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i nvention pertains to certain novel saturated pol yether glycols and

al cohol s. = More specifically, this invention pertains to saturated

pol yet her glycols and al cohols conprising repeating units of the structure:
[err] This invention also pertains to a process for the preparation of the
novel pol yether conpounds by catal ytic hydregenati on of unsaturated

pol yet her glycols and al cohols prepared from 3, 4- epoxy- 1- but ene and

. POLYETHER GLYCOLS AND ALCOHOLS
ERIVED FRO 4—EPOXY—1—BUTEN

5 Thls appllcatlon is a continuation—in-part of our
copendlng Appllcatlon Serial No. 08.181,734 filed
January 18, 1994.

This inveﬁtion pertains to certain novel saturated
polyether glycols and alcohols. More specifically, this

10 invention pertains to saturated polyether glycols and
alcohols comprising repeating units of the structure:
—0—C — —O0—CH.,—CH_—CH
) H, IH and Hy—CH,—CH,—CH,—
i5 2CH3

—

(1) (2)
This invention also pertains to a process for the
. breparation of the novel polyether compounds by
20 catalytic hydrogenation of unsaturated pclyether glycols
and alcohols prepared from 3 4—epoxy-1—butene and

e 8

s —o—caz—- H— and —o——cnz—cz-1=ci—r—cx{2_—
- =CH, '
(12) : ~ (2a)
A series of papers (L. P. Blanchard, et al.
’ 30 J. Polym. Sci., Part A-1, 9(12), 3547-54 (1971), L. P.

Blanchard, et al., XKinet. Mech. Polyreactions, Int.
Symp. Macromol. Chem., Prepr., Volume'l, 395-9. Akad.
Kiado: Budapest, Hung. (1969); and J. M. Hammond,
J. Pplym. Sci., Part a-1, 9(2), 265-79 (1971)] teach

35 that a mixture of cyclic oligomers and polyether glycols
containing residues (1) and (2) can be prepared by the
Copolymerization of 1,2-butylene oxide and tetrahydro—
furan in the presence of boron trifluoride etherate and
a glycol initiator. However, only minor amounts of

40 residue {(2), in the range of about 20 to 55 percent, may
be incorporated by this method, and, according to the
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conpri sing repeat
P. Blanchard, et
P. Bl anchard, et

i ' ; i f. papers..pL.
[ of the structure: [err] A series o _
;rg ug{téolyn1 Sci., Part” A-1, 9(12), 3547-54 (1971?, L
al .. Kinet. Mech. Pol yreactions, Int. Synp. KacronD.. |
m Akad. Ki ado: Budapest, Hung. (1969); an

Chem, Prepr.,.Volune 1, 395-9.Part A1 0(2). 265079 (1971)] teach that" a

J. M Hammond, J.

Polym Sci .,

I ni resi dues (1)
i ic oligomers and pol yet her gLyqus cont ai ni ng .
ghgtﬁgs g;ncﬁglbfepargd by the copol ynerization of 1,2-butylene oxide and

t et r ahydr o-

description of Blanchard, et al., the resulting
polyether glycol cannot be’ terminated with residue (2).
Our investigation of this chemistry showed that a
copolymer of 1,2-butylene oxide ang tetrahydrofhran,
Prepared as described by Blanchard, et al., is
terminated with residue (1) only. Furthermore, as is
shown in éomparative Example 1 hereof, about 75% of the

“terminal hydroxyl groups of the copolymer are éecondary

10

"15

20

25

30

35

"Nat14a

and 25% of the terminal hydroxyl groups are'primary
hydroxyl groups. ) o

The presence of secondaty hydroxyl groups in the
polymers referred to in the Preceding paragraph is not
unexpected in view of a number of publications
[P. Kubisa, Makromol. Chem., Macromol. Symp., 13-14, 203
(1988); K. Brzezinska, R. Szymanski, P. Kubisa, and _
S. Penczek, Makromol. Chen., Rapid Comnmun., 7, 1 (198s6);
M. Bednarek, Pp. Kubisa, and S. Penczek, Makromol. Chemn.,
Suppl., 15 4% (1989); P. Kubisa angd S. Penczek, Am.
Chem. Soc., Div. Polym. Chemn. , Pélym; Preprints, 31(1),
89-90 (1990); and T. .Biedron, R. Szymanski, P. Kubisa,
and S. Penzcek, Makromol. Chem., Macromol. Symp., 32,
155 (1990)) which teach that the polymer microstructure
from copolymerization of propylene oxide and tetrahydro—
furan using boron trifluoride etherate and a glycol
initiator is determined by'interplay of steric and
electronic factors, with steric factors prevailing to
give copolyethers with ébbut 55 percent secondary
hydroxyl groups and 45 percent Primary hydroxyl groups.
Further, they teach that the major contribution of the
electronic effects of the side group is its influence on
the basicity of the secondary hydroxyl of the growing
chain. Butylene oxide gives a greater amount of
secondary hydroxyl than does Propylene oxide due to
greater steric effects of the ethyl group compared to
the methyl group.
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furan in tW%(lggsgnce of boron trifluoride etherate and a glecoI Initiator.

However, only m nor anopunts of residue (2), in the range of about 20 to 55
percent, -nay be incorporated by this method, and, according to the 96091426
-2- description of Blanchard, et al., the resulting polyether glycol cannot
be term nated with residue (2).

-3 =

E. J. Vandenberg, U. S. Patent 3,509,118, discloses
unsaturated poiyether glycols containing residue (1A)
and prepared by n-butyl lithium cleavage of the alkyl—
capped, high molecular weight polyether prepared by the

5 polymerization of 3,4—epoxy—l-butene in benzene using
triethylaluminum prereacted with water. However,
‘e hydrogenation of the polyether glycols is neither
cy disclosed nor contemplated.

M. A. Hillmyer, et al; Macromolecules, 25
10 3345-3350 (1992); disclose the hydrogenation of a high
, molecular weight, unsaturated polyethef using Crabtree's
- catalyst, a soluble, iridium complex, in methylene
chloride iunder an atmosphere of hydrogen for 1 hour.

203 ' However, the production of hydroxyl-terminated polyether
15 is neither disclosed nor contemplated.

6); The polyether compounds brovided by the present

a., invention are comprised of n units. of residue (1) and m

. units of residue (2), wherein (i) residues (1) and (2)
), have the structures: |

. 20 ° CHZ__iH_— and O—CHy—CH,—CH,—CH,—
H2CH3 ' :

re 25 (1) (2)

ro— . (ii:) the total value of n + m is 2 to 70 and m/(n + m)

.is 0.05 to 0.98, i.e., residue (2) constitutes from 5 to
98 mole percent of the total moles of residues (1) and
(2), and (iii) and at least 98 percent of the terminal
30 groups of the polyether compounds have the structure:
S. HO——CHZ——iﬂ—— or HO——CHz——CHZ——CHZ——CHZ——
e 35 H,CH
on

3

i.e., at least 98 percent of the terminal hydroxyl
groups are primary (rather than secondary) hydroxyl
groups. The polyether-compounds normally have a
polydispersity value of less than 4, preferably in the

’ 40 range of 1 to 2.5, and most preferably in the range of 1
-
-
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Qur investigation of this chem stry showed that a copolymer of 1,2-butylene
oxi de and-tetrahydrofuran, prepared as described by Blanchard, et al., is
termnated with residue (1) only. Furthernore, as is shown in Conparative
Exanpl e 1 hereof, about 75% of the term nal hydroxyl groups of the

copol yner are secondary and 25% of the termsah Rydroxyl groups are prinmary
hydroxyl groups. The presence of secondary hydroxyl groups in the polyners

referred to in the precedln% par agraph is not unexpected in view of a
nunber of publicat¥ens-7. urthermore, the total value of n + m

preferably is 7 to 50.
The provision ir :he above description that at
least 98 percent of t..e terminal groups of the polyether
5 compounds have the structure:
HO——CHZ—— —_ or HO——CHZ——CHZ——Cﬂz——CHz——
10 H,CH, " |
means that the polyethers are:essentieily free ef
residues of ethylene oxide and oxetane as terminal
groups. See, for example U.S. Patents 4,183,821 and
4,299,993 which describe the preparation of intermediate .
15 polyethers containing tetrahydrofuran residues and the
subsequent reaction of the intermediate polyether with
ethylene oxide to obtaln an ethoxylated polyether having
a high content of prlmary, terminal hydroxyl groups.
The saturated polyether compounds and polymers may
20 be used in the preparation or formulation of condensa-
. h _ tion polymers, surfactants, and other comp051t10ns
.'analogous to compositions derived from known polyether

polymers. It is known that hydroxyl—termlnated poly—

i' : ethers wherein all, or substantially all, of the

25 terminal hydroxyl groups are primary are more reactive
and thus produce superior products when compared to '
analogous hydroxyl—-terminated polyethers wherein a
significant portion of the terminal hydroxyl groups are
secondary hydrexyl groups. For example, Wolfe, Rubber

30 Chemistry and Technology, 50(4), 688—703, Sept.-Oct.
1577} teaches that titanate—ester-catalyzed melt
condensation polymerizations of poly(propylene glycol)
having a number—average molecular weight of about 1000
with dimethyl terephthalate and 1,4-butanediol give

35 copolyester—ethers having low inherent viscosities and
poer properties compared to copolyester~ ethers prepared
using poly(tetramethylene glycol) and poly(ethylene
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[ P. Kubi sa, wosk18%b! . chem , Macronol. Synp., 13/14, 203 (19%%";)59%0738
Brzezi nska, R Szymanski, P. Kubisa, and S. Penczek, Makronol. Chem, Rapid
Conmun., 7, 1 (1986); M Bednarek, P. Kubisa, and S. Penczek, WMakronol
Chem, Suppl., 15 49 (1989); P. Kubisa and S. Penczek, Am Chem Soc., Div.
Polym Chem, Polym Preprints, 31(1), 89-90 (1990); and T. Biedron, R
Szymanski, P. Kubisa, and S. Penzcek, Makramgl_ Chem, Macronol. Synp., 32,
155 (1990)] whi ch teach that the polyner m crostructure from

copol ynmeri zation of propyl ene oxide and tetrahydro- furan using boron
trifluoride etherdlyecl)d maviing@imilar molecular weights. The low

inherent viscosities and poor properties are due to the
relatively high secondary hydroxyl group content of the
her ) poly(propylene glycol). Wolfe also discloses that the
5 use of poly(propylene glycol) end-capped with 10-20
weight percent of ethylene oxide does not overcome. the
problem, as only a marginal improvement in inherent
viscosity was realized. ~Due to the higher reactivity of
the formed primary hydroxyl, end-capping polyethers
10 having secondary terminal hydroxyl groups with ethylene

*

iate !’ oxide to increase primary hydroxyl content typically is
he only partially successful. In order to achieve a
th majority of primary hydroxyl end groups, e.g., greater
ving than 65 percent, large amounts of ethylene oxide are

15 needed and usually give concomittant formation of long
may -ethylene blocks and causes the resulting polyether to

have reduced hydrophobicity and thus limits the

usefulness of the polyethers in the manufacture of

er _ ' copdensatlon polyme;s. The high content of primary,

20 terminal hydroxyl groups possessed by the polyether
polymers of the present invention renders. the polyethers

ve more reactive, and thus more useful, for condensation
’ reactions in general. ;
Poly(tetramethylene ether) glycol is the industry
are 25 standard for the preparation of high performénce
~er condensation polymers such as Hytrel polymer and
polyurethane ethers such as Lycra spandex polymer.
Efforts to incorporate a substiuted oxirane such as
51) propylene oxide and butylene oxide for purposes of price
000 30 and performance give increased concentrations of
secondary hydroxyl groups. The polyethers of this
and ' invention overcome this difficulty without the
ared incorporation of ethylene oxide or oxetane. The
1 pPolyethers of this invention are fundamentally different

from ethoxylated copolyethers of tetrahydrofuran and

. —
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initiator is determned by interplay of steric and electronic factors, with
steric factors prevailing to give copolyethers with about 55 percent
secondary hydroxyl groups and 45 percent primary hydroxyl groups. Further,"-
they teach that the mmjor contribution of the electronic effects of the
side group is its influence on the basicity-o06 +he secondary hydroxyl of
the grow ng chain. Butylene oxide gives a greater anount of secondary
hydroxyl than does propyl ene_ oxide due to greater steric effects of the
ethyl group conpa?Pe®yienehexiadenyWhicBupre expected to have increased

hydrophobicity and decreased thermal stability compared
to poly(tetramethylene ether) glycol.
The polyether polymers of this invention may be

5 ethoxylated by methods known in the art to form
copolymers containiﬁg one or more ethylene oxide blocks
and such block copolyethers are expected to have
surfactant properties. The primary, terminal hydroxyl
groups of the novel polyethers of this invention offer

10 the potential advantage of adding very short ethylene
oxide blocks to the polyethers to produce polyether ’
derivatives having unigque properties. Generally, the
addition of short ethylene oxide blocks to polyethers ..
having a significant content of secondary, terminal |

15 hydroxyl groups is not possible.

The polyether pqumérs of the presen£ invention may
be prepared by first polymerizing 3,4—époxy—1—butene-in
the presence of a hydroxyl initiator compound and a
20 '-catalyst to obtain the corresponding unsaturated polymer
comprising n’ units of residhe (1A) and m’ units of
residue (2A), wherein the total value of n’ + m’ is 2 to

70 and m'/(n* + m*) is 0.05 to 0.98 and residues (1A) ’
and (2a) have the structures:
25 —0O—CH P H— and —-O—CHZ-—CH=CH—CH P
H==CH2 o
30 - (1a) (22)

The uhsaturated polymer then may be catalytically
hydrogenated to obtain the novel polyether polymers of
the invention.
The unsaturated precursor polymers wherein
35 m’'/(n’ + m’) is in the range of 0.05 to 0.30 are
prepared by polymerizing 3,4—epoxy—i-butene in the
presence of a catalytic amount of certain acidic
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ol yether glycols containing residue (1A) and prepared by n-buty
Eleévage o?'?he al kyl - capped, high nol ecul ar wei ght pol yether prepared by
the polynerizatian of 3,4-epoxy-1-butene in benzene using triethylal un num
prereacted with water. However, hydrogenation of the polyether glycols is
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compounds and a hydroxyl initiator compound. The acidic
catalysts may be selected from strong acids such as
sulfuric acid; perchloric acid; fluoroboric acid;
strongly acidic ion exchange resins, e.g., Amberlyst
resins; and fluorosulfonic acids such as perfluoro—
alkanesulfonic acids containing up to 6 carbon atoms,
€.g., trifluoromethanesulfonic acid and fluorosulfonic
acid and perfluorosulfonic acid polymers, e.g., Nafion
resins, e.g., Nafion NR-50 acidic resin. Although
strong acids generally are capable of effecting reaction
of 3,4-epoxy-l-butene and an initiator, most exhibit
limited activity and result in the formation of low
molecular weight products. The most effectlve catalysts
are the perfluoroalkanesulfonic acids such as trifluoro—
methanesulfonic acid and, especially, Nafion NR-50
acidic resin which has been cryogenically ground to 60 -
to 100 mesh (particles having an average diameter of 170
to 250 microns), available from C. G. Processing of
Rockland, Délaware. The amount of the acidic catalyst
which may be used can vary substantially depending, for
example, on process conditions and the particular strong
acid employed. 1In batch operation of the process, the
amount of catalyst used typically is in the range of 0.5
to 1.5 mole percent based on the equlvalents of
initiator.

The aci&—catalyzed polymerization normally is
conducted in the presehce of a solvent, e.g., an inert,
organic solvent such as a hydrocarbon, chlorinated
hydrocarbon, acyclic ether, and the like. Specific
examples of such solvents include benzene, toluene,
Xylene, heptane, methylene chloride, chloroform, diethyl
ether, and the like. The polymerization may be carried
out at temperatures in the range of 0 to 150°C,
depending upon the choice of initiator, solvent, and
Catalyst. Temperatures of 20 to 60°C are preferred.
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di scl osed nor contenplated. M A. Hillnyer, et al; Macronol ecul es, 25,
di scl ose the hydrogenation of a high nol ecul ar wei ght,

3345- 3350 £1992),
unsaturated pol yether using Crabtree's catalyst,
conpl ex,
- However,

a soluble, iridium
in met hyl ene chloride under an atnosphere of hydrogen for 1 hour
t he production of hydroxyl-term nated galyether is neither

dlsclosed nor contenpl ated. The pol yet her conpounds provi ded by the present

i nvention are conprised of n units of
wherein (i).
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residue (1) and munits of residue

I Redloeiof Iprasdure) is not an important part of our nove)
process, and, therefore, the process typically is
performed at approximately atmospheric pressure althougy

used.

. pressure moderately above or below atmospheric may be

The unsaturated precursor polymers wherein
m’/(n’ + m’) is in the range of 0.30 to 0.75 are

> -“prepared by polymerizing 3,4-epoxy-~l-butene in the

.presence of a catalytic amount of a palladium(0) complex

~and a hydroxyl initiator compound. The palladium
catalyst comprises palladium(0) in complex association
with 2 to 4 ligands, such as the catalysts disclosed in

- Published International PCT Application WO 89./02883.

. The palladium—ligand catalyst may be~preformed or formed

of ways.

ethane.

.7in situ, and those skilled in the art recognize that the
: palladium~ligand catalyst can be generated in a variety

Suitable ligands include trihydrocarbyl
phosphines and trihydrocarbylarsines, e.g., triphenyl-—
phosphine, tributylphosphine, trimethylphosphine,
1,2-bis(diphenylphosphino)ethane, triphenylarsine,
tributylarsine, the trisodium'salt of tri(m—sulfo—
phenyl)phosphine, and the like.
art recognize that palladium(0) complexes also can be
stabilized by other ligands such as, for example,
‘olefins, phosphites, and the like. Tris(dibenzyl- -
ideneacetone)dipalladium(0) is an example of a specific
palladium(0) catalyst cbntaining another type of ligand.
The catalyst also may be formed in situ by adding
palladium(0) and a ligand separately, e.g., 5% palladium
on carbon and triphenylphosphine or tris(dibenzylidene—
acetone)dipalladium(0) and 1,2-bis(diphenylphosphino)—

Those skilled in the

The palladium(0) complex may be supported on a
polymer substrate. 1In this form,
least one of the ligands is- a repeating unit of a
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have t he stﬁﬂ%%
m(n + m

3 . :
5G?es [err] (ii) the total value of n + mis 2 to 70 and

Is 0.05to 0.98, i.e., residue (2) constitutes from5 to 98 nole

percent of- the total noles of residues (1) and (2), and (iii) and at | east
98 percent of the term nal groups of the pol yether conpounds have the

structure:

[err]

.e., at least 98 percent of the term nal hydroxyl groups

are primary (rather than secondary) hydroxyT %Fbups. The pol yet her
conmpounds normal |y have a
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polymer. An example of a commercially available
palladium complex supported on a polymer substrate is
polymer—supported tetrakis(triphenylphosphine)-
palladium(0) available froﬁ Aldrich Chemical Co., Inc.
The amount of the palladium(0) catalyst which may be
used can vary substantially depending, for example, on
process conditions and the particular palladium compound
employed. In batch operation of the process, the amount
of catalyst used typically is in the range of 0.4 to 1.0
mole percent based on the moles of palladium(0) metal
and equivalents of initiator. '

The palladium—catalyzed polymerization normally is
conducted in the absence of solvent. However, inert
solvents such as hydrocarbons, chlorinated hydrocarbons,
and the like may be used if desired. Examples of such
solvents include benzene, toluene, xylene, heptane,
methylene chloride, chloroform, and the like.- The
palladium—catalyzed polymerization may be carried out at
temperatures in the range of —40 to 60°C, depending upon
the choicg of,initiator, solvent, and catalyst. The
poljmerizétion temperature ‘affects the ratio of
repeating .units (1A) and (22) set forth above, with
lower polymerization témperatures'generally favoring the
formation of residues (22):

——o——caz-—cﬁ==cn——cxz——

- (23)

Temperatures of —10 to 50°C are preferred. Reaction
Pressure is not an important part of our novel process
and, therefore, the process typically is performed at
approximately atmospheric pressure although pressure
moderately above or below atmospheric may be used.

The unsaturated precursor polymers wherein
m’/(n’ + m’) is in the range of 0.75 to 0.98 may be
obtained by polymerizing 3,4—epoxy-l-butene in the
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pol ydi spersity value of less than 4, preferably in the range of 1 to 2.5,
and nost preferably in the range of 1 -4- to 1.7. Furthernore, the
total value of n + mpreferably is 7 to 50. The provision in the above
description that - at | east 98 percent of the term nal groups of the

" pol yet her conmpounds have the structure: 10

‘presence of a catalyst system comprlslng an onium 1odlqE
"7 ‘compound such as an ammonium or phosphonlum iodide ang
an organotin compound such as a trihydrocarbyltin
ﬁé% - iodide. The onium iodide component of the ‘catalyst
’ 5 system may be selected from a variety of tetra (hydro-
carbyl)ammonium iodides and tetra(hydrocarbyl)— -
- phosphonium iodides, preferably having a total carbon
“‘atom content of 16 to 72 ‘carbon atonms. Such compounds
have the formulas:

i 1 + 2 +
_ 15 R'—§—=8* I~ ana R*—P—R?® 1™ )
'..-.' 1 2
& | (@ | (1I)
i ~ wherein S
L 20 each R! substituent independently is selected from
" ‘alkyl of up to 20 carbon atoms and each R? substituent
is independently selected from*Rl,-benzyl, phenyi or
~ phenyl substituted with up to 3 substituents selected
? . from lower alkyl, e.g., alkyl of up to 4 carbon atoms,
i 25 lower alkoxy or halogen; or ' |
§§= ' two R® substituents collectlvely may represent

alkylene of 4 to 6 carbon atoms including alkylene of 4
to 6 carbon atoms substituted with lower alkyl; '
provided, ‘as specified above, that the quaternary iodide

30 compounds contain 16 to 72 carbon atoms. Specific
examples of the onium iodide catalyst component include
tetra-n—octylphosphonium iodide, tri-n—octyl (n~dodecyl)”
phosphonium iocdide, tri—-n—octyl(n-hexadecyl)phosphoniu®
iodide, tri—m—octyl(n—octadecyl)phosphonium iodide,

35 tetra—n—dodecylphosphonium iodide, tetra—n—hexadecyl-
phosphonium iodide, tetra—-n—octadecylphosphonium iodide:
tetra—n—dodecylammonium iodide, tetra—n-hexadecyl-
ammonium iodide, and tetra—n—octadecylammonium iodide.
The preferred onium iodides are tetra—n—alkylphosphonium
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[ery] neaﬁgogﬁat the polyethers are essentially free of residues of
et hiyl ene oxi de and oxetane as term nal groups. See, for exanple U. S.

Patknts 4, 183,821 and 4, 299, 993 whi ch descri be the preparation of

i ntprmedi at e pol yethers containing tetrahydrofuran residues and the
subpequent reaction of the internediate polyether with ethylene oxide to
obt pi n an et hoxyl at ed pol yether having a ki @8 eontent of primary, term nal
hydf oxyl groups. The saturated pol yet her conmpounds and pol yners nmay be used
in the preparatlon Qr. formul ati gn of condensa-
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odides containing 32 to 72 carbon atoms, especially
compounds of formula (II) above wherein each R? is
straight—chain alkyl of 4 to 18 carbon atoms.
Tetra—n—dodecylphosphonium iodide, tetra-
n-hexadecylphosphonium iodide, and tri-n—octyl (n—octa-—
decyl)phosphonium iodide are especially preferred.
The organotin catalyst component may be selected
- from organotin (IV) iodides such as hydrocarbyltin
triiodides, di(hydrocarbyl)tin diiodides, and tri(hydro—
carbyl)tin iodides. Examples of such organotin (IV)
iodide compounds have the general formula

3

(R )n——Sn——I (IIT)

(4-n)
‘wherein

each R® independently is selected from alkyl or
substituted alkyl moieties having up to 20 carbon atoms,
cycloalkyl or substituted cycloalkyl having 5 to 20
carbon atoms, carbocyclic aryl or substituted
carbocyclic aryl having 6 to 20 carbon atoms, or
heteroaryl or substituted heteréaryl moieties having 4
up. to 20 carbon atoms; and

n is 1, 2, or 3.
Specific examples of the organotin compounds include di-
n-pbutyltinm diiodide, tri-n—butyltin iodide, tri-n-—
octyltin iodide, triphenyltin iodide, trimethyltin
iodide, n-butyltin triiodide, tricyclohexyltin iodide,
tris(2-methyl-2-phenylpropyl)tin iodide, tribenzyltin
iodide, dimethyltin diiodide and diphenyltin diiodide.
Other organotin halides such as chlorides and bromides
may be used in the process wherein they are converted to
the iodide compounds. The preferred organotin iodide
compounds have the general formula:

(rR3) ,—Sn—I (IV)
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'  tion polynmers, surfactants, and other conpositions anal ogous to

conposi ti ons derived from known pol yether polyners. It is known that
hydroxyl -term nated poly- ethers wherein all, or substantially all, of the-
term nal hydroxyl groups are prinmary are nore reactive and thus produce
superior products when conpared to anal ogous ;Rydr oxyl -term nated pol yethers
wherein a significant portion of the term nal hydroxyl groups are secondary
hydr oxyl groups. For exanple, Wl fe, Rubber Chem stry and Technol ogy,

. 50(4), 688-703, Seméréxt. 1977, teaches that titanate-ester-catalyzed nelt

- _each R® independently is selected from alkyl having
4 to 10 carbon atoms, phenyl, or 2-methyl-2-
phenylpropyl. o
5 The ratio of the onium iodide and organotin iodide
components of the catalyst system can vary substantially
.depending, for example, upon the particular compounds
-used. Generally, the quaternary onium iodide:organotin
iodide mole ratio is within the range of 20:1 to 0.05:1.
10 For the preferred catalyst system comprising a
phosphonium iodide and an organotin iodide, a phos— ’
phonium iodide:organotin iodide mole ratio of 5:1 to
0.2:1 is especially pfeferred.
In the synthesis of the unsaturated polyether
i5 precﬁrsor compounds by each of the 3 processes described
herein, the primary reactant, 3,4-epoxy-l-butene is
added to a mixture of the catalyst or catalysts, a
hydroxyl initiator compound, and, optionally} a solvent.
The 3, 4—epoxy—l-butene moﬁomer may be added all at once '
20 or, preferably, slowly or in stepwise increments to a
mixture of the catalyst and the initiator. Slow
addition of 3,4~epoxy-l-butene is preferred for
controlling the éonversion, controlling the product
molecular weight, and minimizing side reaction.
25 Stepwise addition of the 3,4—epoxy—l1—butene monomer
gives stepwise increase in polymer molecular weight.
Thus, molecular weight control is achieved by the
stoichiometry of monomer to initiator. A wide variety
of molecular weights may be achieved, but the molecular
30 weights are generally controlled to provide polymers
with molecular weights of 500 to 3000 for use as
condensation polymer intermediates. The process may be
carried out in a batch, semi—continuous, or continuous
mode of operation.
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i conde satldﬁj%g ?ﬁerlzatlons of pol y(propyl ene glycol) having a

nunbe
and 1
and p
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-average nol ecul ar wei ght of about 1000 with dinmethyl terephthal ate
4- but anedi ol gi ve copol yester-ethers having | ow i nherent viscosities
por properties conpared to copol yester/ethers prepared using
etranet hyl ene gl ycol) and pol y(ethyl ene gl ycol ) having .simlar
il ar wei ghts. The low inherent viscesiz3 es and poor properties are
D t he
The hydroxyl initiator compound useful in the
preparation of the unsaturated polyether precursors by
each of the 3 processes described herein may be selected
from a vast number and broad variety of mono— and poly—
5 hydroxy compounds. Normally, the residue of the
hydroxyl initiator compound constitutes at least 0.5
weight percent of the polyether. The mono—hydroxy

initiators include low molecular weight organic alcohols

t1.

and polymeric alcohols which may be linear or branched
10 chain, aliphatic, alicyclic, or aromatid. The mono—

q' hydroxy initiators preferably are selected from alkanols

bed

1t;

containing up to 20 carbon atoms. When an alcohol is
used as the initiator, the polyether polymeric product
obtained has a primary hydroxyl group on one end of the
15 polymer chain and thus is a polymeric alc¢ohol. The
other end of the polymer chain is terminated with the
residue of the alcohol initiator, e.g., a residue having
the formula —O-R? wherein R® is the residue of an |
alcohol, preferably an alkyl group, containing up to 20
20 carbon atoms. Although secondary or tertiary aléohols
may be used, primary alcohols are preferred. The )
secondary alcohols are converted to primary hydroxyls

" and, thus, this invention provides a novel method of

w

converting secondary hydroxyls to primary hydroxyls

25  without the use of ethylene oxide. Some typically
useful alcohol initiators include methandl, ethanol, n-
butanol, iso—butanol, i—ethylhexanol, n—decanol, stearyl
alcohol, cetyl alcohol, allyl alcohol, benzyl alcohol,
Phenocl, and the like. Water also may be used as the

30 initiator. Also, an inorganic hydroxide such as litium
hydroxide may be used as the initiator in the
Polymerization of 3,4—epoxy-l-butene in the presence of
a4 palladium(O) complex.

3 The poly-hydroxyl initiators contain 2 or more

hydroxyl groups and may be monomeric or polymeric
-
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rel atively high secondary hydroxyl group content of the poly(propylene
glycol). Wl fe also discloses that the use of pol y(propyl ene glycol)
end- capped with 10-20 wei ght percent of ethyl ene oxi de does not overcone
the problem as only a marginal inprovement in inherent viscosity was
realized. Due to the higher reactivity of the ff ned pri mary hydroxyl,
end- cappi ng pol yet hers havi ng secondary termn hydroxyl groups with

et hyl ene oxide to increase primary hydroxyl content typically is only

partially successfut:o ?Quwdier tE AN & o fmolséiy-ﬂfrdpémrxnﬁﬁae&g
end groups, e.g., nclude ethylene glycol, 1,2-propanediol, 1,3-propane-
diol, 1,2-butanediol, 1,4-butanediol, 1,6-hexanediol,
1,4-cyclohexanediol, 1,4-cyclohexanedimethanol, 2,2-di-
5 methyl-1,3—propanediol, 2,2,4-trimethyl-1,3-pentanediol,
2,2,4,4~tetramethyl-1,3—cyclobutanediol, 2-butene-1,4-
diol, 1-butene-3,4-diol, hydroquinone, resorcinol, bis-
phenol-A, glycerol, trimethylolpropane, ‘starch, sucrose,
glucose, pentaerythritol, polyethylene glycol, poly-

10 propylene glycol, polybutylene giycol, poly(tetramethyl-
ene ether) glycol, and hydroxyl-terminated, low .
molecular weight polyesters. When a poly-hydroxyl
compound is used as the initiator, the polyether polymer
typically grows from at least 2 of the hydroxyl groups

15 of the initiator and the subsequently-obtained polymer
is a poly-hydroxyl poiymer. The residue of the poly-—
hydroxyl initiatdrS'may be represented by the formula
—0—R°~0— wherein R® is the residue of a poly-hydroxyl
initiator. The diols having 2 to 6 carbon atoms

20 constitute the preferred initiators. '

%f The residues of the hydroxyl initiator.compounds

: may constitute a minor or major portion of the molecular

weight of the unsaturated polyether precursor polymers I.
as well as. the saturated polyether polymers of the

25 invention. For example, if a polymeric initiator, such

as a hydroxyl;terminateg polyoxyalkylene polymer, is
employed and the number of repeat units of 3,4-epoxy—1-
butene residue is relatively low, the initiator residue
content of the polymer may be greater than 90 weight

30 percent. On the other hand, if the initiator employed
is a low molecular weight compound such as methanol or

water, the initiator residue may constitute as low as

0.5 weight percent of the polymer. Both the unsaturated

‘and saturated polyether polymers typically comprise at
35 least 80 weight percent, preferably at least 80 weight
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t han 65 peﬂggﬁt ﬁ arge amounts of ethyl ene oxide are needed and usually

give conconittant formation of |ong ethylene blocks and causes the
resul ti ng pol yether to have reduced hydrophobicity and thus limts the
useful ness of the polyethers in the manufacture of condensation polyners.
The high content of primary, termnal hydroxyl groups possessed by the
pol yet her polymers of the present invention ¥&nders the polyethers nore
reactive, and thus nore useful, for condensation reactions in general.

Pol y(tetranet hyl ene et her [ ycol is the industr
y( y percent, )3g4zepoxy—1~butene reszaues Both the

unsaturated and saturated polyether polymers preferably
comprise § to 20 weight percent, most preferably 5 to 10
weight percent, of residues derived from the hydroxyl
o1, 5 initiator compounds, e.g., residues —0-R* and —O0-R5-0-.
The saturated polyether polymers of the present
o " invention comprising residues (1) and (2) are prepared
by contacting the unsaturated polyether precursors
described hereinabove with hydrogen in the presence of a
71— 10 'hydrogenation catalyst at elevated temperature and
‘ pressure. The hydrogenation catalyst may be selected
from a wide variety of known materials such as catalysts
er containing one or more metals selected from palladium,
| rhodium, platinum, ruthenium, iridium, nickel, cobalt,
- 15 copper, and the like. The catalyst may consist of one
or more of the metals deposited on the surface of a
"suitable catalyst support material such as cgrboh,
alumina, silica, silica-alumina, titania, kieselguhr,
) molecular sieves, zeolites, and the like. ‘
20 The use of nickel catalysts in the hydrogenation of
_ - the unsaturated polyether precursors to the polyether
ar ' polymérs of the present invention-is particularly
p advantageous. It has been found that nickel
hydrogenation catalysts are effective to give complete,
h 25 or essentially complete, hydrogenation of the olefinic
unsaturation of the polyether precursors without
- concomitant hydrogenol?sis of the polyether linkages and
e subsequent decrease in molecular weight, i.e., without
causing degradation of the polymer. Thus, another
30 embodiment of the present invention is a process for the
preparation of a saturated polyether polymer which

comprises contacting an unsaturated polyether precursor
ed ’ ' with hydrogen in the presence of a nickel hydrogenation
catalyst under hydrogenation conditions of pressure and
temperature, wherein (i) the saturated polyether polymer

e —

35
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standard for the preparation of high performnce condensati on polynmers such
as Hytret polyner and pol yuret hane ethers such as Lycra spandex pol yner.
Efforts to incqrporate a substiuted oxirane such as propyl ene oxide and
but yl ene oxide for purposes of price and perfornmance give increased
concentrations of secondary hydroxyl groups- ildie-pol yethers of this

I nvention overcone this difficulty without the incorporation of ethylene
oxi de or oxetane. The polyethers of this invention are fundanentally

. different from et h§xgpaprdsedpofy & wavidsofof artesidul of Lk aandml units of

residue (2) wherein residues (1) .and (2) have the

structures: .
5 ——o——CHZ—— H— and ——{F—CHZ—-CHZ——CH2——CH2—-
HZCH3
(1) ' (2)
10 - (ii) the total value of n + m is 2 to 70 and m/(n + m)

is in the range of 0.05 and 0.98; (iii) the saturated
polyether polymer comprises at least 1 weight percent of
the residue of a hydroxyl initiator compound; and (iv)

the unsaturated polyether precursor is comprised of ' ’
15 residues (1A) and (21):
_O_CHZ_I — " and —O—CF-IZ—CH=CH—fCH2—
20 : He==CH, |
(1A) (23)

The nickel hydrogenation catalyst may be Raney—
nickel or a supported nickel cétalyst, e.g., a catalyst
comprising 10 to 80, preferably 25 to 65, weight percent

25 nickel, based on the total weight of the catalyst,
deposited on the surface of a suitable catalyst sﬁpport
material. Typical catalyst support materials include
carbon, alumina, silica, silica—alumina, titania,
kieselguhr, molecular sieves, zeolites, and the like. l.

