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METHOD OF FORMING ALKOXYLATED providing at least one boron - oxygen bond and an iodine 
FLUOROALCOHOLS source . These are provided with reactants of a fluoroalcohol 

and an alkylene oxide in the presence of a base . The 
CROSS - REFERENCE TO RELATED reactants are allowed to react to form an alkoxylated fluo APPLICATIONS 5 roalcohol reaction product . 

In certain embodiments , the boron compound , which may This application is a continuation of U . S . Application Ser . 
No . 12 / 325 , 329 , filed Dec . 1 , 2008 , which claims the benefit provide three ( 3 ) boron - oxygen bonds , is an oxide of boron , 
of U . S . Provisional Application No . 60 / 991 , 982 , filed Dec . an alkyl borate , a boric acid , a boric acid anhydride , a 
3 , 2007 , which is incorporated herein by reference in its boronic acid , a borinic acid or salts or esters of said acids or 
entirety . 10 combinations of these . These may include boric acid 

( H BOZ ) , a boric acid anhydride , meta boric acid ( HBO , ) , 
BACKGROUND tetra boric acid ( H , B , 0 , ) , boron oxide ( B , 03 ) , trimethyl 

borate , triethyl borate , triisopropyl borate , tripropyl borate , 
Hydrocarbon surfactants are very common and are the tributyl borate , sodium tetraborate , potassium tetraborate or 

workhorse materials for making aqueous foams and wetting 15 combinations of these . The boron compound may be used in 
surfaces , among other things . Surfactants , in general , pro - an amount of from about 0 . 01 mole % to about 20 mole % 
duce these effects by lowering the surface tension of the by total moles of fluoroalcohol . 
liquid in which they are dissolved . Hydrocarbon surfactants , The iodine source may be selected from at least one of 
however , lower the surface tension of water to only about 30 lithium iodide , sodium iodide , potassium iodide , calcium 
dynes / cm ( 0 . 03 N / m ) . To provide lower surface tensions , 20 iodide , ammonium iodide , elemental iodine or combinations 
fluorosurfactants are often used . of these . In certain embodiments , the iodine source may be Fluorosurfactants , including amphiphilic fluoropolymers , used in an amount of from about 0 . 05 % to about 10 % % by can give surface tensions of less than 20 dynes / cm ( 0 . 02 weight of the fluoroalcohol . N / m ) , which are necessary to better wet low energy surfaces , The fluoroalcohol may have the structure of F ( CF ) . for example . Like hydrocarbon surfactants , fluorosurfactants 25 25 OH or F ( CF2 ) m - A - OH , wherein m is from 2 to 20 and A is can be classified as anionic ( containing negative charge ) , 

a cationic ( containing positive charge ) ) , amphoteric ( having 
both positive and negative charges ) and nonionic ( having no 
charge ) . Nonionic fluorosurfactants are particularly desir 
able due , not only to the very low surface tension obtainable , 
but also to their efficacy in extreme conditions such as high 30 — ( CH2 ) n — , — SON — R2 — or acidity or alkalinity , high salt levels ionic strength ) , 
elevated temperatures , etc . They are also very resilient and 
not easily degraded . C — N — R3 — ; 

One type of nonionic fluorosurfactant is an alkoxylated 
fluoroalcohol . The fluoroalcohol molecule itself is hydro - 35 
phobic so that it is insoluble in water or other aqueous fluids . 
Alkoxylation of the fluoroalcohol adds a hydrophilic portion where n is from 1 to 6 , Rl and R4 are each independently 
to the molecule so that it is water soluble and surface active . selected from one of hydrogen , a halogen or an alkyl group 

