WO 00/ 00282 PCTI US99/ 14786 BASI C CLAY CATALYST FOR THE PRODUCTI ON OF GLYCOL
MONOESTER RELATED APPLI CATIONS 5 This application clains the benefit under

35 US.C_ 1 provi sional application Ser. No. 60/09 iled June
30, ‘1998,W\ﬂ1q]°g’ﬂ£2ﬁgs i ncorporated herein by reference in itipégnfﬁ%grgjelfti/sg FI ELD

OF THE | NVENTION 10 The invention relates to nethods for the preparation of
gl ycol nonoest BASIG GRAYaCAdAJNEST FOR, FHE BMMIMQF&&y@a cat al yst .

- More particularly, the invention base-nodi fied clays that
catal yze al dol condensati ons and @&@%Egﬁydri de shifts while m nim zing

side reactions such as transesterifications. 15 20 BACKGROUND OF THE

| NVENTI ON d ycol nonoesters are conpounds having the follow ng structure,
where R aREIRTED ABPAICGAJIONSr hydrogen or an organic group (e.g., an

al kyl _group): . OH O R .1 L LI I.RL-CH - -0O-C i.H Rl R2 These
corrpoénds have%‘vaﬁét’;?nﬁm%g?.beﬁﬁmWﬁ%ﬁ%&,'gﬁﬁd&%wggé‘f@ s are used
as industri %*)pl;dﬁﬁgﬁ RBANGL 66/095 013§ SunBhBSIIoR! wRicA if RbomBtated meydigh! ori de
and 25 polyotefins, and coal escing aids for latex paints. One -well-known

gl ycol nonbgstferencsinatsentickiyt from 2- met hyl propi onal dehyde, where both Rl
and R2 in the above formula are nmethyl groups, which is sold under the
TEXANOL(r) trade nane by Eastman Chem cal Conpany, Kingsport, Tennessee.
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10 The invention relates to methods for the preparation of glycol monoesters from
aldehydes using a base-modified clay as a catalyst. More particularly, the
invention relates to base-modified clays that catalyze aldol condensations and
Tischenko hydride shifts while minimizing side reactions such as
transesterifications.
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BACKGROUND OF THE INVENTION

Glycol monoesters are compounds having the following structure, where R

and R? are each either hydrogen or an organic group (e.g., an alkyl group):
| R? OH R? 0 R
20 R1———C|H—c|;H—c|:—CH2-o—ﬂ———c|:H
R’ R?
These compounds have a variety of uses. For example, glycol monoesters are used
as industrial intermediates, solvents, plasticizers for polyvinylchloride and
25 polyolefins, and coalescing aids for latex paints. One well-known glycol
monoester is a product from 2-methyl propionaldehyde, where both R! and R? in
the above formula are methyl groups, which is sold under the TEXANOL® trade
name by Eastman Chemical Company, Kingsport, Tennessee. The TEXANOL®
product is the premier coalescing aid and leveling agent for latex paints and is also
30 used as a plasticizer for polyvinylchloride products.

The formation of glycol monoesters from aldehydes is well known in the art.
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Although the glycol monoester above depicts the ester in the 1-position, the glycol
monoester actually exists as a mixture of the 1- and 3- isomers. These isomers
interconvert through an equilibrium (shown in scheme II) at sufficiently high
temperature, in the presence of a catalyst, or over time.
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Under conditions used in most glycol monoester manufacturing processes,

competing side reactions result in numerous undesirable by-products. Moderately
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accounts for the difference in the relative amounts of the simple ester product and

the glycol monoester product. Both form from hemiacetals undergoing hydride

10 attacks on carbonyl carbon atoms. The simple ester product forms from a hydride

transfer from a hemiacetal of the starting aldehyde, and the glycol monoester forms

from a hydride shift in the hemiacetal of the starting aldehyde and its aldol

condensation product.

Additional by-products in the preparation of glycol monoesters are glycol,
glycol diester and alcohol. These by-products result from transesterifications, as

shown in schemes V-VII:
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The extent of transesterification is generally related to the temperature and the
reaction conditions for the aldehyde conversion. Under low simple ester
production conditions, the limiting values of the transesterification keep the glycol
: glycol monoester : glyco! diester ratio near 1:2:1 so that the maximum yield of

5 the glycol monoester is 50 percent. At high simple ester production conditions, the
glycol : glycol monoester : glycol diester ratio becomes skewed toward the glycol
diester as the simple ester transfers its ester group to the glycol derivatives
releasing the alcohol. At high simple ester production conditions coupled with the
limiting transesterification conditions, the yield of the glycol monoester may fall

10 significantly below 50 percent. Even when the transesterification is not extensive,

such as at low reaction temperatures and low aldehyde conversion rates, the yield
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SUMMARY OF THE INVENTION

In view of the industry’s need for improved synthesis of glycol monoesters,
the invention offers an improved process for their preparation. A base-modified
clay of the invention catalyzes the reaction underlying this new process. Use of a

20 base-modified clay according to the invention selectively catalyzes the reaction and
advantageously minimizes, or even eliminates, unwanted by-products.