30 Nickel cafélysts modified or promoted with, for example,
molybdenum, chromijum, iron, zirconium, andsor cobalt
also may be used. '

. The hydrogenation conditions of temperature and
pressure can vary substantially depending on several

35 factors such as contact time with the catalyst, the
amount of catalyét, the choice of catalyst, and the mode
of operation. Hydrogenation temperatures of 20 to 200°C
may be used although temperatures in the range of 50 to
80°C are preferred. The hydrogenation process may be

40 carried out using total pressures in the range of 2.4 to
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! butyle ‘OXI,dgsm%l ch are expected to have increased hydrophobicity and

decreaded thermal stability conpared to poly(tetranethylene ether) glycol.
The pollyether polynmers of this invention nay be ethoxyl ated by nethods
known in the art to form copol yners containing dne or nore ethylene oxide
bl ocks and such bl ock copol yethers are expected to-have surfactant
properties. The primary, termnal hydroxyl1l7 —

414.5 bars absolute (20 to 6000 psig), preferably 35.5
to 70 bars (500 to 1000 psig). As noted above, ‘the

iy

optimum combination of temperature and pressure depends
on other process variables but can be readily
5 ascertained by those skilled in the art.
The hydrogenation process optionally may be carried

out in the presence of inert solvents such as aliphatic
m) and aromatic hydrocarbons, ketones, ethers, alcohols,
d water, and the like. For example, benzene, toluene,
t of 10 tetrahydrofuran, methanol, ethanol, butanol, methyl
v) iscamyl ketone, and the like may be used individually or
in combination as solvent.
For the unsaturated polyether precursors prepared
- . by the palladium—c;taiyzed polymerization of 3,4-epoxy-—
15 1-butene, -the palladium(0) polymerization catalyst may-
be removgd by pretreatment with hydrogeri pressure alone
i to precipitate the palladium with.minimal concomitant
-yst . hydrogenation of the unsaturated polyether, followed by
scent filtration‘of the precipitated palladium metal. _Also'~,
: 20 if a water soluble phosphine ligand, such as a
ort sulfonateq triphénylphosphine, is -used, ‘such phosphine
€ ligand and complexed palladium(O) may be removed from
the polymer by aqueous washings. After the removal of
;éle, % the catalyst components as described, the unsaturated
Polyether precursor may be hydrogenated in the presence
. °f a nickel hydrogenation catalyst.
4 Alternatively, the unsaturated polyether precursors
N I;repared by the palladium—catalyzed polymerization of
10 _'4‘epoxy-l-butene may be hydrogenated directly,
mode | ;;e” without the above—described removal of catalyst
200°€ hyzponent?’ by contacting the precursor polymer with
0 to - Cat::gen in the presence of a supported palladium
pe of ¥St. The supported palladium catalyst may consist
4 to 3 0.5 to 15, preferably 5, weight percent palladium

de .
Positeq on a catalyst support material such as carbon,
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groups of the novel polyethers of this invention offer the potenti al
advant age of addi ng very short ethyl ene oxide blocks to the polyethers to
produce pol yether derivatives having uni que properties. Cenerally, the
addition of short ethylene oxide blocks to polyethers having a significant
content of secondary, term nal hydroxyl groupslBs—not possible. The

pol yet her polyners of the present invention may be prepared by first

pol ymeri zi ng 3, 4-epaxy-1-butepe,in the gresence of a hydroxyl _initiator

conpound and a- cat @Y RiN%y G EIGR 1 Bl EbFRTRABRENAY Gﬁ%ﬂ?&Pat@éeﬁéﬂQHBFr

- molecular sieves, zeolites, and the like. The palladium
catalysts also may contain molybdenum, chromium, zinc,
Zirconium and or cobalt as catalyst modifiers or

5 promoters. An especially preferred catalyst is 5%
palladium on carbon. ' N

The hydrogenation process may be carried out in a
batch, semi-continuous, or continuous mode of operation.
For example, batch operation may comprise agitating a

10 slurry of catalyst and unsaturated polyether precursor
comprised of residues (1A) and (2A), and, optionally, a
solvent in a pressure vessel for a time sufficient to
hydrogenate essentially all of the olefinic

~ . unsaturation. The catalyst can be separated from the .

15 . hydrogenated mixture by filtration and the saturated
polyether compound isolated by-evapo;gtion-of solvenﬁ.”

Another mode of operation uses a fixed bed of a |
catalyst wherein the unsaturated polyether compound is
hydrogenated by feeding a soclution of the compound in an

20 inert solvent to the top'of a columnar, pressure reactbr
- containing one or more fixed beds of a supported nickel

catalyst. The reactant .solution flows (trickles) over )

the catalyst bed in the presence of hydrogen at elevated
temperature and pressure, and the hydrogenated product

25 exits the bottom of the reactor and is isolated by

evaporation of solvent.

Our novel polyether bolymers preferably are
comprised of n units of residue (1) and m units of
residue (2), wherein the total value of n + m is about 7

30 to 50 and m/(n + m) is a value in the range of 0.15 to
0.30. The polymers are further characterized in that at

- least 99 percent of the terminal hydroxyl groups are
primary (rather than secondary) hydroxyl groups. The
primary hydroxyl groups (and thus the polymers) are more

35 reactive for condensation polymerization reactions in
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conpri si ng"f?”ﬁlﬁ?stjs of residue (1A) and m units of residue (2A), wherein

the total value of n" +mM is 2to 70 and mM/(n" + M) is 0.05 to 0.98 and
resi dues.(1A) and (2A) have the structures: [err] The unsaturated pol ynmer
then may be catal ytically hydrogenated to obtai# the novel polyether

pol yners of the invention. The unsaturated precursor polyners wherein
m/(n" +mM) is in the range of 0.05 to 0-3@%re prepared by pol yneri zing
3, 4- epoxy-1-butene in the

general. The polyether polymers normally have a
m ' . .~ polydispersity value of less than 4, preferably in the
range of 1 to 2.5, and most preferably in the range of 1
to 1.7. The polyether poclymers wherein the total value
5 of n +m is 10 to 30 are particularly preferred.

The preparation of the unsaturated polyether
precursors and the novel saturated polyether polymers of
the present invention and the operatibn of the

10 hydrogenation process are further illustrated by the
following examples. Proton NMR spectra are obtained on
a 300 MHz NMR spectrometer with samples dissolved in
deuterated chloroform containing tetramethylsilane as an
internal standard. The value of m/(n'+ m) is determined
% 15 by comparison of the integrated proton NMR ébsorptions
l of residues (1) and (2). The value of m’'«(n’ + m’') is
: . determined by comparison of thé‘iﬁtegrated proton NMR
absorptions of residues (1a) and (23). The percent
nm E hydrogenation is determined by cbﬁparison of the
T 20 integrated proton NMR absorptions of residues (1) and
(2) with the integrated proton NMR absorptions of
remaining residues (1A) and (2A). Number average
.d ) molecular weights (M,) and polydispersity values (M M,)
are determined using size—exclusion chromatography with
25 refractive index detection in tetrahydrofuran using four
10 um PLgel mixed-bed columns and calibrated using
narrow molecular weight'distribution polystyrene
standards. Hydroxyl numbers are determined from

7 titration of the acetic acid formed by the reaction of
30 the sample with acetic anhydride. J-resolved NMR and
1t 13¢c NMR analyses, obtained from a 400 MHz NMR

spectrometer, are used to determine the percent of
primary hydroxyl end groups. Further conformation may
be obtained by trifluoroacetylation and 1°F NMR
analyses.

35
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presence of a catalytic anount of certain acidic conpounds and a

hydr oxyl~initiator conpound. The acidic catalysts nay be selected from
strong acids such as sulfuric acid; perchloric acid; fluoroboric acid;
strongly acidi ¢t ion exchange resins, e.g., Anberlyst resins; and

fluorosul fonic acids such as perfluoro- al kang®utfonic acids containing up

to 6 carbon atons,

10

SETE

20

25

30

35

e.qg., trifluoronethanesul fonic acid and fl uorosul fonic

REFERENCE E PL

__Methylene chloride (400 mL), 18.0:9..(0.200 mole) of
1 4.butanedlol, and 0.2 nL of trifluoromethane sulfonic
acid are charged to a 3—-neck, 1~L, round-bottom flask
haVing a nitrogen atmosphere and equipped with a
thermocouple, mechanical stirrer, septum, and reflux
condenser with argon inlet. With stirring, 3,4—-epoxy—-1—-
butene (392.5 g, 5.60 mole) is added at a rate of 60
g-hr by liquid pump. The temperature rises initially to
about 42°C, gently refluxing the solvent, and continued
to rise, reaching 58°C near complete addition of the
3,4—epoxy—l-butene. After complete addition the
reaction is allowed to cool and stirred for 1 hour. To
the reaction mixture is added 100 mL of 5 percent sodium
carbpnaﬁe solution, and.the mixture is stirfed for 30 -

‘minutes. Then the layers are allowed %o separate, .and

the bottom organic layer is removed, d:ied over

"anhydrous magnesium sulfate, filtered, and evaporated to

give a clear; light-yellow oil that is an unsaturated
polyether glycol comprising n’ repeat units of residue

(12) and m’ repeat units of residue (21), wherein n’ +

m’ is about 15; m’/(n’ + m’) is 0.16; M, = 1400 and M, =
1.99; and hydroxyl number = 103.4. h

REFERENCE EXAMPLE 2

Methylene chloride (80 mL), 1,4-butanediol (3.62 g,
40.0 mmole), and 3 drops of trifluoromethane sulfonic
acid are charged to a 3—neck, 300-mL, round-bottom flask
having an argon atmosphere and equipped with a thermo-—
couple, mechanical stirrer, and a septum with argon
inlet. Stirring is begun and the reaction flask is
cooled with a cooling bath composed of water and ice and
having a temperature of 0 to 5°C. 3,4-Epoxy—l-butene
(40 mL, 500 mmole) is added dropwise at a rate of 9
mlhour by syringe pump. After the addition of the
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acid and peﬂ“?ﬁ@?ggulfonic acid polynmers, e.g., Nafion resins, e.g., Nafion
NR-50 acidic resin. Although strong acids generally are capable of

ef fecting reaction of 3,4-epoxy-1-butene and an initiator, nost exhibit
limted activity and result in the formation of |ow nol ecul ar wei ght
products. The nost effective catalysts are the perfl uoroal kanesul fonic
acids such as trifluoro- nethanesul fonic aet @lamd, especially, Nafion NR-50 -
acidic resin which has been cryogenically ground to 60 to 100 nesh

(particles having an average di aneter of 170 to 250 micraons), available
fron]C G prOcessﬂndﬁgpoxy—l—butene is complete, the coolxng bath is

of : . .-~-- removed and the reaction is allowed to warm to room
ic ? _ temperature. Solid calcium oxide is added and the
. mixture stirred for several hours to neutralize the
5 acid. The mixture is then filtered and the filtrate
evaporated to give 35 g of a clear, colorless oil.having
—1- an’ + m’ value of approximately 17 and a m’/(n’ + m’)
value of 0.15; Mn = 1270 and Mw.Mn = 1.94; and hydroxyl
rto ] number = 100.5. '
ed 10 .
J.' REFERENCE FXAMPLE 3
The procedure described in Reference Example 2 is
To repeated in the absenée of a solvent and at a reaction
lium * temperature between 20 and 30°C by cooling with cool
) 15. water and adding small amounts of ice as needed. The
d ‘ resulting clear, colorless 011 has a n* + m' value of
approximately 18 and am’ /(n' + m’) value of 0.14;
ito : Mn = 1305 and MwMn = 2.00; and hydroxyl number = 97.18.
3 .

NMR analysis of this product shows no evxdence of

ae : 20 secondary hydroxyl end groups.“
+ i ..
h = - EFERENC LE 4
1,4-Butanediol (21.6 g, 0.240 mole) and 10 drops of
trifluoromethane sulfonic acid dissolved in 250 mL of
25 methylene chloride are charged to a 3—-neck, 1-L,
2 9 round-bottom flask having an argon atmosphere and
c equipped with a thermocbuple,.mechanical stirrer,
lask septum, and reflux condenser with argon inlet. With
o~ stirring, 3,4—-epoxy-l-butene (471 g, 6.72 mole) is added
30 dropwise at a rate of 60 g-rhour by liguid pump. The
and temperature rises initially to about 42°C, gently
' refluxing the solvent, and continued to rise, reaching
e 58°C near the completion of the addition of the
3,4—epoxy-1-butene. After complete addition the

reaction is allowed to cool and stir for 1 hour. The

“,sBsL\§
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Rockl and, Del aware. The anmount of the acidic catalyst which may be used can
. vary substantially depending, for exanple, on process conditions and the
particul ar strong acid enployed. In batch operation of the process, the
anount of catalyst used typically is in the range of 0.5 to 1.5 nole
percent based on the equivalents of initiatoR2 ¥he aci d-catal yzed .
pol yneri zation normal Iy is conducted in the presence of a solvent, e:g., an

: inert, organic solvent.such,as a hydrocarbagn, c¢hlorinated hydrocarbon,
o acyclic ether, aﬁﬂe?ﬁtl?Pk@?xéﬂﬁeig?cwaShed twice wit watéé, dried over

...anhydrous magnesium sulfate, filtered, and evaporated to
give 468 g of a light yellow oil having a n' + m' value
'Q of approximately 29 and a m’/(n’ + m’) value of about
5 0.17; Mn = 2100 and MwMn = 2.64; and hydroxyl
number = 46.09.

E c 5
1,4-Butanediol (0.90 g, 0.010 mole) and 1 drop of
10 trifluoromethane sulfonic acid dissolved in 10 ml of
toluene are charged to a reaction flask having a .
nitrogen atmosphere and equipped with a refluxing
- condenser. With stirring, the reaction solution is
R ' heated to 100°C by an oil bath. 3,4—Epoxy—l-butene
15 * (9.1 g, 0.13 mole) is added dropwise at a rate of 0.15
mL- minute by syringe pump. After complete addition the
reaction is allowed to cool and stir for 15 minutes.
The reaction mixture is washed twice with water, dried
over anhydrous magnesium sulfate, filtered, and evapor-
: 20 ated to give 8.0 g of a black oil‘having an + m’ value
- of épprox@mately 14 and a m’(n’ + m’) value of about
ot 0.26; Mn.= 950 and Mw/Mn = 2.16; and hydroxyl
number = 95.0.

25  REFERENCE EXAMPLE 6
3,4-Dihydroxy—l—butene (0.88 g, 0.010 mole) and 1

drop of trifluoromethane sulfonic acid dissolved in 10
mL of methylene chloride are charged to a reaction flask
having a nitrogen atmosphere and an 18°C chilled water

30 cooling bath. With stirring, 3,4—epoxy—l-butene (9.1 g,
0.13 mole) is added dropwise at a rate of 0.15 mL-minute
by syringe pump. After complete addition, the reaction
is allowed to cool and stir for 15 minutes. The
reaction mixture is washed with 5% sodium carbonate in

35 water, dried over anhydrous sodium carbonate, filtered,

N
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exanpl of such sol vents include benzene, toluene, xylene, heptane,

net hyl gne chl oride, chloroform diethyl ether, and the |ike. The

pol ynmenfi zati on may be carried out at tenperatures in the range of 0 to
150[ er 4] C, dependi ng upon the choice of initiator, solvent, and catal yst.
Tenper gtures of 20 to 60[err]C are preferred Reactron pressure i s not

an inpgrtant part of our novel process, armd,23¥herefore, the process
typicajly is
rexr and evaporated to give 8.6 g of a clear, colorless oil
i to having a n’ + m’ value of. approximately 14 and a
ue m's(n’ + m’) value of about 0.13; Mn =.1400; and
Mw-Mn = 1.68.
-]
EF c L .
The procedure described in Reference Example 6 is
repeated using 0.18 g -(0.010 mole) of water as the
: initiator in place of 1,4-butanediol, yielding 8.6 g of
10 a clear, colorless oil having a n' + m’ value of

W

approximately 15 and a m’'/(n’ + m') value of about 0.14;
Mn = 1400; and MwMn = 1.68.

REFERENCE FXAMPLE 8 -

15 To a 3-neck, 300-mlL, round-bottom flask having an
argon atmesphere and equipped with a thermocouple,
.mechanical stirrer, and a septum with argon inlet is

.". charged tetrakis(triphenylphosphine)palladium(0)
' (0.25 g, 0.22 mmole) and"l,4-ﬁutanediol (7.22 g, 80.0
20 mmole). Stirring is -begun and a total of 83.2 mL (1040
" . mmole) of 3,4—epoxy—-l-butene is added dropwise at a rate
of 2 mL/hr by syringe pump. After about 1 mL of
‘*. 3,4—epoxy-1l1-butene is added, the reaction flask is
cooled with a cooling bath composed of water and ice and

25 having a temperature of 0 to 5°C. The reaction
temperature is maintained between 10 and 15°C by cooling
for the duration of the 3,4—epoxy—l-butene addition.
After complete addition, the coeoling bath is removed,
and the reaction is allowed to warm to room temperature.

30 The resulting clear, yellow o0il is an unsaturated

{ polyether'glycol having a n’' + m’ value of about 15; a

m’/(n’ + m’) value of about 0.65; M, = 1300 and M M, =

1.39; and hydroxyl number = 101.8.
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perfornmed _at approximately atnospheric pressure although pressure
noder at el y above or bel ow at nospheric may be used. The unsaturated
‘precursor polynmers wherein m/(n" + m) is in the range of 0.30 to 0.75 are
prepared by pol ynerizing 3, 4-epoxy-1-butene in Ehe presence of a catalytic
anount of a palladium0) conplex and a hydroxy initiator conpound. The i
pal | adi um cat al yst conprises palladiun(0) in conplex association with 2 to
4 ligands, such as imcd osed in Published International PCT
.Appl i cati on WD 89/ . ) o :
- .Tetrakis(triphenylphosphine)palladium(0) (0.25 g,

, 0.22 mmole) and 1,4-butanediol (3.62 g, 40.0 mmole) are
fi charged to a 3-—neck, 100-mlL, round-bottom flask having
5 an argon atmosphere and equipped with a thermocouple[

mechanical stirrer, and a septum with argon inlet.
Stirring is begun and a total of 41.8 mL (520 mmole) of
3,4~epoxy—-1-butene is added dropwise at a rate of 9
mL/hour by syringe pump. After about 1 mL of 3, 4—epoxy—

10 l1-butene is added, the reaction flask is cooled with a
cooling bath composed of water and ice and having a
temperature of 0 to 5°C. The reaction temperature is
maintained between 10 and 15°C by cooling for the
duration of the 3,4-epoxy—l-butene addition.. After

15 .addition is complete, the cooling bath is removed, and
phe':Qaction mixture is allowed to warm to room
'temperature. The resulting clear, yellow oil has a n’' +
m’ value of approximately 17, a m’./(n’ + m’) value of

_ 0.§9, a number average molecular weighﬁ (Mn) of 1300, a

? 20 weight average molecular weight ‘(Mw) of 1809, a

X . polydispersity value (Mw.Mn) of 1.39; and a hydroxyl

£ number of 95.27. NMR analyses of this product showed no

evidence of secondary hydroxyl.

25 EF CE E E 10
‘The procedure of Reference Example 9 is repeated

using a cooling bath compbsed of ethylene glycel and Dry

Ice and having a temperature of -15 to —-25°C. The

reaction temperature is maintained between —5 and 5°C.
30 The resulting clear, yellow oil has a n’ + m‘’ value of

approximately 15 and a m’/(n’ + m’) value of 0.65;

Mn = 1110 and MwMn = 1.38; and hydroxyl number = 130.9.
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The pal |l adium|ligand catal yst nmay be preforned or fornmed in situ, and those
skilled in the art recognize that the palladiumligand catalyst can be
generated in a variety of ways. Suitable |igands include trihydrocar byl
phosphi nes and. tri hydrocarbyl arsi nes, e.g., triphenyl- phosphine,

tri hutyl phosphi ne, trinethyl phosphine, 1, 2-bis(di phenyl phosphi no) et hane,
triphenylarsine, tributylarsine, the tri sodfunisalt of tri (msulfo-

phenyl ) phosphine, and the like. Those skilled in the art recognize that

gigugﬁg?n(C» conghgﬁgéNéksg gﬁglgelitabilized bylother Iigghds_such as, for
The procedure of Reference Example 9 is repeated
without using a cooling bath. The reaction temperature
increases upon the addition of 3,4—epoxy—l-butene and is
5 maintained between 40 and 50°C by controlling the rate
: of addition. The resulting clear, yellow oil has a

n’ + m’ value of approximately 14 and a m’/(n’ + m’)
value of 0.48; Mn = 1038 and Mw-Mn = 1.44; and hydroxyl
number = 128.7.

EFERENCE
The procedure in Reference Example 11 is repeated

" using 1.67 g (46.0 mmole) of lithium hydroxide in place
of 1,4—butanediol. The resulting yellow oil is dissolved

15 in 100 mL of methylene chloride and 40 mL of water.
Enough dilute hydrochloric acid is added so that the
aqueous layer is neutral'or‘slight;y acidic to pH paper.
The layers are separated,‘énd the methylene chloride is-
washed with water, dried over magnesium sulfate,
filtered, and evaporated to pro@uce-36.6 g of a clear,

.

20
yellow'oil'having an +m vélﬁg of approximately 42
and a m‘/(n’ + m') value of 0.31; Mn = 3245 and Mw.Mn =

‘ 2.73; and hydroxyl number = 23.36.

25 E EN L 3
The procedure of Reference Example 9 is repeated
using 0.27 g (0.20 mmole) of tetrakis(triphenylarsine)—
palladium(0) in place of tetrakis(triphenylphosphine)-—
palladium(0). The resulting clear, colorless oil has a
30 n’' + m' value of approximately 15 and a m’/(n’ + m’)
value of 0.56; Mn = 1185 and Mw/Mn = 1.23; and hydroxyl
number = 12%5.8.
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ol efins, phosphites, and the like. Tris(dibenzyl-

| deneacé&t one) di pal | adi um(0) is an exanple of a specific palladiunm0)

catal yst contaj ning another type of l|igand. The catalyst also may be formed
in situ by adding palladium0) and a |igand separately, e.g., 5% palladi um
on carbon and tri phenyl phosphine or tris(di k@&nzylidene- i
acet one) di pal | adi un(0) and 1, 2- bi s(di phenyl phosphi no)- ethane. The

pal | adi um(0) conpl ex may be supported on a pol yner substrate. In this form
one substituent REFERENCESEXAMBLEf 1the |igands is-a repeating unit of a

The procedure of Reference Example 13 is repeated
using a solutic of 80 parts by volume 3,4—epoxy—1-—
butene and 20 ¢ -ts by volume isopropanol. The :
5 resulting clear, yellow oil has a n’ + m’ value of
approximately 12 and a m‘~/{(n’ + m*) value of 0.60; "
Mn = 950 and Mw/Mn = 1.17; and hydfoxyl number = 162.5.

REFERENCE EXAMPLE 15

10 The péocedure of Reference Example 9 is repeated
using 4.33 g (40.0 mmole) of benzyl alcohol in place of
1,4-butanediol. The resulting cleaf,~yellow cil has a
m'/(n’ + m’) value of 0.46 and hydroxyl number = 48.59. i

15  REFERENCE EXAMPLE 16
The procedure of Reference Example 15 is repeated
us1ng 100 mL of heptane as solvent. The clear, yellow
oil is isolated by evaporating the volatiles and has a
m’/(n’ + m’) value of 0.32.
20 . A
EF CE 7
The procedure of Reference Example 9 is repeated
using a total of 6.4 mL (80 mmoles) of 3,4—epoxy—l1-—
butene. The resulting clear, colorless oil has a
25 n' + m’' value of approximately 2 and a m’~/(n’ + m’)
value of 0.63.

REF NCE
The procedure of Reference Example 9 is repeated
30 using a total of 70 g (1.0 mole) of 3,4—epoxy—l-butene.
The resulting clear, yellow oil has a n’ + m' value of
approximately 26 and a m‘~/(n’ + m’) value of 0.48.
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- 9 - poIQ%%??unﬁ% exanple of a comrercially.avail abl e palm5HQﬁﬁQ%%%lex
supported on a polyner substrate is pol yner~supported

tetraki s(tri phenyl phosphi ne)- palladi um(0) available from Al drich Chem cal
Ca., Inc. The amount of the palladiun{0) catal yst which may be used can
vary substantially depending, for exanple, on process conditions and the
particul ar pal |l adi um conpound - 27 -

4

15
20
25
30

35

REFERENCE EXAMEQE 19

The procedure of Reference Example 13 is repeated
using a total of 6.4 mL (80 mmoles) of 3,4-—epoxy—l1—
butene. The resulting clear, colorless oil has a
n’ + m’ value of approximately 2 and a m'~/(n’ + m')
value of 0.73.

FE CE E 20

Tris (2-methyl—2-phenylpropyl)tin iodide [also known
as trineophyltin iodide] (33.8 g), tri-n-octyl(n—octa-
decyl)phosphonium iodide (39.0 g), and 1, 4-butanediol
(10.0 g) are placed in a 4—-neck, 250-mL, round-bottom
flask equipped with a thermocouple, magnetic stirrer,
distillation head, oil heating bath, .and reactant feed
tube. The mixture is heated to 110°C, and 'the
3,4—epoxy—l1-butene addition is begun. A total of 816 g
of 3,4—ep6xy—1—butene is added over 44 hours. Then the
pressure within the flask is gradually lowered to about
100 torr to completely distill the volatile components
from the catalyst-polyether polymer residue. A total of
648.5 é of distillate is collected (79.5% weight
recovery). The composition of the distillate is 21.1%
3,4—epoxy-l-butene, 75.3% 2,5—dihyd:ofuran, and 3.6%
crotonaldehyde.

The catalyst/polyether polymer residue and 200 mL
of heptane are added to a 500—nlL, jacketed, glass vessel
equipped with a mechaniéai stirrer, thermocouple, and
bottom stopcock and the mixture is agitated and heated
to 65-75°C by circulating heated glycol- water from a
constant temperature bath to the jacket. Stirring is
discontinued, and the mixture is allowed to settle. The
layers are separated, and the bottom polyether polymer
layer is extracted agaiﬁ with 200 nL of heptane then
once more with 100 mL of heptane. The heptane layers
containing the extracted catalyst are combined, and the

s .;sz-z':"“--:'.""":':"“,
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enpl oyed. In batch operation of the process, the anmount of catal yst used
typicall®y is in the range of 0.4 to 1.0 nole percent based on the nol es of
pal I 'adi un(0) netal and equivalents of initiator. The palladiumcatalyzed
pol yneri zation normally is conducted in the absence of solvent. However,
inert solvents such as hydrocarbons, chlortnd8ed hydrocarbons, and the |ike
may be used if desired. Exanples of such solvents I ncl ude benzene, toluene,

xyl ene, heptane, fﬂﬁﬁg ene chlorlqg oforné 3nd ghe oraglon ?u .
pal | adi um cat al y7€ R i SHPERI Y BRCeRY r VagUE: ¥eP P to
.. about 70°c and 30 torr) to give a catalyst—containing
. material (80.3 g) with the following approximate
composition by weight: 31.1% tris(2-methyl-2-phenyl-
5 propyl)tin iodide, 54.9% tri-n-octyl(n—octyldecyl)-
phosphonium iodide, and 13.9% polyether polymer. The
recovered catalyst mixture can be returned to the
reaction flask for continued cycles of polymerization
and catalyst separation. After removal of residual
10 volatile material by rotary vacuum evaporation (up to
about 70°C and 30 torr) the polyether polymer layer -
weighs 149.4 g (18.3% yield) and has n’' + m’ equal to r
about 11, m’/(n’ + m’) = approximately 0.94, and dem,=
1.59. J-resolved NMR and 13c NMR analyses of the
15 polyether polymer product in deuterated acetone show no’
evidence of secondary hydroxyl carbons.

EXAMPLE 1

The unsaturated polyether pblymer (10 g) prepared
20 .in Reference Example 1, Raney-nickel (1.0 g, prewashed

with methaneol), and methanol (90 mL) are charged to a
1-L autocclave equipped'with a magnetic stirbar. The
autoclave is purged with nitrogen, pressurized with 35.5
" bar absolute (500 psig) hydrogen and then heated to

25 80°C, with stirring. The reaction mixture is stirre at
80°C and at a total pressure of 35.5 bar absolute (5
psig) for 20 hours. After cooling, the pressure is
released, and the reaction mixture is removed, filtered,

and concentrated by evaporating the methanol to give 2
30 clear, colorless oil. The oil is further purified by

diésolving in 50 mL methylene éhloride, drying over

anhydrous magnesium sulfate, filtering, and evaporatingd

the volatiles, giving 9.0 g of a clear, colorless oil

comprising n repeat units of residue (1) and m repeat
35 units of residue (2), wherein n + m is about 16 and

cet Has Been Replaced ...»—W’
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teLeratur‘%@W’rﬁ?%e range of -40 to 60[eir]C, - depending updFIUTSRF ce of
initiator, solvent, and catal yst. The polynerization tenperature affects
the ratio of repeating units (1A) and .(2A) set forth above, with | ower

pel ynmeri zation tenperatures generally favoring the formation of residues
(2A): [err] Tenperatures of -10 to 50[err]C are preferred. Reaction
pressure is not an inportant part of our -n®@fl—-process and, therefore, the
process typically is performed at approximtely atnDspherlc pressure

al t hough pressure
m/(n + m) is 0.21 [These values are higher than the

values of n’ + m’ and m’/(n”. + m’) of the starting

{ material because the 1,4-butanediol initiator fragment
is identical to repeat unit (2) and is no longer

5 distinguishable in the hydrogenated product.}; M, = 1500
and M M, = 1.92; hydroxyl number = 100.6; and percent
hydrogenation > 99%.

EXAMPLE 2 .
10 The unsaturated polyether glycol(250 g) prepared in
‘.‘. Reference Example 1, water—wet Raney-nickel (20.0 g),

and tetrahydrofuran (450 g) are charged to a 2-L auto—
clave equipped with a magnetic stirbar. The autoclave
. is purged with nitrogen, pressurized with 35.5 bar
15 absolute (500 psig) hydrogen then heated to 60°C, with
i stirring. The reaction mixture is stirred at 60°C and a
total pressure of 35.5 bar absolute (500 psig) for 20
houns.: After cooling, the pressure is released, and the
'reaqtion mixture is removed, filtered, and concentrated
20 by evaporating the volatiles .to give a clear, colorless
. oil. The oil is further purified by dissolving in 500
mlL of methylene chloride, drying over anhydrous
‘ - magnesium sulfate, filtering, and evaporating the
volatiles, giving 200 g of a clear, colorless oil having
25 n/(n + m) = 0.21; M, = 1300 and MM, = 1.73; hydroxyl
number = 100.3; and percent hydrogenation >99.

EXAMPLE 3 :
‘The unsaturated polyether glycol (10 g) prepared in
30 Reference Example 1, 0.8 g of water—wet Raney-nickel,
and 100 mi of aqueous tetrahydrofuran (5 volume percent
water) are charged to a 250-mL glass high-pressure
bottle and placed intc a Parr shaker. The bottle is
purged with nitrogen, pressurized with 4.5 bar absoclute
35 (50 psig) hydrogen and heated to 55°C, with shaking.
[
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noder at el y above or bel ow at nospheric may be used. The unsaturated
precursor polyners wherein m/(n" + m) is in the range of 0.75 to 0.98 may
be obtai ned by pol ynerizing 3, 4-epoxy-1-butene in the - 10 - presence of-
a catal yst system conprising an oniunliodidg conpound such as an anmoni um
or phosphoni um i odi de and an organotin conp ﬂnH such as a trihydrocarbyltin

The reaction mixture is shaken at 55°C and 4.5 bar
- absolute (50 psig) for 16 hours. After .cooling, the
pressure is released, and the reaction mixture is i
removed, filtered, and concentrated by evaporating the
5 volatiles to give a clear, light—yellow oil. The oil is
further purified by dissolving in 50 mL methylene
chloride, drying over anhydrous magnesium sulfate,
filtering, and evaporating the volatiles, giving 9.1 g
of a clear, colorless oil having m/(n + m) = 0.21; M =
10 1200 and M M, = 2.33; percent hydrogenation = 95.

E PLE 4
The unsaturated polyether glycol (10 g) prepared in
Reference Example 1, 1.5 g of 5 percént palladium on
15 . charcoal, and 90 mL of aqueous tetrahydrofuran (5 volume
. peréent water) are charged to a 1~L autoclave equipped
with a magnetic stirbar. The gutoclavé is purged with
nitrogen, pressurized with 35.5 bar absolute (500 psig)
~~hydrogen then heated to 80°C, with stirring. The
20 reaction mixture is stirred at 80°C and 35.5 bar
- . absolute (500 psig) total pressure for 20 hours. After
cooling, the pressure is released, and the reaction
mixture is removed, filtered, and concentrated by
evaporating the volatiles to give a clear, colorless
25 oil. The oil is further purified by dissolving in 50 mL
methylene chloride, drying over anhydrous magnesium
sulfate, filtering, and evaporating the volatiles,
giving a clear, colorless oil having m/(n + m) = 0.21;
M, = 900 and M M, = 1.94; hydroxyl number = 123.5; and
30 percent hydrogenation > 99.

E E S
The unsaturated polyether glycol (10 g) prepared in
Reference Example 1, 0.50 g of 5 percent rhodium on
35 charcoal, and 100 mL of agueous tetrahydrofuran
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I odi de. Tﬁgngﬁ?ﬂﬁ¥lodlde conponent of t he catalyst system may be se?ected

fromfa variety of tetra(hydro- carbyl)amonfum i odi des and
t et rd( hydrocar byl )- phosphoni umi odides, preferably having a total carbon
atomcontent of 16 to 72 carbon atonms. Such conpounds have the fornul as:
[err] wherein each R err] substituent independently is selected from al kyl
of up to 20 carbon atons and each Rlerr] sul¥sti~tuent is independently
selected fromR err], benzyl, phenyl or o
(containing 5 volume percent water) are charged to a
. 250~nL glass high—-pressure bottle and placed into a Parr
shaker. The bottle is purged with nitrogen, pressurized
‘ with 4.5 bar absolute: (50 psig) hydrogen and heated to
’ 5  55°C with shaking. The reaction mixture is shaken at
/ 55°C and 4.5 bar absolute (50 psig) total pressure for
! 25 hours. After cooling the pressure is released, and
i the reaction mixture is removed, filtered, and
: _ concentrated by evaporating the volatiles to give a
i0 clear, light-yellow oil. The o0il is further purified by
‘.‘. dissolving in 50 mL of methylene chloride, drying over
‘ anhydrous magnesium sulfate, filtering, and evaporating
the volatiles, giving 9.0 g of a clear, colorless oil
having m/(n + m) = 0.21; M, = 830 and MM, = 1.62;
15 hydroxyl number = 136.6; and percent hydrogenation > 99.

