° C. Conversion of 
monomer to polymer Was >98 mole %, based on results from 
NMR of the unpuri?ed product. 

Example 2 

Comparative Example—Representative of US. Pat. 
No. 5,880,231 

[0040] The polymer from Example 1 Was precipitated into 
methanol (6L) containing hydrochloric acid (1N, 500 mL) 
and stirred for 1 h. The methanol solution Was decanted, and 
the resulting polymer Was again precipitated into methanol 
(6L) containing hydrochloric acid (500 mL, 1 N) and stirred 
for an hour. The methanol layer Was removed and the 
polymer Was then precipitated into pure methanol (4L) three 
more times. In each case, the methanol Was removed via 
decantation. This helps to remove any residual catalyst from 
the polymer. The remaining polymer Was then dissolved in 
tetrahydrofuran (4L) and placed into a reactor Which Was 
cooled to 00 C. Sodium methoxide (809 g, 3.7 moles, 25 Wt 
% in methanol) Was added dropWise over a period of 40 
minutes and the mixture Was stirred While maintaining the 
temperature at 0° C. for 5 hours. Then, the reaction mixture 
Was Warmed to 25° C., and precipitated into methanol (6L) 
containing concentrated hydrochloric acid (pH Was the 
controlled to maintain a pH of 4-5 for the reaction mixture). 
The methanol solution Was then decanted and the polymer 
Was precipitated into methanol (6L) containing hydrochloric 
acid (500 mL, 1 N), Washed three times With 6L of methanol 
containing 500 mL of Water and then Washed 2 times With 
6L of methanol. The methanol layer Was removed via 
decantation. The polymer Was then further puri?ed by 
removing excess solvent via vacuum distillation. 
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[0041] The molecular Weight of this polymer as measured 
via gel permeation chromatography Was 2,600 g/mole mea 
sured versus polypropylene glycol standards. The viscosity 
of this polymer Was measured as 800 cps at 25° C. This 
process resulted in a polymer yield of 50 to 60% by Weight 
of the theoretical yield. 

Example 3 

[0042] The polymer described in Example 1 (800 g, 1.07 
mole acetate) Was added to a 2L 4 neck, resin kettle 
equipped With a bottom drain. A mechanical stirrer, a 
condenser, a heating mantle, and a thermal couple Were 
attached to the kettle. A 50% solution of potassium hydrox 
ide (129 g, 1.15 mole KOH, 1.1 eq./acetate) Was added to the 
?ask and heated to 50° C. The progress of the reaction Was 
folloWed by Infrared Spectroscopy (FTIR). (The reaction 
Was considered complete upon disappearance of the C=O 
stretch at 1750 cm_1). After4 hours the reaction Was com 
plete, and the residual base Was neutraliZed With a 25% 
sulfuric acid solution in Water, such that the resultant solu 
tion had a pH of 5 -6. The stirrer Was stopped and the reaction 
mixture alloWed to separate into 2 separate phases. The 
Water layer Was drained from the reactor and more Water 
(~400 mL) Was added to Wash the remaining polymer. The 
material Was Washed at least 2 more times With an equivalent 
Weight of Water. The Water Was drained from the bottom of 
the reactor in every case. The residual Water Was then 
distilled under vacuum (20 mm Hg at 60° C.) to a level 
<0.05% by Weight. The ?nal polymer had an Mn (number 
average molecular Weight) as determined by GPC (Gel 
Permeation Chromotography) versus polypropylene glycol 
standards of 2340 g/mole, an OH number of 48.5 g KOH/g 
polymer, and a viscosity of 900 mPa.s. The unoptimiZed 
polymer yield of this process Was 80% by Weight, based on 
the theoretical yield. The yield Was unoptimiZed. 

[0043] Although the invention has been described in detail 
in the foregoing for the purpose of illustration, it is to be 
understood that such detail is solely for that purpose and that 
variations can be made therein by those skilled in the art 
Without departing from the spirit and scope of the invention 
except as it may be limited by the claims. 

What is claimed is: 
1. Aprocess for the preparation of an hydroxyl end-group 

functionaliZed, linear, non-crosslinked polyole?n Without 
pendant chain branched groups comprising: 

(I) polymeriZing 
(A) a cyclic ole?n monomer With 

(B) a chain transfer agent in the presence of 

(C) a metathesis polymeriZation catalyst; 

thereby forming a protected end-group functionaliZed 
polyole?n; 

(II) saponifying said protected end-group functionaliZed 
polyole?n by adding 

(D) a mixture comprising Water and caustic, to the 
protected end-group functionaliZed polyole?n to 
remove the protecting end-groups; 

thereby forming a hydroxyl end-group functionaliZed, 
linear, non-crosslinked polyole?n Without pendant 
chain branched groups. 
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2. Aprocess for the preparation of an hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?n of claim 1, 
Wherein said cyclic ole?n monomer (A) comprises 1,5 - 
cyclooctadiene. 

3. Aprocess for the preparation of an hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?n of claim 1, 
Wherein said chain transfer agent (B) comprises 1,4-diac 
etoxy-2-butene. 

4. Aprocess for the preparation of an hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?n of claim 1, 
Wherein said catalyst (C) comprises a ruthenium carbene 
catalyst. 

5. Aprocess for the preparation of an hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?n of claim 1, 
Wherein said mixture comprising Water and caustic com 
prises an aqueous potassium hydroxide solution or an aque 
ous sodium hydroxide solution. 

6. Aprocess for the preparation of an hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?n of claim 1, 
additionally comprising the steps of: 
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(III) neutraliZing the resulting polymer product of said 
step (II) With acid; 

and 

(IV) further purifying the resulting polymer product of 
step (III) by ?ltration; 

to obtain the hydroxyl end-group functionaliZed, linear, 
non-crosslinked polyole?n Without pendant chain 
branched groups. 

7. Aprocess for the preparation of an hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?n of claim 1, 
Wherein said mixture of step (II) additionally comprises a 
phase transfer agent. 

8. Aprocess for the preparation of an hydroxyl end-group 
functionaliZed, linear, non-crosslinked polyole?n of claim 7, 
Wherein said phase transfer agent is selected from the group 
consisting of tri-n-octylmethylammonium chloride, sodium 
stearate and 1,4,7,10,13,16-hexaoxacyclooctadecane. 

* * * * * 