One embodiment of the invention is a base-modified clay that catalyzes the
formation of a glycol monoester from an aldehyde. The base-modified clay has
secluded conjugate base sites and exchangeable interstitial cationic spaces.

25 Preferably, all interstitial hydroxyl groups of the clay have been converted to oxide
sites, at least one structural hydroxyl group has been converted to an oxide site, and
the clay contains sufficient conjugate base cations to balance the charge of said
oxide groups.

Another embodiment is a process for preparing the base-modified clay. The

30 process includes heating a clay in a basic solution under conditions sufficient to

produce a clay having secluded conjugate base sites and exchangeable interstitial
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al dehyde and a catalytic anount of a base-nodified clay under conditions
sufficient to 5 produce a glycol norgfesier. The al dehyde has f-ornmula: R2 O
1 11 RI-CHCH where R and R2 are | ndé¢jpendently selected fromthe group
consisting of H C _20 10 al kyl chcha_ghkenyl, C2-20 al kynyl, C3-20
cycl oal kyl, and aryl; and the glycol nonoester has a fornmula: 15 R2 CH RL

0 R3  RIl- CHwHerdR Crid- 18 dre iddepehdedidy £1RRIdE oI Eédisthg 6E, ORAW NGS
10 alkyl, C,,,alkenyl, C, ,, alkynyl, C, ,,cycloalkyl, and aryl; and the glycol

monoester has a formula:

TZ CI)H IT1 0 R1

R'—CH—CH—C—CH,-0—C—CH—R?

15 R?

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts TMPD isobutyrate selectivity as a function of
isobutyraldehyde for several catalysts.
20 Figure 2 depicts the monoester glycol yields for the reaction of 2-methyl

propanal using a sodium isobutoxide catalyst.

DETAILED DESCRIPTION OF THE INVENTION
According to the invention, a glycol monoester is prepared by a process using
25 a base-modified clay to catalyze the conversion of an aldehyde having an alpha-
hydrogen to a glycol monoester via an aldol condensation followed by a Tischenko

hydride shift. This reaction is shown in scheme VIII:

10



Figure 1 depicts TMPD i sobutyrate selectivity as a function of

I sobutyral dehyde for several catalysts. 20 Figure 2 depicts the nmonoester
gl'ycol yi the reaction of 2-methyl propanal usingpga
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the invention, a glycol nonoester is prepared by a process using 25 a
base-nodified clay to catal yze the conversion of an al dehyde havi ng an

- al pha- hydro%e]n 0 a glycol nonoggt epHvi gZan al dol @ond{énsat ion foll owed by
a Ti schenko yﬂ?ide EQQ Th|s|rea tio |s shomn gchene ViIl: 10 WO
00/ 00282 R2 11 3 , g
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base- npdi f iAddtheleay having secl uded conj ate base sites and exchangeabl e
interstitial cationic spaces. Preferably, in the base-nodified clay, al
interstitial hydroxyl groups have been CET to oxide sites, at |east
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The Base -Modified Clays

10 In one embodiment, the invention relates to a base-modified clay having
secluded conjugate base sites and exchangeable interstitial cationic spaces.
Preferably, in the base-modified clay, all interstitial hydroxyl groups have been
converted to oxide sites, at least one structural hydroxyl group has been converted
to an oxide site, and the modified clay contains sufficient conjugate base cations to

15 balance the charge of the oxide sites. In other words, the base-modified clay
contains an actual number of sites per unit cell where an alkali metal or other base
cation has been exchanged for the hydroxyl proton that exceeds a calculated
number of exchangeable sites per unit cell in the unmodified clay.

Any clay having exchangeable hydroxyl sites may be used in this invention.

20 The term “clays” encompasses not only clays, but also similar exchangeable
minerals. Clays are generally microcrystalline, semi-microcrystalline, or
amorphous mineral compounds of hydrated silicas and hydrated alumina,
magnesias, iron oxides, and/or minor amounts of various other elements many of
which exist as point impurities in the silica, alumina, magnesia, and/or iron oxide

25 phases. Clays that are particularly useful in practicing the invention are the layered
and exchangeable smectite clays, the partially exchangeable and hydrated illite
clays, the hydrated chlorites, and other minerals with expandable and exchangeable
interstitial cation spaces. These clays include, but are not limited to,
montmorillonites, beidellites, nontronites, saponites, stevensites, sepiolite-