EXAMPLE 6 .
An unsaturated polyethér precursor‘(450'g) prepared
: according to the general procedure described in
20 'ﬁlReference Example 1 [m'/(n’ + m’) = 0.17, M, = 2420,
MM, = 1.77, and hydroxyl number = 50.66] and 5 percent
pallédium on charcoal powder (20 g) are charged to a 1-L
autoclave egquipped with magnetic stirbar and baffles.
d'§ : The autoclave is purged with nitrogen, pressurized with
25 35.5 bar absolute (500 psig) hydrogen and then heated to
80°C with stirring. The reaction mixture is stirred at
80°C and 35.5 bar absolute (500 psig) for 20 hours.
After cooling, the pressure is released and the reaction
mixture taken up with 600 mL methylene chloride, gravity
30 filtered, and evaporated to give 371 g of a clear,
slightly yvellow oil having an n + m of value.of about
32; m/(n + m) = 0.20; M, = 2860 and M M, = 2.61;
hydroxyl number = 53.8; and percent hydrogenation >99.
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| phenyl substituted with up to 3 substituents selected fromlower alkyl,

e.g., alkyl of up to 4 carbon atons, |ower al koxy or hal ogen; or two Rlerr]
substituents collectively may represent al kylene of 4 to 6 carbon atons

i ncl uding al kylene of 4 to 6 carbon atons substituted with | ower alkyl;
provi ded, as specified above, that the quatemrary iodide conpounds contain_
16 to 72 carbon atons. Specific exanples of the oniumi odi de catal yst
conmponent include tetra-n-octyl phosphoniumiodide, tri-n-octyl (n-dodecyl)-

:" phosphoni um i odi dEXAMPLEnZ oct y| ( n- hexadecyl ) phosphoni um

A 1-L reactor equipped with a glass stirring rod
with Teflon paddle and a thermocouple is flushed with
argon then charged with 1,4-butanediol (32.5 g, 0.360

S moles) and the H* form of Nafion 1100 EW acidic resin

(10.0 g, 9.09 meq, 60-100 mesh). With stirring, 500 g
(7.13 mole) of 3,4—epoxy-—l-butene is added at a rate of
about 130-g/hour by liquid pump. Upon addition of the
epoxide, the temperature rises and is maintained below

10 40°C by cooling with an ice—water bath. After complete
addition the reaction mixture is allowed to cool and
stirred for 1 hour. Then the catalyst is removed by
filtration, and the filtrate is taken up in 500 mL of
methanol. _

"15 . - - The methanol solution is then hydrogenated over 20
g of water—wet Raney—nickél at .35.5 bar absolute (500
psig) hydrogen and 60°C for 24 hours in a 2-L stainless
Steel stirred autoclave. The Raney-nickel catalyst is
removed by filtration, and the filtrate is evaporated

20 with heating and reduced pressure to give a clear,
célorlesé~oil.- Low molecular weight material, such'as
cyclic dimers, is removed by passing the oil through a.
wiped—film evaporator at 120°C and 0.1 torr to give 292
g of a clear, colorless oil that is a saturated

25 polyether glycol having an n + m value of about 9 and an
n/(n + m) value of 0.30; M, = 680; M M, = 1.16; and
hydroxyl number = 195, .

EXAMPLE 8
30 A 1-L reactor equipped with a glass stirring rod
with Teflon paddle, a stainless steel cooling coil, and
a thermocouple is flushed with argon and then charged
with distilled water (6.48 g, 0.360 moles) of and the HY
form of Nafion 1100 EW acidic resin (10.0 g, 9.09 meq).
35 The reactor is cooled with ice and with chilled water
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I odide, tri-n-octyl(n- octadecyl)phosphonlun1|od|de

t etra- n-dodecyl phosphoni um i odi de, tetra-n-hexadecyl - phosphoni um i odi de,
t etra- n- oct adecyl phosphoni um i odi de, tetra-n- dodecyl ammoni um i odi de,
tetra-n-hexadecyl - amoni um i odi de, and tetra-n-octadecyl anmoni um i odi de.
The preferred oniumiodides are tetra-n-al kyl phosphoni um I odi des
containing 32 to 72 carbon atons, especially xompounds of formula (11)

above wherein each Rerr] is
(5-10°C) circulating through the cooling coil. With
stirring, 525 g (7.49 mole) of 3,4-epoxy-l-butene is
added at a rate of about 130 g/hour by ligquid pump.
- Upon addition of the epoxide, the temperature rises to
5 about to 34°C and is maintained at about 32 to 36°C.
After complete addition the reaction mixture is allowed
to cool and stir for 1 hour. Then the catalyst is
removed by filtration, and the filtrate is taken up in
500 mL of methanol.
10 The methanol solution is then hydrogenated over 20
~ g of water—wet_Raney—nickel at 35.5 bar absolute (500
psig) hydrogen and 60°C for 24 hours in a 2-L stainless
steel stirred autoclave. The Raney-nickel catalyst is
removed by filtration, and the filtrate is evaporated
15 with heating and reduced pressure to give a cleaf,
colorless oil. Low molecular weight material, such as
- cyclie dimefs; is removed by passing the oil through a
© wiped-film evaporator at 120°C and 0.1 torr to give a
clear, colorless oil that is a saturated polyether
20 | glycol having an n + m value of about 13 and an
m/(n + m) value of 0.25; M, = 1200 and Mw/Mh -1.94; and
hydroxyl number = 98.7. '

"’ E LE ©

25 The unsaturated polyether glyceol (10 g) prepared in
Reference Example 8, 1.5 g of 5 percent palladium on
carbon, and 90 mL of tétrahydrofuran are charged to a
1-L ‘autoclave equipped with a magnetic stirbar. The
autoclave is purged with nitrogen, pressurized with 21.7

30 bar absolute (300 psig) hydrogen then heated to 90°C,
with stirring. The reaction mixture is stirred at 90°cC
and 21.7 bar absolute (300 psig) for 20 hours. After
cooling, the pressure is released, and the reaction
mixture is removed, filtered, and concentrated by

35 evaporating the volatiles to give a clear, light yellow

e azhesese
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straight-chain alkyl of 4 to 18 carbon atons. Tetra-n-dodecyl phosphoni um

| odi de, tetra- n-hexadecyl phosphonium i odide, and tri-n-octyl (n-octa-

decyl ) phosphoni um i odi de are especially preferred. The organotin catalyst’
conponent may be selected fromorganotin (1V),}odides such as
hydrocarbyl tin triiodides, di(hydrocarbyl)tin diiodides, and tri (hydro-
carbyl)tin iodides. Exanples of such organotin (1V) |od|de conpounds have

~the general formibdil @aRlind@L S + m) of about 0.64; M, = 1350 and M/ M
) .= 1.54; hydroxyl number = 104.7; and percent
- hydrogenation > 99.

T 5 EXAMPLE 10 )
" The unsaturated polyether glycol (10 g) prepared in
Reference Example 8, 1.5 g of 5 percent rhodium on
alumina, and 90 mL of tetrahydrofuran are charged to a
1-1L autoclave equipped with a magnetic stirbar. The
10 autoclave is purged with nitrogen, pressurized with 21.7
bar absolute (300 psig), and then heated to 90°C, with
stirring. The reaction mixture is stirred at 90°C and
21.7 bar absolute (300 psig) for 20 hours. After
cooling, the pressure is released, and the reaction
15 :mixiure is removed, filtered, and concentrated by = °
evaporating the volatiles to give a clear, light yellow
oil having m/(n + m) of about 0.62; M, = 1330 and M M,
-= 1.29; hydroxyl number = 125.0; and percent
hydrogenation >99. | .

20
EXAMPLE 131
The unsaturated polyether glycol (10 g) prepared in
Reference Example 8 and 90 mL of tetrahydrofuran are
charged to a 1-L autoclave equipped with a magnetic ‘
25 stirbar. No catalyst is added and, thus, the residual

palladium used to catalyze the polymerization serves as
the hydrogenation catalyst. The autoclave is purged
with nitrogen, pressurized with 21.7 bar absolute (300
psig) hydrogen then heated to 90°C, with stirring. The

30 reaction mixture is stirred at 90°C and 21.7 bar
absolute (300 psig) for 20 hr. After cooling, the
pressure is released, and the reaction mixture is
removed, filtered, and concentrated by evaporating the
volatiles to give a clear, light yellow oil having a

35 n/(n + m) value of about 0.68; M, = 1230 and M M, =
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each R err] °’SEB%%dent|y S selected fron1a|ky| or substltute

noi eti es having up to 20 carbon atons, cycloal kyl or substituted cycloalkyl
having 5-to 20 carbon atons, carbocyclic aryl or substituted carbocyclic
aryl having 6 to 20 carbon atons, or heteroaryl or substituted heteroaryl
noi eties having 4 up to 20 carbon atons; and nis 1, 2, or 3. Specific
exanpl es of the organotin conpounds |nclude di-_n-butyltin diiodide,
tri-n-butyltin iodide, tri-n- octyltin i odi de, t-r.i phenyl tin iodide,
trimethyltin T

?/ 0738

1.58; hydroxylbnumber = 130.7; and percent
hydrogenation = 43. . e e

. EXAMPLE 312
5 The product of Example 11, 1.0 g of water-wet

Raney-nickel, and 90 mL of tetrahydrofuran are charged
to a 1-L autoclave equipped with a magnetic stirbar.
The autoclave is purged with nitrogeh} pressurized with
21.7 bar absolute (300 psig) hydrogen then heated to
10 90°C, with stirring. The reaction mixture is stirred at
“ 90°C and 21.7 bar absolute (300 psig) for 20 hr. After
cooling, the pressure is released and the reaction
nixture is removed, filtered, and concentrated by
. evaporating the volatiles to give a clear, light yellow
15 cil having a m (n + m) value of about 0 68; M, = 1250
and MM, = 1.60; hydroxyl number = 129, and percent
hydrogenation >99. ) '

E E 13

20 The unsaturated pelyether glycol (10 g) prepared in

' “Reference Example 20, 2.0 g of water—wet Raney nlckel
and 100 nmlL of tetrahydrofuran {5 volume percent water)

"’ are charged to a2 250-mL, glass, high-pressure bottle and

placed into a.Parr shaker. The bottle is purged with

25 nitrogen, pressurized with 4.5 bar absclute (50 psig)
hydrogen, and heated to 55°C, with shaking. The
reaction mlxture is shaken at 55°C-and 4.5 bar absolute
total pressure for 48 hours. After cocling, the
pressure is released and the reaction mixture is

30 removed, filtered, and concentrated by evaporating the
volatiles to give a clear, light-yellow oil. The oil is
further purified by dissolving in 50 mL of methylene
chloride, drying over anhydrous magnesium sulfate,
filtering, and evaporating the volatiles, giving 9.61 g

,__..——_._,__-—‘.______‘_,_._._’————"— o N
s iincnn
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~ iodide, n-butyltin triiodide, tricyclohexyltin iodide,
~‘tris(2-nmethyl-2-phenyl propyl)tin iodide, tribenzyltin iodide, dinethyltin

. diiodide and di phenyltin diiodide. Qher organotin halides such as '
~chlorides and brom des may be used in the process wherein they are
converted to the iodide conmpounds. The preferr¥@d -organotin iodi de conpounds
have the general formula: [err]

of a clear, colorless oil having an m (n + m) value of
}7 0.94; and percent hydrogenation = 90.

Y COMPARATIVE EXAMPLE 1 | .

3 5 A 50-mL flask equipped with a magnetic stirbar is
flushed w1th argon then cooled with an ice-water bath.

To the flask is charged 0.90 g (0.010 mole) of-
_4—butaned1ol, 8.1 mL (7.2 g, 0.10 mole) of tetra-—
hydrofuren, 8.6 mL (7.2 g, 0.10 mole) of 1,2-butylene

10 oxide, and 15.8 mL (19.8 g, 0.200 mole) of 1,2-dichloro—
ethane. The reaction mixture is stirred for about 15 Q

" minutes to cool. Then 0.20 mL (0.070 mmole) of 0.53
g/mL boron.trifluoride etherate in ligroin is added, and
the reaction mixture is stirred and cooled with the ice-

15 water bath for 4 hours. Then the ice-water bath is
remoyed; and the reaction mixture warms with stirring,
reachiﬁé a temperature of about 50°C. After stirring
‘overnight, the polymerization solution is neutralized by
washlng with water three times.  The solution is drled

20 over anhydrous magnesium sulfate, flltered, and rotary
evaporated to give 10.2 g of a clear, colorless oll '
J-resolved NMR and 13c NMR analyses show that the Oll is
a copolyether having a value of m-(n + m) of about 0.20, ‘
the hydroxyl groups are on residues (1) only,'and about

25 75% of the hydroxyls are secondary hydroxyls and about
25% are primary hydroxyls.

The copolyether polymers of the present invention
differ from the above copolyether polymer prepared as
described by Blanchard, et al., in that (i) greater than

30 95% of the hydroxyls of the copolyether polymers of the
present invention are primary hydroxyls while only about
25% of the hydroxyls of the copolyether polymer prepared
as described by Blanchard, et al., are primary
hydroxyls, (ii) the hydroxyls of the copolyether

35 polymers of the present invention reside on terminal

eet Has Been Replaced
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- 12 - \Aher\evlogsm:’ar? R3 i ndependently is selected fromal kyl having 4 to 10

carbon atons, phenyl, or 2-nethyl-2- phenylqaropyl. The ratio of the onium
i odi de arfd organotin iodi de conmponents of the catal yst system can vary
substantially dependi ng, for exanple, upon the particul ar conpounds used.
General ly, the quaternary oniumiodide:organotin iodide nole ratio is
within the range of 20:1 to 0.05:1. For the.gneterred catal yst system
conprising a

residues of (1) and (2) while the hydroxyls of the
copolyether polymer prepared as descrlbed by Blanchard,
et al., reside only on terminal re51dues of (1), and
~ (iii) the value of m/(n + m) for the copolyether

5 polymers of the present invention are controlled and
-varied in the range of 0.05 to 0.95 while the value of
m/(n + m) for the copolyether polymers described by
Blanchard, et al., are controlled and varied in the
range of 0.20 to 0.55.

10
- ' The  invention has been described in detail with
particular referenice to preferred embodiments thereof,
but it will be understood that variations and
"L'modlflcatlons will be effected within the spirit and

15 scope of the invention.
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phosphoni um i odi de and an organotin iodide, a phos- phonium

i odi de: organoti n iodi de nol e ratlo of 5:1 to 0.2:1 is especially preferred.

In the synthesis UmsmﬁeH d pol yether precursor conpounds by each -

of the 3 processes ﬁr’%ln the primary reactant,

3, 4- epoxy- 1- butene m xture Qf 4de catalyst or catal ysts, a
hydr oxyl initiator onpound and, optionally, a solvent. The

3, 4- epoxy- 1- but ene nononer nay be added all at once or, preferably, slowy

or in stepw se increnments to a mxture ofggggg@talyst and the initiator.

Sl ow

10

15

- 20

25

30

35

40

We Claim:-

1. A polyether comprising n units of residue (1) and m
units of residue (2), wherein (i) residues (1) and (2)
have the structures:

. —O0—cCH,, —i —0—CH, —CH, —CH.—CH. —

and 2 2 2 2
H CH

(1) (2)
(ii) the total value of n + m is 2 to 70 and n/(n + m)
is 0.05 to 0.98; and (iii) at least 98 percent of the
terminal hydroxyl groups of the polyether have the
structure :

HO——CHZ——iz—— or HO——CHszCHzf—CHZ——CHZ—-
CH

273
2. A polyether according to Claim 1 wherein the total
value of n + m is 7-to 50 and m/(n + m) is 0.05 to 0.30.

. 3. A polyether compr;sxng n unlts of residue (1) and m

units of residue (2), whereln (i) re51dues (1) and (2)
have the structures:
——o—-cnz—-ii—— and —-0-—CH2——CH2——CH2——C32——

. CH,CH,

(1) (2)
(ii) the total value of n + m is 7 to 50 and m/(n + m)
is 0.15 to 0.30; (iii) at least 98 percent of the
terminal groups of the polyether have the structure :

HO——CHZ——EH—— or Hg——CHz——CHZ——CHZ——CHz——
H,CH

2773 _
and (iv) the polyether has a polydispersity value of 1
to 2.5.
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addi tion olVOP49Joxy- 1- butene-is—preferred for control li nFTHES R Er si on,
control ling the product nolec ‘gﬁ%weighff'&nd m nim zing side reaction
St epwi se- addi ti on ®fis H i - 1- but ene nononer gives stepw se increase
i n pol ynmer nol ecul ar - kﬁ t nol ecul ar wei ght control is achieved by
t he stoichionetry of} ' itiator. A wide variety of nolecul ar

wei ghts may be achi eved, but the nol ecul ar- wei ghts are generally controlled

to provide polyners with nol ecul ar weights of 500 to 3000 for use as

condensation pol yner internedi ates. The process nmay be
4. A polyether comprising n units of residue (1) and m

units of residue. (2), wherein (i) residues (1) and (2)
have the structures:
. 5 —_O__CHZ——g —_— and ——O——CHz——CHZ——CHZ——CHé——
HZCH3 :
(1) (2)

10 (ii) the total value of n + m is 7 to 50 and m/(n + m)
is 0.30 to 0.75; and (iii) at leést 99 percent of the
terminal groups of the polyether have the structure :

‘ 15 HO—CHZ—Ei—-CH or HO—CHZ—CHZ—CHZ—CHZ-—
2 3

5. A polyether comprising n units of residue (1) and m

T 20 units of residue (2), wherein (i) residues (1) and (2)
have the structures:
—O_CHZ—EH-'- . ang  —O—CH,—CH,—CH,—CH,—
25 H2CH3 ‘
(1) _ S (2)

(ii) the total value of n + m is 7 to 50 and m/(n + m)
is 0.75 to 0.98; and (iii) at least 98 percent of the

30 terminal groups of the polyether have the structure :
" HO—CHZ— H— or - Hoe-CHz—CHz—CHz—CHZ-—
25 - HZCH3

6. A polyether according to Claim 1 wherein residues
(1) and (2) constitute at least 80 weight percent of the
polyéther.

40
7. A polyether according to Claim 4 wherein residues
(1) and (2) constitute at least 90 weight percent of the
polyether.
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carried out or continuous node of operation.
- 13- The- hydr oxyl |qm;@g%9&m%on%p nd useful in the preparation of the

unsat urated pol yet her Gach of the 3 processes descri bed
herein may be selecte nunber and broad variety of nono- and
pol y- hydroxy conpoun the residue0 o the

8. Process for the preparation of a saturated

polyether polymer which comprises contacting an
unsaturated polyether precursor with hydrogen in the
_presence of a nickel hydrogenation catalyst under
S hydrogenation conditions of pressure and temperature,
wherein (i) the saturated polyether polymer is comprised
of n units of residue (1) and m units of residue (2)
- wherein residues (1) and (2) héve the structures:

—O—-CH ——i —O0—CH,,—CH_,—CH ——CHZ——-

10 and 2 2 2

H CH3

(1) (2)

15 (ii) the total value of n + m is 2 to 70 and m/(n + m)
is in the range of 0.05 and 0.98; (iii) the saturated
polyether polymer comprises at least 0.5 weight percent

" of the residue of a hydroxyl initiator compound, and
(iv) the unsaturated polyether precursor is comprised of
20 ' residues (1A) and (2A): '

——O——CH ——i ——0—CH,_~—CH==CH—CH_,—

_ and 2 - 2.
25 H=CH,
(1A) o (23)

S. Process according to Claim 8 wherein the
unsaturated polyéther precursor is contacted with

30 hydrogen in the presence of a nickel hydrogenation
catalyst at a temperature of 50 to 80°C and a pressure
of 35.5 to 70 bars (500 to 1000 psig).

10. Process for the preparatién of a saturated

35 polyether polymer which comprises contacting an
unsaturated polyether precursor with hydrogen in the
presence of a nickel hydrogenation catalyst selected
from Raney nickel and supported nickel catalyst
comprising 25 to 65 weight percent nickel at a

40 temperature of 50 to 80°C and a pressure of 35.5 to 70
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hydroxyl initiator conpound constitutes at Ieast 0.5 wei ght percent of the

pol yet her. The nono-hydroxy initiators’incltde | ow nol ecul ar wei ght organic
al cohol s™and pol yneri c al cohol s which may be linear or branched chain,

al-i phatic, alicyclic, or aromatic. The nono- hydroxy initiators preferably
are selected from al kanols containing up to 20 carbon atons. Wen an

al cohol is used as the initiator, the pol yegher pol yneri c product obtained
has a primary hydroxyl group on one end of the polyner chain and thus is a
pol yneric al cohol. The other end of the polyner chain is term nated with

t he bars (500 to 1000 psig), wherein (i) the saturated

polyether polymer is comprised of n units of residue (1)
and m units of residue (2) wherein residues (1) and (2)
have the structures:

5 —O—CHZ—EH— —0—CH —CHZ——CH2—CH2_

and 2
H2CH3

10 (1) (2)
(ii) the total value of n + m is 7 to 50 and m/(n + m)
is in the range of 0.15 and 0.30; (iii) the saturated
polyether polymer comprises at least 0.5 weight percent

'.. of the residue of a hydroxyl initiator compound, and
i5 (iv) the unsaturated polyether precursor is comprised of
residues (1A) and (2a): i
—-‘GT—CH 2—-§:— and —O—Cﬁz—CH—-—=CH—CH2—
20 ==CH2
(13) . (23)
o —
Q heet Has Been Replaced
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resi due of the alcohol initiator, e.g., a residue having the fornul a
-O~R[err] wherein Rlerr] is the residue of an alcohol, preferably an alkyl
group, containing up to 20 carbon atoms. Although secondary or te
al cohol s may be used, prinmary alcohols are preferred. fhe. Sec )0
al cohol s are converted to primary hydroxyls and, thus, F@Q:ifig ) ]
provi des a novel nethod of converting secondary hydroxvls to prlnaﬂi
Ico

hydroxyl s without the use of ethylene pxide. Sone typic€all ¢ GFERUTE

initiators include nethanol, ethanol, n- butanol,'iso-)utano|
2- et hyl hexanol , n-decanol, stearyl ol, .
POLYETHER GLYCOLS AND ALCOHOLS et oo

. This application is a continuation—in-part of our
copending Application Serial No. 08.-181,734 filed
January 18, 1994.

This invention pertains to certain novel saturated
polyether glycolé and alcohols. More specifically, this
invention pertains to saturated polyether glyceols and
alcohols comprising repeating units of the structure:

—O—CH_ —CH— ~—0O—CH,—CH_—CH_—CH_ —

2 and 2 2 2 2

HZCH3

-

(1) (2) ‘ ';
This invention also pertains to a process for the '
preparation of the novel polyether compounds by
catalytic hydrogenation of unsaturated polyether glycols
and alcohols prepared from 3,4—epoxy—l-butene and
comprising repeating units of the structure:
—O0—CH Z—IH— an d —O0—CH 2—CH=CH——CH "
H=CH2 ’
(1a) ' (2A)
A series of papers [L. P. Blanchard, et al.,
J. Polym. Sci., Part A~1, 9(12), 3547-54 (1971); L. P.
Blanchard, et al., Kinet. Mech. Polyreactions, Int.
Symp. Macromol. Chem., Prepr., Volume 1, 395-9. Akad.
Kiado: Budapest, Hung. (1969); and J. M. Hammond,
J. Polym. Sci., Part A-1l, 9(2), 265-79 (1971)] teach
that a mixture of cyclic oligomers and polyether glycols
containing residues (1) and (2) can be prepared by the
copolymerization of 1,2-butylene oxide and tetrahydro—
furan in the presence of boron trifluoride etherate and
a glycol initiator. However, only minor amounts of
residue (2), in the range of about 20 to 55 percent, may
be incorporated by this method, and, according to the

THIS SHERT HA‘S BEEN
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al cohol, cetyl alcohol, allyl alcohol, benzyl alcohol, phenol, and the

like. Water also may be used as the initiator. Al so, an inorganic hydroxide

such as litium hydroxide nmay be used as the initiator in the polymerization

of 3:4-epoxy-1-butene in the presence of a palladium(O conptex. The

pol y-hydroxyl initiators contain 2 or nore hydroxyl group ﬁﬂﬁsﬁay ﬁ:;%?m
&

I
nmononeric or polyneric 5 ; ;“ T—— hw: f
- -— i i
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polyether glycol cannot be terminated with ré‘Tﬁue~{2)u —
Our investigation of this chemistry showed that a
copolymer of 1,2-butylene oxide and tetrahydrofuran,
preparea as described by Blanchafd, et al:, is

terminated with residue (1) only. Furthermore, as is
shown in éomparative Example 1 hereof, about 75% of the
’tgermiﬁal hydroxyl groups of the copolymer are secondary
and 25% of the terminal hydroxyl groups are'primary
hydroxyl groups. ' -

The presence of secondary hydroxyl groups in the
polymers referred to in the preceding paragraph is not
unexpected in view of a number of publications
[P. Kubisa, Makromcl. Chem., Macromol. Symp., 13/14, 203
(1988); K. Brzezinska, R. Szymanski, P. Kubisa, and
S. Penczek, Makromol. Chem., Rapid Commun., 7, 1 (1986);
M. Bednarek, P. Kubisa, and S. Penczek, Makromol..Chemn.,
Suppl., 15 49 (1989); P. Kubisa and S$. Penczek, An.
Chem. Soc., Div. Polym. Chem., Polym. Preprints, 31(1),
89-90 (1990); and T. Biedron, R. Szymanski, P. Kubisa,
and S. Penzcek, Makromol. Chem., Macromol. Symp., 32,
155 (1990)] which teach that the polymer microstructure
‘from copolymerization of propylene oxide and tetrahydro—
furan'using boron trifluoride etherate and a glycol
initiator is determined by interplay of steric and
electronic factors, with steric factors prevailing to
give copolyethers with éﬁbut 55 percent seceondary
hydroxyl groups and 45 percent primary hydroxyl groups.
Further, they teach that the major contribution of the
electronic effects of the side group is its influence on
the basicity of the secondary hydroxyl of the growing
chain. Butylene oxide gives a greater amount of
secondary hydroxyl than does propylene oxide due to
greater steric effects of the ethyl group compared to

the methyl group.

/

me. L

description of Blanchard, et al., the result}ng '““”““mwwmmmf }
;
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- 14 - conpounds. Exanples of the poly-hydroxyl initiators include

et hyl ermre glycol, 1,2-propanediol, 1,3-propane- diol, 1,2-butanediol,

1, 4- but anedi ol , 1, 6-hexanediol, 1, 4-cycl ohexanedi ol,

1, 4- cycl ohexanedi net hanol, 2, 2-di- nethyl -1, 3- propanedi ol ,
2,2,4-trinmethyl -1, 3-pentanedi ol , 2,2,4,4-tetranethyl - 1 3- cyclobutanedlol
2-butene-1,4- diol, 1-butene-3,4-diol, hydroquinone, ﬁp? h '}li bSEET |
phenol - A, glycerol, trlnethylolpropang3 Starch, sucrosé k -U¥ns “ N §
pentaerythritol, polyethylene gl ycol”, poly- propylene glycol polybutylgne

,,.A-. s ciar T A

gl ycol , on(tetranethyI 2 4 rEs 99 .
E. J. Vandenberg, U. S. Patent 3,509, 118 dlsclosesrm B i
unsaturated polyether glycols containing reszdue (1A7) j

S
e Firene i A

and prepared by n—butyl lithium cleavage of the alkyl—
capped, high molecular weight polyether prepared by the
polymerization of 3,4—epoxy-l—-butene in benzene using
triethylaluminum prereacted with water. However,
hydrogenation of the polyether glycols is neither
disclosed nor contemplated. .

M. A. Hillmyer, et al; Macromolecules, 25,
3345-3350 (1992); disclose the hydrogenation of a high
molecular weight, unsaturated polyethef using Crabtree’s
catalyst, a soluble, iridium complex, in methylene
chloride udnder an atmosphere of hydrogen for 1 hour.
However, the production of hydroxyl-terminated polyether
is neither disclosed nor contemplated.

The polyether compounds provided by the present
invention are comprised 6f n upits.of residue (1) and m
units of residue (2), wherein (i) residues (1) and (2)
have the structures: .

—o——cnz—'—IH— and —O0—CH,,—CH,—CH,—CH,—
H2CH3 '
(1) (2)
(ii) the total value of n + m is 2 to 70 and m/(n + m)
is 0.05 to 0.98, i.e., residue (2) constitutes from 5 to
98 mole percent of the total moles of residues (1) and
(2), and (iii) and at least 98 percent of the terminal
groups of the polyether compounds have the structure:
Hb_CHz_i — or HO—CH,~—CH,—CH,—CH,—
32CH3
i.e., at least 98 percent of the terminal hydroxyl
groups are primary (rather than secondary) hydroxyl
groups. The polyether compounds normally have a
polydispersity value of less than 4, preferably in the
range of 1 to 2.5, and most preferably in the range of 1

P o
Ty s

This s Sheet Has Been chlaced ] it
S RLFL&CLU |

i |III||||| .

e e,




ene ether) glycol, and hydroxyl-term nated, |ow nol ecul ar wei ght
pol yesters. Wen a pol y-hydroxyl conpound is used as the initiator, the
pol yet her polyner typically grows fromat |east 2 of the hydroxyl groups of
the_initiator and the subsequently-obtained polyner is a,poly hydroxyl
ed by

polyner The residue of the poly- hydroxyl initiators riberk, F%

the formula -ORerr]-O wherein R err] |stheremdu@of‘””IVh9$®x
initiator. The diols having 2 to 6 carhon atons constltute t he preferned
initiators. The residues of the hydroxyl Tinitiator conpound% FER o7 |

Yo 20 st cxzacin e e s

to 1.7. Furthermore, the total value of n & n
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preferably is 7 to 50.

The provision ir :he above description that at
least 98 percent of t..e terminal groups of the polyether
conpounds have the structure:

HO——CHz—— _ or HO——CHZ——FHZ——CHZ——CHZ——
H.,CH '

23
means that the polyethers areressentiaily free éf
residues of ethylene oxide and oxetane as terminal
groups. See, for examplé U.S. Patents 4,183,821 and
4,299,993 which describe the preparation of intermediate -
polyethefs containing tetrahydrofuran residues and the
subsequent reaction of the 1ntermed1ate polyether with
ethylene oxide to obtaln an ethoxylated polyether having
a high content of primary, terminal hydroxyl groups.
The saturated polyether compounds and polymers may
be used in the preparation or formulation of condensa-
tion polymers, surfactants, and other compos;tlons
| arialogous to compositions derived from known polyether
polymers. It is known that hydroxyl—termlnated poly—
ethers wherein all, or substantially all, of the
terminal hydroxyl groups are primary are more reactive
and thus produce superior products when compared to
analogous hydroxyl-terminated polyethers wherein a
significant portion of the terminal hydroxyl groups are
secondary hydroxyl groups. For example, Wolfe, Rubber
Chemistry and Technology, 50(4), 688-703, Sept. Oct.
-1977; teaches that titanate—ester—catalyzed melt
condensation polymerizations of poly{propylene glycol)
having a number—average molecular weight of about 1000
with dimethyl terephthalate anc 1,4-butanediol give
copolyester—ethers having low . .1erent viscosities and
poor properties compared to copolyester-ethers prepared
using poly(tetramethylene glycol) and poly(ethylene

__——_______________,___.

- J““ R T s ——

etHasBeenReplaced HIS SR I < BLEe ]

N



may constitute a mnor or mjor portion of the nolecul ar wei ght of the
unsat urated pol yether precursor polyners as well as thersat.ﬂateé -pol.yether
pol ymers of the invention. For exanple, if apolymeric in AbOVEN B gshras a
hydroxyl -term nat ed pol yoxyal kyl ene pol ynmer, is enployef and the ﬂunbeﬁ of
repeat units of 3, 4-epoxy-1- butene residue is relatlvely | g Ehe@ !
initiator residue content of the polyner may be greaterfthan 9b meidﬁ f
percent. On the other hand, if the init ator enpl oyed is @ -+ow-mplecul ar
wei ght conpound such as met hanol or wat , the initiataor residue may
constitute as | ow as T e

glycol) having similar molecular weights. The low

ey o Sk o

inherent viscosities and poor properties are due to the
relatively high secondary hydroxyl group content of the '
poly(propylene glycol). Wolfe also discloses that the
use of poly(propylene glycol) end—capped with 10-20 .
weight percent of ethylene oxide does not overcome. the
problem, as only a2 marginal improvement in inherent
viscosity was realized. ~Due to the higher reactivity of
the formed primary hydroxyl, end—capping polyethers
having secondary terminal hydroxyl groups with ethylene
‘oxide to increase primary hydroxyl content typically is
only partially successful. In order to achieve a
majority of primary hydroxyl end groups, e.g., greater
than 65 percent, large amounts of ethylene oxide are
needed and usually give concomittant formation of long
-ethylene blocks and causes the resulting polyether to
have reduced hydrophobicity and thus limits the
usefulness of the polyethers in the manufacture of
condensation polymers. The high content of prlmary,
terminal’ hydroxyl groups possessed by the polyether
polymers of the present invention renders.-the polyethers
more reactive, and thus more useful, for condensation
reactions in general. )
Poly(tetramethylene ether) glycol is the industry
standard for the preparation of high performance
condensation polymers such as Hytrel polymer and
polyurethane ethers sucﬁ as Lycra spandex polymer.
Efforts to incorporate a substiuted oxirane such as
propylene oxide and butylene oxide for purposes of price
and performance give increased concentrations of
secondary hydroxyl groups. The polyethers of this
invention overcome this difficulty without the
incorporation of ethylene ‘oxide or oxetaqe. The
polyethers of this invention are fundamentally different ;
from ethoxylated copolyethers of tetrahydrofuran and

i e AU B e 1t L B b AR
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0.5 wei ght percent of the polynmer. Both the unsaturated and saturated

pol yet her

polynmers typically conprise at | east 80 wei ght percent,

preferably at |east 90 wei ght - 15 - percent, 3, 4-epoxy-1-butene

r esi dues.

Bot h the unsaturated and saturated polyetherfpo+yﬁ9ﬁ&~preiex

|y

conprise 5 to 20 wei ght percent, nost preferably 5 to 10 méﬂghprﬁrékﬁgg of

resi dues derived fromthe hydroxyl !
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butylene oxide, which are expected to have iﬁcrﬁgéggmmmw_
hydrophobicity and decreased thermal stability compared
to poly(tetramethylene ether) glycol.

The polyether polymers of this invention may be
ethoxylated by methods known in the art to form
copolymers containing one or more ethylene oxide blocks
and such block copolyethers are expected to have
surfactant properties. The primary, terminal hydroxyl
groups of the novel polyethers of this invention offer
the potential advantage of adding very short ethylene
oxide blocks to the polyethers to produce polyether
derivatives having unique properties. Generally, the
addition of short ethylene oxide blocks to polyethers
having a significant cohtent of secondary, terminal

o et oo

hydroxyl groups is not possible.

The polyether polymérs of the present invention may
be prepared by first polymerizing 3,4—epoxy—l-butene in-
the presence of a hydroxyl initiator compound and a
.catalyst to obtain the corresponding unsaturated polymer
comprising n’ units of résidﬁe (14) and mw’ units of
residue (234), wherein fhe total value of n’ + m’ is 2 to
70 and m’/(n' + m’') is 0.05 to 0.98 and residues (13)
and (2A) have the structures:

——O——CHZ—— H— and ——0——CH2——CH==CH—-CH2——
~=CH,

(1A7) _ (23)

The unsaturated polymer then may be catalytically
hydrogenated to obtain the novel polyether polymers of
the invention.

The unsaturated precursor polymers wherein
m’/(n' + m’) is in the range of 0.05 to 0.30 are
prepared by polymerizing 3,4—epoxy—l-butene in the
presence of a catalytic amount of certain acidic
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Initiator conpounds, e.g., residues -ORerr] and -ORerr]-0. The
saturated pol yether polyners of the present invention conprising residues
(1) and (2) are prepared by contacting the unsaturated pol yether precursors
descri bed herei nabove with hydrogen in the presence of a hydrogenation
catalyst at el evated tenperature and pressure. The hydr0©6ﬁ8f¢fW%%%ﬁ%& St
may be selected froma w de variety of known materials suctF @F&ﬁﬁﬁlyﬁné :
contai ning one or nore netals sel ected7f+om pal | adi um rihgdi U platlnun1«
rut henium iridium nickel, cobalt, copper, and the Iike.fThg:qa@ahy&} na
consi st of one Y
compounds and a hydroxyl initiator compound. T edac1dlgmwmmi

i
catalysts may be selected from strong acids such as == ”uj
sulfuric acid; perchloric acid; fluoroboric acid;
strongly acidic ion exchange resins, e.g., Amberlyst
resins; and fluorosulfonic acids such as perfluoro—-
alkanesulfonic acids containing up to 6 carbon atoms,
e.g., trifluoromethanesulfonic acid and fluorosulfonic
acid and perfluorosulfonic acid polymers, e.g., Nafion
résins, e.g., Nafion NR—50 acidic resin. Although
strong acids generally are capable of effecting reaction
of 3,4—epoxy—l-butene and an initiator, most exhibit
limited activity and result in the formation of low
molecular weight products. The most effective catalysts
are the perfluoroalkanesulfonic acids such as trifluoro~
methanesulfonic acid and, especially, Nafion NR-50
acidic resin which has been cryogenically ground to 60
to 100 mesh (particles having an average diameter of 170
to 250 microns), available from C.G. Processing of
Rockland, Delaware. The amount bﬁ_the acidic éatalyst
which may be used can vary substéntially aepending, for
example, on process conditions and the particular strong
acid employed. In batch operation of the process, the
dmount of catalyst used typically is in the range of 0.5
to 1.5 mole percent based on the equivalents of
initiator.