Alkylene oxides , such as ethylene oxide and propylene containing from 1 - 30 carbon atoms , and R2 and R are each 
oxide , are reactive toward most hydroxyl functional groups 40 independently selected from an alkylene group containing 
such as the terminal OH of the fluoroalcohol or alkoxy from 2 to 30 carbon atoms . lated fluoroalcohol . In many cases , however , catalysts are The alkylene oxide may have the structure : employed to aid in the alkoxylation reaction . Existing cata 
lysts for alkoxylating fluoroalcohols include boron trifluo 
ride ( BF3 or BFz - etherate ) , borohydrides , etc . These mate - 45 
rials have certain shortcomings , however . Boron trifluoride 
is both toxic and corrosive and presents a safety and han R97 R12 
dling concern . Furthermore , it has a fairly low reactivity , R10 R11 
broad alkoxylate distributions and requires excessive 
residual starting materials . Boron trifluoride also produces 
undesirable by - products , namely . HF and 1 . 4 - dioxane . 50 where R , R " , R " and R ' - are each independently one of 
Borohydride catalysts for alkoxylation of fluoroalcohols are hydrogen , an alkyl group , an alkyl alcohol , an alkyl halide 
effective , but only with the addition of other additives , and or an allyl ether . The alkylene oxide is used in an amount of 
are sensitive to impurities . Without the proper balance of from about 1 mole % to about 100 mole % by total moles of 
additives and low impurities , borohydride catalysis for the fluoroalcohol and boron compound . 
alkoxylating fluoroalcohols can be slow or fail outright . 55 In certain embodiments the boron compound is initially 
Borohydrides also present a handling and safety concern , combined with a non - fluoroalcohol that is subsequently 
because the borohydride powders are highly flammable and substituted with the fluoroalcohol . 
produce highly flammable hydrogen gas as a reaction 
byproduct . DETAILED DESCRIPTION 

There is therefore a need to provide a method of alkoxy - 60 
lating fluoroalcohols that overcomes these disadvantages of It has been discovered that certain less hazardous mate 
borohydride and boron trifluoride catalyst materials . rials can be used to form boron catalyst systems having the 

same functionality as those boron trifluoride or borohydride 
SUMMARY catalysts previously described in forming alkoxylated fluo 

65 roalcohols . 
A method of forming an alkoxylated fluoroalcohol is It should be noted from the outset that the description and 

accomplished by combining a boron compound having or examples are presented herein solely for the purpose of 

o 
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LOR ? 

illustrating various embodiments of the invention and agents are not appreciably soluble in the fluoroalcohols . The 
should not be construed as a limitation to the scope and boron compound may complex with the alkoxylating agent 
applicability of the invention . While the methods and com - facilitating incorporation and reaction of the alkoxylating 
positions of the present invention are described herein as with the fluoroalcohol . The catalyst or catalytic properties of 
utilizing or comprising certain materials , it should be under - 5 the boron compound may be formed or provided in - situ . 
stood that the method or composition could optionally with the same or similar functionality as borohydride or 
comprise two or more chemically different materials . In boron trifluoride catalysts . As used herein , “ in - situ ” refers to 
addition , the composition can also comprise some compo the formation of the catalyst in the presence of the fluoro 
nents other than the ones cited . In the summary and detailed alcohol or at least one of the reactants . The boron compound 
description , each numerical value should be read once as 10 is one that has or provides at least one boron - oxygen bond . 
modified by the term “ about ” ( unless already expressly so In particular , the boron compound may have or provide one 
modified ) , and then read again as not so modified unless ( 1 ) to four ( 4 ) boron - oxygen bonds per boron atom . To 
otherwise indicated in context . Also , in the summary and produce a boron - based catalyst , the boron compound may be 
description , it should be understood that a concentration , added to the fluoroalcohol or a stand - in alcohol to provide or 
value or amount listed or described as being useful , suitable , 15 create a catalyst species capable of carrying out the alkoxy 
or the like , is intended that any and every concentration , 
value or amount within the range , including the end points , limited to , the general structure shown in Equation ( 3 ) 
is to be considered as having been stated . For example , " a below : 
range of from 1 to 10 ” is to be read as indicating each and 
every possible number along the continuum between about 20 
1 and about 10 . Thus , even if specific data points within the 
range , or even no data points within the range , are explicitly 
identified or refer to only a few specific , it is to be under R5 — B 