30 palygorskites and hectorites, so-called degraded illites, hydrated chlorites, micas

and other exchangeable and solvatable minerals including brucites, aluminas and

11
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bound hyr doxy lwngb)9 y(—rzy (anca_llysw remains the same between the unmodified clay and the
15 cation-doped clay. The ratios of the framework atoms, such as Si, Al, Mg, and Fe
for the cation-doped clay remains substantially the same as the unmodified clay.
However, the base cation is present in the base-modified clay in a concentration
ranging from about 0.005 to about 20 weight percent, preferably from about 0.1 to
about 15 weight percent, and even more preferably 0.5 to 10 percent weight. At
20 low base concentrations, the catalyst activity remains low since the number of
active sites is correspondingly small. At higher base concentrations, the clay acts
more and more like a homogeneous base catalyst, and the catalyst selectivity for
only primary aldol / Tischenko products diminishes.
It is believed that the cation present is in the form of chemically bound ions,
25 not merely adsorbed, because they remain in the catalyst after repeated washings
with solvent. While not desiring to be bound by any theory or scientific
explanation, it is believed that the basified clays display unusual basic properties
deriving from the location of the base within the highly
inaccessible interior of the clay’s layer structure and occurring in addition to

30 typical base properties provided by base sites within the readily accessible

interstitial cavity or at the clay’s surface. It is believed that under the forcing

12
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cat i on- dope@oRWPgafe baseePma, %ﬂeﬂ?s(ﬂhhgrpapq yit tsrl@h@émieth@rsth@ FATIODHRSUNTETIERS ¢l ay.

Howevear, th .

concent  at i G Seiifit ety VSR jolsBulidFody 3 BpUREbY Lol B e Gofe
preferably tg¢ Mbrﬂd&&hhrg@ bit plysicalpido 1dfpe't6 fifitito et Rtlaye s Q@M@ niESs ©
preferably 0.5 to 10 percent weight. At 20 | ow base concentrat-ions, the

cat al yst acthaquisr Sh@lﬂrﬁfi% Cladvlﬁmr m@h@msermmetpdoit is believedthat thes i s

correspondi ngl her. ntration the.cla nor e
and m)lroe i KB émﬁga 8%%@35%%5 s'loﬁg?rg?sy t %dn?ﬁ‘ge bgﬁvgyag%ﬁ;@ﬁvi ty for
only primar )émedndethe/unlismbwﬁr Pé@i@ycﬁ% ﬁgmé}ies&ﬁﬁlat th nbmbBEdfRved that the
cation present is in the formof chemcally bound ions, 25 not nerely

adsorl®ed, beiteusmd thhetheragtivity; and ist directip prippsionatette and ﬁpeefmedndwmd ngs wth
sol vent . not d ring to be . baund_by apy theory or scientific

expl anat i onlby%fe arngo"djgpf‘é‘*}’é) cf’ﬁté’cnefil’i@ﬂ’b‘é °f°?@g>§5| ays display unusual basic
properties de'iﬂlgbglgevfefl?rmt?]ﬂﬁm}x‘ﬁﬁ{ a%usteglge ﬁ‘%o %ﬂ@cl e highly

I naccessible interior o ay s yer structure an urring in
addi ti on t odefibed ghovaldubasits gmapsivd amisprppmnylecdfobm lbmaems bt ésvaldnt hi n t he
readily accessible interstitial caV|ty or at the clay's surface. It is

bel i eved t hRendsndbis believed shatitheylithnnyestivn muppenetsets thosday’'s Jeygbstaishue t i ons of
the catal yst,; b GAA! AL b2 anfdicotDLHEHE nyRRR&1 RORPEobpERed 5l ¥ighat he

lithium oxide ion pairs, (OLi) groups, and displacing other ions especially in the

p.

octahedral layer sites. It is believed that this pervasive infusion explains why
lithium loadings are often 2-4 times larger than other metal cations on a gram atom
basis.

20 The base-modified clay contains sufficient metal cations to balance the charge
of all oxide sites within the clay. Suitable metal cations include alkaline metals,
such as the group 1 alkali metals, the group 2 alkaline earth metals, and various
other metals, such as zinc, cesium, rubidium, and thallium. Preferred counterions
are sodium, potassium and lithium. A base-modified clay may have a mixture of

25 metal cations. A base-modified clay of the invention should have greater than or
equal to 1.2 metal cations per unit cell. The number of metal cations per unit cell
will vary depending on the metal used in the base-modification. The amount of
metal cation in the clay can be readily determined by elemental analysis or other
techniques known on the art. The amount of base-modification can be readily

30 determined by comparing the elemental analysis of the starting clay and that of the

base-modified clay. For example in the case of sodium, the concentration of metal
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reagent base anions penetrate the interior of the clay's layer structure
converting the sequestered acidic structural hydroxyl (OH) groups into

their BropgifathsCON ugate base form oxide (0-) groups. Iy *ﬁsg@ﬁhés@ved
that the catironic counterions 5 remain separate, |largely WI(E I'n"the

interstitial .cavi bound lonic forces in order to bal ance charge but
physi cal | y {881 I“é{%é’afeﬁmf)fi%fiﬁfaﬁ Sﬁﬂ‘égi’fewa@r thap o'étt(}'ﬁ%s( WEghtRATERNE ¢t he
couter shellmefe friRrabhYrdaftt Ban' sBol 1P Ll ghPo bt iaGHost blestrapie! | eved t hat
the resulting force har ge separati on se‘?ves to further inctease the
basi ci ty angtedterthmel wetghtaacentt Sediumimodifiedatiys, for exmetigle,aan hhte wstoal so