The acid—catalyzed polymerization normally is
conducted in the preseﬁce of a solvent, e.g., an inert,
organic solvent such as a hydrocarbon, chlorinated
hydrocarbon, acyclic ether, and the like. Specific
examples of such solvents include benzene, toluene,
Xylene, heptane, methylene chloride, chloroform, diethyl
ether, and the like. The polymerization may be carried
out at temperatures in the range of 0 to 150°C,
depending upon the choice of initiator, solvent, and
catalyst. Temperatures of 20 to 60°C are preferred.

U e @itiaiie v
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or nore of the netals deposited on the surface of a suitable catal yst
support: material such as carbon, alumna, silica, silica-alumna, titania,
ki esel guhr, nol ecul ar sieves, zeolites, and the |ike. The use of nickel

catalysts in the hydrogenatlon of the unsaturated pol yet her~prectsors..to.._,
t he pol yether polyners of the present invention is partlcuiasfyi SEMENT $H -

advant ageous. It has been found that nickel hydrogenation caIa YSUs—are~r-
effective to give conplete, or essentTd |y conplete, hydrqge:naf,l*ocmr--;Qfmtﬁ.fe§

ol efinic unsaturation of the polyether precursors mnthout] i
.Reaction pressure is not an important part of QumeSVEYMM““ .J

process, and, therefore, the process typically&fgw“wmwmwwwmmmMm

performed at approximately atmospheric pressure élthough
pressure moderately above or below atmospheric may be
used.

The unsaturated precursor polymers wherein
m’/(n’ + m’) is in the range of 0.30 to 0.75 are
prepared by polymerizing 3,4—epoxy-l-butene in the
p}esence of a catalytic amount of a palladium(0) complex
.and a hydroxyl initiator compound. The palladium
catalyst comprises palladium(0) in complex association
with 2 to 4 ligands, such as the catalysts disclosed in
Published International PCT Application WO 89.,02883.
The palladium—ligand catalyst may be-preformed or formed
in situ, and those sﬁ;lled in the art recognize that the
palladium—ligand catalyst can be generated in a variety
of ways. Suitable ligands include trihydrocarbyl
phosphines and trihydrocarbylafsines, e.g., triphenyl-
phosphine, tributylphosphine, trimethylphosphine,
1,2-bis(diphenylphosphino)ethane, triphenylarsine,
tributylarsine, the trisodium salt of tri(m—sulfo-
phenyl)phosphine, and the like. Those skilled in the
art recognize that palladium(0) complexes also can be
stabilized..by other ligands such as, for example,
olefins, phosphites, and the like. Tris(dibenzyl-
ideneacetone)dipalladium(0) is an example of a specific
palladium(0) catalyst cbntaining another type of ligand.
The c¢atalyst also ma§ be formed in situ by adding
palladium(0) and a ligand separately, e.d., 5% palladium
on carbon and triphenylphosphine or tris(dibenzylidene—
acetone)dipalladium(8) and 1,2-bis(diphenylphosphino)—
ethane. _

The palladium(0) complex may be supported on a
polymer substrate. In this form, one substituent of at
least one of the ligands is- a repeafihg'unit of a

1
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concom tant hydrogenol ysis of the pol yether |inkages and subsequent

decrease in nol ecular weight, i:e., wthout causing degradation of the
Thus, anot her enbodi nent of the present invention is a process for
the.preparation of a saturated pol yether polymnmer which conpﬁlgﬁs CﬁﬂtaGLLag
an unsat.urated pol yether precursor wth hydrogen in the preSeneéJ©£ aiT
hydr ogenat i on condltlons of pre§§nrew~m
mﬂtemmmuwe,vmmew1m)thesauuggdpMymherpdymﬂ! 2 :

pol yrer .

ni ckel

hydr ogenati on catal yst under

polymer. An example of a commercially availablémhm_
palladium complex supported on a polymer substrate is
polymer—supported tetrakis (triphenylphosphine)—
palladium(0) available froﬁ Aldrich Chemical Co., Inc.
The amount of the palladium(0) catalyst which may be
used can vary substantially depending, for example, on
process conditions and the particular palladium compound
employed. In batch operation of the process, the amount
of catalyst used typicaliy is in the range of 0.4 to 1.0
mole percent based on the moles of palladium(0) metal,
and equivalents of initiator. '

The palladium—catalyzed polymerization normally is
conducted in the absence of solvent. However, inert
solvents such as hydrocarbons, chlorinated hydrocarbons,
and the like may be used if desired. Examples of such
solvents include benzene, toluene, xylene, heptane,
methylene chloride, chloroform, and the like. The
palladium—catalyzed polymerization may be carried out at
temperatures in the range of —40 to 60°C, depending upon
the choice of initiator, solvent, and catalyst. The
polymerization temperature affects the ratio of
repeating units (1A) and (2A) set forth above, with
lower polymerization temperatures generally favoring the
formation of residues (23):

——0——CH2—~CH==CH——CH2——

. (23)

Temperatures of —10 to 50°C are preferred. Reaction
Pressure is not an important part of our novel process
and, therefore, the process typically is performed at
approximately atmospheric pressure although pressure
moderately above or below atmospheric may be used.

The unsaturated precursor polymers wherein
R‘’/(n’ + m’) is in the range of 0.75 to 0.98 may be
obtained by polymerizing 3,4—epoxy-l-butene in the
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-16- is conprised of n units of residue (1) and munits of residue (2)
wherein residues (1) and (2) have the structures: [err] (ii) the total
value of n + mis 2 to 70 and nmi(n + n) is in the range of 0.05 and 0. 98;
(iii) the saturated pol yether polymer conprises at |east  l.wei-ght-—-pereent-
of the residue of a hydroxyl initiator conpound; and (|v) tﬁ@tungaﬂuﬁéﬁéd§
pol yet her precursor is conprised of

- 10 -

D i i A

presence of a catalyst system comprlslng an onlum 1°duk S
‘compound such as an ammonium or phosphonlum iodide ang

an organotin compound such as a trihydrocarbyltin

iodide. The onium iodide component of the ‘catalyst

system may be selected from a variety of tetra(hydro-
carbyl)ammonium icdides and tetra(hydrocarbyl)-

phosphonium iodides, preferably having a total carbon

atom content of 16 to 72 carbon atoms. Such compounds

have the formulas:

1+ 2+
RI—§—R8' 1~ ana R®*—pP—R® I~
1 2
(1) (II)

‘wherein _ _ _

each R! substituent independently is selected from
'elkyl of up to 20 carbon atoms-and_each R? substituent
is independently selected from'R!, benzyl, phenyl or
phenyl substituted witﬁ up to 3 substituents selected
from lower alkyl e.g., alkyl of up to 4 carbon etoms,
lower alkoxy or halogen; or

two Rl substituents collectlvely may represent
‘alkylene of 4 to 6 carbon atoms including alkylene of 4
to 6 carbon atoms substituted with lower alkyl;
provided, ‘as specified above, that the quaternary iodide
'compounds contain 16 to 72 carbon atoms. Specific
examples of the onium iodide catalyst component include
tetra-n—octylphosphonium iodide, tri-n—octyl (n—dodecyll”
phosphonium iodide, tri-n-octyl(n-hexadecyl)phosphoniu®
iodide, tri-—-n—octyl (n—octadecyl)phosphonium iodide,
tetra—n—dodecylphosphonium iodide, tetra—n—-hexadecyl-
phosphonium iodide, tetra—n-octadecylphosphonium iodidé:
tetra-n—dodecylammonium iodide, tetra—n—-hexadecyl-
ammonium iocdide, and tetra—n—octadecylammonium jodide-
The preferred onium iodides are tetra—n—alkylphosphonium
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residues (1A) and (2A): [err] The nickel hydrogenation catalyst may be
Raney- ‘ni ckel or a supported nickel catalyst, e.g., a catalyst conprising
10 to 80, preferably 25 to 65, weight percent nickel, based on the total
wei ght of the catalyst, deposited on the surface of a syitable. CaIaJysLm
support material. Typical catalyst support materials inglgde carbon,::cgt ;
alumina, silica, silica-alunmna, titania, kieselguhr, molecular- s+eve@;\1
zeolites, and the like. N ckel catalysjs modified or prQthengL;hkﬁfpr

exanpl e, B )

b tud

2
P :
P |

rore. Ao o S A A O, 4 JeT—

iodides containing 32 to 72 carbon atoms, espec1ally
compounds of formula (II) above wherein each R2 i T
straight—chain alkyl of 4 to 18 carbon atoms.
Tetra-n—dodecylphosphonium iodide, tetra-—
n-hexadecylphosphonium iodide, and tri-n—octyl(n—octa-—
decyl)phosphonium iodide are especially preferred.

The organotin catalyst component may be selected
from organotin (IV) iodides such as hydrocarbyltin

| triiodides, di(hydrocarbyl)tin diiodides, and tri(hydro—

carbyl)tin iodides. Examples of such organotin (IV)
iodide compounds have the general formula

3
(R°) —sn—I

Mot e b e

(4-m) (FID)
‘wherein

each R® independently is selected from aikyl or
substituted alkyl moieties having up to 20 carbon atoms,
cycloalkyl or substituted cycloalkyl having 5 to 20
carbon atoms, carbocyclic aryl or substituted
carbocyclic aryl having 6 to 20 carbon atoms, or
heteroaryl or substituted heteroaryl moieties having 4
up to 20 carbon atoms; and

n is 1, 2, or 3.
Specific examples of the organotin compounds include di-—
n-butyltim diiodide, tri—n—-butyltin iodide, tri-n-
octyltin iodide, triphenyltin iodide, trimethyltin
iodide, n—butyltin triiodide, tricyclohexyltin iodide,
tris(2—methyl—2-phenylpropyl)tin iodide, tribenzyltin
iodide, dimethyltin dijodide and- diphenyltin diiodide.
Other organotin halides such as chlorides and bromides
may be used in the process wherein they are converted to
the iodide compounds. The preferred organotin iodide

compounds have the general formula:

(R%) ,—Sn—TI (IV)
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nmol ybdenum chrom um iron, zirconium and/or cobalt also may be used. The
hydr ogenati on conditi ons of tenperature and pressure can vary substantially
dependi ng on several factors such as contact tine with_.the catalyst...the

amount of catalyst, the choice of catalyst, and the nodegefsopendt §iemr
Hydr ogenati on tenperatures of 20 to 200[err] C may be usedma+®h0ughm=f'
tenperatures in the range of 50 to 80[err]C are prefer
hydrogenatlon process my be carrled out u5|ng total p
of 2.4t |

ange

.
2

wherein

- _each R? independently is selected from alkyl having
4 to 10 carbon atoms, phenyl, or 2-methyl-2-—
phenylpropyl. o

The ratio of the onium iodide and organotin iodide
components of the catalyst system can vary substantially
depending, for example, upon the particular compounds
used. Generally, the guaternary onium iodide:organotin
iodide mole ratio is within the range of 20:1 to 0.05:1.
For the preferred catalyst system comprising a
phosphonium iodide.and an organotin iodide, a phos—
phonium iodide:organotin iodide mole ratio of 5:1 to
0.2:1 is especially pfeferred.

In the synthesis of the unsaturated polyether
precﬁrsor compounds by each of the 3 processes described
herein, the primary reactant, 3,4—epoxy—l-butene is
added to a mixture of the catalyst or catalysts, a
hydroxyl initiator compound, and, optionally, a solvent.
The 3,4—epoxy—1—butene moﬁomer may be added all at once
or, preferably; slowly or in stepwise increments to a
mixture of the catalyst and the initiatof. Slow
addition of 3,4—epoxy-l-butene is preferred for
controlling the conversion, controlling the product
molecular weight, and minimizing side reaction.

' Stepwise'addition of the 3,4—epoxy—l1-butene monomer
gives stepwise increase in polymer molecular weight.
Thus, molecular weight control is achieved by the
stoichiometry of monomer to initiator. A wide variety
of molecular weights may be achieved, but the molecular
weights are generally controlled to provide polymers
with molecular weights of 500 to 3000 for use as
condensation polymer intermediates. The process may be
carried'out in a batch, semi—continuous, or continuous

mode of operation.

ese sy
s abm e
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-17- 414.5 bars absolute (20 to 6000 psig), preferably 35.5 to 70 bars (500
to 1000 psig). As noted above, the optimum conbi nati on of tenperature and
pressure depends on ot her process variables but can be readil.y..ascertained
by t:hose skilled in the art. The hydrogenati on process optirepatdiy-ragHig |
carried out in the presence of inert solvents such as allphafrﬂmaﬂd“wwmi
aromati ¢ hydrocarbons, ketones, ethers, alcohols, Pl s “ER W57 ¢
;

P25y
- 13 -

ala

4
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The hydroxyl initiator compound useful kn-thyg--mmermmebo
preparation of the unsaturated polyether precursors by
each of the 3 processes described herein may be selected
from a vast number and broad variety of mono— and poly-
hydroxy compounds. Normally, the residue of the
hydroxyl initiator compound constitutes at least 0.5
weight percent of the polyether. The mono~hydroxy
initiators include low molecular weight organic alcohols
and polymeric alcohols which may be linear or branched
chain, aliphatic, alicyclic, or aromatic. The mono—
hydroxy initiators preferably are selected from alkanols
containing up to 20 carbon atoms. When an alcohol is
used as the initiator, the polyether polymeric product
obtained has -a primary hydroxyl group on one end of the
polymer chain and thus is a polymeric alcohol. The
other end of the polymer chain is terminated with the
residue of the alcohol initiator, e.g., a residue having
the formula —0-R* wherein R% is the residue of an
alcohol, preferably an alkyl group, containing'up to 20
carbon atoms. Although secondary or tertiary alcohols
may be used, primary alcohols are preferred. The .
secondary alcohols are converted to primary hydroxyls
-and, thus, this invention provides a novel method of
converting. secondary hydroxyls to primary hydroxyls
without the use of ethylene oxide. Some typically
useful alcohol initiators include methancl, ethanol, n-—
butanol, iso~butanol, é—ethylhexanol, n—decanol, stearyl
alcohol, cetyl alcohol, allyl alcohol, benzyl alcohol,
pPhenol, and the like. Water also may be used as the
initiator. Also, an inorganic hydroxide such as litium
hydroxide may be used as the initiator in the
Polymerization of 3,4-epoxy-l-butene in the presence of
a palladium(O) complex.

The poly-hydroxyl initiators contain 2 or more
hydroxyl groups and may be monomeric or polymeric
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water, and the |ike. For exanple, benzene, toluene, tetrahydrofuran,

net hanol , et hanol, butanol, nethyl isoanyl ketone, and the |Iike may be used
i ndividually or in combination as solvent. For the unsaturated pol yether
precursors prepared by the palladiumcatal yzed pol ynerization of 3, 4-epoxy-
1- butene, the palladiun(0) polynerization catalyst may 5@:;';1E§QfPXﬁ:$T?
pretreatnment with hydrogen pressure alone to precipitate ?ﬁ;ﬁgﬁykﬁdpdh¢Mﬁth
m ni mal concomnitant hydrogenati on of—tie 4nsaturated pofy§iher,'T6TT8ﬁéd§by
filtration of the precipitated palladiumnetal. Also, . ! 3% 4; Pt

R ;
fre e :
s M,\;’ 1

|

compounds. Examples of the poly-hydroxyl in?t&&EOF5wmwmm~

s T

include ethylene glycol, 1,2—propanediol;'i,hmprQQQQQ:Wmmmmm
diol, 1,2-butanediol, 1,4-butanediol, 1,6-hexanediol,
1,4—cyclohexanediol, 1,4-—cyclohexanedimethanol, 2,2-di-

methyl-1,3—propanediol, 2,2,4-trimethyl-1,3-pentanediol,
2,2,4,4-tetramethyl-1,3—cyclobutanediol, 2-butene-1,4-—
diol, 1-butene-3,4~diol, hydroquinone, resorcinol, bis-
phenol-A, glycerol, trimethylolpropane, starch, sucrose,
glucose, pentaerythritol, polyethylene glycol, poly-—
propylene glycol, polybutylene giycol, poly(tetramethyl-
ene.ether) glycol, and hydroxyl-terminated, low
molecular weight polyesters. When a poly-hydroxyl
compound is used as the initiator, the polyether polymer
typically grows from at least 2 of the hydroxyl groups
of the. initiator and the subsequently—obtained polymer
is a poly-hydroxyl polymer. The residue of the poly—
hydroxyl initiatérS'may be represented by the formula
—0-R5—0— wherein R® is the residue of a poly-hydroxyl
initiator. The diols having 2 to 6 carbon atoms
constitute the preferred initiators. '

The residues of the hydroxyl initiator. compounds
may constitute a minor or major portion of the molecular
weight of the unsaturated polyether precursor polymers
as well as- the saturated polyether polymers of the
invention. For example, if a pélymeric initiator, such
as a hydroxyl—terminate@ polyoxyalkylene polymer, is
employed and the number of repeat units of 3,4—epoxy—1-
butene residue is relatively low, the initiator residue
content of the polymer may be greater than 90 weight
percent. On the other hand, if the initiator employed
is a low molecular weight compound such as methanol or
water, the initiator residue may constitute as low as
0.5 weight percent of the polymer. Both the unsaturated
and saturated polyether polymers typically comprise at
least 80 weight percent, preferably at least 90 weight
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I f a water sol uble phosphine |igand, such as a sul fonated

tri phenyl phosphine, is used, such phosphine |igand and conpl exed

pal | adium( O may be renoved fromthe polynmer by aqueous washings. After the
renpval of the catal yst conponents as described, the Hg§gLurateg Jpol.yet her
precursor may be hydrogenated in the presence of a nfckg s rg-Quenatio
catalyst. Alternatively, the unsaturated polyether priecUrsers- pFepawed by
t he pal | adi um cat al yzed polynerizatienlaf—S,4-epoxy-l-butene?nay g?
hydrogenated directly, i.e., wthout the above-descrlbad 7 énlovial v
cat al yst

-

Bt ki g amdi v

|
percent, 3,4-—epoxy-l-butene residues. Both the

Nem———— L

unsaturated and saturated polyether polymeksmpreferaﬁiy
comprise 5 to 20 weight percent, most preferably 5 to 10
weight percent, of residues derived from the hydroxyl
initiator compounds, e.g., residues —O-R%* and —O-R°-0-.
The saturated polyether polymers of the present
lnventlon comprising residues (1) and (2) are prepared
by contacting the unsaturated polyether precursors
described hereinabove with hydrogen in the presence of a
hydrogenation catalyst at elevated temperature and
pressure. The hydrogenation catalyst may be selected
from a wide variety of known materials such as catalysts
containing one or more metals selected from palladiun,
rhodium, platinum, ruthenium, iridium, nickel, cobalt,
copper, and the like. The catalyst may consist of one
or more of the metals deposited on the surface of a
"suitable catalyst support material such as carbon,
alumina, silica, silica—alumina, titania, kieseiguhrp
molecular sieves, zeolites, and the like.
The use of nickel catalysts in the hydrogenation of
- the unsaturated polyether precursors to the polyether
polymers of the present invention is particularly ‘
advantageous. It has been found that nickel
hydrogenation catalysts are effective to give complete,
or essentially complete, hydrogenation of the olefinic
unsaturation of the polyether pfecursors without
concomitant hydrogenolysis of the polyether linkages and
subsequent decrease in molecular weight, i.e., without
causing degradation of the polymer. Thus, another
embodiment of the present invention is a process for the
preparation of a saturated polyether polymer which
comprises contacting an unsaturated polyether precursor
with hydrogen in the presence of a nickel hydrogenation
catalyst under hydrogenation conditions of pressure and
temperature, wherein (i) the saturated polyether polymer

s bt =
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conponent s,

by contacting the precursor polynmer with hydrogen in the

presence of a supported palladium catal yst. The supported pall adi um
catal yst may consist of 0.5 to 15, preferably 5, weight percent pall adi um

deposited on a catal yst support material such as carbon, - 18 - alum.na...
silica-alumna, titania, kieselguhr, nolecular S|ev35ﬁtpeth$ﬁ$ SHEFT
and the |like. The palladium ¢

silica,

R
2 18 LE‘ ugl

is comprised of n units of residue (1) and m unlts of
residue (2) wherein residues (1) .and (2) have L

‘

structures:

—0—CH, _i and ~—0—CH,—CH,,~—CH,—CH,—
H,CH

3

(1) ' (2)
(ii) the total value cf n + m is 2 to 70 and m/(n + m)
is in the range of 0.05 and O. 98; (iii) the saturated
polyether polymer comprises at least 1 weight percent of
the residue of a hydroxyl initiator compound; and (iv)
the unsaturated polyether precursor is comprised of
residues (1A) and (2A):

I and —0—CH 2—CH=¢H—C32—
H——CH ’

(lA) _ (23)

The nickel hydrogedation catalyst may be Raney—
nickel or a supported nickel catalyst, e.g., a catalyst
cbmprising 10 to 80, preferably 25 to 65, weight percent
nickel, based on the total weight of the catalyst,
deposited on the surface of a suitable catalyst support
material. Typical catalyst support materials include
carbon, alumina, silica, silica—alumina, titania,
kieselguhr, molecular sieves, zeolites, and the like.
Nickel caéélysts modified or promoted with, for example,
molybdenum, chromium, iron, zirconium, andrsor cobalt
also may be used. o

. The hydrogenation conditions of temperature and
pressure can vary substantially depending on several
factors such as contact time with the catalyst, the
amount of catalyst, the choice of catalyst, and the mode
of operation. Hydrogenation temperatures of 20 to 200°C
may be used although temperatures in the range of 50 to
80°C are preferred. The hydrogenation process may be
carried out using total'pressures in the range of 2.4 to
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catal ysts al so may contain nol ybdenum chrom um zinc, zirconiumand or
cobal t-as catalyst nodifiers or prompters. An especially preferred catalyst
i's 5% pal | adi um on carbon. The hydrogenation process may be_carried.out..i n

a batch,

sem -conti nuous, or continuous node of operati on.pEEOLCEBXNTOREEET el
d

batch operation nay conprise agitating a slurry of catal yst B GRS at-tH-gt

pol yet her precursor conprised of residues (1A and (2A), \and pptlo,rla.l,ly
solvent in a pressure vessel for a ti @& sufficient to hyProgenat g8
essentially all of the olefinic o

i
RO |

b s A et

414.5 bars absolute (20 to 6000 psig), preferafolmx‘ 35.5

.to 70 bars (500 to 1000 psig). As noted above, the

optimumn combination of temperature and pressure depends
on other process variables but can be readily
ascertained by those skilled in the art.

The hydrogenation process optionally may be carried
out in the presence of inert solvents such as aliphatic
and aromatic hydrocarbons, ketones, ethers, alcohols,
v}ater, and the like. For example, benzene, toluene,
tetrahydrofuran, methancl, ethanol, butanol, methyl
iscamyl ketone, and the like may be used individually or
in combination as solvent.

For the unsaturated polyether precursors prepared

] by._th}e pallad:.um—qatalyzed polymerization of 3,4-—-epoxy-—

l1-butene, -the palladium(0) polymerization catalyst may -
be removed by pretreatment with hydrogen pressure alone
to precipitate the palladium with.minimal concomitant
hydrogenation of the unsaturateci-polyether, followed by
filtration of the precipitated palladium metal. Also,
if a water soluble phosphine ligand, such as a
Sulfonated triphenylphosphine, is-used, ‘such phosphine
ligand ang complexed palladium(0) may be removed from

‘the polymer by aqueous washings. After the removal. of

the Catalyst components as described, the unsaturated
Polyether precursor may be hydrogenated in the presence
°f a nickel hydrogenation catalyst.

Alternativély, the unsaturated polyether precursors
Prepareqd by the palladium—catalyzed polymerization of
?"Fepoxy—l—butene may be hydrogenated directly,

i-e., without the above—-described removal of catalyst
°°mp°nenté by contacting the precursor polymer with
hy‘imqen in the presence of a supported palladium
“atalyst. The supported palladium catalyst may consist
°T 0.5 to 15, preferably 5, weight percent palladium
®Posited on a catalyst support material such as carbon,
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unsaturation. The catalyst can be separated fromthe hydrogenated m xture
by filtration and the saturated pol yether conpound isol ated by evaporation
of solvent. Another node of operation uses a fixed bed of a catalyst o
wherein the unsaturated pol yether conpound is hydrogenated -by feeding. a; 7 |
solution of the conpound in an inert solvent to the top of a cOIunnanMwmﬂ
pressure reactor containing one or nokeibi xed beds of a s@pported nlckel
catal yst. The reactant solution flows (trickles) over thes cata%ysbnbé& A ni
the presence of hydrogen at elevated tenperature and pressurie, and the i
hydr ogenat edapumiinadt silica, silica—-alumina, titania, kleselguhnv«wmwmw'““

molecular sieves, zeolites, and the like. The{palladlummﬂmw

catalysts also may contain molybdenum, chromium, zinc,
zirconium and or cobalt as catalyst modifiers or -
promoters. An especially preferred catalyst is 5%
palladium on carbon.

The hydrogenation process may be carried cut in a
batch, semi-continuous, or continuous mode of operation.
For example, batch operatic:- may comprise agitating a
slurry of catalyst and unsa:irated polyether precursor
comprised of residues (1A) and (22), and, optionally, a
solvent in a pressure vessel for a time sufficient to
hydrogenate essentially-all of the olefinic
unsaturation. Tﬁe catalyst can be separated from the
hydrogenated mixture by filtration and the saturated
polyether compound isolated by evaporation of solvent.

Another mode of operation uses a fixed bed of a
catalyst wherein the unsaturated polyether compound is
hydrogenated by feeding a solution of the compound in an
inert solvent to the top of a columnar, pressure reactor

. containing one or more fixed beds of a supported nickel
catalyst. The reactant solution flows (trickles) over
the catalyst bed in the presence of hydrogen at elevated
temperature and pressure, and the hydrogenated product
exits the bottom of the reactor and is isoclated by
evaporation of solvent.

Our novel polyethef ﬁolymers preferably are
comprised of n units of residue (1) and m units of
residue (2), whereih the total value of n + m is about 7
to 50 and m/’(n + m) is a value in the range of 0.15 to
0.30. The polymers are further characterized in that at
least 99 percent of the terminal hydroxyl groups are
primary (rather than secondary) hydroxyl groups. The
primary hydroxyl groups (and thus the polymers) are more
reactive for condensation polymerization reactions in
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exits the bottomof the reactor and is isolated by evaporation of solvent.

Qur novel polyether polyners preferably are conprised of n units of residue
(1) and munits of residue (2), wherein the total value of n + mis about 7
to 50 and mi(n + nm) is a value in the range of 0.15 to 0.30. The polyners_

are further characterized in that at |east 99 percent of the.teemnaloyers
hydroxyl groups are prinmary (rather than secondary) hydr@xyngLQﬁpsléﬁha
primary hydroxyl groups (and thus the pplyners) are nore: .reactive for “

s S b“"%
condensation pol ynerization reactions in b P FER BET

P ‘
i :
;

general. The polyether polymers normally hav% a

H
b A AT T AT D

- polydispersity value of less than 4, preferably—if the — "
range of 1 to 2.5, and most preferably in the rangé of 1
to 1.7. The polyether polymers wherein the total value
of n +m is 10 to 30 are particularly preferred.

The preparation of the unsaturated polyether
precursors and the novel saturated polyether'polymers of
the present invention and the operatibn of the
hydrogenation process are further illustrated by the
following examples. Proton NMR spectra are obtained on
a 300 MHz NMR spectrometer with samples dissolved in
deuterated chloroform containing tetramethylsilane as an
internal standard. The value of m/(n + m) is determined
by comparison of the integrated proton NMR absorptlons
of residues (1) and (2). The value of m’ /(n’ + m’') is
determined by comparison of thé-iﬁtegrated proton NMR
absorptions of residues (13) and (2A). The percent
hydrogenation is determined by coﬁparison of the
integrated proton NMR absorptions of residués (1) and
(2) with the integrated proton NMR absorptioné of
remaining residues (1A) and (2A). Number average
molecular weights (M,) and polydispersity values (M M)
are determined using size—exclusion chromatography with
refractive index detection in tetrahydrofuran using four
10 um PlLgel mixed~bed columns and calibrated using
narrow molecular weight‘éistribution polystyrene
standards. Hydroxyl numbers are determined from
titration of the acetic acid formed by the reaction of
the sample with acetic anhydride. J-resolved NMR and
13¢ NMR analyses, obtained from a 400 MHz NMR
spectrometer, are used to determine the percent of
primary hydroxyl end groups. Further conformation may
be obtained by trifluoroacetylation and 19r NMR
analyses.
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general .. The polyether polymers normally have a polydispersity value of

| ess than 4, preferably in the range of 1 to 2.5, and nost preferably in

t he range of 1 to 1.7. The pol yether polymers wherein the total value of n

+ mis 10 to 30 are particularly preferred. The preparatrﬂﬂmofm"hﬁ*“*“ S

unsat ur ated pol yet her precursors and the novel saturated pdﬁ}é@%@mﬂbé Vne

of the present invention and the operatjon of the 1
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REFERENCE 1 l
' _Methylene chloride (400 mL), 18.0:g (0 259 BACE L WY S
1,4-butanedlol, and 0.2 mL of trifluoromethane sulfonic
acid are charged to a 3-neck, 1-L, round-bottom flask
having a nitrogen atmosphere and equipped with a
thermocouple, mechanical stirrer, septum, and reflux
condenser with argon inlet. With stirring, 3,4—epoxy-1-
butene (392.5 g, 5.60 mole) is added at a rate of 60
g;hr by liquid pump. The temperature rises initially to
about 42°C, gently refluxing the solvent, and continued
to rise, reaching 58°C near complete addition of the
3,4—epoxy—-l-butene. After complete addition the
reaction is allowed Fo_cool and stirred for 1 hour. To
the reaction mixture is added 100 mL of 5 percent sodium
carbpnaﬁe solution, and.the mixture is stirred for 30
minutes. Then the layers are allowed to separate, and
the bottom organic layer is removed, dried over
"anhydrous magnesium sulfate, filtered, and evaporated to
give a clear, light-yellow oil that is an unsaturated
polyether glycol comprising n’ repeat units of residue
(12) and m’' repeat units of residue (234), whe;ein n' +
m’ is about 15; m’/(n’ + m’) is 0.16; M, = 1400 and M, =
1.99; and hydroxyl number = 103.4.

REFERENCE EXAMPLE 2 |
Methylene chloride (80 mL), 1,4—butanediocl (3.62 g,
40.0 mmole), and 3 drops of trifluoromethane sulfonic
acid are charged to a 3—neck, 300-nL, round-—bottom flask
having an argon atmosphere and equipped with a thermo-
couple, mechanical stirrer, and a septum with argon
inlet. Stirring is begun and the reaction flask is
cooled with a cooling bath composed of water and ice and
having a temperaturé of 0 to 5°C. 3,4-Epoxy-—-l-butene
(40 mL, 500 mmole) is added dropwise at a rate of 9
mLhour by syringe pump. After the addition of the
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hydr ogenati on process are further illustrated by the follow ng exanpl es.
Prot on *"NMR spectra are obtained on a 300 MHz NVR spectroneter wth sanpl es
di ssol ved in deuterated chloroformcontaining tetranethylsilane as an
internal standard. The value of mi(n + m) is determi ned by COHDQJJSOD @@
the integrated proton NVR absorptions of residues (1) anth-(-2) .- - The y@ﬁhe tof
m/(n" + mM) is determ ned by conpari son of the |ntegra& d_proton«%WR
absorptions of residues (1A) and (2Ay. 2The percent hydrogenatlon [ o7 E
determ ned by conparison of the integrated proton NWR absprat|0h§ oF? b
resi dues (1) and SRS |

_ J,4—epoxy—l-butene is complete, the coollng t:th“is“‘ .

- L GO/ PIIRPORE S
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removed and the reaction is allowed to warm
temperature. Solid calcium oxide is added and the
mixture stirred for several hours to neutralize the
acid. The nmixture is then filtered and the filtrate
'evaporated to give 35 g of a clear, colorless oil.having
an’ +m value of approximately 17 and a m’~/(n’ + m’)
value of 0.15; Mn = 1270 and MwMn = 1.94; and hydroxyl
number = 100.5.

ERENCE EXAMPLE 3
The procedure described in Reference Example 2 is

repeated in the absence of a solvent and at a reaction
 temperature between 20 and 30°C by cooling with cool

water and adding small amounts of ice as needed. The

resulting clear, colorless oil has a n’ + m’ value of

approximately 18 and a m’/(n’ + m’) value of 0.14;

Mn = 1305 and Mw.Mn = 2.00; and hydroxyl number = 97.18.

NMR analysis of this product shows nq-eviéencé of

secondary hydroxyl end groups.

REFERENCE EXAMPLE 4
' 1,4--Butanediol (21.6 g, 0.240 mole) and 10 drops of

trifluoromethane sulfonic acid dissolved in 250 mL of
methylene chloride are charged to a 3-neck, 1-L,
round-bottom flask having an argon atmosphere and
equipped with a thermodouple, mechanical stirrer,
Septum, and reflux condenser with argon inlet. With
stirring, 3,4—epoxy—-1l-butene (471 g, 6.72 mole) is added
dropwise at a rate of 60 g-/hour by liquid pump. The |
temperature rises initially to about 42°C, gently
refluxing the solvent, and continued to rise, reaching
38°C near the completion of the addition of the
3,4—epoxy—l1-butene. After complete addition the
reaction is allowed to cool and stir for 1 hour. The
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(2) with_the integrated proton NVR absorptions of renaining residues (1A)
and (2A). Nunber aver age nnlecular weights (Merr]) and pol ydi spersity

val ues (l\/[ kﬁ i ﬁ Het er mi ned usi ng si ze-excl usion chronmatography..

wit h- refract ction in tetrahydrofuran using four g0 hgmdnn &t
PLgel m xed- d calibrated using narrOM/nDIecuIa{ Mgt 1
di stribution polystyrene standards. Hydroxyl nunbers are deterﬂ1qed fLQ&L i
;
;

titration of the acetic acid fornmed by2¢he reaction of the sanp & WER w7
acetic anhydride. J-resolved NVR and [err] C NVR anal yses, obta1ned from.a
400 MHz NWR

reaction mixture is washed twice with water, drled over

anhydrous magnesium sulfate, filtered, and evaporated to
give 468 g of a light yellow oil having a n’ + m’ value
of approximately 29 and a m’'/(n‘’ + m’) value of about
0.17; Mn = 2100 and Mw/Mn = 2.64; and hydroxyl

number = 46.09.

REFERENC ILE S

' 1,4~Butanediol (0.90 g, 0.010 mole) and 1 drop of
trifluoromethane sulfonic acid dissolved in 10 ml of
toluene are charged to a reaction flask having a
nitrogen atmosphere and equipped with a refluxing
condenser. With stirring, the reaction solution is
heated to 100°C by an oil bath. 3,4-—Epoxy-l-butene
(9.1 g, 0.13 - mole) is added dropwise at a rate of 0.15
mL-minute by syringe pump. After complete addition the
reaction is allowed to cool and stir for 15 minutes.
The reaction mixture is washed twice with water, dried
over anhydrous magnesium sulfate, filtered, and evapor-
ated to give 8.0 g of a black oil ‘having a n’ + m’ value
of épproximately 14 and a m‘~/(n’ + n’) value of about
0.26; Mn = 950 and Mw.Mn = 2.16; and hydroxyl
number = 95.0. '

REFERENCE E 6

3,4-Dihydroxy—-l-butene (0.88 g, 0.010 mole) and 1
drop of trifluoromethane sulfonic acid dissolved in 10
mL of methylene chloride are charged to a reaction flask
having a nitrogen atmosphere and an 18°C chilled water
cooling bath.- With stirring, 3,4-epoxy-—l-butene (9.1 g,
0.13 mole) is added dropwise at a rate of 0.15 mLminute
by syringe pump. After complete addition, the reaction
is allowed to cool and stir for 15 minutes. The
reaction mixture is washed with 5% sodium carbonate in

water, dried over anhydrous sodium carbonate, filtered,

Ef“%4 “}H ss;*w;
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spectroneter, are used to determ ne the percent of primary hydroxyl end
groups.” Further conformation nay be obtained by trifluoroacetylation and

19F NMR anal yses. - 20- REFERENCE EXAMPLE 1 Met hyl ene; ch+mf¢g§ﬂ(4§'”qty,
18.0g (0.200 nole) of 1,4 butanediol, and 0.2 nL of trif ame‘;
sul fonic i ]
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and evaporated to give 8.6 g of a clear,'colgfiess oil
having a n’ + m’ value of. approximately 14 and a
m'/(n* + m’) value of about 0.13; Mn =.1400; and
MwMn = 1.68.