R6 stood that the inventor appreciates and understands that any 
and all data points within the range are to be considered to 25 
have been specified , and that the inventor is in possession of where R and R? are each independently H , an alkyl group 
the entire range and all points within the range . ( e . g . CHz , CH2CH2 , etc . ) , an aryl , an alkylaryl , an alkyl 

In forming alkoxylated fluoroalcohols in accordance with halide , a halogen ( e . g . F , C1 , Br , I ) , or OR® , and wherein 
the invention , the fluoroalcohol may be a fluoroalcohol R7 and R8 are each independently H , an alkyl group , a 
having the generalized structure according to Equations ( 1 ) 30 carbonyl , a carboxyl , an aryl or an alkylaryl . While the boron 
or ( 2 ) below : compound of Equation 3 is shown as having three substitu 

ents , the boron compound also has an empty orbital that can 
F ( CF ) - OH ( 1 ) complex with a fourth molecule , which is typically neutral 

or uncharged . This fourth molecule may include an alcohol , 
F ( CF2 ) m - A - OH ( 2 ) 35 such as methanol , ethanol , etc . , or an ether , such as diethyl 

ether , tetrahydrofuran , etc . where F ( CF2 ) m denotes a perfluorinated alkyl group , where The boron compound may an oxide of boron , an alkyl m is usually , but not necessarily , 2 - 20 , and more typically borate , a boric acid , a boric acid anhydride , a boronic acid , 4 - 14 . In certain embodiments m may be from 2 to 8 , and in 
still other embodiments m may be from 2 to 6 . The alkyl a borinic acid or salts or esters of said acids or combinations 
group F ( CF2 ) m is typically linear but may be branched , as 40 40 of these . Examples of the boron compound may include 

boric acid ( H , BO2 ) , meta boric acid ( HBO , ) , tetra boric acid well . The linking group A may be a connecting group of a 
- ( CH2 ) n - , which may be branched or linear , ( H2B , 02 ) , boron oxide ( B203 ) , trimethyl borate , triethyl 

borate , triisopropyl borate , tripropyl borate , tributyl borate , 
and tetraborate salts , such sodium tetraborate ( borax ) , potas 

45 sium tetraborate , etc . Generally , any oxide , acid , salt or ester R ! of boron may be useful in the present invention . Further 
— SON — R2 — or — C — N — R3 — ; examples of suitable boron compounds are described in U . S . 

Patent Application Publication No . 2006 / 0069220A1 , which 
is herein incorporated by reference for all purposes . 

50 Examples of boric acid esters are described in Boric Acid 
where n is from 1 to 6 or more , Ri and R4 are each Esters , Kirk - Othmer Encyclopedia of Chemical Technology , 

independently selected from one of hydrogen , a halogen or pp . 1 - 10 , John Wiley & Sons , Inc . , which is herein incor 
an alkyl group containing from 1 - 30 carbon atoms , and R2 porated by reference . In certain instances , the boron com 
and R are each independently selected from an alkylene pound may provide the boron - oxygen bond in - situ . 
group containing from 2 to 30 carbon atoms . Typically , the 55 The boron compound may be used in an amount of from 
linking group A is methylene or ethylene . In certain embodi about 0 . 01 mole % to about 20 mole % by total moles of 
ments , the fluoroalcohol may include one or more hydrogens fluoroalcohol , more particularly from about 0 . 05 mole % to 
substituted for fluorine , such as the group H ( CF ) m for about 5 mole % by total moles of fluoroalcohol . 
example . The fluoroalcohols may have molecular weights of An iodine co - catalyst is also used in the catalyst system . 
from about 200 to about 2000 g / mol , more typically from 60 The iodine co - catalyst is provided from an iodine source , 
about 300 to about 500 g / mol . Non - limiting examples of which may be an alkali metal iodide , alkaline earth metal 
suitable fluoroalcohols are those described in U . S . Pat . Nos . iodide or elemental iodine and combinations of these . Gen 
4 , 490 , 561 ; 5 , 590 , 561 and 5 , 608 , 116 , which are each incor - erally , all iodine salts may be useful as the iodine source . 
porated herein by reference in their entireties for all pur - Examples of suitable iodine sources include lithium iodide , 
poses . 65 sodium iodide , potassium iodide , calcium iodide , ammo 