bel i eved that the nunber of .basic 10 sites, and thus the activity, and is
directly priop§or e sedng cafiepsinse nwt eslbeivingiasedvn conpentration i 8rie Sof cati on
cont at ned %Eight?e%&%tcat alyst. It is believed that lithiumis an anomal ous
exception to Basified clays described above due to its small size and

propensity to Litioinh@asdifiedtlags Rivebosrdfornd to haviedsgh ddncemtrdtidht eved that the
l'ithiumcation may penetrate the clay's layer structure 15 along with the

base ani on litbieeations Iithawre-wadified-playsrhaup 8p tntveslvd ithiuny caiapager it hi um

oxi de ion pakr 1 .QURS ngd. di_spl.aci of l.ons especially in the
octahedral ly Z[frhegﬁ?‘gé'. &Fl?r.l ?%ﬂcﬁlg?%é’\l)é%& b ¥h %Sh@ewlﬁgﬁslefé"‘i%ﬁ %@F on

expl ai ns Whwase niddifiddalay Aetefesibl@ g Bhiughcation cohfratich BREed &R o0t faer et al
cations on a gramatom basis. 20 The base-nodified clay contains

suf f 1@i ent Wewnnd moze profesatly fioml Gihitel2.he charge of all oxide sites within
the clay. Suitable netal cations ingclude alkaline netals,  such as the
group 1 al kal iﬁrﬁﬁr& ?Set"ﬂg‘%él""gﬁ%yﬁoé‘klﬁ&WCHEO%%‘?%QIWVSISEQM% vari ous

ot her net al Syni 7] | -ubi di ' Preferred
counteri onsc%néu?g&g)gg‘? ﬂﬁs %%%?lg‘g@‘?‘}ﬁm%gﬁ‘gﬂ’%” EIEQL? r%% H%a%@%@%ﬂg; ofr’F?ggé clay may
have a mi xtaubstrané adjacametosthe badeisites . Tofadhixse thsse efidse theaavitieo preffdiablinvent i on
shoul d have greater than or . equ cations per_unit cell. The

h . al to 1.2 r’EtaI
nunber of nkAvaR gHeryoridthibat ip less thappbout 1012 Asasdeteaapied dviibe riay Her net al

usedqiin the < | | .+Th on. | clay can
be I’é%.di |y % gégg ha’?&n)gig c%@é*%n%ﬁ%&&%?%ﬁas g’btrhg%ttaﬁléry%?glcﬂéﬂé%uéogg known on
the art. Thaboat®Anb abbuttl@sEA Mk hise prdfeablealat e da@iids laye wettable.

Unwettable clays with neutral hydrophobic cavities, such as the talcs, or with

highly charged cavities having tightly complexing counterions, such as the micas,
are generally unsuitable.

20 The base-modified clay can be used in various forms to catalyze chemical
reactions such as those described below. Accordingly, in another embodiment the
invention relates to a catalyst composition comprising a base-modified clay as
described above. For instance, the base-modified clay can be formed into granules,
particles, pellets, spheres, tablets, rings, or extrudates and placed into a fixed bed

25 reactor, as is known in the art. Preferably, the minimum dimension of the catalyst
is greater than about 0.02 inches. In this variation of the invention, the reactants
are passed over the catalyst bed and the crude product is collected at the other end.
Alternatively, the catalyst can be stirred with the reactants as a slurry and the crude
product separated from the catalyst by filtration, gravity settling, or centrifugation.

30 In either case, the fact that the catalyst is a solid material and substantially

insoluble in the reaction medium makes separation of the catalyst straightforward.
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30 determ ned by conparing the el enental analysis of the starting clay and
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20

25

30

g prefeaahly, ap alkakins mgtaheagion from group 1 or 2 of the periodic tab

or other suitable metal cation. Suitable basic anions include, but are not limited to,
hydroxide, amide, carbonate, silicate, metasilicate, phosphate, cyanide, borate,
tetraborate, hydride, and aluminate. Suitable uncharged species include, but are
not limited to, ammonia, amines, molten alkali metals, and alkali metal amalgams.
Additional basic anions useful in the invention include other anions that are not
intrinsically basic but that can be made basic with further treatment. Mixtures of
basic compounds may be used in the base-modification to give a base-modified
clay have a mixture of metal cations.

The solvent used in the preparation of the base-modified clays is not critical,
provided its dielectric constant or complexing ability is high enough to serve as a
solvent for both the entering basic moiety and the leaving cation and provided that
it thoroughly wets the clay. Wetting is important for good base exchange. Suitable
solvents include, but are not limited to, water, anhydrous ammonia, aqueous
ammonia, and polar organic solvents such as ethers, alcohols, amines, ketones,
dimethyl sulfoxide, and dimethyl formamide. Preferred solvents include liquid
ammonia, dimethyl formamide and, more preferably, water.