REFERENCE EXAMPLE 7

The procedure described in Reference Exanmple 6 is
repeated using 0.18 g -(0.010 mole) of water as the
initiator in place of 1,4-butanediol, yielding 8.6 g of
a clear, colorless oil having a n’ + mn’ value of
approximately 15 and a m’/(n’ + m’') value of about 0.14;
Mn = 1400; and MwMn = 1.68.

'BEFERQNCE EXAMPLE 8 ]

To a 3-neck, 300-nml, round-bottom flask'havinq an
argon atmésphere and equipped with a thermocouple,
‘mechanical stirrer, and a septum with argon inlet is.
charged tetrakis(triphenylphosphine)palladium(0)

(0.25 g, 0.22 mmole) and 1,4-butanediol (7.22 g, 80.0
mmole). Stirring is begun and a total of 83.2 mL (1040
. mmole) of 3,4—epoxy~l-butene is added dropwise at a rate

of 9 mL/hr by syringe pump. After about 1 mL of

3, 4—epoxy—l-butene is added, the reaction flask is
cooled with a cooling bath composed of water and ice and
having a temperature of 0 to 5°C. The reaction
temperature is maintained between 10 and 15°C by cooling
for the duration of the 3,4-epoxy-l-butene addition.
After complete addition, the cooling bath is removed,
and the reaction is allowed to warm to room temperature.
The resulting clear, yellow oil is an unsaturated
polyether.glycol having a n’' + m’ value of about 15; a
m’/(n’ + m’) value of about 0.65; M, = 1300 and M M, =
1.39; and hydroxyl number = 101.8.
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acid are charged to a 3-neck, 1-L, round-bottomflask having a nitrogen
at nosphere and equi pped with a thernocouple, nmechanical stirrer, septum
and reflux condenser with argon inlet. Wth stirring, 3,4-epoxy-1- butene
(392.5 g, 5.60 nole) is added at a rate of 60 g/ hr by I|qu1prungf§E

Al Gy,

tenperature rises initially to about 42[err]C, gently refluxvn he .. /-
sol vent, and continued to rise, reaching 58[err]C near conplete addltlon @f
t he 3,4-epoxy 1- but ene. After conpteReé addition the reactijonist @R 1EwRd |
to cool and stirred for 1 hour. To the reaction mxture |s gdded 100 ni oi

5 percent sodi um e
RETERENCE IXAMPLE 9 . - : ! .

Tetrakls(trlphenylphosphlne)palladxum(O) (o 25 g,

0.22 mmole) and 1,4-butanediol (3.62 g, 40.0 mmole) are
charged to a 3—neck, 100-mL, round-bottom flask having
an argon atmosphere and equipped with a thermocouple,
mechanical stirrer, and a septum with argon inilet.
Stirring is begun and a total of 41.8 mL (520 mmole) of
3 ,.4—epoxy—l1-butene is added dropwise at a rate of 9

nmL hour by syringe pump. After about 1 mL of 3,4—epoxy-—
l-butene is added, the reaction flask is cooled with a
cooling bath composed of water and ice and having a
temperature of 0 to sec. The reaction temperature is
maintained between 10 and 15°C by cooling for the
duration of the 3,4—epoxy—l-butene addition.. After
.addition is complete, the cooling bath is removed, and
the reaction mixture is allowed to warm to room
‘temperature. The resulting clear, yellow oil has a n' +
m’ value of approximately 17, a m’/(n’ + m') value of
0.59, a number average molecular weigbﬁ (Mn) of 1300, a
weight average molecular weight (Mw) of 1800, a
polydispersity value (Mw.Mn) of 1.39; and a hydroxyl
number of 95.27. NMR analyses of this product showed no
evidence of secondary hydroxyl.

EFERENCE E 1, 0

The procedure of Reference Example 9 is repeated
using a cocling bath composed of ethylene glycol and Dry
Ice and having a temperature of —15 to —25°C. The
reaction temperature is maintained hetween -5 and 5°C.
The resulting clear, yellow oil has a n’ + m’ value of
approximately 15 and a m’/(n? + m’) value of 0.65;
Mn = 1110 and MwMn = 1.38; ar hydroxyl number = 130.9.
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carbonate solution, and the mxture is stirred for 30 mnutes. Then the
| ayers are allowed to separate, and the bottomorganic |ayer is rennved
dried over anhydrous magnesiumsulfate, filtered, and eva-*%ak ”g wegp
clear, light-yellow oil that is an unsaturated polyether ;. GM“ nﬁ; S+-Ag
n' repeat units of residue (1A) and m repeat units of reéldUe (2A) o
wherein n' + m is about 15; m/(n" + M) is 0.16; Merr] t— 14@@‘”1; Ml?ergJ
= 1.99; and hydroxyl nunber = 103. 4. _REEERENCE EXAMPLE 2 thhylene chlom

(80 nmL), 1, 4-butanediol (3.62 g, § o b
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REFERENCE EXAMPLE 11

The procedure of Reference Example 9 is repeated
without using a cooling bath. The reaction temperature
increases upon the addition of 3, 4—epoxy—l-butene and is
maintained between 40 and 50°C by controlling the rate
of addition. The resulting clear, yellow oil has a
n’ + m’ value of approximately 14 and a m'/(n’ + m')
value of 0.48} Mn = 1038 and Mw/Mn = 1.44; and hydroxyl
number = 128.7. |

FERENCE E 12

The procedure in Reference Example 11 is repeated
using 1.67 g (40 0 mmole) of lithium hydroxide in place
of 1, 4—butaned101 The resulting yellow oil is dissolved
in 100 mL of methylene chloride and 40 mL of water.
Enough dilute hydrochloric acid is added so that the
aqueous layer is neutral or slightly acidic to PH paper.
The layers are separated, and the methylene chloride is
'washed with water, dried over magnesium sulfate,
filtered, and evaporated to produce 36.6 g of a clear,
yellow oil having a n’ + m’ value of approximetely 42
and a m’/(n’ + m’) value of 0.31; Mn = 3245 and Mw/Mn =
2.73; and hydroxyl number = 23.36.

REFERENCE EXAMPLE 13

The procedure of Reference Example 9 is repeated
using 0.27 g (0.20 mmole) of tetrakis(triphenylarsine)-—
palladium(0) in place of tetrakis(triphenylphosphine)-
palladium(0). The resulting clear, colorless oil has a
n’ + m' value of approximately 15 and a m’~/(n’ + m’)
value of 0.56; Mn = 1185 and Mw.Mn = 1.23; and hydroxyl
number = 129.8.
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40.0 mmol e), and 3 drops of trifluoronethane sulfonic acid are charged to a
3-neck; 300-nL, round-bottom flask having an argon at nosphere and equi pped
with a thernp- couple, nechanical stirrer, and a septumw th argon_inlet. ..
Stirring is begun and the reaction flask is cooled with d oollng Waﬁ&mt*
conposed of water and ice and having a tenperature of 0 tjo SLerrCr—mw
3, 4- Epoxy- 1-butene (40 nmL, 500 nmole) is added dropwi se at @ rate ot@g,
mL/ hour by syringe punp. After the addition of the I L

i
§
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REFERENCE EXAMPLE 14

The procedure of Reference Example 13 is repeated
using a solutic of 80 parts by volume 3,4—epoxy-1-
butene and 20  -ts by volume isopropanol. The
resulting clear, yellow 0il has a n’ + m’' value of
approximately 12 and a m'~/(n’ + m’') value of 0.60;

Mn = 950 and Mw.Mn = 1.17; and hydroxyl number = 162.5.

REFERENCE EXAMPLE 15
The procedure of Reference Example 9 is repeated

using 4.33 g (40.0 mmole) of benzyl alcohol in place of
1,4-butanediol. The resulting cléai,-yellow oil has a
m'/(n’ + m’) value of 0.46 and hydroxyl number = 48.59.

REFERENCE EXAMPLE 16 _
The procedure of Reference Example 15 is repeated

using 100 mL of heptane as solvent. The clear, yellow
0il is isolated by evaporating the volatiles and has a
m'/(n’ + m’) value of 0.32.

EF NCE E 7

' The procedure of Reference Example ¢ is repeated
using a total of 6.4 mL (80 mmoles) of 3,4—epoxy—l—
butene. The resulting clear, colorless oil has a
n’ +'m' value of approximately 2 and a m’/(n’ + m’')
value of 0.63.

NC i8

The procedure of Reference Example 9 is repeated
using a total of 70 g (1.0 mole) of 3,4—epoxy—l-butene.
The resulting clear, yellow oil has a n’ + m’' value of
approximately 26 and a m'~/(n’' + m'’) value of 6.48.
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-21 - 3,4-epoxy-1l-butene is conplete, the cooling bath i's renoved and the
reaction is allowed to warmto roomtenperature. Solid cal ciumoxide is
added and the m xture stirred for several hours to neutralize the aC|d _The
m xture is then filtered and the filtrate evaporated to give~85- g1 ’
clear, colorless oil having a n' + m val ue of apprOX|nﬁtéf@’ﬁﬁ“hﬁd;P““
m/(n" + m) value of 0.15; M = 1270 and MV Vh = 1. 94; ;aﬁd"hydroxyl nu

= 100. 5. - 27 - bl o arzR B9
S
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The procedure of Reference Example 13 is repeated
using a total of 6.4 mL (80 mmoles) of 3,4—epoxy—l1-—
butene. The resulting clear, colorless oil has a
n’ + m’ value of approximately 2 and a m'~/(n’ + m')
value of 0.73.

REFERENCE EXAMPLE 20

Tris (2-methyl—2—phenylpropyl)tin iodide [also known
as trineophyltin iodide] (33.8 g), tri-n—octyl(n—octa-
decyl)phosphonium iodide (39.0 g), and 1,4-butanediol
(10.0 g) are pléced in a 4-neck, 250-mL, round-bottom
flask equipped with a thermocouple, magnetic stirrer,
distillation head, oil heating bath, .and reactant feed
tube. The mixture is heated to 110°C, and ‘the
3,4—epoxy—l-butene addition is begun. A total of 816 g
of 3,4—ep6xy—l—butene is added over 44 hours. Then the
pressure within the flask is gradually lowered to about
100 torr to completely distill the volatile components
from the catalyst-spolyether polymer residue. A total of
648.5 g of distillate is collected (79.5% weight
.recovery). The composition of the distillate is 21.1%
3,4—epoxy—l-butene, 75.3% 2,5-dihydrofuran, and 3.6%

- crotonaldehyde.

The catalyst-polyether polymer residue and 200 mL
of heptane are added to a 500-mL, jacketed, glass vessel
equipped with a mechanlcal stirrer, thermocouple, and
bottom stopcock and the mixture is agitated and heated
to 65-75°C by circulating heated glycol-rwater from a
constant temperature bath to the jacket. Stirring is
discontinued, and the mixture is allowed to settle. The
layers are separated, and the bottom polyether polymer
layer is extracted agaiﬁ with 200 mL of heptane then
once more with 100 mL of heptane. The heptane layers
containing the extracted catalyst are combined, and the

st S
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REFERENCE EXAMPLE 3 The procedure described in Reference Exanple 2 is

repeated in the absence of a solvent and at a reaction tenperature between
20 and 30[err]C by cooling with cool water and addi ng snall anDunts of ice
as needed. The resulting clear, colorless oil has a n' +¢i—~va kg P
approximately 18 and a m/(n' + m) value of 0.14; M = 13@5?éﬂﬁ

i T

2.00; and hydroxyl nunmber = 97.18. NMR anal ysi s of this prodUct “shows nol
evi dence of secondary hydroxyl end group®.~REFERENCE EXAMPLE 44 7en B
g
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solvent is removed by rotary vacuum evaporatlpn (up to 4
about 70°C and 30 torr) to give a catalyst—comtainifg
. material (80.3 g) with the following approximate
composition by weight: 31.1% tris(2-methyl-2-phenyl-
propyl)tin iodide, 54.9% tri-n—octyl(n—octyldecyl)—
phosphonium iodide, and 13.9% polyether polymer. The
recovered catalyst mixture can be returned to the

reaction flask for continued cycles of polymefization

And catalyst separation. After removal of residual
volatile material by rotary vacuum evaporation (up to
about 70°C and 30 torr) the polyether polymer layer

weighs 149.4 g (18.3% yield) and has n’ + m’ equal to
about 11, m‘/(n' + m’) = approximately 0.94, and M /M, =
1.59. J-resolved NMR and 13C NMR analyses of the

polyether polymer product in deuterated acetone show no
evidence of secondary hydroxyl carbons.

EXAMPLE 31

The unsaturated polyether polymer (10 g) prepared
.in Reference Example 1, Raney-nickel (1.0 g, prewashed
with methanol), and methanol (90 mL) are charged to 2
1-L autoclave equipped with a magnetic stirbar. The
"autoclave is purged with nitrogen, pressurized with 35.5
bar absolute (500 psig) hydrogen and then heated to
80°C, with stirring. The reaction mixture is stirre’
80°C and at a total pressure of 35.5 bar absolute (5 -
psig) for 20 hours. After cooling, the pressure is

at

released, and the reaction mixture is removed, filtered,
and concentrated by evaporating the methanol to give 2
clear, colorléss oil. The oil is further purified bY
dlssolv1ng in 50 nmL methylene chloride, drying over
anhydrous magnesium sulfate, filtering, and evaPOratlng
the volatiles, giving 9.0 g of a clear, colorless oil
comprising n repeat units of residue (1) and m repeat

units of residue (2), wherein n + m is about 16 and

sm:,
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1, 4-But anedi ol (21.6 g, 0.240 nole) and 10 drops of trifl uoronethane
sul fonic acid dissolved in 250 nmL of nmethylene chloride are charged to a
round-bottom flask having an argon atnosphere_and_ equi pped

3-neck, 1-L,
wi th a thernocouple, mechanical stirrer, septum and refluxaeﬁ 16 psgw @mtrl-
argon inlet. ~e§

Wth stirring, 3,4-epoxy-1-butene (471 g, 6.72 bl

dropwi se at a rate of 60 g/ hour by Ilqu#g punp. The tenperaﬁure rlses

initially to about 42[err]C, gently ref
reachi ng 580C near the conpletion of the addition oﬁ the

rise,

m/(n + m) is 0.21 [These values are higher thah the

X1 ng the sol vent andfcdﬁIJﬁ%@H

ot e AT A

to

values of n’ + m’ and m‘’~/(n’. + n’) of the startlng
material because the 1l,4-butanediol initiator fragment
is identical to repeat unit (2) and is no longer
distinguishable in the hydrogenated product.]); M, = 1500
and M M, = 1.92; hydroxyl number = 100.6; and percent
hydrogenation > 99.

EXAMPLE 2 , |

The unsaturated polyether glycol(250 g) prepared in
Reference-Example 1, water—wet Raney-nickel (20.0 g),
and tetrahydrofuran (450 g) are charged to a 2-L auto—
clave equipped with a magnetic stirbar. The autoclave

is purged with nitrogen, pressurized with 35.5 bar

absolute (500 psig) hydrogen then heated to 60°C, with
stirring. The reaction mixture is stirred at 60°C and a
total pressure of 35.5 bar absolute (500 psig) for 20
hours. After cooling, the pressure is released, and the
reaction mixture is removed, filtered, and concentrated
by evaporating the volatiles to give a clear, colorless
oil. The oil is further purified by dissolving in 500
mL of methylene chloride, drying over anhydrous
magnesium sulfate, filtering, and evaporating the
volatiles, giving 200 g of a clear, colorless oil having
m/(n + m) = 0. 21 M, = 1300 and MM, = 1.73; hydroxyl
number = 100. 3; and percent hydrogenation >99.

EXAMPLE

The unsaturated polyether glycol (10 g) prepared in
Reference Example 1, 0.8 g of water-wet Raney-nickel,
and 100 mi of aqueous tetrahydrofuran (5 volume percent
water) are charged to a 250-mL glass high-pressure
bottle and placed into a Parr shaker. The bottle is
purged with nitrogen, pressurized with 4.5 bar absolute
(50 psig) hydrogen and heated to 55°C, with shaking.
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3, 4- epoxy- 1- but ene.

After conplete addition the reaction is allowed to cool

and stit for 1 hour. The -22- reaction mxture is washed twice with ..

wat er, dried over anhydrous magnesium sulfate, filtered, amd &y
give-468 g of a light yellow oil having a n' + m val ue of*éﬂn
and a m/(n" + m) value of about 0.17; Mh = 2100 and Mwv Mh ; 64; and

hydr oxyl

i ,;“"?: W7

} [P

The reaction mixture is shaken at 55°C and 4.5 ﬁarwwmwwwwwwwﬂ

- 30 -~

absolute (50 psig) for 16 hours. After .cooling, the
pressure is released, and the reaction mixture is
removed, filtered, and concentrated by evaporating the
volatiles to give a clear, light—yellow oil. The oil is
further purified by dissolving in 50 mL methylene
chloride, drying over anhydrous magnesium sulfate,
filtering, and evaporating the volatiles, giving 9.1 g
of a clear, colorless oil having m/(n + m) = 0.21; M, =
1200 and MM, = 2.33; percent hydrogenation = 95.

EXAMPLE 4

The unsaturated polyether glycocl (10 g) prepared in
Reference Example 1, 1.5 g of 5 percént palladium on
charcoal, and 90 mL of aqueous tetrahydrofuran (5 volume
percent water) are charged to a 1-L autoclave egquipped
with a magnetic stirbar. The autoclave is purged with
nitrogen, pressurized with 35.5 bar absolute (500 psig)
hydrogen then heated to 80°C, with stirring. The
reaction mixture is stirred at 80°C and 35.5 bar
absolute (500 psig) total pressure for 20 hours. After
cooling, the pressure is released, and the reaction
mixture is removed, filtered, and concentrated by
‘evaporatipg the volatiles to give a clear, colorless
0il. The oil is further purified by dissolving in 50 mL
methylene chloride, drying over anhydrous magnesium
sulfate, filtering, and evaporating the volatiles,
giving a clear, colorless oil having m/(n + m) = 0.21;
M, = 900 and MM, = 1.94; hydroxyl number = 123.5; and
percent hydrogenat%on > 99. '

 EXAMPLE 5

The unsaturated polyether glycol (10 g) prepared in

Reference Example 1, 0.50 g of 5 percent rhodium on
charcoal, and 100 mL of agqueous tetrahydrofuran
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nunber = 46.09. REFERENCE EXAMPLE 5 1, 4-Butanediol (0.90 g, 0.010 nole) and
1 drop of trifluoronethane sulfonic acid dissolved in 10 m of toluene are
charged to a reaction flask having a nitrogen atnosphere and equi pped with
a refluxing condenser. Wth stirring, the reaction solution is heated to
100[err]C by an oil bath. 3, 4-Epoxy-1-butene (9.1 g, 0.13 nole) is added .
dropwi se at a rate of 0.15 nl/mnute by syringe punp. After..compt-ete}
addition the reaction is allowed to coaj, and stir f;om;@BUﬁuﬁuiﬂﬁeis ‘

s et BAD e 0 R A

—

T
!

57 |
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(containing 5 volume percent water) aregcgarged to a o

250-nL glass high-pressure bottle- and placed ifto a Parr 1
shaker. The bottle is purged with~nitréqenvarﬁgsurized """""
with 4.5 bar absolute (50 psig) hydrogen and heated to
55°C with shaking. The reaction mixture is shaken at
55°C and 4.5 bar absolute (50 psig) total pressure for

25 hours. After coocling the pressure is released, and
the reaction mixture is removed, filtered, and
concentrated by evaporating the volatiles to give a

clear, light-yellow oil. The oil is further purified by
dissolving in 50 mL of methylene chloride, drying over
anhydrous magnesium sulfate, filtering, and evaporating
the volatiles, giving 9.0 g of a clear, colorless oil
having m”(n + m) = 0.21; M, = 830 and M M, = 1.62;
hydroxyl number = 136.6; and percent hydrogenation > 99.

L

P

EXAMPLE 6 o .
An unsaturated polyethér pfecursor (450 g) prepared
according to the general procedure described in _
Referance'Example 1 [m'/(n' +m') =0.17, M, = 2420,
MM, = 1.77, and hydroxyl number = 50.66]) and 5 percent
palladium on charcoal powder (20 g) are charged to a 1-L
autoclave equipped with magnetic stirbar and baffles.
The autoclgve is purged with nitrogen, pressurized with
35.5 bar absolute (500 psig) hydrogen and then heated to
80°C with stirring. The reaction mixture is stirred at
80°C and 35.5 bar absolute (500 psig) for 20 hours.
.After cooling, the pressure is released and the reaction
mixture taken up with 600 mL methylene chloride, gravity .
filtered, and evaporated to give 371 g of a clear,
slightly yellow o0il having an n + m of value.of about
32; m/(n + m) = 0.20; M, = 2860 and MM, = 2.61;
hydroxyl number = 53.8; and percent hydrogenation >99.
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The reaction mxture is washed twice with water, dried over anhydrous
magnesi um sul fate, filtered, and evapor- ated to give 8.0 g of a black oi

having a n'

about 0. 26;

+ m value of approximately 14 and a m/(n'" + ?Tlmva4uemeh
WMh = 950 and MV WMh = 2.16; and hydroxyl nunber

are charged to a reaction flask havinmg ¥ nitrogen atnosphere‘and af®

of trifluoronmethane sulfonic acid dissolved in 10 nL of neﬂhylgﬁe oﬁla{; g
E
!

18[err] C chill ed water [ i

{

] e e

A 1-L reactor equipped with a glass stirring rod
with Teflon paddle and a thermocouple is flushed with
argon then charged with 1,4-butanediol (32.5 g, 0.360
moles) and the H* form of Nafion 1100 EW acidic resin
(10.0 g, 9.09 meqg, 60-100 mesh). With stirring, 500 g
(7.13 mole) of 3,4~epoxy—l-butene is added at a rate of
about 130-g/hour by liquid pump. Upon addition of the
eboxide, the temperature rises and is maintained below
40°C by cooling with an ice~water bath. After complete
addition the reaction mixture is allowed to cool and
stirred for 1 hour. Then the catalyst is removed by
filtration, and the filtrate is taken up in 500 mL of
methanol. .

_~ - The methanol solution is then hydrogenated over 20
g of water—wet Raney-nickel at 35.5 bar absolute (500
psig) hydfogen and 60°C for 24 hours in a 2-L stainless
steel stirred autoclave. The Raney—nickel catalyst is
removed by filtration, and the filtrate is evaporated
with heating and reduced pressure to give a clear,
colorless-oil. Low molecular weight material, such as
cyclic dimers, is removed by passing the oil through a
wiped—-film evaporator at 120°C and 0.1 torr to give 292
g of a clear, colorless oil that is a saturated
polyether glycol having an n + m value of about 9 and an
n/(n + m) value of 0.30; M, = 680; M M, = 1.16; and
hydroxyl number = 195. ‘

EXAMPLE 8 ‘
A 1-L reactor equipped with a glass stirring rod
;ith Teflon paddle, a stainless steel coocling coil, and
thermocouple is flushed with argon and then charged
with distilled water (6.48 g, 0.360 moles) of and the H'
form of Nafion 1100 EW acidic resin (10.0 g, 9.09 meqg).
The reactor is cooled with ice and with chilled water
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cooling _bath. Wth stirring, 3,4-epoxy-1-butene (9.1 g, 0:13 nole) is added
dropwi se at a rate of 0.15 nL/m nute by syringe punp. After conplete
addition, the reaction is allowed to cool and stir for 15 minutes. T

-

reaction mxture is washed with 5% sodi um car bonat e i n{Waf-

anhydr ous sodi um carbonate, filtered, - 23 - and evapbrated“LDp'f B 8.6
g of a clear, colorless oil b ;
~ 33 -~ {

{ _

(5~10°C) circulating through the cooling’ cohl With
stirring, 525 g (7.49 mole) of 3, 4—epoxy-1—butene 15
added at a rate of about 130 g-rhour by liquid pump.
Upon addition of the epoxide, the temperature rises to
about to 34°C and is maintained at about 32 to 36°C.
After complete addition the reaction mixture is allowed
to cool and stir for 1 hour. Then the catalyst is
removed by filtration, and the filtrate is taken up in
500 mL cf methanol.

The methanol solution is then hydrogenated over 20
g of water—wet Raney-—-nickel at 35.5 bar absolute'(soo
psig) hydrogen and 60°C for 24 hours in a 2-L stainless
steel stirred autoclave. The Raney-nickel catalyst is
removed by filtration, and the filtrate is evaporated
with heating and reduced pressure to give a clear,

colorless oil. Low molecular weight material, such as
cyclic dimers, is removed by passing the oil through a
wiped-film evaporator at 120°C and 0.1 torr to give a
clear, colorless oil that is a saturated polyether
glycol having an n + m value of about 13 and an

n/(n + m) value of 0.25; M, = 1200 and MM, = 1.94; and
hydroxyl number = 98.7.

EXAMPLE S .

The unsaturated polyether glycol (10 g) prepared in
Reference Example 8, 1.5 g of 5 percent palladium on
carbon, and 90 mL of tétfahydrofuran are charged to a
1-L ‘autoclave equipped with a magnetic stirbar. The
autoclave is purged with nitrogen, pressurized with 21.7
bar absolute (300 psig) hydrogen then heated to 90°C,
with stirring. The reaction mixture is stirred at 90°C
and 21.7 bar absolute (300 psig) for 20 hours. After
cooling, the pressure is released, and the reaction
mixture is removed, filtered, and concentrated by
evaporating the volatiles to give a clear, light yellow
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having a n" + m value of approximately 14 and a mi/(n" + m) val ue of
about 0.13; M = 1400; and MM Mh = 1.68. REFERENCE EXAMPLE 7 The procedure
described in Reference Exanple 6 is repeated using 0.18 g. (0,010 yml.e). .ok
water as the initiator in place of 1,4-butanediol, yleldhnggﬁgﬁrg 10 SEEET
clear, colorless oil having a n' + m val ue of apprOX|naEe Yo B g re-ar—
m/(n" + m) value of about 0.14; M_= 1400 and Mm Mh =1 68 REEERENCE
EXAMPLE 8 S
. | R
oil having m/(n + m) of about 0.64; M, = 1350 and M/@ﬁgg
= 1.54; hydroxyl number = 104.7; and percent

hydrogenation > 99.

-
i e e

| EXAMPLE 10 )

The unsaturated polyether glycol (10 g) prepared in
Reference Example 8, 1.5 g of 5 percent rhodium on
alumina, and 90 mL of tetrahydrofuran are charged to a
1-L autoclave equipped with a magnetic stirbar. The
autoclave is purged with nitrogen, pressurized with 21.7
bar absolute (300 psig), and then heated to 90°C, with
stirring. The reaction mixture is stirred at 90°C and
21.7 bar absolute (300 psig) for 20 hours. After
cooling, the pressure is released, and the reaction
:mixfure is removed, filtered, and concentrated by
evaporating the volatiles to give a clear, light yellow
oil having m/(n + m) of about 0.62; M, = 1330 and M M,
= 1.29; hydroxyl number = 125.0; and percent -
hydrogenation >99.

EXAMPLE 11

The unsaturated polyether glycol (10 g) prepared in
Reference Example 8 and 90 mL of tetrahydrofuran are
charged to a 1-L autoclave equipped with a magnetic
stirbar. No catalyst is added and, thus, the residual
palladium used to catalyze the polymerization serves as
the hydrogenation catalet. The autoclave is purged
with -nitrogen, pressurized with 21.7 bar absolute (300
psig) hydrogen then heated to 90°C, with stirring. The
reaction mixture is stirred at.90°c and 21.7 bar
absolute (300 psig) for 20 hr. After cooling, the
p2ssure is released, and the reaction mixture is
removed, filtered, and concentrated by evaporating the
volatiles to give a clear, light yellow oil having a
m/(n + m) value of about 0.68; M, = 1230 and MM, =

—
i AP
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To a 3-neck, 300-nL, round-bottom flask having an argon ‘at nosphere and

equi pped Mﬁth a thernDcoupIe mechani cal stirrer, and a septun1mﬁth_argo1
inlet is charged tetrakls(trlphenylphosphlne)palladlun(Ugt;pagg &L.22
A a‘énd

mmol-e) and 1, 4-butanediol (7.22 g, 80.0 nmmol e) Stirring-Ls

total of 83. 2 L (1040 nmol e) of 3, 4-epoxy-1-butene is jadded dropmnse hila
rate of 9 mL/hr by syringe punp. After about 1 mL of 3,i4- epBK&"ﬁeb@f@né
added, the reaction flask is cool ed w t3s & cool i ng batm oonposed of wafe

and ice and having a tenperature of 0 to 5[err]C The rpactlon

= a

e e ety AP AT ARG N @] e e

1.58; hydroxyl number = 130.7; and percent

M

hydrogenation = 43. .

EXAMPLE 312

The product of Example 11, 1.0 g of water-wet
Raney-nickel, and 90 mL of tetrahydrofuran are charged
to a 1-L autoclave equipped with a magnetic stirbar.
The autoclave is purged with nitrogeh} preseurized with
21.7 bar absolute (300 psig) hydrogen then heated to
90°C, with stirring. The reaction mixture is stirred at
90°C and 21.7 bar absolute (300 psig) for 20 hr. After
cooling, the pressure is released and the reaction
mixture is removed, filtered, and concentrated by
evaporating the volatiles to give a clear, light yellow
0il having a m’/(n + m) value of about 0.68; M, = 1250
and M M, = 1.60; hydroxyl number = 129; and percent
hydrogenation >99.

EXAMPLE 13

The unsaturated polyether glycol (10 q) prepared in
Reference Exanmple 20, 2.0 g of water—wet Raney nlckel,
and 100 mL of tetrahydrofuran (5 volume percent water)
are charged to a 250-mlL, glass, high—-pressure bottle and
placed into a Parr shaker. The bottle is purged with
nitrogen, pressurized with 4.5 bar absolute (50 psig)
hydrogen, and heated to 55°C, with shaking. The
reaction mixture is shaken at 55°C ‘and 4.5 bar absolute
total pressﬁre for 48 hours. After cooling, the
pressure is released and the reaction mixture is
removed, filtered, and concentrated by evaporating the
volatiles to give a clear, light-yellow oil. The oil is
further purified by dissolving in 50 mL of methylene
chloride, drying over anhydrous magnesium sulfate,
filtering, and evaporating the volatiles, giving 9.61 g
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tenperature is maintai ned between 10 and 15[ err] C by cooli-ng for the
duration of the 3, 4-epoxy-1-butene addition. After conplete addition, the
cooling bath is renoved, and the reaction is allowed to warmtgo_room
t enperature. The resulting clear, yellowoil is an unsaturatédbﬁqhyq @@rdrlj
glycol having a n' + m value of about 15; a m/(n' + m) val ug-Gf—abBout—m
0.65; Merr] = 1300 and N[err]/N[ernl 45 1. 39; and hydr oxyl nupber gm 01.%.{
bR 1
!

% 5

H & RSP §

of a clear, colorless oil having an m/(n + m) va%ue of
0.94; and percent hydrogenation = 90. o

COMPARATIVE EXAMPLE 1 .
A 50-mL flask equipped with a magnetic stirbar is

flushed with argon then cooled with an ice-water bath.
To the flask is charged 0.90 g (0.010 mole) of
1{4;5utanediol, 8.1 mL (7.2 g, 0.10 mole) of tetra-
hﬁdrofurgn, 8.6 mL (7.2 g, 0.10 mole) of 1,z -butylene
oxide, and 15.8 mL (19.8 g, 0.200 mole) of 1,2-dichloro-
ethane. The reaction mixture is stirred for about 15
minutes to cool. Then 0.20 mL (0.070 mmole) of 0.53
g->ul boron trifluoride etherate in ligroin is added, and
the reactlon mixture is stirred and cooled with the ice—
water bath for 4 hours. Then the 1ce—water bath is
removed, and the reaction mixture warms with stirring,
reaching a temperature of about 50°C. After stirring
overnight, the polymerization solution is neutralized by
washing with water three times.  The solution is dried
over anhydrous magnesium sulfate, filtered, and rotgry
evaporated to'give 10.2 g of a clear, colorless oil.
J-resolved NMR and 3¢ NMR analyses show that the oil is
a copolyether having a value of m/(n + m) of about 0.20,
the hydroxyl groups are on residues (1) only, and about
75% of the hydroxyls are secondary hydroxyls and about
25% are primary hydroxyls.

The copolyether poiymers of the present invention
differ from the above copolyether polymer prepared as
described by Blanchard, et al., in that (i) greater than
95% of the hydroxyls of the copolyether polymers of the
present invention are primary hydroxyls while only about
25% of the hydroxyls of the copolyether polymer prepared
as described by Blanchard, et al., are primary
hydroxyls, (ii) the hydroxyls of the copolyether
polymers of the present invention reside on terminal
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24 REFERENCE EXAMPLE 9 Tetraki s(tri phenyl phosphi ne) pal | adi un{0) (0.25 g,

0. 22 nnDIe) and 1, 4-butanediol (3.62 g, 40.0 mmle) are charged to a
3-neck, 100-nL, round-bottom flask having an argon atnosphere and equi pped
with'a thernocoupl e, nmechanical stirrer, and a septumwith. argon.inlet..
Stirring is begun and a total of 41.8 L (520 nmol e) of ; B pdaanRoxy - $uat ene
i s added dropwi se at a rate of 9 nl/hour by syringe p MDA A-E e abou% 1inmL

of 3, 4-epoxy- 1l-butene is added, the redGt ron fl ask I& QooLed mnthx?
£ !” Lo ?‘ P \
.l. ’, 1

st e

residues of (1) and (2) while the hydroxy}s 6 EHRE .
copolyether polymer prepared as descrlbed ‘by-Blancharg -

'\’lf'

et al., reside only on terminal re51dues of (1), and
(iii) the value of m/(n + m) for the copolyether
polymers of the present invention are controlled and
varied in the range of 0.05 to 0.95 while the value of
n/(n + m) for the copolyether polymers described by
Blanchard, et al., are controlled and varied in the
range of 0.20 to 0.55.