The alkoxylating reaction is carried out using a catalyst nium iodide , elemental iodine or combinations of these . The 
system that includes a boron compound . Most alkoxylating iodine source is used in an amount of from about 0 . 05 % to 

LL R4 
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carl 

( 4 ) 

about 10 % by weight of the fluoroalcohol , more particularly mamide , glyme , diglyme , etc . , acetone , acetonitrile , hydro 
from about 0 . 1 % to about 2 % by weight of the fluoroalcohol . carbons , glycol ether esters , esters , fluorocarbon solvents , 
If the iodine source is other than sodium iodide ( Nal ) or etc . Water is generally excluded from alkoxylation reactions 
elemental iodine ( I , ) , higher amounts of the iodine source by a drying process due to its initiation of unwanted , 
may be used . In certain instances , approximately twice as 5 homo - polymerization . 
much of the other iodine sources may be used . Thus , for To carry out the alkoxylating reaction , the iodine source 
example , if sodium iodide or elemental iodine are typically and any base may be initially added to the fluoroalcohol . 
used in an amount of from about 0 . 05 % to about 5 % by When added to the fluoroalcohol , NaOH and other bases 
weight of the fluoroalcohol , other iodine sources may be may form water . It may be desirable to remove such water 
used in amounts of from about 0 . 1 % to 10 % by weight of the 10 from the fluoroalcohol prior to adding the boron compound . 
fluoroalcohol for the alkoxylation of the fluoroalcohol . Water may compete against the fluoroalcohol and react with 
An alkoxylating agent of an alkylene oxide used for the the boron compound to produce unwanted side products or 

fluoroalcohol alkoxylation may have the general structure of sub - optimal catalytic species , or hamper the desired in situ 
Equation ( 4 ) below : catalyst formation . It may be desirable to therefore add the 

15 NaOH or other base prior to the salts and other components 
for this reason as well . The solution may then be heated to 
remove any water to dry the fluoroalcohol . The iodine 
source may then be added followed by addition of the boron 
compound . In certain instances , such as where boric acid is 

R97 R12 20 used in combination with NaOH or another base , water may R10 R11 also be formed from the reaction of boric acid and base . This 
water may also be removed through heating of the solution . 

where Rº , R10 , R11 and R12 are each independently one of After any drying , the alkoxylating agent may be added . This 
hydrogen , an alkyl group , an alkyl alcohol , an alkyl halide , may be added gradually as the reaction is carried out . The 
an aryl , an alkylaryl or an allyl ether . Particularly useful are 25 reaction temperatures may be kept at from about ambient to 
those alkylene oxides of ethylene oxide , propylene oxide , 200° C . , with typical reaction temperatures being from about 
butylene oxide , glycidol , epichlorohydrin , styrene oxide , 90° C . to about 150° C . Mixing and heating , if any , may be 
oxetane , tetrahydrofuran , 1 , 4 - dioxane , allyl glycidyl ether , continued during the reaction . 
fluorinated cyclic ethers ( e . g . , fluorinated ethylene oxide , In certain embodiments , the use of an alcohol that is a 
fluorinated propylene oxide , etc . ) or mixtures of these . 30 non - fluoroalcohol may be used . In such instances , this 
Ethylene oxide and propylene oxide are particularly useful " stand - in ” alcohol is used during catalyst synthesis using the 
in carrying out the alkoxylation reactions . Examples of same procedures or steps as with the fluoroalcohol described 
suitable alkylene oxides for use in the alkoxylation reactions previously . The fluoroalcohol is then added to the mixture , 
are described in U . S . Patent Application Publication No . with the fluoroalcohol displacing the non - fluoroalcohol , 
2006 / 0069220A1 and U . S . Pat . No . 5 , 608 , 116 , which are 35 such as through evaporation or transesterification . The alco 
each incorporated herein by reference . hols are typically low molecular weight alcohols , that have 