One method of preparing a base-modified clay wherein the clay is heated, for
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25 reactor, as is known in the art. Preferably, the m ni mum di nensi on of
the catalyst 1is greater than about 0.02 inches. In this variation of the
i nventi on, ctants are passed over the catal yst bed {:b ude
pr oduct iswérg?/f"{ezg?ed at the other end. Alternatively, the cg angisa“tﬁﬁrcan be

stirred with the reactants as slurry and the crude . product separated
from the cafXMyRle, With simringaatirgfiux, gnd(of wides prepsure, 4n a fpsie sofution fagati on. 30 In
- either case, . - j hal- and

subst anti al |S§m?erﬁ’£§‘?‘3%‘ft? f“r‘?{ E{} ecgl?‘teegdcété?dé% Mﬂ&bﬁgfg@?{e&é@fm ion of the
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catal ysts. P At f Ief ays Anot her. emhaodi nent of the

[ nventSi on iﬁg&%ﬁg@g@% egtrl %?g%%@?’rfla cgag'béggéamné&i ki 8“%'1“5;:.3 r"al’%“xprepare a
base- nodi f i egdd/et,andéfpréditre] vEhdsicadlutiol ForCdndamdiint bf Bk 8Efficlént b &fdasi ¢

sol ution of a conpound having a basic anion or an uncharged species

capabl e of abskehange afp baspdonsuhstantmtly alllgifiosites ogithrpurfacesafithe ¢ley.cl ay under

diti ffici t d I havi . | ud ' te b
cites and 10MkereirgRi e HeReii o e con ot el S vaRBbLPRLRLS i ch
extracts theredlfWve bIEPCRVERM tod%isRESATES 108 O stRengs a%%&ﬂ_ af t er
the clay is treatéd with the conpound. The solution may 1 nclude”either

sal t sllof a Igamipdhasbeancomver¢dtoran ouitdelsite.ged species in a solvent or as a
neat |i quid. Asr di scussed above, the basic _cation js (Ereferabl y an

al kal i ne net al b5 EFasHoR P%fﬁ“g%éﬁf I?Eeﬂﬂfat?ngﬂfth%@sﬁ‘é‘?‘?%ﬁ? claypledols or ot her
suitabl e MelglicAaGetal HobRULE i3Sk Gk R uld e Wiin tl?é"ltan%%gf iy |1 m ted
e, e, T i cat e, a

- .
to, hydroxi am arbonafe, silicate, netasl osp e,

cyani de, boi&Ceand abedtrs@0SCapreferdbiy abale 40 a0 dndhbotit 120 6C. Biketvade| theunchar ged
species include, hut are not limted to, anmonia, am nes, nolten al kali

metal s, andreACHeR fimeds Bot caitinplgbitwencraliyirangenipmishewtd- AhtoAeousded bl in the
I nventd on | 'B?éf&qglyqatt Pe%gt A R ﬁé&%ﬁg ahe 10 short, an insufficient of base-

modification will take place. Ifit is too long, the clay may begin to decay or even

decompose. The ratio of basic solution to clay should be greater than about 1:10
by weight. Preferably the ratio ranges from about 2:1 to about 100:1.
Typically, the conversion of acidic hydroxyl (OH) sites, including interstitial
20 and at least one structural hydroxyls, to oxide sites (O°) can be accomplished by
heating, for example, with stirring, at reflux, and/or under pressure, for about 4 to
24 hours in a 5-50 percent preferably 10-30 percent aqueous solution of a Brénsted
base. As long as the base is present in large excess, the actual concentration is not
critical although lower concentration may require longer heating times. Heating
25 times will vary depending on the particular clay and the number of hydroxyl
groups to be converted. Preferably the base-modified clay may be prepared by
heating the clay, for example, with stirring, at reflux, and/or under pressure, for 6
to 12 hours in a 5-50 percent aqueous solution of an alkaline hydroxide, such as
sodium hydroxide, lithium hydroxide, potassium hydroxide, magnesium
30 hydroxide, calcium hydroxide and the like.

A base-modified clay of the invention may also be prepared by mixing the
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20 intrinsically basic but that can be nmade basic wth further treatnent.
M xtures of basic conmpounds may be used in the base-nodification to give a

base- nodi y have a m xture of netal cations. The s in
t he pr epa:«é(?l on 02? t he base rmdlfled clays is not critical 9&&‘@?%9\5}'&3%3 its

dielectric ¢ nst.ant ab|I|t h e h to.serve as a 25

sol vent for® Xt"ﬂ&’t %’q te ?hér %dz‘ﬁﬂngﬁ%aﬁﬁﬁg‘?%a&a’uon and

- provided th Abm good
base exchan g‘témb%ﬁflldtﬂgwgg@g%m%%?s&lpn § |8{:J de, b‘@ﬁ%&ﬂa ty bl%&ﬁgﬁ }t”IoSﬁr wat er,

anhydr ous aspazits &apabigieexsractargproton feoml amg&mxytgrgamwu:thﬁmm ehys Asuch as