The-inven;ion has been described in detail with
particular refererice to preferred embodiments thereof,
but it w111 be understood that variations and
modlflcatlons will be effected within the spirit and
scope of the invention.
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cooling bath conposed of water and ice and having a tenperature of 0 to

S[err]C. The reaction tenperature is maintained between 10 and 15[ err]C by..
o

cooling for ‘the aﬁﬁmWTﬂTTﬁ—%he 3, 4- epoxy- 1- but ene addition{” §§ﬁ @q ‘gu ;
is conplete, 'Mnh@h&qquBEQR bijis removed, and the reaction Im - -
all owed to war ag_ai

B} erature. The resulting clear, ellow oH
n + m val ue lﬂ@ﬂlﬂgmly 17, a m/(n" + m) value of @59£§m:"
aver age nol ecul’a ) of 1300, a weight average nDIécuIar wei ght
(Mw) of 1800 a pol ydi spersity val ue—( B&/ ®h) of 1.39; and ashydroxyl

; CLAIMS

We Claim:-

1, A polyether comprising n units of residue (1) and m
units of residue (2), wherein (i) residues (1) and (2)
have the structures:

—O_CHZ— —_ and —-O-—-CHz—CHZ—-CI'Iz—CH-z-—-
H,CH

273
(1) | (2)
(ii) the total value of n + m is 2 to 70 and mw/(n + m)
is 0.05 to 0.98; and (iii) at least 98 percent of the
terminal hydroxyl groups of the polyether have the
structure :
HO——CHZ——IH—— HO—CH —_CHZ_—CHZ__CHz__

or 2
HZCH3

2. A polyether according to CIalm 1 wherein the total
_value of n +mis 7 to 50 and m/(n + m) is 0.05 to 0.30.

3. A polyether comprising n uniﬁs of residue (1) and m
units of residue (2), wherein (i) residues (1) and (2)
have the structures:
——O——CHZ—— H— and ——O——CH2—~CH2~—CH2——CHz——
| CHyCH,y
(1) (2)
(ii) the total value of n + m is 7 to 50 and w/(n + m)
is 0.15 to 0.30; (iii) at least 98 percent of the
terminal groups of the polyether have the structure :
HO——CHZ——EH—— or HO——CHZ——CHZ——CHz——CHZ-—
H2CH3
and (iv) the polyether has a polydispersity value of 1
to 2.5.
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nunber of
secondary

9is repeated ¥§4§@a m&gmleﬁgfgath conposed of ethylene glycol and Dry |ce

and having a te
mai nt ai ned bet ﬁi
+ m val ue of ap{®

and Mwv Mh

95.27. NWR anal yses of this product showed no evi dence of
hy droxyl— REFERENCE EXAMPLE 10 The procedure of Reference Exanple

to -25[err]C. The reacti @i, mpe{a%ugggtSE
ﬂ uHrr]C The resulting clear, ﬂefﬁg&?;u “hatis n

| 5and a m/(n + ) val ue quo 65, M = 1110
= 1.38; and hydroxyl nunber 3® #30. 9. Lol 2 GFER BT

.
i

v
{
i
1S
ST T XS SR 3 ]

4. A polyether comprising n units of residuej (1) aqgmy B
units of residue. (2), wherein (i) residues (1)- and (2) .
have the structures:
—-O——CHz—iH— ah a —0—CH2—CH 2——CH Z—CH'Z—
HZCH3 '
(1) (2)
(ii) the total value of n + m is 7 to 50 and w/(n + m)
is*0.30 to 0.75; and (iii) at leest 99 percent of the
terminal groups of the polyether have the structure :
HO—CH —_— HO—CH ——CHZ-—CHZ——Cﬁz——

2 or - 2

HZCH3

5. A polyether comprising n units of residue (1) and m
units of residue (2), wherein (i) residues -(1) and (2)
have the structures: '
——0——CH2 H— and ——9——CH2——CH2——CH2——CH2——
CH
1 ‘ (2)-
(ii) the total value of n + m is 7 to 50 and m (n + m)
is 0.75 to 0.98; and (iii) at least 98 percent of the
terminal groups of the polyether have the structure :
HO——CH ——i or HOv—CHZ——CHZ-—CHZ——CHZ——
H CH

6. A polyether according to Claim 1 wherein residues
(1) and (2) constitute at least 80 weight percent of the

~ polyether.

7. A polyether according to Claim 4 wherein residues
(1) and (2) constitute at least 90 weight percent of the
polyether. '
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REPLACEMENT SHEET - 25 - REFERENCE EXAMPLE 11 The procedure of Reference
Exanple 9 is re eaped mAthout using a cooling bath. The reaction

mai nt'ai ned betwe
resulting clear,
m/(n + m)

tenperature in ﬁia

— 40 -

8. Process for the preparation of a saturaded

Rﬁiﬁ"’daddltlon of 3, 4-epoxy-1-butene.and.iS ...

i

!

rr]C by controlling the ratenuf; ng¢(1gﬁg;Tke
s an + m value of approklna{e%yw&4w3ﬁ6~a

;
2 TFEB W

1
i
s

P SR S ————

o s e PP Y B W K

polyether polymer which comprises contacting an
unsaturated polyether precursor with hydrogen in the

presence of a nickel hydrogenation catalyst under
hydrogenation conditions of pressure and temperature,
wherein (i) the saturated polyether polymer is comprised
of n units of residue (1) and m units of residue (2)
wherein residues (1) and (2) héve the structures:

| —O—CH2—_IH— | —O—CH,,—CH,—CH,—CH,—

and

HZCH3

(1) : (2)

(ii) the total value of n + m is 2 to 70 and m/(n + m)
is in the range of 0.05 and 0.98; (iii) the saturated
polyether pol&mer comprises at leést 0.5 weight percent
" of the’résidué of a hydroxyl initiator compound, and
(iv) the unsaturated polyether precursor is comprised of

residues (1A) and (2A):

——0——CH ——I and ——Of—CHz——CH==CH——CH2——
H—-CH
(1A) _ (22)
‘9. Process according to Claim 8 wherein the

unsaturated polyether precursor is contacted with
hydrogen in the presence of a nickel hydrogenation
catalyst at a temperature of 50 to 80°C and a pressure

of 35.5 to 70 bars (500 to 1000 psig).

10. Process for the preparatidn of a saturated

polyether polymer which comprises contacting an
unsaturated polyether precursor with hydrogen in the

presence of a nickel hydrogenation catalyst selected

from Raney nickel and supported nickel catalyst

comprising 25 to 65 weight percent nickel at a
temperature of 50 to 80°C and a pressure of 35.5 to 70
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val ue of 0.48; Mh = 1038 and MM WMh = 1.44; and hydroxyl nunmber = 128.7.
REFERENCE EXAMPLE 12 The procedure in Reference Exanple 11 is repeated
using 1.67 g (40.0 mmole) of |ithium hydroxide in place of 1,4-butanediol.
The resulting yellow oil is dissolved in 100 nL of nethykepgﬁtﬁ%@ﬁ@?@?“ﬁﬂw
40 nL of water. Enough dilute hydrochloric acid is addediso-i+4 %L%efﬁwj

aqueous layer is neutral or slightly acidic to pH paper.;The |ayers are |
separated, and the nethylene chloride 4s washed with water; dritéedpvVEd

magnesi um sul f at e,

]

; H
§ S

bars (500 to 1000 psig), wherein (i) the saturated -

polyether polymer is.comprised of n units of residue (1)
and m units of residue (2) wherein residues (1) and (2)
have the structures:
—O—CHz—r{— and —-O—CHz—Cﬂz—CHZ—CHZ—_
H2CH3
(1) (2)
(Ai) the total value of n + m is 7 to 50 and m/(n + m)
is in the range of 0.15 and 0.30; (iii) the saturated
polyether polymer comprises at least 0:5 weight percent
of the residue of a hydroxyl initiator compound, and
(iv) the unsaturated polyether precursor is comprised of
residues (1A) and (2A):
——_o-—ca?_—iﬂ— | and ——o—cﬁz—cn_-__-scn—crlz——
H==CH2 .
(13) . _ . (2a)

This Sheet Has Been Replaced
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filtered, and evaporated to produce 36.6 g of a clear, yellow oil having a

n' + nf val ue mﬁand a n1/(n + m) value of 0.31; M =

3245 and Mw Mh ﬂhBSHth;HaaB&nhygiL{cgixyl nunber = 23. 36. REFERENCE EXAMPLE 13 .

The procedure of .,..,% le 9 is repeat ed using 0.l 2§rrg (O 20 g Lt:e)-

of tetrakls(trlp'- wmnépHadlum(o) in place of % ey

tetraki s(trl phenylp alladiunm(0). The resulti ng! dl ear, coI orI ess:
l

oil has a n +m vaI ue of apprOX| mat &8y-15 and a m/(n' i+ | mé) i e, T 4
0.56; M = 1185 and MM WMn = 1.23; and hydroxyl i :

POLYETHER GLYCOLS AND ALCOHOLS i
DERIVED FROM 3,4-EPOXY-1-BUTENE

»
b A A et 0 B S P SN et

ABSTRACT

Disclosed are novel saturated polyether compounds
comprised of n units of residue (1) and m units of.
residue (2), wherein (i) residues (1) and (2) have the
;tructures (1) and (2); (ii) the total value of n +m
is 2 to 70 and m/(n + m) is 0.05 to 0.98; (ii) at’
least 98 percent of the terminal hydroxyl groups of
the polyether have the structure (3) or (4). The
polyethers are obtained by first polymerizing 3,4-
epoxy-l-butene to pro'du~cﬁe unsaturated polyether
precursors comprising residues (12) and (2A) having
the structures (1A) and (24), and then hydrogenating
the unsaturated polyether precursors. The
hydrogenation advantageously is performed in the

presence of a nickel hydrogenation catalyst.

f_jz_- @ 1 “&-4m5-<mf_.(a
. 2.cH3
?
HO—C "2 EH_ )] HO—CHz—-CHz—cnz_cﬂz_ @ ‘
Hzcﬂs . i
—o—cx |
Lo —o—c |
2 1A) HZ-—CH—CH—CH — (28 ‘
.2 . P
70508 SHEET HAS BIE i~ ;
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nunber = 129. 8. - 26 - REFERENCE EXAVPLE 14 The procedure of Reference
«Exanple 13 is repeated using a solution of 80 parts by volune 3, 4-epoxy-1-
but ene and 20 parts by volune isopropanol. The resultlng clegp it

This invention pertains to certain novel saturated
polyether glycols and alcohols. More specifically, this
invention pertains to saturated polyether glyéols and
alcohols comprising repeating units of the structure:

-—O—CHz-— H— and —-O—.-CHZ—'-CHz—-—C}Iz-—CH s
.2CH3 ) '

(1) T(2)

This invention also pertains to a process fcr the -

- preparation of the novel polyether compounds by .

=~ catalytic hydrogenation of unsaturated polyether glycols
and alcohols prepared .from 3, 4—-epoxy-l-butene and
conmprising repeating units of the structurs:
—O—CH,—CH— and —O0—CH ,—CH==CH—CH, —
H==CH,

(1) {2a) .
, A series of papers [L. P. Blanchard, et al.,"
J. Polym. Sci., Part Aa-1, 9(12), 3547-54 (1971); L. P.
Blanchard, et al., Kinet. Mech. Polyreactiens, Int.
Symp. Macromecl. Chem., Prepr., Volume 1, 395-9. Akad.
Kiado: Budapest, Bung. (1969); and J. M. Hammond,
J. Polym. Sci., Part A-1, 9(2), 265-79 (1971)) teach _
that a mixture of cyclic oligomers and polyether glycols
containing residues (1) and (25 can be prepared by the
copeclymerization of 1,2-butylene oxide and tetrahydro—
furan in the pressnce'of boron trifluoride etherate and
a glycol initiator. However, only minor amounts of
residue (2), in the range of about 20 to 55 percent, may
be incorporated by this method, and, according to the

This Sheet Has Been Replaced
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Mh = 950 ‘and MW Mh = 1.17; and hydroxyl nunber = 162.5. REFERENCE EXAMPLE

15 The procedure of Reference Exanple 9 is repeated using 4.33 g (40.0

mrol e) of benzyl'nﬂdsmlﬂliisae?hmblaee of 1, 4-butanedi ol . The resul t| ngf CJ eafw
E

yellqQqw oi] has a alue of 0.46 and hydroxyl HTTET
REFERENCE EXAMPLE ure of Referdhice Exanple 15 & o e
using 100 nmL of h vent. The clear, yellow oil |solated)by¢
32} f fPAVIR

evaporating the volatiles and has a m/(n_ + n1) val ue of
‘CLAIMS

1. A polyether comprising n units of res dhﬁ“?l) and m ?
units of residue (2), whersein (i) reszdueskil}-anﬁ 2 R
have the structures:
-—o—c_xz—iz—— and —c—cnz—c.ﬁz—-csz—-cg —
HZCH3 ' T
_ (2) (2) .
(ii) the total value of n + m is 2 to 70 and m(n + m)

"is 0.05 to 0.98; and (iii) at least 98 peércent of “He
terminal hydroxyl groups of the polyether have the
structure : . '

s _ _ HO—CHz—i'H— or HO—CH,—CH,—CH,—CH,—
HZCH3

.2. A polyether acccording to Claim 1 wherein the total
value of n + m is 7 to 50 and m/(n + m) is 0.15 to 0.30;
and the polyether has a bolydzspersity value of 1 to
2.5,

3, A polyether accord ng to Claim 1 where;n the total
value of n + m is 7 to 50 and m/(n + 1) is 0.30 tc 0.75;
and at least 99 percent of the terminal groups of the

pPelyether have the structure :

HO—CHZ— H— or HO——Qiz—CHZ—'CHZ—CI'IZ—

i J .
Hz CH 3

4. A polyether according teo Claim 1 wherein the total
valug of n + m is 7 to 50 and m/(n + m) is 0.75 to 0.98.

s. A polyether according to Claim 1 wherein residues
(1) and (2) constitute at least 80 weight percent of the

polyether.
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REFERENCE EXAMPLE 17 The procedure of Reference Exanple 9 is repeated using

~a total
colorl ess oil

resulting clear,

m/(n + m) valge of 0

of 6.4 nlL (80 ThisBleet

il has a n'
val ue of 0.63. REFEREN
repeated using a total

SE¢mBﬂﬂw@poxy 1- butene. The resulting clear,
' w approximately 2 and a m/(n" + m)

he procedure of Reference Exanpl.e.9.is
0 nol e)— o¥9 35 4- epoxy- 1- Uﬁt&@? ' '
yellow oil has a n' + m value of apprOX|nate v

A and-

i

o?yather according to Claim 3 whereid regiftuds v/ ,
(1) and (2) constitute at least 90 weight ﬁercent of the .- .
polyether. % o

e e Nt S5

Y et eSS

7. Process for ths preparation of a saturated
polyether polymer which compriées contacting an
unsaturated polyether precursor with hydrogen in the
presance of a nickel hydrogenation catalyst underx
hydrogenation conditions of pressure and tamperature,
wherein (i) the saturated polyether polymer is Qomprzsed
cf n units of residue (1) and m units of residue (2)
wherein residues (1) and (2) have the structures:

——O——CHZ—— H— and ——O——CHz——CHZ——Cﬂz——CH2——

H2CH3 .
(1) (2)

(ii) the total value of n + m is 2 to 70 and /' (n + n)
is in the range of 0.05 and 0.98; (iii) the saturated
polyether polymer comprises at least ols weight percent
of the residue of a hydroxyl initiator compound, and
(iv) the unsaturated polyether precursor is conmprised of
residues (14) and (2A):

——O——CHQ——CH—- and —-O——CHz—-CH==CH——CH2——

H==CH2

(1») ' (2R)

8. Procese according to Claim 7 wherein the
unsaturated polyether precursor is contacted with
hydrogen in the presence of a nickel hydrogenation
catalyst at a temperature of 50 to 80°C and a pressure
oef 35.5 to 70 bars.

S. Process according teo Claim 7 wherein the
unsaturated polyethe;’precursg;.is contacted with

hydrogen in the presence of ‘a nickel hydrogenation

A o
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REPLACEMENT SHEET -27- REFERENCE EXAMPLE 19 The procedur.e of Reference
‘Exanpl e 13 i's repeated using a total

of 6.4 nmL (80 mmol es) of 3, 4:epoxy-d=—""

butene. The resulting clear, colorless oil has an" + m vaku eyl Shzel
approximately 2 and a m/(n" + m) value of 0.73. ; A S
- 40 - . ; P RO ] ? ‘i,

e 47 WRY WY L

P .

B

e
N ted nicke 1 B

catalyst comprising 25 to 65 weight percent Aiekéiwgf~2www«

temperature of 50 to 80°C and a pressure of 35.5 to 70
bars; the total value of n + m is 7 to 50 and n/(n + m)

catalyst selected from Raney nickel and sﬁppar

is in the range of 0.15 and 0.30; and the saturated
polyether polymer comprises at least O.S‘ﬁeight percent
of the residue of a hydroxyl initiator compound.

e
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REFERENCE EXAMPLE 20 Tri s(2- nethyl -

250- .,

heated to 110[err
of 816 g of 3, 4- epoxy 1- butene i s added over 44 hours.
within the flask is gradually |owered to about

POLYETHER GLYCOLS AND ALCOHOLS e

DERIVED FROM 3,4-EPOXY-1-BUTENE

ABSTRACT

Disclosed are novel saturated polyether compounds
comprised of n units of residue (1) and m units of
residue (2), wherein (i) residues (1) and (2) have the

structures (1) and (2); (ii) the total wvalue pf n o+ M

is 2 to 70 and m/(n + 'm) is 0.05 to 0.88; (ii) at’

least 98 percent of the terminal hydroxyl groups of
the polyether have the structure (3) or (4). The
polyethers are obtained by first polymerizing 3,4-
epoxy-l-butene to pro'&u”c-e unsaturated polyether
precursors comprising residues (1A) and (22) having
the structures (1A) and (2A), and then hydrogenating
the unsaturated polyether precursors. The
hydrogenation advantageously is performed in the

presence of a nickel hydrogenation catalyst.

_O—CHQ_E_ (e} ~—0—CH,~—CH,—CH,—CH,— ().
H,CH, ’
no—435-iu- @) HO—CH,—CH,—CH,—CH,~— (]
Hzma . -
° c"z_g_ A —0—CR, —CHweCH—CH,— (?4)
—, s o

2- phenyl propyl )tin iodide [al so known as

: trineophyl ti miodidel (33.8 g), tri-n-octyl(n-octa- decyl )phosphonl um

i odide (39.0 Q) 'm@ﬂdet.‘ﬂaélsmrx@he@l ol (10.0 g) are placed in a;4—gmp% yroe v
r ound- bot pped with a thernocoupl e, rragneucmsf:i' iérfﬁf“‘*f“ﬁ*
distillation heac{‘ \ bath, and reactant feed tube. [ The m xture 1§ 1

, 4- epoxy-1-butene addition is begur‘é" iﬁ&‘ﬁf%fﬁj’l !

Then thee _pressure 1,‘

TP

/
SIS

——



v AL *’ H

. 160 torr to conpletely distill the volatile conﬁ%ég%ts ﬁ?oﬁ%the
s #catal yst/ pol yether polyner residue. A total of 648P®Y @ﬁi@ EptAGENEN SHEET

col l ected (79.5% wei ght recovery). The conp05|t|on of theldLsti+tdte is
21. 1% 3, 4- epoxy- 1- but ene, 75. 3% 2, 5-di hydr of ur an, .-and- Qﬁgqﬁbhshaldehyde
The cat al yst/ pol yet her pol yner re5|due and 200 Gy H@ .ane%areeaned to a
500- L, jacketed, glass vessel equipped with a ne hatii cal StIL\eH i
t her nocoupl e, and bottom stopcock and the m xture}li agﬁﬁﬁ%%dﬂ nd heated to

65-75[err]C by circulating heated glycol/water framia — \
POLYETHER GLYCOLS AND ALCOHOLS e B
PERIVED FROM 3,4-EPOXY-1-BUTENE | .. “’WMVT _____ -

This invention pertains to certain novel saturated
polyether glycols and alcohols. More specirically} this
invention pertains to saturated polyether glyéols and
alcohels comprising repeating units of the structure:

—O—CHz— H— and —O—CHZ—'-CHZ——CHZ—CHZ—-
12CH, .
(1) ()
This invention alsoc pertains to a process for the
preparation of the novel polyether compounds by
catalytic hydrogenation of unsaturated polyether glycols
and alccohels prepared .from 3, 4-epoxy-l-butene and
comprising repeating units of the structure:
——o—-csz——iﬂ—— and ~—0—CH,—CH=CH—CH, —
H==Ch'2

(1a) . (2a) -
, A series of papers [L. P. Blanchard, et al.,
J. Polym. Sci., Part a-1, 9(12), 3547-54 (1971); L. P.
Blanchard, et al., Kinet. Mech. Polyreactions, Int.
Symp. Macromol. Chem., Prepr., Volume 1, 385-9. Akad.
Kiado: Budapest, Hung. (1969); and J. M. Hammond,
J. Polym. Sci., Part A-1l, 9(2), 265-79 (1971)] teach .
that a mixture of cyclic oligomers and polyether glycols
containing residues (1) and (2) can be prepared by the
copolymerization of 1,2-butylene oxide and tetrahydro—

_ furan in the presence of boron trifluoride etherate and
a glycol initiator. However, only minor amounts of
residue (2), in the range of about 20 to 55 percent, may
be incorporated by this methed, and, according to the

96091426



const ant tenperature bath to the jacket. Stirring is discontinued, and the

-mxture is allowed to settle. The | ayers are separated, and the bottom

pol yet her polyner |ayer is extracted again with 200 niL ofﬂ@?ﬁ eﬂﬁgﬁﬁgggﬁn

nore with 100 nL of heptane. The heptane | ayers containing "

catal yst are conbined, and the -284 solvent is rennved’@y@nagapyzwaéuum
i

——— ]

evaporation (up to

AR A
e

* ! g
. - ; § 4 & 5§ 34\"‘: 90 3?;. %
description of Blanchard, et al., the resulting! i @

polyether glycol cannot be terminated with re51éuéw%2yww”““”“”“ }
Our investigation of this chemistry showed that:gmwwmwmmm,mm“mwwm
copolymer of 1,2-butylene oxide and tetrahydrofuran,

prepared as described by Blanchard, et al., is

terminated with residue (1) only. Furthermore, as is

shown in Comparative Example 1 hereof, about 75% of the

terminal hydroxyl groups of the copolymer are secondary

and 25% of the terminal hydroxyl groups are primary

hydroxyl groups.

The presence of secondary hydroxyl groups in the
polymers referred to in the preceding paragraph is not
unexpected in view of a number of publicatioens
(P. Kubisa, Makromol. Chem., Macromol. Symp., 1314, 203
(1988) ; K. Brzezinska, R. Szymanski, P. Kubisa, and
S. Penczék, Makromol. Chem., Rapid Commun., 7, 1 (1986);
M. Bednarek, P. Kubisa, and S. Penczek, Makromol. Chen.,
Suppl., 15 49 (1989); P. Kubisa and S. Penczek, Am.
Chem. Soc., Div. Polym. Chem., Polym. Preprints, 31(1),
89-90 (1990); and T. Biedron, R. Szymanski, P. Kubisa,
and S. Penzcek, Makromol. Chem., Macromol. Symp., 32,
155 (199%0)] which teach that the polymer microstructure
from copolymerization of propylene oxide and tetrahydro—
furan using boron trifluoride etherate and a glycol
initiator is determined by interplay of steric and
electronic factors, with steric factors prevailing to
give copolyethers with about 55 percent secondary
hydroxyl groups and 45 percent primary hydroxyl groups.
Further, they teach that the major contribution of the
electronic effects of the side group is its influence on
the basicity of the secondary hydroxyl of the growing
chain. Butylene oxide gives a greater amount of
secondary hydroxyl than does propylene oxide due to

greater steric effects of the ethyl group compared to
the methyl group.



about 70[err]C and 30 torr) to give a catalyst-containing material (80.3 Q)

. with the follow ng approxi mate conposition by weight: 31.1%
tris(2-methyl-2-phenyl- propyl)tin iodide, 54.9%tri-n-octyl ]EF %fgwyL)
e

phosphoni um i odi de, and 13. 9% pol yet her pol yner. The r §&8 g §T
m xture can be returned to the reactidmflask for contlnu,d“cch% IEE
pol yneri zati on and catal yst separation. After renoval of re5|dual volatlhe

ey for i Vi SARRRAROT L 4, B, 3034 19hST b} Spapiann 90) |

equal to unsaturated polyether glycols containing resxduei(ik) o
and prepared by n-butyl lithium cleavage of the élkyhmmwmmwwwwmwmm
capped, high molecular weight polyether prepared by the
polymerization of 3,4—epoxy—l-butene in benzene using

triethylaluminum prereacted with water. However,
hydrogenation of the polyether glycols is neither
disclosed nor contemplated.

M. A. Hillmyer, et al; Macromolecules, 25,
3345-3350 (1992), disclose the hydrogenation of a high
molecular weight, unsaturated polyethér using Crabtree’s
catalyst, a soluble, iridium complex, in methylene
chloride under an atmosphere of hydrogen for 1 hour.
However, the production of hydroxyl-terminated polyether
is neither disclosed nor contemplated.

The polyether compounds provided by the present
invention are comprised of n units of residue (1) and m
units of residue (2), wherein (i) residues (1) and (2)
have the structures:

O—CH, E - and O—CH,—CH,—CH,—CH,—
H,CH,

(1) (2)
(ii) the total value of n'+ m is 2 to 70 and m/(n + m)
is 0.05 to 0.98, i.e., residue (2) constitutes from 5 to
98 mole percent of the total moles of residues (1) and
(2), and (iii) and at least 98 percent of the terminal
groups of the polyether compounds have the structure:

HO—CH, -—i or HO—CH,,—CH,,—CH,—CH,,—
H,CH

3
i.e., at least 98 percent of the terminal hydroxyl
groups are primary (rather than secondary) hydroxyl
groups. The polyether compounds normally have a
polydispersity value of less than 4, preferably in the
range of 1 to 2.5, and most preferably in the range of 1




about 11, m/(n" + M) = approximately 0.94, and Merr]/Merr] = 1.59.
J-resolved NWVR and [err] C NVR anal yses of the polyether polynmer product
" deuterated acetone show no evi dence of secondary hydroxyl car QQEMT KﬁlE
1 The unsaturated pol yether polynmer (10 g) prepared in Rek Exanpl e 1
Raney-ni ckel (1.0 g, prewashed w th—mat®anol ), and nethanol (90.m)-—afe-—
charged to a 1-L autoclave equipped with a magnetic stirhapg mTheuaHfdﬂ%aVe
!
1
%
1

_._,,_,.,_..‘_.

is purged wWith nitrogen, pressurized with 35.5 bar absolut%~6569”ps1g)

hydr ogen af@ &mhén hEBrthermore, the total value of n + m U
preferably is 7 to 50. §oy

.I{y ém f:i

e

E o
The provision in the above description tha% at——"""

least 98 percent of the terminal groups of the polyethey-—r"""
compounds have the structure:

HO——CH ——i or HO——CHz——CHZ——Cﬁz——Cﬁz—-
H CH

I

means that the polyethers are essentially free of
residues of ethylene oxide and oxetane as terminal
groups. See, for example U.S. Patents 4,183,821 and
4,299,993 which describe the preparation of intermediate
polyethers containing tetrahydrofuran residues and the
subsequent reaction of the intermediate polyether with
ethylene oxide to obtain an ethoxylated polyether having
a high content of primary, terminal hydroxyl groups.
The saturated polyether compounds and polymers may
be used in the preparation or formulation of condensa-—
tion polymers, surfactants, and other compositions
analogous to compositions derived from known polyether
polymers. It is known that hydroxyl-terminated poly-—
ethers wherein all, or substantially all, of the
terminal hydroxyl groups are primary are more reactive
and thus produce superior products when compared to
analogous hydroxyl—-terminated polyethers wherein a
significant portion of the terminal hydroxyl groups are
secondary hydroxyl groups. For example, Wolfe, Rubber
Chemistry and Technoleogy, 50(4), 688~703, Sept.,Oct.
1977, teaches that titanate-ester—catalyzed melt
condensation polymerizations of poly(propylene glycol)
having a number-average molecular weight of about 1000
with dimethyl terephthalate and 1,4-butanediol give
copolyester—ethers having low inherent viscosities and
poor properties compared to copolyester-ethers prepared
using poly(tetramethylene glycol) and poly(ethylene



80[err]C, with stirring. The reaction mxture is stirred at 80C and at a
total pressure of 35.5 bar absolute (500 psig) for 20 hourggp ter cooling,
the pressure is released, and the reaction mixture is renoved “YMAaner r
and concentrated by evaporating the nethanol to give a clear, colorle LT

oil. The oil is further purified by & ssolving in 50 nisngEhylenentioaE] de,
dryi ng over anhydrous magnesium sul fate, filtering, andievVaporat+-ag-the |

o1 S DB ELeFii SR ST RS ORI, R |

and inherent viscosities and poor properties are dud éo the . et

e

cmarm i
e

relatively high secondary hydroxyl group contenﬁ of the
poly(propylene glycol). Wolfe also discloses that the
use of poly(propylene.glycol) end-capped with 10-20
weight percent of ethylene oxide does not overcome the
problem, as only a marginal improvement in inherent
viscosity was realized. Due to the higher reactivity of
the formed primary hydroxyl, end-capping polyethers
having secondary terminal hydroxyl groups with ethylene
oxide to increase primary hydroxyl content typically is
only partially successful. In order to achieve a
majority of primary hydroxyl end groups, e.g., greater
than 65 percent, large amounts of ethylene oxide are
needed and usually give concomittant formation of long
ethylene blocks and causes the resulting polyether to
have reduced hydrophobicity and thus limits the
usefulness of the polyethers in the manufacture of
condensation polymers. The high content of primary,
terminal hydroxyl groups possessed by the polYether
polymers of the present invention renders the polyethers
more reactive, and thus more useful, for condensation
reactions in general.

Poly(tetramethylene ether) glycol is the industry
standard for the preparation of high performance
condensation polymers such as Hytrel polymer and
polyurethane ethers such as Lycra spandex polymer.
Efforts to incorporate a substiuted oxirane such as
propylene oxide and butylene oxide for purposes of price
and performance give increased concentrations of
secondary hydroxyl groups. The polyethers of this
invention overcome this difficulty without the
incorporation of ethylene oxide or oxetane. The
polyethers of this invention are fundamentally different
from ethoxylated copolyethers of tetrahydrofuran and
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butylene oxide, which are expected to have 1&cﬁea§q@ngfﬁ"ﬁ
hydrophobicity and decreased thermal stablllty %ompareq,y
to poly(tetramethylene ether) glycol. ‘

The polyether polymers of this invention may”ﬁ?Wﬁﬁ
ethoxylated by methods known in the art to form
copolymers containing one or more ethylene oxide blocks
and such block copolyethers are expected to have
surfactant properties. The primary, terminal hydroxyl
groups of the novel polyethers of this invention offer
the potential advantage of adding very short ethylene
oxide blocks to the polyethers to produce polyether
derivatives having unique properties. Generally, the
addition of short ethylene oxide blocks to polyethers
having a significant content of secondary, terminal
hydroxyl groups is not possible.

The polyether polymers of the present invention may
be prepared by first polymerizing 3,4-epoxy-l-butene in

- the presence of a hydroxyl initiator compound and a

catalyst to obtain the corresponding unsaturated polymer
comprising n’ units of residue (12) and m’ units of
residue (27A), wherein the total value of n’ + m’ is 2 to
70 and m’/(n’ + m’) is 0.05 to 0.98 and residues (1)
and (2A) have the structures: '
—o—cnz—i — ang  —O—CH,—CH==CH—CH,—
H==CH2

(14) (2A)

The unsaturated polymer then may be catalytically
hydrogenated to obtain the novel polyether polymers of
the invention.

The unsaturated precursor polymers wherein
m’~/(n’ + m’) is in the range of 0.05 to 0.30 are
prepared by polymerizing 3,4—epoxy-l-butene in the
presence of a catalytic amount of certain acidic



EXAMPLE 2 The unsaturated pol yether glycol (250 g) prepared in Reference
. Exanple 1, water-wet Raney-nickel (20.0 g), and tetrahydfﬁfﬁ?&ﬁ”ﬁ450“"»1a[e
charged to a 2-L auto- clave equi pped with a nagnetic sulﬁb';s“Tﬁé ’
autoclave is purged with nitrogen, pressurized with 35.5 bar absol ute (
psig) hydrogen then heated to 60[err]@ With stirring. Th T §ACHIAGmIRd xt uFe
Is stirred at 60[err]C and a total pressure of 35.5 bar absol ute (500 P$ |?)
for 20 hour r li_n the ess ease acrion
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sulfuric acid; perchloric acid; fluoroboric acid;
strongly acidic ion exchange resins, e.g., Amberlyst
resins; and fluorosulfonic acids such as perfluoro—
alkanesulfonic acids containing up to 6 carbon atoms,
e.g., trifluoromethanesulfonic acid and fluorosulfonic
acid and perfluorosulfonic acid polymers, e.g., Nafion
resins, e.g., Nafion NR-50 acidic resin. Although
strong acids generally are capable of effecting reaction
of 3,4—epoxy—l-butene and an initiator, most exhibit
limited activity and result in the formation of low
molecular weight products. The most effective catalysts
are the perfluorocalkanesulfonic acids such as trifluocro—
methanesulfonic acid and, especially, Nafion NR-50
acidic resin which has been cryogenically ground to 60
to 100 mesh (particles having an average diameter of 170
to 250 microns), available from C.G. Processing of
Rockland, Delaware. The amount of the acidic catalyst
which may be used can vary substantially depending, for
example, on process conditions and the particular strong
acid employed. In batch operation of the process, the
amount of catalyst used typically is in the range of 0.5
to 1.5 mole percent based on the equivalents of
initiator.

The acid—catalyzed polymerization normally is
conducted in the presence of a solvent, e.g., an inert,
organic solvent such as a hydrocarbon, chlorinated
hydrocarbon, acyclic ether, and the like. Specific
examples of such sclvents include benzene, toluene,
xXylene, heptane, methylene chloride, chloroform, diethyl
ether, and the like. The polymerization may be carried
out at temperatures in the range of 0 to 150°C,
depending upon the choice of initiator, solvent, and
catalyst. Temperatures of 20 to 60°C are preferred.



by evaporating the volatiles to give a clear, colorless oil. The oil is
. further purified by dissolving in 500 nL of nethyl ene chI%EL V &yg@g49ver
anhydr ous nmagnesium sul fate, filtering, and evaporatlng‘ﬁ a es;T |
giving 200 g of a clear, colorless oil having nmf(n + ’ﬁﬂb*‘*“’ .enpﬁ
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performed at approximately atmospheric pressure although
pressure moderately above or below atmospheric may be
used.

The unsaturated precursor polymers wherein
m’/(n’ + m') is in the range of 0.30 to 0.75 are
prepared by polymerizing 3,4—epoxy—l-butene in the
presence of a catalytic amount of a palladium(0) complex
and a hydroxyl initiator compound. The palladium
catalyst comprises palladium(0) in complex association
with 2 to 4 ligands, such as the catalysts disclosed in
Published International PCT Application WO 89./02883.
The palladium-ligand catalyst may be preformed or formed
in situ, and those skilled in the art recognize that the
palladium—-ligand catalyst can be generated in a variety
of ways. Suitable ligands include trihydrocarbyl
phosphines and +trihydrocarbylarsines, e.g., triphenyl-
phosphine, tributylphosphine, trimethylphosphine,
1,2-bis(diphenylphosphino)ethane, triphenylarsine,
tributylarsine, the trisodium salt of tri(m—sulfo—
phenyl)phosphine, and the like. Those skilled in the
art recognize that palladium(0) complexes also can be
stabilized by other ligands such as, for example,
olefins, phosphites, and the like. Tris(dibenzyl—
ideneacetone)dipalladium(0) is an example of a specific
palladium(0) catalyst containing another type of ligand.
The catalyst also may be formed in situ by adding
palladium(0) and a ligand separately, e.g., 5% palladium
on carbon and triphenylphosphine or tris(dibenzylidene-
acetone)dipalladium(0) and 1,2-bis(diphenylphosphino)—
ethane.

The palladium(0) complex may be supported on a
polymer substrate. In this form, one substituent of at
least one of the ligands is a repeating unit of a



wat er) are charged to a 250-nlL gl ass hi gh-pressure bottle and placed into a
. Parr shaker. The bottle is purged with nitrogen, pressurized with 4.5 bar

absol ute (50 psig) hydrogen and heated to 55[err]C, with shakin%. . ?Q EET
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polymer. An example of a commercially available:
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palladium complex supported on a polymer subst@afe is

polymer—supported tetrakis(triphenylphosphine)-
palladium(0) available from Aldrich Chemical Co., Inc.
The amount of the palladium(0) catalyst which may be
used can vary substantially depending, for example, on
process conditions and the particular palladium compound
employed. In batch operation of the process, the amount
of catalyst used typically is in the range of 0.4 to 1.0
mole percent based on the moles of palladium(0) metal
and equivalents of initiator.