The alkoxylating agent may be used in an amount of from low boiling points so that they can be readily removed , such 
about 1 mole % to about 100 mole % by total moles of the as through heating and evaporation . When removed in this 
fluoroalcohol , more typically from about 2 mole % to about manner , the volatile alcohols carry away residual water , 
20 mole % , and still more typically from about 3 mole % to 40 further drying the reaction mixture . Examples of suitable 
about 12 mole % by total moles of the fluoroalcohol . The high volatility alcohols are methanol , ethanol , n - propanol , 
alkoxylating agent may be used in stoichiometric amounts to isopropyl alcohol , butanol , etc . The stand - in alcohol may be 
provide the desired degree of alkoxylation . used in an amount of from greater than 0 to about 5 mole % 

An alkali or base is also used in the reaction . While not or more based on boron . Typically , the stand - in alcohol may 
wanting to be bound by any particular theory , it is believed 45 be used in an amount of from about 3 mole % to about 4 
that the base deprotonates the fluoroalcohol to allow it to mole % . 
react with the boron compound to form a borate ester in situ . The alkoxylating reaction can be illustrated by the reac 
Examples of suitable bases include metal hydroxides , such tion shown in Equations ( 5 ) to ( 8 ) below : 
sodium hydroxide ( NaOH ) , sodium hydride ( NaH ) , and Rf - A - OH + catalyst Rf - A - OM those having the general structure R O Na , where R is an 50 
alkyl , such as sodium methylate , sodium ethoxide , etc . Other Rf - A - OM R f - A - O ( - ) + M 
bases may include KOH , Ca ( OH ) 2 , Mg ( OH ) 2 , etc . , however , 
NaOH has been shown to work particularly well in testing . Rf - A - O ( - ) + n alkylene oxide?Rf - A - ( OCH , 
The base may be used in an amount of 0 . 05 % to about 5 % CH - X ) n 0 ( - ) 
by weight of the fluoroalcohol , more particularly from about 55 
1 % to about 5 % by weight of the fluoroalcohol . Rf - A - ( OCH CH — X ) O ( - ) + H20 - > Rf - A 

In certain instances the reaction can be carried out under ( OCH CH — X ) OH 
an inert atmosphere ( nitrogen , argon , etc . ) or in air . The where Rf is a perfluoralkyl , such as F ( CF2 ) m , M is the boron 
reaction can also be carried out under a reduced pressure or catalyst species , which may or may not carry a formal 
under vacuum or under reactant pressure ( e . g . , ethylene 60 charge , A is the linking group described from Equation 2 , 
oxide vapor pressure ) . and X may be H or an alkyl group ( e . g . , - CHZ ) , an alkyl 

Although not necessary , solvents may be combined with alcohol , an alkyl halide , an aryl , an alkylaryl or an allyl 
the fluoroalcohol in certain instances , such as for tempera ether , depending on the alkylene oxide used for alkoxy 
ture control and to facilitate solubility of the catalyst system , lation , and n is an integer , which may range from about 1 to 
reactants or reaction products . Examples of suitable solvents 65 100 or more . With Equations ( 5 ) - ( 9 ) , certain exchange 
include , polar and non - polar aprotic solvents such as dim - reactions , for example of a proton or catalyst species , are 
ethyl sulfoxide , N - methyl pyrrolidone , N , N - dimethyl for omitted , but are recognized to occur between various alco 