et hers, al cohol s, ani nes di met hyl sul foxi de, and di net hyl
f or mani de. C%q%ﬁﬁﬁe'g ﬁﬁ?rlﬂi}éﬁrlcp’fﬁ‘GPWdS‘é fisshebisselyed @ #et hyl  f or mami de

wher et © hE g “’*‘9“ ohed S e B AR Dl TR P B PSR o W

stirring, atalt @fdther coaipdiind intdthe iclayrseastures, THersobveeis ittensematedsr ther a
sufficient anmount of time to convert acidic hydroxyl (OH) sites, including
interstiti aPla&rWI?’é?d (e b fBthetion) a@rbtmﬁr@ateﬁyméu@p@ted topyrlysis asd{@s (0). As

di scussed, xi d e conju ses .the a |d|c hydr oxyl
sites. Pr efg llls'%on ﬁgﬁ%blggalt% Pﬁ ?Iﬂé‘gﬁag‘%rl%ﬁép?f" Sﬂﬁ'?rfOB} uﬁn%q ay, for
exanpl e, ié&hﬁlhué frche, Bt afeSidt qimedw%ﬂfonate Nsledrb MBS hitfle, nithited basi c

solution for an anount of time sufficient to effect an exchange of a base

for dlbst anaz1d¢ Iayphatic a@:dlamroatm Qadmxwhtqshmesqxlﬂas; gssubktituted aplay. More
preferably, ti uld C ue unt all. interstitial hydroxyl
groups of P ?E’It%fﬁc @ﬂesc ML#&W‘T%‘Y rﬁ@t“é‘?st es and at |east one

tructural hyd The
S y "I‘Q%H\!lstrageo cSHsRHLP amaﬁn%ﬂpn f h?fﬁfb‘kggs e\ghﬁg h?ﬂ: ergf& ?ﬁuﬁﬂﬁ}ﬁm

reaction conditions fof preparatio ay are not
critical. Gentrall spluHh@ﬁmme)f thd datioh earple dissolwedihasblyehie intinhdieln niiked r ange of
about 0 C an bout g pref erabl y about 40 C and about. 120 C

Li kewi se, tWé %Jew ?P%\Fﬁf@aﬁeé clyis s%ﬂetcreéafor cKUBPIGSRAVERIYSIS Phges from

abOUtISO' > hc&ﬂb\?sl?lgﬂt/ p}l(%(i)ygf's process at 150 °C to 1250 °C, thereby releasing small,

neutral molecules which are often anhydrides of inorganic acids. The acid

anhydrides then react with the hydroxyl sites in the clay affecting the desired base-
modification. For example, a metal carbonate would decompose emitting carbon
dioxide which, under oxidizing conditions, yields an oxide to extract the hydroxyl
20 proton and, thereby, affecting the basic modification of the clay. Nitrates similarly
decompose to an oxide under oxidative conditions. To affect this pyrolysis or
combustion, the clay should be heated to a temperature less than its fusing
temperature, avoiding a change in molecular structure of the clay. Preferred
temperatures ranges from about 300 °C to 500 °C, particularly for clays having a
25 fusing temperature at or just above 600 °C.
Preparation of Glycol Monoesters
Another embodiment of the invention is a process for preparing a glycol
monoester by reacting at least one aldehyde in the presence of a base-modified
clay. This process includes heating, for example, with stirring, at reflux, and/or
30 under pressure, in a reaction vessel the aldehyde(s) and the base-modified clay

under conditions sufficient to produce a glycol monoester. The overall reaction of
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15 preferably at least 6 h. If the heating time is too short, an
insufficient of base- nodification will take place. If it is too long, the
clay may decay or even deconpose. The ratio of b on to
cl ay. shouﬁgggg(%g%ater t han about 1: 10 by wei ght. Prefera%?§ E@‘?g
ranges fromagbout 2:1 to apout 100:1. Typically, the conversion of aC|d|c
hydr oxyl OT-BJSQF’lcS%SISF}FRfY‘IJ’H‘iSﬁB‘:m?\YéIlIStl tial 20 and at |east one structural
Ahydroxyls to oxide sites (O) can be acconplished by heating, for
exanple, with stirring, at reflux, and/or under pressure, for about 4 to
24 hours in a 5-50 percent preferably 10-30 percent aqueous solution of a