The palladium—catalyzed polymerization normally is
conducted in the absence of solvent. However, inert
solvents such as hydrocarbons, chlorinated hydrocarbons,
and the like may be used if desired. Examples of such
solvents include benzene, toluene, xXylene, heptane,
methylene chloride, chloroform, and the like. The
palladium—catalyzed polymerization may be carried out at
temperatures in the range of —40 to 60°C, depending upon
the choice of initiator, solvent, and catalyst. The
polymerization temperature affects the ratio of
repeating units (1A) and (2A) set forth above, with
lower polymerization temperatures generally favoring the
formation of residues (2A):

—0—CH,,—CH==CH—CH ,—

(23)
Temperatures of —10 to 50°C are preferred. Reaction
pressure is not an important part of our novel process
and, therefore, the process typically is performed at
approximately atmospheric pressure although pressure
moderately above or below atmospheric may be used.
The unsaturated precursor polymers wherein

m’/(n’ + m’) is in the range of 0.75 to 0.98 may be
obtained by polymerizing 3, 4—epoxy—l-butene in the



renoved, filtered, and concentrated by evaporating the volatiles to give a
. cl ear, Ilght yellom/0|l The oil is further purified by dissolvin

met hyl ene chloride, drying over anhydrous nagne5|untsulfaEELAGEMQMgf%hé—ﬂand
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compound such as an ammonium or phosphonium 16d1ae “and
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an organotin compound such as a trlhydrocarbyltrn*'
iodide. The onium iodide component of the catalyst
system may be selected from a variety of tetra(hydro—
carbyl)ammonium iodides and tetra(hydrocarbyl)-
phosphonium iodides, preferably having a total carben
atom content of 16 to 72 carbon atoms. Such compounds
have the formulas: '

1+ 2+
RP—pf—xr! 1= anda R*—P—R?® 1™
1 2
(1) (II)

wherein

each R! substituent independently is selected from
alkyl of up to 20 carbon atoms and each R? substituent
is independently selected from R1, benzyl, phenyl or
rhenyl substituted with up to 3 substituents selected
from lower alkyl, e.g., alkyl of up to 4 carbon atoms,
lower alkoxy or halogen; or

two R! substituents collectively may represent
alkylene of 4 to 6 carbon atoms including alkylene of 4
to 6 carbon atoms substituted with lower alkyl;
provided, as specified above, that the gquaternary iodide
compounds contain 16 to 72 carbon atoms. Specific
examples of the onium iodide catalyst component include
tetra-n—octylphosphonium iodide, tri-n-octyl{(n—dodecyl)-
phosphonium iodide, tri-n—octyl(n-hexadecyl)phosphonium
iodide, tri-n—octyl(n—octadecyl)phosphonium iodide,
tetra-n—dodecylphosphonium iodide, tetra—-n-hexadecyl—
phosphonium iodide, tetra-n-octadecylphosphonium iodide,
tetra—n—dodecylammonium iodide, tetra—n-hexadecyl-—
ammonium iodide, and tetra—n—octadecylammonium iodide.
The preferred onium iodides are tetra-n—alkylphosphonium



percent water) are charged to a 1-L autoclave equipped with a magnetlgF
_stirbar. The autoclave is purged with nitrogen, pressuri é% gbthCBB*Bhbar
absol ute (500 psig) hydrogen then heated to 80[err]C, w tht stirring. The

reaction mxture is stirred at 80[err]C and 35.5 bar absolu%@w(5@@%§§mg)
total pressure for 20 hours. After cool4 ng, the pressure ifs - v -and
the reaction mxture is renoved, filtered, and concentrateéd;by evqporatlng
the volatiles to give a clear, colorless oil. The oil is :uﬂthe? purﬁﬁbed
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compounds of formula (II) above wherein each R?|is

straight—-chain alkyl of 4 to 18 carbon atoms.
Tetra-n—dodecylphosphonium iodide, tetra-—
n—hexadecylphosphonium iodide, and tri-n—octyl (n-octa—
decyl)phosphonium iodide are especially preferred.

The organotin catalyst component may be selected
from organotin (IV) iodides such as hydrocarbyltin
triiodides, di(hydrocarbyl)tin diiodides, and tri(hydro—
carbyl)tin iodides. Examples of such organotin (IV)
iodide compounds have the general formula

3

(R )n——Sn——I (III)

(4-n)
wherein

each R3 independently is selected from alkyl or
substituted alkyl moieties having up to 20 carbon atoms,
cycloalkyl or substituted cycloalkyl having 5 to 20
carbon atoms, carbocyclic aryl or substituted
carbocyclic aryl having 6 to 20 carbon atoms, or
heterocaryl or substituted heteroaryl moieties having 4
up to 20 carbon atoms; and -

nis 1, 2, or 3.
Specific examples of the organotin compounds include di-
n-butyltin diiodide, tri-n-butyltin iodide, tri-n-
octyltin iodide, triphenyltin iodide, trimethyltin
iodide, n~butyltin triiodide, tricyclohexyltin iodide,
tris(2-methyl—2-phenylpropyl)tin iodide, tribenzyltin
iodide, dimethyltin diiodide and diphenyltin diiodide.
Other organotin halides such as chlorides and bromides
may be used in the process wherein they are converted to
the iodide compounds. The preferred organotin iodide
compounds have the general formula:

(R%) ;—sn—1 (IV)



sulfate, filtering, and evaporating the volatiles, giving a clear,

.colorless oil having m(n + nm 0.21; Merr] = 900 and Wg gAthEﬁTSHEEf
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each R? independently is selected from alkyh hav1ng

TR

4 to 10 carbon atoms, phenyl, or 2-methyl-2-
phenylpropyl.

The ratio of the onium iodide and organotin iodide
components of the catalyst system can vary substantially
depending, for example, upon the particular compounds
used. Generally, the quaternary onium iodide:organotin
iodide mole ratio is within the range of 20:1 to 0.05:1.
For the preferred catalyst system comprising a
phosphonium iodide and an organotin iodide, a phos—
phonium iodide:organotin iodide mole ratio of 5:1 to
0.2:1 is especially preferred.

In the synthesis of the unsaturated polyether
precursor compounds by each of the 3 processes described
herein, the primary reactant, 3,4-epoxy—l-butene is
added to a mixture of the catalyst or catalysts, a
hydroxyl initiator compound, and, optionally, a solvent.
The 3,4-epoxy-l-butene monomer may be added all at once
or, preferably, slowly or in stepwise increments to a
mixture of the catalyst and the initiator. Slow
addition of 3,4-epoxy-l-butene is preferred for
controlling the conversion, controlling the product
molecular weight, and minimizing side reaction.
Stepwise addition of the 3,4-epoxy—l-butene monomer
gives stepwise increase in polymer molecular weight.
Thus, molecular weight control is achieved by the
stoichiometry of monomer to initiator. A wide variety
of molecular weights may be achieved, but the molecular
weights are generally controlled to provide polymers
with molecular weights of 500 to 3000 for use as
condensation polymer intermediates. The process may be
carried out in a batch, semi-—continuocus, or continuous
mode of operation.



-31- (containing 5 volune percent water) are charged to a 250-nL gl ass

.hi gh-pressure bottle and placed into a Parr shaker. The bottle is purged
With nitrogen, pressurized with 4.5 bar absolute (50 psig) hydrogen-and
heated to 55[err]C with shaking. The reaction n1xture4|§tgﬂiE@nwaEHES{err]C
and 4.5 bar absolute (50 psig) total pgessure for 25 hohnsvmﬁ&%er Cod |

the pressure is released, and the reaction m xture is! rennved fl&%frEd
and concentrated by evaporating the volatiles to give ! la: cléar Ye[low

oil. The oil isTher hyaioRyli inedil¥or compound useful intthewv i

preparation of the unsaturated polyether predursors by Mwmwwﬂj

each of the 3 processes described herein maylgz';elected
from a vast number and broad variety of monc— and poly-
hydroxy compounds. Normally, the residue of the
hydroxyl initiator compound constitutes at least 0.5
weight percent of the polyether. The mono-hydroxy
initiators include low molecular weight organic alcohols
and polymeric alcohols which may be linear or branched
chain, aliphatic, alicyclic, or aromatic. The mono~—
hydroxy initiators preferably are selected from alkanols
containing up to 20 carbon atoms. When an alcohel is
used as the initiator, the polyether polymeric product
obtained has a primary hydroxyl group on one end of the
polymer chain and thus is a polymeric alcohol. The
other end of the polymer chain is terminated with the
residue of the alcohol initiator, e.g., a residue having
the formula —O-R* wherein R% is the residue of an
alcohol, preferably an alkyl group, containing up to 20
carbon atoms. Although secondary or tertiary alcchols
may be used, primary alcohols are preferred. The
secondary alcohols are converted to primary hydroxyls
and, thus, this invention provides a novel method of
converting secondary hydroxyls to primary hydroxyls
without the use of ethylene oxide. Some typically
useful alcohol initiators include methanol, ethanol, n—
butanol, iso-butanol, 2—ethylhexanol, n—decanol, stearyl
alcohol, cetyl alcohol, allyl alcohol, benzyl alcohol,
phenol, and the like. Water also may be used as the
initiator. Also, an inorganic hydroxide such as litium
hydfoxide may be used as the initiator in the
polymerization of 3,4-epoxy—l-butene in the presence of
a palladium(0) complex.

The poly-hydroxyl initiators contain 2 or more
hydroxyl groups and may be monomeric or polymeric



dirssolving in 50 nL of nethylene chloride, drying over anhydrous magnesi um

_sulfate, filtering, and evaporating t he voIatiIes, givin @; gwaﬁleaﬁ
colorless oil having mi(n + m 0.21; Merr] 830 andﬁﬁﬁéﬁ Befr k-

1.62; hydroxyl nunmber = 136. 6; and per cent hydrogenatlon >ﬁ99quXANPtE 6 An
unsaturated pol yet her precursor (450 i) -prepared accordlng to, th g@gral'
procedure described in Reference Exanple 1 [nt/(n + m) i0 &7 ﬁd ‘
2420, Merr]/Merr] = 1.77, and hydroxyl nunber 50. 66]tamd 5. pernembn :
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include ethylene glycol, 1,2-propanediol, 1,3-propams=""
diol, 1,2-butanediol, 1,4-butanediol, 1,6-hexanediol,
1,4—cyclohexanediol, 1,4-cyclohexanedimethanol, 2,2-di-
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methyl-1,3—-propanediol, 2,2,4—-trimethyl-1,3—-pentanediol,
2,2,4,4-tetramethyl-1,3—cyclobutanediol, 2-butene-1,4-~
diol, 1-butene-3,4-diol, hydroquinone, resorcinol, bis-
phenol—-A, glycerol, trimethylolpropane, starch, sucrose,
glucose, pentaerythritol, polyethylene glycol, poly-
propylene glycol, polybutylene glycol, poly(tetramethyl-
ene ether) glycol, and hydroxyl-terminated, low
molecular weight polyesters. When a poly-hydroxyl
compound is used as the initiator, the polyether polymer
typically grows from at least 2 of the hydroxyl groups
of the initiator and the subsequently—obtained polymer
is a poly-hydroxyl polymer. The residue of the poly-
hydroxyl initiators may be represented by the formula
—0-R5-0~ wherein R® is the residue of a poly-hydroxyl
initiator. The diols having 2 to 6 carbon atoms
constitute the preferred initiators.

The residues of the hydroxyl initiator compounds
may constitute a minor or major portion of the molecular
weight of the unsaturated polyether precursor polymers
as well as the saturated polyether polymers of the
invention. For example, if a polymeric initiator, such
as a hydroxyl-terminated polyoxyalkylene polymer, is
employed and the number of repeat units of 3,4-epoxy-1-
butene residue is relatively low, the initiator residue
content of the polymer may be greater than 90 weight
percent. On the other hand, if the initiator employed
is a low molecular weight compound such as methanol or
water, the initiator residue may constitute as low as
0.5 weight percent of the polymer. Both the unsaturated
and saturated polyether polymers typically comprise at
least 80 weight percent, preferably at least 90 weight



aut ocl ave equi pped- with magnetic stirbar and baffles. The autocl ave is
purged with nitrogen, pressurized with 35.5 bar absol ute (5@©~5ngﬂmwyﬂ

" hydrogen and then heated to 80[err]C with stirring. The reacfk :
stirred at 80[err]C and 35.5 bar absolute (500 psig) for ZQ gours “Af?er"
cooling, the pressure is released ardishe reaction m xture it dkenzupsiat

2
600 nL nethyl ene chloride, gravity filtered, and evaporated tio glve 37i %
of a clear slightly yellow oil having an n + mof val ue of] abeut—32: MWF(W
+m = 0. 200811\9{%11?.] X, L8 x%hd-udene Mesidues. 2, BgthhyerXyl number =

53. 8; “and RSP r SV WRD YA at2d polyether polymers preferably

comprise 5 to 20 weight percent, most preferably 5 to 10

weight percent, of residues derived from the hydroxyl
initiator compounds, e.g., residues —0-R* and —0-R5—0-.

The saturated polyether polymers of the present
invention comprising residues (1) and (2) are prepared
by contacting the unsaturated polyether precursors
described hereinabove with hydrogen in the presence of a
hydrogenation catalyst at elevated temperature and
pressure. The hydrogenation catalyst may be selected
from a wide variety of known materials such as catalysts
containing one or more metals selected from palladium,
rhodium, platinum, ruthenium, iridium, nickel, cobalt,
copper, and the like. The catalyst may consist of one
or more of the metals deposited on the surface of a
suitable catalyst support material such as carbon,
alumina, silica, silica—-alumina, titania, kieselguhr,
molecular sieves, zeolites, and the like.

The use of nickel catalysts in the hydrogenation of
the unsaturated polyether precursors to the polyether
polymers of the present invention is particularly
advantageous. It has been found that nickel
hydrogenation catalysts are effective to give complete,
or essentially complete, hYdrogenation of the olefinic
unsaturation of the polyether precursors without
concomitant hydrogenolysis of the polyether linkages and
subsequent decrease in molecular weight, i.e., without
causing degradation of the polymer. Thus, another
embodiment of the present invention is a process for the
preparation of a saturated polyether polymer which
comprises contacting an unsaturated polyether precursor
with hydrogen in the presence of a nickel hydrogenation
catalyst under hydrogenation conditions of pressure and
temperature, wherein (i) the saturated polyether polymer
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paddl e and a thernocouple is flushed wth argon then ch
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is comprised of n units of residue (1) and m u%lﬁgwgﬁwwmmm
residue (2) wherein residues (1) and (2) have %he I

structures:

—O—CH —-—I —O0—CH_,—CH 2 —CH Z_CHZ—_

and 2
H CH

(1) (2)
{ii) the total value of n + m is 2 to 70 and m/(n + m)
is in the range of 0.05 and 0.98; (iii) the saturated
polyether polymer comprises at least 1 weight percent of
the residue of a hydroxyl initiator compound; and (iv)
the unsaturated polyether precursor is comprised of
residues (1A) and (2A):

—-O—-—CHZ—- —_ and -——0-—CH 2——CH==CH—-—CH P
==CH

2
(1R) (28)

The nickel hydrogenation catalyst may be Raney-
nickel or a supported nickel catalyst, e.g., a catalyst
comprising 10 to 80, preferably 25 to 65, weight percent
nickel, based con the total weight of the catalyst,
deposited on the surface of a suitable catalyst support
material. Typical catalyst support materials include
carbon, alumina, silica, silica-alumina, titania,
kieselguhr, molecular sieves, zeolites, and the like.
Nickel catalysts modified@ or promoted with, for example,
molybdenum, chromium, iron, zirconium, and-/or cobalt
alsc may be used.

The hydrogenation conditions of temperature and
pressyre can vary substantially depending on several
factors such as contact time with the catalyst, the
amount of catalyst, the choice of catalyst, and the mode
of operation. Hydrogenation temperatures of 20 to 200°C
may be used although temperatures in the range of 50 to
80°C are preferred. The hydrogenation process may be
carried out using total pressures in the range of 2.4 to
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about 130 g/ hour by liquid punp. Upon addition of the epoxide, the
_tenperature rises and is nmaintained below 40[err] C by cooling with aggﬁF
i ce-water bath. After conplete addition the reaction m xt ugspisCEMENS .M*%U“”“ﬁ
cool and stirred for 1 hour. Then the catalyst is renoved %ﬁ fsPLAGERED, St
and the filtrate is taken up in 500_nmg70f nethanol. The nethanet-sotution |
I s then hydrogenated over 20 g of water-wet Raney-nickel at bS@ngggﬁy g
absol ute (500 psig) hydrogen and 60[err]C for 24 hours in a 2-1 stainl ess
steel stirmnad.subatisaedsoloeeRipeytoi 6Geb paiq) yspreserably isiiw”mw*mmwwmwﬁ

to 70 bars (500 to 1000 psig). As noted above, thé”
optimum combination of temperature and pressure depends
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on other process variables but can be readily
ascertained by those skilled in the art.

The hydrogenation process optionally may be carried
out in the presence of inert solvents such as aliphatic
and aromatic hydrocarbons, ketones, ethers, alcohols,
water, and the like. For example, benzene, toluene,
tetrahydrofuran, methanol, ethanol, butanol, methyl
isoamyl ketone, and the like may be used individually or
in combination as solvent. '

For the unsaturated polyether precursors prepared
by the palladium—catalyzed polymerization of 3,4-—epoxy—
l1-butene, the palladium(0) polymerization catalyst may
be removed by pretreatment with hydrogen pressure alone
to precipitate the palladium with minimal concomitant
hydrogenation of the unsaturated polyether, followed by
filtration of the precipitated palladium metal. Also,
if a water soluble phosphine ligand, such as a
sulfonated triphenylphosphine, is used, such phosphine
ligand and complexed palladium(0) may be removed from
the polymer by aqueous washings. After the removal of
the catalyst components as described, the unsaturated

- polyether precursor may be hydrogenated in the presence
of a nickel hydrogenation catalyst.

Alternatively, the unsaturated polyether precursors
prepared by the palladium-catalyzed polymerization of
3, 4—epoxy—-l1-butene may be hydrogenated directly,

i.e., without the above—described removal of catalyst
componenté, by contacting the precurscr polymer with
hydrogen in the presence of a supported palladium
catalyst. The supported palladium catalyst may consist
of 0.5 to 15, preferably 5, weight percent palladium
deposited on a catalyst support material such as carbon,



renoved by filtration, and the filtrate is evaporated wth heating and
reduced pressure to give a clear, colorless oil. Low nolecul ar meight
"material, such as cyclic dimers, is removed by passing t RRERLACEMEN @@HEB
w ped- f|In1evaporator at 120[err]C and 0.1 torr to give 292-g- eraMcL s
colorless oil that is a saturated polLyggher glycol havi ng#ig E¥A wﬁru%§of
about 9 and an mM(n + m value of 0.30; Merr] = 680; h{erriih{é?r] = 1ﬁlb'
and hydroxyl nunmber = 195. EXAMPLE 8 A 1-L reactor equmL 2d Mt:@ﬁxa g{;’:\s§ |
stirring rodlumina, silica, silica-alumina, titania, kie eaguhr, i

4
molecular sieves, zeolites, and the like. Th& pETIéal
catalysts also may contain molybdenun, chromlémT FARE T
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zirconium and or cobalt as catalyst modifiers or
promoters. An especially preferred catalyst is 5%
palladium on carbon.

The hydrogenation process may be carried out in a
batch, semi-continuous, or continuous mode of operation.
For example, batch operation may comprise agitating a
slurry of catalyst and unsaturated polyether precursor
comprised of residues (12) and (22A), and, optionally, a
solvent in a pressure vessel for a time sufficient to
hydrogenate essentially all of the olefinic
unsaturation. The catalyst can be separated from the
hydrogenated mixture by filtration and the saturated
polyether compound isolated by evaporation of solvent.

Another mode of operation uses a fixed bed of a
catalyst wherein the unsaturated polyether compound is
hydrogenated by feeding a solution of thé compound in an
inert solvent to the top of a columnar, pressure reactor
containing one or more fixed beds of a supported nickel
catalyst. The reactant solution flows (trickles) over
the catalyst bed in the presence of hydrogen at elevated
temperature and pressure, and the hydrogenated product
exits the bottom of the reactor and is isolated by
evaporation of solvent.

Our novel polyether polymers preferably are
comprised of n units of residue (1) and m units of
residue (2), wherein the total value of n + m is about 7
to 50 and m/(n + m) is a value in the range of 0.15 to
0.30. The polymers are further characterized in that at
least 99 percent of the terminal hydroxyl groups are
primary (rather than secondary) hydroxyl groups. The
primary hydroxyl groups (and thus the polymers) are more
reactive for condensation polymerization reactions in



with Teflon paddle, a stainless steel cooling coil, and a thernocouple is

flushed with argon and then charged with distilled water

nol es) of and the Herr] formof Nafion 1100 EWacidic resin
meq). The reactor is cooled with ice and with chilled water AcE
(5-10[err] Q) circulating through the_cpgling coil. Wth ﬁtﬁfﬁ hg

(7.49 nole) of 3,4-epoxy-1-butene is

general. The polyether polymers normally have

Pl

i

) L.
polydispersity value of less than 4, preferably iin the
range of 1 to 2.5, and most preferably in the range o6f 1

(6.48 g, 0.360

[

to 1.7. The polyether polymers wherein the total wvalue

of n +m is 10 to 30 are particularly preferred.

The preparation of the unsaturated polyether

precursors and the novel saturated polyether polymers of

the present invention and the operation of the

hydrogenation process are further illustrated by the

following examples. Proton NMR spectra are obtained on

a 300 MHz NMR spectrometer with samples dissolved in

deuterated chlorcform containing tetramethylsilane as an

internal standard. The value of m/(n + m) is determined

by comparison of the integrated proton NMR absorptions
of residues (1) and (2). The value of m’/(n’ + m’) is
determined by comparison of the integrated proton NMR

absorptions of residues (1A) and (2A). The percent

hydrogenation is determined by compariscn of the

integrated proton NMR absorptions of residues (1) and

(2) with the integrated proton NMR absorptions

of

remaining residues (1A) and (2A). Number average
molecular weights (M;) and polydispersity values (M, M)
are determined using size—exclusion chromatography with

refractive index detection in tetrahydrofuran using four

10 um PLgel mixed-bed columns and calibrated using

narrow molecular weight distribution polystyrene
standards. Hydroxyl numbers are determined from

titration of the acetic acid formed by the reaction of
the sample with acetic anhydride. J-resolved NMR and

13c NMR analyses, obtained from a 400 MHz NMR

spectrometer, are used to determine the percent of

primary hydroxyl end groups. Further conformation may

be obtained by trifluoroacetylation and 1°F NMR

analyses.
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added at a rate of about 130 g/hour by liquid punp. Upon addition-oef-the

epoxi de,
about 32
al I oned t

met hanol

at 35.5 bar absolute (500 psig) hydrogen and 60[err]C f L
BEEERENCEEXAMBLE ok| ave. The Raney-ni ckel cat L¥5L—+s—~ﬂ**‘””

st ai nl ess

the tenperature rises to about to 34[err]C andﬁms ﬁﬁﬂﬂla:dad

to 36[err]C. After conplete addition the reac%|B
o cool and stir for 1 hour. Then the catal yst ',

Methylene chloride (400 mL), 18.0 g (0.200 mole) of
1,4 butanediol, and 0.2 mL of trifluoromethane sulfonic
acid are charged to a 3—-neck, 1-L, round-bottom flask
having a nitrogen atmosphere and equipped with a
thermocouple, mechanical stirrer, septum, and reflux
condenser with argon inlet. With stirring, 3,4—-epoxy—-1-—-
butene (392.5 g, 5.60 mole) 'is added at a rate of 60
gshr by liquid pump. The temperature rises initially to
about 42°C, gently refluxing the solvent, and continued
to rise, reaching 58°C near complete addition of the
3, 4—epoxy—-l-butene. After complete addition the
reaction is allowed to cool and stirred for 1 hour. To
the reaction mixture is added 100 mlL of 5 percent sodium
carbonate solution, and the mixture is stirred for 30
minutes. Then the layers are allowed to separate, and
the bottom organic layer is removed, dried over
anhydrous magnesium sulfate, filtered, and evaporated to
give a clear, light-yellow oil that is an unsaturated
polyether glycol comprising n’ repeat units of residue
(14) and m’ repeat units of residue (22), wherein n’' +
m’ is about 15; m’'/(n’ + m’) is 0.16; M, = 1400 and M, =
1.99; and hydroxyl number = 103.4.

REFERENC LE 2
Methylene chloride (80 mL), 1,4-butanediol (3.62 g,

40.0 mmole), and 3 drops of trifluoromethane sulfonic
acid are charged to a 3—-neck, 300-mL, round-bottom flask
having an argon atmosphere and equipped with a thermo—
couple, mechanical stirrer, and a septum with argon
inlet. Stirring is begun and the reaction flask is
cooled with a cooling bath composed of water and ice and
having a temperature of 0 to 5°C. 3,4—-Epoxy-l-butene
(40 mL, 500 mmole) is added dropwise at a rate of 9
mLhour by syringe pump. After the addition of the

renpyed Lys
filtration, and the filtrate is takerpap-in 500 nL of net} aﬁdi“fThé ;
solution is then hydrogenated over 20 g of wat r Fvet Eaneywnfekql

24 hours in a 2-L

at'
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renoved by filtration, and the filtrate is evaporated w th heatipgnarsHEET
.reduced pressure to give a clear, colorless oil. Lom/nDIecBE%ihﬁé%%E&M”_
material, such as cyclic dinmers, is renoved by passing the pftffi Quah a7 3

.. QMR &«
wi ped-fil mevaporator at 120[err]C and 0.1 torr to give a cgéﬁﬁ;@ﬁdtoLLess-

oil that is a saturated polyether glyceh khaving an n + mval ue of about 13-
and an m(n + n) value of 0.25; Merr] = 1200 and I\/[err]/lv[gert] = B4R EAnd
hydroxyl number = 98.7. EXAMPLE 9 The unsaturated polyetherighycol (10 @). . ;i
prepared in 3,4—epoxy—1-butene is complete, the cooling bath\i s i

e et
st e anr =S

-
1
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removed and the reaction is allowed to warm to rdgm . —————"""
temperature. Solid calcium oxide is added and the

mixture stirred for several hours to neutralize the

acid. The mixture is then filtered and the filtrate
evaporated to give 35 g of a clear, colorless o0il having

a n’ + m' value of approximately 17 and a m’/(n‘ + m’)

value of 0.15; Mn = 1270 and MwMn = 1.94; and hydroxyl

number = 100.5.

REFERENCE EXAMPLE 3

The procedure described in Reference Example 2 is
repeated in the absence of a solvent and at a reaction
temperature between 20 and 30°C by cooling with cool
water and adding small amounts of ice as needed. The
resulting clear, colorless oil has a n’ + m’ value of
approximately 18 and a m’/(n’ + m’) value of 0.14;
Mn = 1305 and Mw/Mn = 2.00; and hydroxyl number = 87.18.
NMR analysis of this product shows no evidence of
secondary hydroxyl end groups.

EFERENCE EXAMPLE 4

1,4—Butanediocl (21.6 g, 0.240 mole) and 10 drops of
trifluoromethane sulfonic acid dissolved in 250 mL of
methylene chloride are charged to a 3-neck, 1-L,
round—-bottom flask having an argon atmosphere and
equipped with a thermocouple, mechanical stirrer,
septum, and reflux condenser with argon inlet. With
stirring, 3,4-epoxy—-l-butene (471 g, 6.72 mole) is added
dropwise at a rate of 60 g-rhour by liquid pump. The
temperature rises initially to about 42°C, gently
refluxing the solvent, and continued to rise, reaching
58°C near the completion of the addition of the
3,4—epoxy—1-butene. After complete addition the
reaction is allowed to cool and stir for 1 hour. The



Ref erence Exanple 8, 1.5 g of 5 percent palladiumon carbon, and 90 nL of
tetrahydrofuran are charged to a 1-L autocl ave equi pped with a magnetic
stirbar. The autoclave is purged with nitrogen, pressurlRgpLNgmﬁfwrngﬁmar
absol ute (300 psig) hydrogen then heated to 90[err]C, wth stiHriing:" The
reaction mxture is stirred at 90[erc]fzand 21.7 bar absol ute {30070Si Q)

for 20 hours. After cooling, the pressure is released, and the; T eag tsk N4 -

m xture is renoved, filtered, and concentrated by evaporatlng he vo[atlles_
to give a ckeactlbnghuxyeféoms washed twice with water, driedjo s

anhydrous magnesium sulfate, filtered, and evaporaggg#EQM

e+ eI i A T O S

give 468 g of a light yellow o0il having a n’ + m’ value
of approximately 29 and a m'/(n’ + m’) value of about
0.17; Mn = 2100 and Mw/Mn = 2.64; and hydroxyl

number = 46,09,

REFTERENCE EXAMPLE S

1,4—Butanediol (0.90 g, 0.010 mole) and 1 drop of
trifluoromethane sulfonic acid dissolved in 10 ml of
toluene are charged to a reaction flask having a
.nitrogen atmosphere and equipped with a refluxing
condenser. With stirring, the reaction solution is
heated to 100°C by an oil bath. 3,4-Epoxy—l-butene
(9.1 g, 0.13 mole) is added dropwise at a rate of 0.15
mL minute by syringe pump. After complete addition the
reaction is allowed to cool and stir for 15 minutes.
The reaction mixture is washed twice with water, dried
over anhydrous magnesium sulfate, filtered, and evapor-
ated to give 8.0 g of a black ocil having a n’ + m’ value
of approximately 14 and a m’/(n’ + m’) value of about
0.26; Mn = 950 and Mw¥Mn = 2.16; and hydroxyl
number = 95.0.

REFERENCE EXAMPLE 6

3,4-Dihydroxy-l1-butene (0.88 g, 0.010 mole) and 1
drop of trifluoromethane sulfonic acid dissolved in 10
mL of methylene chloride are charged to a reaction flask
having a nitrogen atmosphere and an 18°C chilled water
cooling bath. With stirring, 3,4—epoxy—-l-butene (9.1 g,
0.13 mole) is added dropwise at a rate of 0.15 mlLminute
by syringe pump. After complete addition, the reaction
is allowed to cool and stir for 15 minutes. The
reaction mixture is washed with 5% sodium carbonate in
water, dried over anhydrous sodium carbonate, filtered,



oil having m(n + m of about 0.64; Merr] = 1350 and M /M= 1. )

hydr oxyl gunbér = 104.7; and percent hydrogenation > 99, WEXNMﬂg&AQ@‘ H%BHCE(
“unsat ur at ed pol yet her egcoI (10 g) prepared in Referedb@LEwﬁﬁﬂig ”Li 510

of 5 percent rhodiumon alum na, and 90 nL of tetrahydrpf rafrar e char g ed
to a 1-L autoclave equipped with a HB%EFtIC stirbar. ThF aubqghgy@éfg !
purged with nitrogen, pressurized wthW=21.7 ;

\
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and evaporated to give 8.6 g of a clear, coloxjless oil .-
__‘_‘.--—’

having a n’ + m’ value of approximately 14 and a
m’/(n’ + m’) value of about 0.13; Mn = 1400; and

MwMn = 1.68.

REFERENCE EXAMPLE 7
The procedure described in Reference Example 6 is

repeated using 0.18 g (0.010 mole) of water as the
initiator in place of 1,4-butanediol, yielding 8.6 g of
a clear, colorless o0il having a n’ + m’ value of
approximately 15 and a m‘'/(n’ + m') value of about 0.14;
Mn = 1400; and Mw.Mn = 1.68.

REFERENCE EXAMPLE 8

To a 3-neck, 300-mL, round-bottom flask having an
argon atmosphere and equipped with a thermocouple,
mechanical stirrer, and a septum with argon inlet is
charged tetrakis(triphenylphosphine)palladium(0)
(0.25 g, 0.22 mmole) and 1,4~butanediol (7.22 g, 80.0
mmole). Stirring is begun and a total of 83.2 mL (1040
mmole) of 3,4-—epoxy-l-butene is added dropwise at a rate
of ¢ mL/hr by syringe pump. After about 1 mL of
3,4—epoxy—-l-butene is added, the reaction flask is
cooled with a cooling bath composed of water and ice and
having a temperature of 0 to 5°C. The reaction
temperature is maintained between 10 and 15°C by cooling
for the duration of the 3,4-—epoxy-l-butene addition.
After complete addition, the cooling bath is removed,
and the reaction is allowed to warm to room temperature.
The resulting clear, vellow oil is an unsaturated
polyether'glycol having a n’ + m’ value of about 15; a
m'/(n’ + m') value of about 0.65; M, = 1300 and MM, =
1.39; and hydroxyl number = 101.8.



bar absolute (300 psig), and then heated to 90[err]C, with stirring. The
‘reaction mxture is stirred at 90[err]C and 21.7 bar absolute (300 Eﬁt %EET
for 20 hours. After cooling, the pressure is rel eased, and tRi& B %
m xture is renoved, filtered, and concentrated by evaqﬂfatjﬂgwf e w@kat | es
to give a clear, light yellow oil havippg _nm(n + of Fb% F“Qﬂﬁé err} =

gy S

1330 and Merr]/Merr] = 1.29; hydroxyl nunber = 125 o land percent

hydr ogenati on >99. EXANPLE 11 The unsaturated polyethe] plﬁebt*%I@ @)3 l
prepared | NREFERENCE EXAMPLE 9 R . ]
Tetrakls(trlphenylphosphlne)palladlum(oi (0. 25 g, 5

e iy IS

0.22 mmole) and 1,4-butanediol (3.62 g, 40.0 mmole) are
charged to a 3—neck, 100—-mL, round-bottom flask having
an argon atmosphere and equipped with a thermocouple,
mechanical stirrer, and a septum with argon inlet.
Stirring is begun and a total of 41.8 mL (520 mmole) of
3,4—-epoxy—-l-butene is added dropwise at a rate of 9
mL/hour by syringe pump. After about 1 mL of 3,4-epoxy—
l1-butene is added, the reaction flask is cooled with a
cooling bath composed of water and ice and having a
temperature of 0 to 5°C. The reaction temperature is
maintained between 10 and 15°C by cooling for the
duration of the 3,4—epoxy—l-butene addition. After
addition is complete, the cooling bath is removed, and
the reaction mixture is allowed to warm to room
temperature. The resulting clear, yellow oil has a n’ +
m’ value of approximately 17, a m'/(n’ + m’) value of
0.59, a number average molecular weight (Mn) of 1300, a
weight average molecular weight (Mw) of 1800, a
polydispersity value (Mw.Mn) of 1.39; and a hydroxyl
number of 95.27. NMR analyses of this product showed no
evidence of secondary hydroxyl.

REFERENCE EXAMPLE 10

The procedure of Reference Example 9 is repeated
using a cooling bath composed of ethylene glycol and Dry
Ice and having a temperature of —15 to —25°C. The
reaction temperature is maintained between —5 and 5°C.
The resulting clear, yellow oil has a n’ + m’ value of
approximately 15 and a m'/(n’ + m') value of 0.65;

Mn = 1110 and Mw/Mn = 1.38; and hydroxyl number = 130.9.



Ref erence Exanple 8 and 90 nL of tetrahydrofuran are charged to a 1-L

aut ocl ave equi pped with a magnetic stirbar. No catal yst is addegppacEMENTUSHEET
t he residual palladiumused to catalyze the polynerization serves as the
hydrogenation catal yst. The autoclave is purged with nitrogen,..pressurized
with 21.7 bar absolute (300 psig) hydrggen then heated to OO[mALGiriw thrpr |
stirring. The reaction mxture is stirred at 90[err]C and 21;7—bar- abseLu%ef
(300 psig) for 20 hr. After cooling, the pressure is rele sed gnd t.he !

reacti on nmi HRRERENCEH ®XaweLE fill tered, and concentrated byerap SV 5 ?hé j

i
The procedure of Reference Example 9 is rei)efﬂ:.eii”""““""‘“‘“‘""‘*"'“"'*“’“-'w-"j j

without using a cooling bath. The reaction tembera@urme~~ S
increases upon the addition of 3,4-epoxy—l-—butene and is
maintained between 40 and 50°C by controlling the rate

of addition. The resulting clear, yellow oil has a

n’ + m’ value of approximately 14 and a m‘’/(n’ + m’)

value of 0.48; Mn = 1038 and Mw.Mn = 1.44; and hydroxyl

number = 128.7.