© 

© 

© 
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hol or alcohol ethoxylate molecules . It should be noted that 1 and having an average molecular weight of about 364 
the linking group A may also be absent from the above g / mol was charged to a reactor as described in Example 1 . 
equations such as when fluoroalcohols having the structure To the reactor was added 0 . 7 g NaOH , which was then 
of Equation 1 are used . The alkoxylated fluoroalcohol may heated to 125° C . under a nitrogen purge to dissolve the 
then have the general formula of Equation ( 9 ) below : 5 NaOH and dry the fluoroalcohol . Then , 0 . 7 g iodine and 0 . 8 

R OCH CH X ) , OH ( 9 ) g sodium iodide were added as the reactor cooled . At about 
Such alkoxylated fluoroalcohols formed from the above 50° C . , 3 . 9 ml of triisopropyl borate was added , and the 

reactions are non - ionic alkoxylated fluoroalcohol products . reactor was again heated to 100° C . for 25 min , and then 
The alkoxylated fluoroalcohols may also be subsequently further heated to the reaction temperature of about 140° C . 
derivatized to make anionic fluoroalcohols , such as through 10 Ethylene oxide was added over the course of several hours 
the use of , for example , chlorosulfonic acid and phospho between about 130 and 150° C . , with a total of 148 . 7 g being 
rous pentoxide to make ether sulfates and phosphates , reacted . The final product dissolved in DI water to give a 
respectively , or other products , which may be anionic . clear , transparent , slightly yellow solution at 1 % w / w with 

Further processing may be also conducted on the alkoxy - a cloud point of 78° C . Upon further dilution with DI water 
lated fluoroalcohols , such as catalyst removal , such as by 15 to 0 . 01 % w / w , the solution exhibited a surface tension of 
filtration , distillation and other separation techniques . Dilu - 24 . 6 dynes / cm ( 0 . 0246 N / m ) . 
tion of the reaction product with solvents , such as water , 
alcohols , glycols , glycol ethers , etc . , and mixtures of the Example 3 
same , may also be used if desired for final products . 

The alkoxylated fluoroalcohols prepared in accordance 20 . The procedures of Example 2 were repeated except that 
with the invention are useful in formulating paints and boric acid was used in place of triisopropyl borate . After coatings , inks , waxes , polishes , anti - corrosion coatings , lev charging 141 . 4 g of fluoroalcohol to the reactor , 0 . 8 g NaOH eling agents , wetting agents , oil field chemicals , etc . and 2 . 6 g boric acid were also added and heated to 125° C . The method of invention avoids the use of borohydride under a nitrogen purge to dissolve the solids and dry the and boron trifluoride catalysts , while providing the generally 
the same degree or better reactivity . The boron compounds 25 25 fluoroalcohol . Then , 0 . 7 g iodine and 0 . 8 g sodium iodide 
and other components used in the method of the invention were added as the reactor cooled . The reactor was heated 
are readily available and generally easily handled and safe to again to the reaction temperature of about 140° C . Ethylene 
transport and store . Furthermore , resulting alcohols from oxide was added over the course of several hours between 
borate ester transesterification that are formed during the about 130 and 150° C . , with a total of 55 . 6 g being 
method of the invention may be readily driven off . This is 30 consumed . The final product dispersed in DI water to give a 
beneficial in that the evaporating alcohols entrain water , hazy , slightly yellow dispersion at 1 % w / w . Upon further 
which can react with the alkoxylating agent ( e . g . ethylene dilution with DI water to 0 . 01 % w / w , the solution exhibited 
oxide ) to produce polyalkylene oxide homopolymers Such a surface tension of 17 . 8 dynes / cm ( 0 . 0178 N / m ) . 
polymers provide no useful functionality and give a yield While the invention has been shown in some of its forms . 
loss and stoichiometric imbalance for the active product . 35 it should be apparent to those skilled in the art that it is not 
Furthermore , except where NaH is used as the base , no so limited , but is susceptible to various changes and modi 
hydrogen gas is evolved , which reduces flammability . fications without departing from the scope of the invention . 