Bronsted base. As | ong as the base | pP se 2 in |arge XCgss, t he actual
concentration i crlt al altho gh o concentrat onjmay require
| onger heati Rtlﬂ% %g_y gppgndl ELéW t

be converted

Preferably the base-nodi fied clay nay be pre
exanpl e, wi t hAgdehydei ng, at reflux, and/or under pressure, for 6 to 12
hours in a 5-50 percent aqueous sol ution of Ikallne hydrOX|de such as
sodi um hydr oxi de, |ithium hydroxi de, potass?@ﬁﬂ magnesi um 30
hydr oxi de, cal ci um hydroxi de ap¢myhe |ike. A base- m)dl f| ed clay of the
invention may al so be prepared by m xing the 16 WO 00/ 00282 PCT/ US99/ 14786
clay with a solution of a salt or other conpound having an al kaline netal
in conbi natR‘@ndWusmaahspkpereknﬂ%saleamwﬁmgdbssgmopbummmg ofH, fys,0l ysis to

yi el d a basi speci es able o xtract a,pr from a hydroxyl group
Wi thin the @ﬁ%’}ﬁ 20 2LK§TY f%ﬁ Icceeoé‘é’élé’éh‘éf? aflﬂéry a et R I5@npound i s
firstygissoly p th the clay to
treat dtjhe clfa |a|r111?:rn ducPﬁgl E’ﬁ"%dug}h%tr@ Yﬂﬁlgfsﬂg%%@%ﬁgoﬂ he cl ay

structure. Thsubstituteeldr substitited Peferredchidehyddsere 2latkylpregdnalseet (e. g. by
filtration) and the treated cla SUbi ected to pyrolysis and /or

conbust i on. ag’t)’llh%ahs Sallevdpentamals; #u2-a xaals. for this pyr olysis or
combust i on ni% %greas tﬂ{él Hg?erexﬁ%deﬁ&&sr}% be ugﬂdttg ?orErP a gﬁ'col r?oegt’er

bi car bonat e,
Mixtures of more than one aldehyde will produce a mixture of glycol monoester

g tii
particul ad !af' 'élTrdCt"he nunber of hy roxy
Béred by heating the clay, for

15 products. Generally, it is more economically desirable to produce a single glycol
monoester product. It is therefore preferred to prepare a glycol monoester
according to the invention from only one aldehyde reactant.

Preferably, the at least one aldehyde is in the liquid phase and can be heated,
for example, with stirring, at reflux, and/or under pressure, with the base-modified

20 clay catalyst. The aldehyde is present in an excess amount and acts as the solvent
for the reaction, thereby obviating the need of a separate solvent. Depending upon
the boiling point of the aldehyde, the temperature typically ranges from about 30
°C to 400 °C, preferably from about S0 °C to 250 °C. The temperature should not
be so high as to degrade the starting aldehyde or the glycol monoester product.

It is also preferable to reflux the mixture in an inert atmosphere to prevent
undesired reactions with the air. One of ordinary skill in the art would be able to
use nitrogen, for example, to provide an inert atmosphere for the reaction.
Advantageously, however, preparing a glycol monoester using a base-modified

5 clay catalyst of the invention does not require the same rigorous inert conditions as
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10 azide, aliphatic and aromatic carboxyl ates, phenoxi des, unsubstituted
and substituted cycl opentadi enes, and 1, 3-di carbonyl derivatives. To

illustrat i,der al kal i ne earth hydroxides, which have bility
in water .%V%W@?éuzbl e formof the cation can be dissol ved iﬁ%%% vzérilit,

intimately mxed .with the clay, then the treated clay is subjected, for
exanpl e, to™ P‘gfvygoéhe(‘ilsy%{hﬁsﬁs‘conbustion / pyrolysis process at 150 C to
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under oxi di49:hg conditions, yields an oxide to extract the hydroxyl 20

protog and, thgreftecdLE BNHAR DR AAR SoTRIIAd SALERMRL LOSGLRY, NN U7 ates

simlarly deco 0 an oxi de atrvecondi ect this

pyrol ysi s oficlds @Ré¥eding®3% ttRr fibrddal aldekydé dafvdisiah ethginfy RoSUREVBE-Ur e | ess
than its fusin tenperature, avoiding a change in nolecular structure of

the clay. Pref¥delds@f 9% énprgraatercan beaggjeved withraldplayde coovergonpoHidtoC,
parti cul arlgjpr clays having a 25 fusing tenperature at or just above 600
C. Prepara %’o "of A ycol Mnoesters Another enbodi nent of the invention is

a process for giRPALHAe FeddlatifsQlre ifTIBRG HhiSEibIRYr RAGICHIS lighid! , one
al dehyde in the presernce of a base-nodified clay. This process 1ncludes

heat ilfig, f otheramoygasic salvicht may be iised,to atake éfel phasesaf tHeaea®dnumictarre pr essur e,
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I(:(r;ngi '[ ;ag(r:él g‘?ﬁ";ﬁ% ?E’lfﬂ‘ﬁﬁqgs %Irsggbh%/‘g‘?é{‘%%‘lng A ¢, by A dot ipated ko, ethers §¥¢licr eact i on
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mixtures thereof. Preferably, the organic solvent is an ether of formula R°OR’,
where R® and R are selected from the group consisting of hydrocarbyl moieties
15 having from 1 to 12 carbon atoms or together form a cycloalkyl or cycloalkenyl
moiety having from 3 to 12 carbon atoms. Preferably, the organic solvent is
tetrahydrofuran, tetrahydropyran, methanol, ethanol, propanal, isopropanal, or
diethyl ether.
The organic solvent should preferably be added in a large enough amount that
20 the reaction mixture remains homogeneous throughout the course of the reaction,
yet small enough that the reactants are not diluted to the point of slowing down the
reaction. Typically, the amount of organic solvent ranges from 0 to about 75 % by
weight. The preferred range for typical carbonyl-containing reactants is 5 to 50 %
by weight with 10 to 40 % by weight being especially preferred.
25 The following discussion relates to what is believed to be the mechanism of
catalysis for the production of glycol monoester and the competing side reactions.
This discussion is intended merely to aid in the understanding of the invention not
to limit it to any particular theory.
It is believed that the catalyst functions as a base in the same way that any base