REFERENCE EXAMPLE 12

The procedure in Reference Example 11 is repeated
using 1.67 g (40.0 mmole) of lithium hydroxide in place
of 1,4-butanediol. The resulting yellow oil is dissolved
in 100 mL of methylene chloride and 40 mL of water.
Enough dilute hydrochloric acid is added so that the
agueous layer is neutral or slightly acidic to pH paper.
The layers are separated, and the methylene chloride is
washed with water, dried over magnesium sulfate,
filtered, and evaporated to produce 36.6 g of a clear,
yellow oil having a n’ + m’ value of approximately 42
and a m’/(n’ + m’) value of 0.31; Mn = 3245 and Mw/Mn =
2.73; and hydroxyl number = 23.36.

REFERENCE EXAMPLE 13

The procedure of Reference Example 9 1is repeated
using 0.27 g (0.20 mmole) of tetrakis(triphenylarsine)-
palladium(0) in place of tetrakis(triphenylphosphine)}—
palladium(0). The resulting clear, colorless oil has a
n‘ + m' value of approximately 15 and a m’'/(n’ + m')
value of 0.56; Mn = 1185 and Mw.Mn = 1.23; and hydroxyl
number = 129.8.



volatiles to give a clear, light yellowoil having a m(n + m val ue of
about 0.68; Merr] = 1230 and Merr]/Merr] = -35- 1.58; hydroxyl

= 130.7; and percent hydrogenati on = 43. EXAMPLE 12 The_produBEPkﬁCﬂ@%NﬁﬁﬂgEr

char ged

11, 1.0 g of water-wet Raney-nickel, and 90 nL of tetrahygsobugam ateer
se e ; .
14 HAY B8589
;
REFERENCE EXAMPLE 14 !
The procedure of Reference Example 13 is repeated . __

nunber

using a solution of 80 parts by volume 3,4—epoxy—1-—
butene and 20 parts by volume isopropanol. The
resulting clear, yellow oil has a n’ + m’ value of
approximately 12 and a m‘/(n’ + m’) value of 0.60;

Mn = 950 and MwMn = 1.17; and hydroxyl number = 162.5.

REFERENCE EXAMPLE 15

The procedure of Reference Example 9 is repeated
using 4.33 g (40.0 mmole) of benzyl alcohol in place of
1,4-butanediol. The resulting clear, yellow o0il has a
n’/(n’ + m’) value of 0.46 and hydroxyl number = 48.59.

REFERENCE EXAMPLE 16

The procedure of Reference Example 15 is repeated
using 100 mL of heptane as solvent. The clear, yellow
oil is isolated by evaporating the volatiles and has a
n‘’/(n’ + m’) value of 0.32.

REFERENCE EXAMPLE 17

The procedure of Reference Example S is repeated
using a total of 6.4 mL (80 mmoles) of 3,4—epoxy-1-—
butene. The resulting clear, colorless oil has a
n‘ + m' value of approximately 2 and a m'/{(n’ + m')

value of 0.63.

REFERENCE EXAMPLE 18

The procedure of Reference Example 9 is repeated
using a total of 70 g (1.0 mole) of 3,4—epoxy-l-butene.
The resulting clear, yellow o0il has a n’ + m’ value of
approximately 26 and a m‘/(n’ + m’) value of 0.48.
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to a 1-L autoclave equipped with a magnetic stirbar. The autoclave is
purged with nitrogen, pressurized with 21.7 bar absolute ( ' ¢
hydrogen then heated to 90[err]C, with stirring. The reactﬁgﬁbﬁ$¥@%$ﬁfW§§T
stirred at 90[err]C and 21.7 bar absolute (300 psig) for Z0:hE  ATEL o "
cooling, the pressure is released and the reaction nixturg'ﬂ_“ﬁ%miﬂéwﬁi:;e
filtered, and concentrated by evapoféﬁfhg'the vol atil es ti[@ive a clear,
light yellow oil having a ml(n. + m value of about O0.68; ?rrT@iﬁ@QS@%ﬁny

Mer]l/MerrdprpdeG0s SYApoy |, punber = 129; and percent hidrL?.Q.S[I.?,E_.,.i._...?.” >99;

O .

The procedure of Reference Example 13 is repeated

using a total of 6.4 mL (80 mmoles) of 3,4—epoxy—1-—
butene. The resulting clear, colorless oil has a
n’ + m* value of approximately 2 and a m‘/(n’ + m’)
value of 0.73.

RETFTERENCE EXAMPLE 20

Tris(2—methyl—2—-phenylpropyl)tin iodide [also known
as tf&neophyltin iodide) (33.8 g), tri-n—octyl(n—octa-
decyl)phosphonium iodide (39.0 g), and 1,4—butanediol
(10.0 g) are placed in a 4-neck, 250-mL, round—-bottom
flask equipped with a thermocouple, magnetic stirrer,
distillation head, o0il heating bath, and reactant feed
tube. The mixture is heated to 110°C, and the
3,4—epoxy-l-butene addition is begun. A total of 816 g
of 3,4—epoxy—l-butene is added over 44 hours. Then the
pressure within the flask is gradually lowered to about
100 torr to completely distill the volatile components
from the catalyst polyether polymer residue. A total of
648.5 g of distillate is collected (79.5% weight
recovery). The composition of the distillate is 21.1%
3,4—epoxy~1-butene, 75.3% 2,5—dihydrofuran, and 3.6%
crotonaldehyde. :

The catalyst-polyether polymer residue and 200 mL
of heptane are added to a 500-mL, jacketed, glass vessel
equipped with a mechanical stirrer, thermocouple, and
bottom stopcock and the mixture is agitated and heated
to 65-75°C by circulating heated glycol water from a
constant temperature bath to the jacket. Stirring is
discontinued, and the mixture is allowed to settle. The
layers are separated, and the bottom polyether polymer
layer is extracted again with 200 mL of heptane then
once more with 100 mL of heptane. The heptane layers
containing the extracted catalyst are combined, and the



EXAMPLE 13 The unsaturated pol yether glycol (10 g) prepa
Exanple 20, 2.0 g of water-wet Raney nickel, and 100 nL

“ (5 volunme percent water) are charged to a 250-nL, gl ass,
bottle and placed into a Parr shaker. The bottle is purg
pressurized with 4.5 bar absolute (50 pgig) hydrogen, an
55[err] C, with shaking. The reaction mxture is shaken a
bar absolute total pressure for 48 hours. After cooling,

red.ln. Referencencel

hi-gh—presst-e—; |
edj Wiﬂ_t ' r-..-@n-lkt rrg.gen’ ,
S hedibithoB9 "

b 55[err]Cand 4.3

«
&Y
n
i‘
i

rel eased angofiRenteast refo¥bdt Byerétary vacuum evaporatid

the pressure is J
ﬂ———f-upvvw\te—.-'ﬂ-«xw

b b

about 70°C and 30 torr) to give a catalyst-containing
material (80.3 g) with the following approximate
composition by weight: 31.1% tris(2-methyl-2-phenyl-
propyl)tin iodide, 54.9% tri-n-octyl(n-octyldecyl)-

phosphonium iodide, and 13.9% polyether polymer.

recovered catalyst mixture can be returned to

The
the

reaction flask for continued cycles of polymerization

and catalyst separation.

After removal of residual

volatile material by rotary vacuum evaporation (up to

about 70°C and 30 torr) the polyether polymer

layer

weighs 149.4 g (18.3% yield) and has n’ + m’ equal to
about 11, m’/(n’ + m’) = approximately 0.94, and M M =

1.59. J-resolved NMR and 13C NMR analyses of

the

polyether polymer product in deuterated acetone show no

evidence of secondary hydroxyl carbons.

EXAMPIE 1
The unsaturated polyether polymer (10 g)

prepared

in Reference Example 1, Raney-nickel (1.0 g, prewashed
with methanol), and methanol (90 mL) are charged to a

i-L autoclave equipped with a magnetic stirbar.

The

autoclave is purged with nitrogen, pressurized with 35.5
bar absolute (500 psig) hydrogen and then heated to

80°C, with stirring. The reaction mixture is

stirred at

80°C and at a total pressure of 35.5 bar absolute (500

psig) for 20 hours.

released, and the reaction mixture is removed,

After cooling, the pressure is

filtered,

and concentrated by evaporating the methanol to give a

clear, colorless oil.

The o0il is further purified by

dissolving in 50 mL methylene chloride, drying over

anhydrous magnesium sulfate, filtering, and evaporating

the volatiles, giving 9.0 g of a clear, colorless oil

comprising n repeat units of residue (1) and m repeat

units of residue (2), wherein n + m is about 16 and



renoved, filtered, and concentrated by evaporating the volatiles to give a

clear, light-yellow oil. The oil is further purified by dissolvin%
of nmethylene chloride, drying over anhydrous magnesi um sul fRiP ﬁgﬂL
and evaporating the volatiles, giving 9.61 g - 36 - of B ;;~E%b

colorless oil having an m(n + m valuggof 0.94; and perce
= 90.

n’(n + m) is 0.21 [These values are higher than
values of n’ + m’ and m'~/(n’' + m’) of the starting
material because the 1,4-butanediol initiator frééﬁ;hﬁ
is identical to repeat unit (2) and is no longer
distinguishable in the hydrogenated product.]; M, = 1500
and M M, = 1.92; hydroxyl number = 100.6; and percent
hydrogenation > 99.

EXAMPLE 2 _

The unsaturated polyether glycol(250 g) prepared in
Reference Example 1, water—wet Raney-nickel (20.0 g),
and tetrahydrofuran (450 g) are charged to a 2-L auto-—
clave equipped with a magnetic stirbar. The autoclave
is purged with nitrogen, pressurized with 35.5 bar
absolute (500 psig) hydrogen then heated to 60°C, with
stirring. The reaction mixture is stirred at 60°C and a
total pressure of 35.5 bar absolute (500 psig) for 20
hours. After cooling, the pressure is released, and the
reaction mixture is removed, filtered, and concentrated
by evaporating the volatiles to give a clear, colorless
oil. The o0il is further purified by dissolving in 500
mL of methylene chloride, drying over anhydrous
magnesium sulfate, filtering, and evaporating the
volatiles, giving 200 g of a clear, colorless o0il having
mn/(n + m) = 0.21; M, = 1300 and MM, = 1.73; hydroxyl
number = 100.3; and percent hydrogenation >99.

EXAMPLE 3 .
The unsaturated polyether glycol (10 g) prepared in

Reference Example 1, 0.8 g of water—wet Raney—nickel,

and 100 mL of aqueous tetrahydrofuran (5 volume percent

water) are charged to a 250-mL glass high-pressure

bottle and placed into a Parr shaker. The bottle is

purged with nitrogen, pressurized with 4.5 bar absolute
- (50 psig) hydrogen and heated to 55°C, with shaking.



HEET
COVPARATI VE EXAMPLE 1 A 50-nL flask equi pped with a magnetic §EF?%&§““NTS

flushed with argon then cooled with an ice-water bath. To the flask is
charged 0.90 g (0.010 nole) of 1,4-butanediol, 8 1 nL (7.2 g, 0.10 nole) of
tetra- hydrofuran, 8.6 nL (7.2 g, 0.10 nole) of 1,2-butylene oxide, and

15.8 nL (19.8 g, 0.200 nole) of 1,2-digghloro- ethane Thewpeac%reﬁwnﬁxture
is stirred for about 15 minutes to cool . Then 0.20 niL (prYO nﬁmlé)uo¥ 0 {53
g/mL boron trifluoride etherate in ligroin is added, and the” Feaction |
m xture is Sherredction coikegre’ish shakdrcat 55°C and 4.5 ;oar: £ HEY 999

absolute (50 psig) for 16 hours. After coollngy the

pressure is released, and the reaction mlxture is

Fsmrrrtareres
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removed, filtered, and concentrated by evaporatlng g €he
volatiles to give a clear, light-yellow oil. The oil is
further purified by dissolving in 50 mL methylene

chloride, drying over anhydrous magnesium sulfate,
filtering, and evaporating the volatiles, giving 9.1 g

of a clear, colorless oil having m/(n + m) = 0.21; M, =
1200 and M M, = 2.33; percent hydrogenation = 95.

EXAMPLE 4
The unsaturated polyether glycol (10 g) prepared in

Reference Example 1, 1.5 g of 5 percent palladium on
charcoal, and 90 mL of aqueocus tetrahydrofuran (5 volume
percent water) are charged to a 1-L autoclave equipped
with a magnetic stirbar. The autoclave is purged with
nitrogen, pressurized with 35.5 bar absolute (500 psig)
hydrogen then heated to 80°C, with stirring. The
reaction mixture is stirred at 80°C and 35.5 bar

_ absolute (500 psig) total pressure for 20 hours. After
cooling, the pressure is released, and the reaction
mixture is removed, filtered, and concentrated by
evaporating the volatiles to give a clear, colorless
oil. The oil is further ?urified by dissolving in 50 mL
methylene chloride, drying over anhydrous magnesium
sulfate, filtering, and evaporating the volatiles,
giving a clear, colorless oil having m/(n + m) = 0.21;
M, = 900 and M, M, = 1.94; hydroxyl number = 123.5; and
percent hydrogenation > 99.

EXAMPLE 5

The unsaturated polyether glycol (10 g) prepared in
Reference Example 1, 0.50 g of 5 percent rhodium on
charcoal, and 100 mL of agueous tetrahydrofuran



water bath for 4 hours. Then the ice-water bath is renoved, and the
reaction mxture warnse Wth stirring, reaching a tenperature of about
50[err]C. After stirring overnight, the polynerization solution is
neutralized by washing with water three tines. The 50|Uti0”REPiN®Eﬁ§NT%%§£
anhydrous nagnesium sul fate, filtered. ppd-rotary evaporated to give g
of a clear, colorless oil. J-resolved NWR and [err]C NNR a @hyses 5T hiat
the oil is a copolyether having a value of mi(n + n) of abbﬂtta Ze—wﬁheeﬁ
hydr oxyl groupsnaaéndngr esvdlese (dor ety , watet jat éﬁﬁﬁgﬁ‘ qhyerxy|$

are Secondar¥5Bxﬂioéxggsaﬂggﬁbgyéssure bottle and placed: 1mto:E ﬁg}édu i é

————t

shaker. The bottle is purged with nitrogen, pféssurlzed !
with 4.5 bar absolute (50 psig) hydrogen and 'heated-to-—"""""
55°C with shaking. The reaction mixture is shaken at

55°C and 4.5 bar absolute (50 psig) total pressure for

25 hours. After cooling the pressure is released, and

the reaction mixture is removed, filtered, and

concentrated by evaporating the volatiles to give a

clear, light-yellow oil. The o0il is further purified by
dissolving in 50 mL of methylene chloride, drying over
anhydrous magnesium sulfate, filtering, and evaporating

the volatiles, giving 9.0 g of a clear, colorless oil

having m/(n + m) = 0.21; M, = 830 and M M, = 1.62;

hydroxyl number = 136.6; and percent hydrogenation > 99.

EXAMPLE 6

An unsaturated polyether precursor (450'g) prepared
according to the general procedure described in
Reference Example 1 [m’'/{(n’ + m’) = 0.17, M, = 2420,
MM, = 1.77, and hydroxyl number = 50.66] and 5 percent
palladium on charcoal powder (20 g) are charged to a 1-L
autoclave equipped with magnetic stirbar and baffles.
The autoclave is purged with nitrogen, pressurized with
35.5 bar absolute (500 psig) hydrogen and then heated to
80°C with stirring. The reaction mixture is stirred at
80°C and 35.5 bar absolute (500 psig) for 20 hours.
After cooling, the pressure is released and the reaction
mixture taken up with 600 mL methylene chloride, gravity
filtered, and evaporated to give 371 g of a clear,
slightly yellow o©il having an n + m of value of about
32; m/(n + m) = 0.20; M, = 2860 and M M, = 2.61;
hydroxyl number = 53.8; and percent hydrogenation >99.



25% are primary hydroxyls. The copol yether polyners of the present

dinvention differ fromthe above copol yether polyner prepared as gﬁzxr'bed
by Bl anchard, et al., in that (i) greater than 95% of the hydroa %ﬁpmNﬁéHEET

copol yet her polynmers of the present invention are primary hydroxyls while
only about 25% of the hydroxyls of thelZopol yether pol yner prepared-—-as———-—
descri bed by Blanchard, et al., are primary hydroxyls, (ii)| v afdioxyf€et
of the COpOEXﬁﬁPEﬁ ?olyners of the present invention reside qﬂWFETWVWEVWMM$

, . e L T4 MAY 999
A 1-L reactor equipped with a glass stirringj rod )

with Teflon paddle and a thermocouple is flushed with
argon then charged with 1,4-butanediol (32.5 g, OL3B0 o mmemmere=
moles) and the H* form of Nafion 1100 EW acidic resin
(10.0 g, 9.09 meg, 60-100 mesh). With stirring, 500 g
(7.13 mole) of 3,4—epoxy-l—-butene is added at a rate of
about 130 grhour by liquid pump. Upon addition of the
epoxide, the temperature rises and is maintained below
40°C by cooling with an ice—water bath. After complete
addition the reaction mixture is allowed to cool and
stirred for 1 hour. Then the catalyst is removed by
filtration, and the filtrate is taken up in 500 mL of
methanol.
The methanol solution is then hydrogenated over 20
g of water—wet Raney-nickel at 35.5 bar absolute (500
psig) hydrogen and 60°C for 24 hours in a 2-L stainless
steel stirred autoclave. The Raney-nickel catalyst is
removed by filtration, and the filtrate is evaporated
with heating and reduced pressure to give a clear,
colorless oil. Low molecular weight material, such as
cyclic dimers, is removed by passing the oil through a
wiped-film evaporator at 120°C and 0.1 torr to give 292
g of a clear, colorless oil that is a saturated
polyether glycol having an n + m value of about 9 and an
mr/(n + m) value of 0.30; M, = 680; M M, = 1.16; and
hydroxyl number = 185. :
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EXAMPLE 8

A 1-L reactor equipped with a glass stirring rod
with Teflon paddle, a stainless steel cooling coil, and
a thermocouple is flushed with argon and then charged
with distilled water (6.48 g, 0.360 moles) of and the H*
form of Nafion 1100 EW acidic resin (10.0 g, 9.09 meq).
The reactor is cooled with ice and with chilled water
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of (1) and (2) while the hydroxyls of the copolyether po

| yner
as described by Blanchard, et al., reside only on ﬂﬁfﬁ%ﬁéﬁENTSHEET

of (1), and (iii) the value of mi(n + nm) for the.copolyether

of the present invention are controlled and vari pdifirhASTié: iTaBgELTofi
0.05 to 0.95 while the value of mi(n_+ 49 for the copol yet her—potymers—;
descri bed by Blanchard, et al., are controlled and variedih the. ran
0.20 to 0. 55. e AT
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(5—-10°C) circulating through the cooling coil. AR e
stirring, 525 g (7.49 mole) of 3,4—epoxy—1—buJene_is

added at a rate of about 130 g-/hour by liquid pump.
Upon addition of the epoxide, the temperature rises to
about to 34°C and is maintained at about 32 to 36°C.
After complete addition the reaction mixture is allowed
to cool and stir for 1 hour. Then the catalyst is
removed by filtration, and the filtrate is taken up in
500 mL of methanol.

The methanol solution is then hydrogenated over 20
g of water—wet Raney-nickel at 35.5 bar absolute (500
psig) hydrogen and 60°C for 24 hours in a 2-L stainless
steel stirred autoclave. The Raney-nickel catalyst is
removed by filtration, and the filtrate is evaporated
with heating and reduced pressure to give a clear,
colorless oil. Low molecular weight material, such as
cyclic -dimers, is removed by passing the oil through a
wiped—film evaporator at 120°C and 0.1 torr to give a
clear, colorless oil that is a saturated polyether
glycol having an n + m value of about 13 and an
m’(n + m) value of 0.25; M, = 1200 and MM, = 1.94; and
hydroxyl number = 98.7.

E E S

The unsaturated polyether glycol (10 g) prepared in
Reference Example 8, 1.5 g of 5 percent palladium on
carbon, and 90 mL of tetrahydrofuran are charged to a
1-L autoclave equipped with a magnetic stirbar. The
autoclave is purged with nitrogen, pressurized with 21.7
bar absolute (300 psig) hydrogen then heated to 90°C,
with stirring. The reaction mixture is stirred at 90°C
and 21.7 bar absolute (300 psig) for 20 hours. After
cooling, the pressure is released, and the reaction
mixture is removed, filtered, and concentrated by
evaporating the volatiles to give a clear, light yellow



- 38 - 1. A pol yether conprising n units of residue (1) and munits of
residue (2), wherein (i) residues (1) and (2) have the structures: [err]

(ii) the total value of n [err] mis 2 to 70 and m(n + m is QﬁCEMENWSBEET
and (iii) at least 98 percent of the term nal hydroxyl groups of the

pol yet her have the - 34 - s

1

3

4
0il having m-/(n + m) of about 0.64; M, = 1350}
= 1.54; hydroxyl number = 104.7; and percenq |
hydrogenation > 99. 2\

EXAMPLE 10

The unsaturated polyether glycol (10 g) prepared in
Reference Example 8, 1.5 g of 5 percent rhodium on
alumina, and 90 mL of tetrahydrofuran are charged to a
1-L autoclave equipped with a magnetic stirbar. The
autoclave is purged with nitrogen, pressurized with 21.7
bar absolute (300 psig), and then heated to 90°C, with
stirring. The reaction mixture is stirred at 90°C and
21.7 bar absolute (300 psig) for 20 hours. After
cooling, the pressure is released, and the reaction
nixture is removed, filtered, and concentrated by
evaporating the volatiles to give a clear, light yellow
oil having m/(n + m) of about 0.62; M, = 1330 and M M,
= 1.29; hydroxyl number = 125.0; and percent
hydrogenation >99.

EXAMPLE 11

The unsaturated polyether glycol (10 g) prepared in
Reference Example 8 and 90 mL of tetrahydrofuran are
charged to a 1-L autoclave equipped with a magnetic
stirbar. No catalyst is added and, thus, the residual
palladium used to catalyze the polymerization serves as
the hydrogenation catalyst. The autoclave is purged
with nitrogen, pressurized with 21.7 bar absolute (300
psig) hydrogen then heated to 90°C, with stirring. The
reaction mixture is stirred at 90°C and 21.7 bar
absolute (300 psig) for 20 hr. After cooling, the
pressure is released, and the reaction mixture is
removed, filtered, and concentrated by evaporating the
volatiles to give a clear, light yellow oil having a
m/(n + m) value of about 0.68; M, = 1230 and M M, K =



structure : [err] 2. A polyether acccording to Claim1 wherein the total
value of n [err] mis 7 to 50 and mi(n + n) is 0.15 to 0.30; a @@ENENTS HEET
pol yet her has a pol ydi spersity value of 1 to 2.5. 3. A polye'[tﬁ%;L

according to Caim1 wherein the total value of n [err] mis 7 to 50 and

m(n +m is 0.30 to 0.75; and at |east489_percent of the tern1nangLaup§“’§

of the polyether have the structure: [err]

1.58; hydroxyl number = 130.7; and percent
hydrogenation = 43.

EXAMPLE 12
The product of Example 11, 1.0 g of water—wet
Raney-nickel, and 90 mL of tetrahydrofuran are charged
to a 1-L autoclave equipped with a magnetic stirbar.
The autoclave is purged with nitrogen, pressurized with
21.7 bar absolute (300 psig) hydrogen then heated to
90°¢C, with stirring. The reaction mixture is stirred at
90°C and 21.7 bar absolute (300 psig) for 20 hr. After
cooling, the pressure is released and the reaction
mixture is removed, .filtered, and concentrated by
evaporating the volatiles to give a clear, light yellow
0il having a m/(n + m) value of about 0.68; M, = 1250
and M M, = 1.60; hydroxyl number = 129; and percent
hydrogenation >99.

EXAMPLE 13

The unsaturated polyether glycol (10 g) prepared in
Reference Example 20, 2.0 g of water-wet Raney nickel,
and 100 mL of tetrahydrofuran (5 volume percent water)
are charged to a 250-mL, glass, high-pressure bottle and
placed into a Parr shaker. The bottle is purged with
nitrogen, pressurized with 4.5 bar absolute (50 psiqg)
hydrogen, and heated to 55°C, with shaking. The
reaction mixture is shaken at 55°C-and 4.5 bar absolute
total pressure for 48 hours. After cooling, the
pressure is released and the reaction mixture is
removed, filtered, and concentrated by evaporating the
volatiles to give a clear, light—yellow oil. The oil is
further purified by dissolving in 50 mL of methylene
chloride, drying over anhydrous magnesium sulfate,
filtering, and evaporating the volatiles, giving 9.61 g



4. A polyether according to Claim1 wherein the total value of n + mis 7

to 50 and m(n + m is 0.75 to 0.98. 5. A pol yet her accordlndH?MACEMfmngHEET
wherein residues (1) and (2) constitute at | east 80 wei ght percent of the

pol yet her . - 39 - 6. A pol yether according to Caim3 wherein

residues (1) and (2) constitute at | east6 30 wei ght percent of the

of a clear, colorless oil having an m/(n + m) v
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0.94; and percent hydrogenation = 90.
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COMPARATIVE EXAMPLE 1

A 50-mL flask equipped with a magnetic stifﬁﬁ?“iﬁ”“““““”wwa
flushed with argon then cooled with an ice-water bath.
To the flask is charged 0.90 g (0.010 mole) of
1,4-butanediol, 8.1 mL (7.2 g, 0.10 mole) of tetra—
hydrofuran, 8.6 mL (7.2 g, 0.10 mole) of 1,2-butylene
oxide, and 15.8 mL (19.8 g, 0.200 mole) of 1,2—dichloro—
ethane. The reaction mixture is stirred for about 15
minutes to cool. Then 0.20 mL (0.070 mmole) of 0.53
g-mL boron trifluoride etherate in ligroin is added, and
the reaction mixture is stirred and cooled with the ice—
water bath for 4 hours. Then the ice-water bath is
removed, and the reaction mixture warms with stirring,
reaching a temperature of about 50°C. After stirring
overnight, the polymerization solution is neutralized by
washing with water three times. The solution is dried
over anhydrous magnesium sulfate, filtered, and rotary
evaporated to give 10.2 g of a clear, colorless oil.
J-resolved NMR and 13C NMR analyses show that the oil is
a copolyether having a value of m-/(n + m) of about 0.20,
the hydroxyl groups are on residues (1) only, and about
75% of the hydroxyls are Secondary hydroxyls and about
25% are primary hydroxyls.

The copolyether polymers of the present invention
differ from the above copolyether polymer prepared as
described by Blanchard, et al., in that (i) greater than
95% of the hydroxyls of the copolyether polymers of the
present invention are primary hydroxyls while only about
25% of the hydroxyls of the copolyether polymer prepared
as described by Blanchard, et al., are primary
hydroxyls, (ii) the hydroxyls of the copolyethef

polymers of the present invention reside on terminal



pol yet her. 7. Process for the preparation of a saturated polyether

pel ymer which conprises contacting an unsaturated pol yet hegg h
hydrogen in the presence of a nickel hydrogenation catalyst u %Eﬁﬁﬁﬁ¥oﬁ¥§r
hydr ogenati on conditions of pressure and tenperature, wherein (i) the
saturated polyether polynmer is conprised of n units of residue (1) and m
units of residue (2) wherein residues (1) and (2) have the.ﬁLLu@tﬂfes*?}“'
[err] (ii) the total value of n + mis 2 to 70 and m(n + n&y%ﬁﬁ A S‘“

residues of (1) and (2) while the hydroxyls oﬂ qhe -
copolyether polymer prepared as described by élapcﬁar&% {

U
s e

et al., reside only on terminal residues of (1§ i ang-

(iii) the value of m/(n + m) for the copolyethéz_wwwmwmwwww«W”“”j
polymers of the present invention are controlled and

varied in the range of 0.05 to 0.95 while the value of

m/(n + m) for the copolyether polymers described by

Blanchard, et al., are controlled and varied in the

range of 0.20 to 0.55.



Is tn the range of 0.05 and 0.98; (iii) the saturated polyether polyner
conprises at least 0.5 weight percent of the residue of a hydRPPNACEMENTSHEET
initiator conpound, and (iv) the unsaturated polyether precursor
conprised of residues (1A) and (2A) : [err] 8. Process accordlng to Caim
7 wherein the unsaturated pol yether pfexsirsor is contacted wnthwhydpegen~4nw
the presence of a nickel hydrogenation catalyst at a tenper#tﬁﬁ%ﬁ OEMEBOT GHEET
80[err]C and a pressure of 35. 5 to 70 bars. [T ——
"CLAIMS 14 MAY 1900

1. A pélyether comprising n units of residue IJ and m i
units of residue (2), wherein (i) residues (1) nd {(2) T——

s L R —...-3

have the structures: :
——0——CHz——iH-— and —-O——CHz——CH2——CHZ——c32——
H20H3 |
(1) (2)
(ii) the total value ef n + m is 2 to 70 and nv(n + m)
‘is 0.05 to 0.98; and (iii) at least S8 percent of the
terminal hydroxyl grouns of the polyether have.the
structure :
FO——CHz——IH—— or HO——CHz——CHZ——CHZ——Cﬂz——
HZCH3

2. A polyether acccording to Claim 1 wherein the total
value of n + m is 7 to 50 and »(n + m} is 0.15 to 0.30;
and the polyether has a polydispersity value of 1 to
2.5. -

3. A polyether according to Claim 1 wherein the total
value of n-+n is 7 to 50 and n/(n + m) is 0.30 te 0.75;.

and at least 99 percent of the terminal groups of the
polyether have the structure @
HO—CH —CH— HO—CH,—CH,—CH,—CH —

or
32CH3

4. A polyether according to Claim 1 wherein the totfl
valua of n +m is 7 to 50 and an/(n + m) is O. 75 to 0.98.

5. A polyether according to Claim 1 wherein residues
(1) and (2) constitute at least 80 weight percent of the

polyether.

TR W 08 A



9. " Process according to Claim?7 wherein the unsaturated pol yet her

precursor is contacted with . hydrogen in the presence of a niclE@PLACEMENTSHEET

hydr ogenat i on - 40 - catalyst selected from Raney nickel and supported

ni ckel catal yst conprising 25 to 65 w@ig@t_percent nickel at a tenperature

of 50 to 80[err]C and a pressure of 35."to 70 bars; the toﬁ@#ﬁyﬁhqgmgrmq+v

[err] mis 7 to 50 and m(n + m [ UDMLE] enbkd
6. A polyether according to Claim 3 wharein %e%iqus

14 A anmn |

(1) and (2) constitute at least 90 weight percjmf: o‘f'tt{‘é‘ RS
P, i

polyether, r  SE S

i

——
e s

Y A At e ey o)

7. Process for the preparation of a saturated
polyether polymer which comprises contacting an
unsaturated polyether precursor with hydrogen in the
presance of a nickel hydrogenation catalyst under
hydrogenation conditions of pressure and tsmperature,
wherein (i) the saturated polyether polymer is éomprised
cf n units of residue (1) and m units of residue (2)
wherein residues (1) and (2) have the structures:

——O——CHz——zH—— and -—O——Cﬁz——CHZ——CH2——CH2——
H,CH

2773
(1) (2}

(1ii) the total value of n + m is 2 to 70 and /'(n + n)
is in the range of 0.05 and 0.98; (1ii) the saturated
polyether polymer comprises at least 0.5 weight percent
of the residue of a hydroxyl initlator compound, and
{iv) the unsaturated polyether precursor is conprised of
residues (13) and (23):

~—O0—CH,—CH~— and =-0—CH,~~CH==CH—CH,—

H==CH2

(18} (23)

8. Procese according to Claim 7 wherein the
unsaturated polyether precursor is contacted with
hydrogen in the presence of a nickel hydrogenation
catalyst at a temperature of 50 to 80°C and & pressure
of 35.5 to 70 bars.

9. Process according to Claim 7 wherein the
unsaturated polyether precursor is contacted with
hydrogen in the presence of ‘a nickel hydrogenation

I



Is tn the range of 0.15 and 0.30; and the saturated pol yether pol yner

conprises at |least 0.5 weight percent of the residue of a hydroxyl
initiator conpound. REPLACEMENT SHEET - 41 - 10. Process fREPLADEMENT SHEET

preparation of a saturate pol yether polyner which conprises contacting an
unsaturated polyether precursor wth_hydyQgen in the ?MgmewwmmmmmWﬁ .
i REPLACE:
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catalyst selected from Raney nickel and suppogtédgnyﬁ§%%g.”mq

i
f
. X ] P
catalyst comprising 25 to 65 weight percent nlc#egmgsma_ f !
tempsrature of 50 to 80°C and a pressure of 35.5 to 70 ~.J

L
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bars; the total value of n + m is 7 to 50 and m/(n + m)
is in the range of 0.15 and 0.30; and the saturated
polyether polymer comprises at least 0.5 weight percent .

of the residue of a hydroxyl initiator compound.

T



presence of a nickel hydrogenation catalyst selected from Raney ni ckel and
supported ni ckel catalyst conprising 25 to 65 wei ght percent nickel at a
tenperature of 50 to 80[err]C and a pressure of 35.5 to 70 bar 0

1000 psig), wherein (i) the saturated pol yether polyner is CO”%?#@%@E@ENESHEEF
units of residue (1) and munits of resddue (2) wherein res@dqg N

j?}(f‘};@ﬁ’ﬁf?h

(2) have the structures:$éerr] Sé% - t(Z
total value of 18-+ F9SeF (fPLFmPrAPEFaFifp of a saturateq

polyether polymer which comprises contacting apg

i
X

§

Loa g sy ompny |
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unsaturated polyethér precursor with hydrogen :n{Shgmmmmmmmwwm,

presence of a nickel hydrogenation catalyst selected

from Raney nickel and supported nickel catalyst
conmprising 25 to 65 weight percent nickel at a
temperature of 50 to 80°C and a pressure of 35.5 to 70
bars (500 to 1000 psig), wherein (i) the saturated
polyether polymer is comprised of n units of residue (1)
and m units of residue (2) wherein residues (1) and (2)
have the structures:

—0——CH 2~—CH—

H2 CH

and —O0—CH Z—CHZ_CH Z—CH P

3

(1) (2)
(ii) the total value of n + m is 7 to 50 and m/(n + m)
is in the range of 0.15 and 0.30; (iii) the saturated
polyether pclymer comprises at least 0.5 weight percent
of the residue of a hydroxyl initiator compound, and
(iv) the unsaturated polyether precursor is comprised of
residues (1A) and (2A):

—0—-CH2—EH— and —O—-CH2—CH=CH-—CH2—
==CH

2
(13) (23)

A



is in the range of 0.15 and 0. 30;

conpri ses
initiator
conpri sed

at

conmpound, and (iv) the unsaturated polyether precurg

of

-;_;;—

| east 0.5 wei ght percent of the residue of a hydnoxyl
residues (1A) and (2A): [err]
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(iii) the saturated pol yether polyner
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DERIVED FRCM 3,4-EPOXY-1-BUTENE

ABSTRACT

Disclosed are novel saturated polyether compounds
comprised of n units of residue (1) and m units of
residue (2), wherein (i) residues (1) and (2) have the

structures (1) and (2); (ii) the total value of n + m

ie 2 to 70 and m/(n + m) is 0.05 to 0.98; (ii) at’

least 98 percent of the terminal hydroxyl groups of
the polyether have the structure (3) or (4). The
polyethers are obtained by £first polymerizing 3,4-
epoxy-~l-butene to prodﬁae unsaturated polyether
precursors comprising residues (1a) and (2A) having
the structures (1A) and (2A), and then hydrogenating
the unsaturated polyether precursors. The
hydrogenation advantageocusly is performed in the

presence of a nickel hydrogenation catalyst.

——0-CH§——§§-— (4] ~—0——CH,—CH,—CH,—CH,— (2
H, CH,

| HO—CH,—CH,—CH,—CH,— )

° CHZ—E'— aa ~—O0—CH,—CHemeCH—CH,— (2]