The following examples serve to further illustrate the Accordingly , it is appropriate that the appended claims 
invention . should be construed broadly and in a manner to encompass 

40 such changes and modifications consistent with the scope of EXAMPLES the invention . 
Example 1 I claim : 

1 . A process of forming alkoxylated fluoroalchohols , 
A 139 . 3 g quantity of a fluoroalcohol having an average wherein the process comprises the steps of : 

molecular weight of about 445 g / mol and the general 45 reacting 
formula , F ( CF2 ) m — CH2CH2 - OH , was charged to a ( A ) a boron and iodine based catalyst system , wherein 
4 - neck round bottom flask used as the reactor equipped with boron is provided by at least one boron compound 
a mechanical stirrer , septa and a dry ice condenser . To the selected from the group consisting of an oxide of boron , 
reactor was added 0 . 5 g NaOH , which was then heated to an alkyl borate , a boric acid , a boronic acid anhydride , 
120° C . under a slow nitrogen purge to dissolve the NaOH 50 a boronic acid , salts of said acids , esters of said acids , 
and dry the fluoroalcohol . Then , 0 . 6 g iodine and 0 . 7 g and combinations thereof , and iodine is provided by at 
sodium iodide were added as the reactor cooled . At about least one iodine source selected from the group con 
50° C . , 1 . 48 ml of trimethyl borate was added , and the sisting of an alkali metal iodide , alkaline earth metal 
reactor was again heated slightly , being held at 60° C . ( max . ) iodide , elemental iodine and combinations thereof ; 
for 45 min , and then heated again to the reaction temperature 55 ( B ) one or more fluoroalcohols of the formla F ( CF2 ) m — 
of between about 140 and 155° C . Ethylene oxide as added ( CH , ) , — OH , where m is 2 - 20 and n is 1 - 6 ; and 
over the course of several hours , with a total of 123 . 5 g being ( C ) a 1 , 2 alkylene oxide of the formula 
reacted . The product readily dissolved in water to give a 
clear , transparent solution and had a surface tension of 22 . 7 
dynes / cm ( 0 . 0 . 227 N / m ) at 0 . 01 % w / w . This is contrasted 60 
with the starting fluoroalcohol , which had no solubility in R9T R12 water . R10 R11 

Example 2 
65 wherein R ” , R10 , R , and R12 are each independently 

A 141 . 3 g quantity of a fluoroalcohol having no solubility hydrogen or alkyl , 
in water with the same general formula as that of Example at a temperature from about ambient to about 200° C . 

voting 

m 
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and a pressure from ambient atmospheric pressure to 
reactant pressure . 

2 . The process of claim 1 , wherein the catalyst system 
comprises an alkyl borate . 

3 . The process of claim 1 , wherein said boron compound 5 
is selected from the group consisting of trimethyl borate , 
triethyl borate , triisopropyl borate , tripropyl borate , tributyl 
borate , sodium tetraborate , potassium tetraborate and com 
binations thereof . 

4 . The process of claim 1 , wherein the 1 , 2 alkylene oxide 10 
is used in an amount of from about 1 mole % to about 100 
mole % by total moles of the fluoroalcohol . 

5 . The process of claim 1 , wherein said process is carried 
out in the presence of an aprotic solvent . 

6 . The process of claim 1 , wherein the iodine source is 15 
added in an amount from about 0 . 05 % to 10 % by weight of 
the fluoroalcohol . 

7 . The process of claim 1 , wherein the boron source is 
added in an amount from about 0 . 01 mole % to 20 mole % 
by moles of the fluoroalcohol . 20 

8 . The process of claim 1 , wherein the alkylene oxide 
comprises one or more alkylene oxides of ethylene oxide , 
propylene oxide or butylene oxide . 

9 . The process of claim 1 , wherein the alkylene oxide is 
ethylene oxide . 25 

* * * * 