30 known in the prior art functions. The difference is that the base functionalities are

sequestered in the catalyst cavities so that access to them is limited. Consequently,
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Al dehyde PCT/US99/14786 R2 OH R2 O R catalyst I | | Il |
RI-CHCHCCH2-OCGCHR21 Rl dycol Mnoester (VIII) R and R2 is each

i ndepende ected fromthe group consisting of H Cl1 C2_20
al kenyl , @%@gzkynyl, C3. 20 cycl oal kyI and aryl. Were /U§49 8|ﬁs an 10

al kyl, al kenyl., al kyn l,.C aI K S stral ht. or _hranched, or
unsubstituté%“‘é)? ’intqﬁ‘?ége %‘Pg ‘gﬁl ﬂ%‘&g‘é"@frpé‘ﬂé’%ﬂ’l??loﬁq@ﬁanals, 2-
- al kyl but analgaetig t%ltﬁé/hﬁ’ﬁrﬂr@&ﬁ{ ﬁ'ux alﬂ‘i@e\glséltﬁé’ L éﬁ&ﬁ{gsch esrfﬁé‘ﬂa dehr ee

di fferent al dehydes can be used to forma gl yco nonoes xtures of
nore than othe bakajﬁhhallat fuirtnis cpvaeht bends prioxly L lethete @ﬂsys;dﬂrgmpmabt er 15
products. Generally, is mpre econonjcally desirable to, produce a single
gl ycol  nontesrERe; s Tansthqnsigin g iRfpvorest asrase PREGIC Seqilidrayalent| ycol
nonoesgt er a invention fromonly one al dehyde reactant.

Pr ef ergabl y,B e]g%étaqfléegass{qune al dehyde is in the liquid phase and can be
heated, for eXh&pise siteiricorporatéd inbgthe ahtalyef walk stanfitheischealey pressure, with

the base-nodified 20 clay catalyst. The al dehyde is present i-n an excess
anount and eQIVErsion hysverst Ve & pretondeane therdioxanek ouri Btisng t he need

of a separate.s en ding u th in oi nt of. the al dehyde,
t he temgera WF@%&I(& tfrfl;’?é)%g gt $‘ oéﬁqoqglﬁmla&gttag %b Fef er abl § from
about 50 C R@ta#idf ofthe HDfhtd ms&aﬁbﬁmﬂfeﬂ 9csupid by ﬁa@ Q@etbltmt@g% b degrade

the starting al dehyde or the glycol rmnoester product. is also
pr ef dPabl e the hydfifleishiftite theicathongl C.nPushed hyithe Imgammﬂarg ctrrthpgbaz@nt

;BF:S; {)ed ' S\?l‘l:édl b%lntﬁe ﬂd Qorfjlrlléteazllcgd s1tOc:‘I (?n t ]:3 cz?tral?flstnc%if %vléh! tlhe Ihgfdx;u;]eesh?ét woul d be

takes place irreversibly.

The size of this transition species depends on the size of the R groups. But in
the case where R is methyl or some other primary alkyl group, the minimum

15 diameter of the transition state is about 6.8 Angstrom units. Since the gallery

width of montmorillonite is 9.6 Angstroms with no polar molecules in the cavity
according to Grim, R.E., “Applied Clay Mineralogy,” McGraw-Hill (1962), 307-
20, there is enough room to accommodate this transition state and the reaction can
physically take place. The spatial requirements of the intermediate dioxanol

20 rearranging to form the glycol monoester is shown in Scheme IX:
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use nitrogen, for exanple, to provide an inert atnosphere for the reaction.
Advant ageousl y, however, preparing a glycol nonoester using a base-nodified
5 clay ca f the invention does not require the sameyki i nert
conditiongﬂggﬁ%gamo 00/ 00282 PCT/ US99/ 14786 needed with otﬁ%?@%%agﬁgses.
The wei ght ratio of al dehyde to catal yst can range from about 1000:1 to 0.1
to 1, and preferably from100:1 to 1;1. Mre preferably, the weight ratio
~is about 40:R. 5R'Thg? process of t heRi nveht Rbn typically affords the
desired glyco ster in vyields ¢xceeqi/ng 85% under normal al dehyde
conversion._r om@0 to 98+ i of 95 % or greater can be

achi eved Wfth a conyersi o to WL % If the al dehyde
reactants are in| poorlly m scible or i sci bl e |i quiAtyclidvsidERemiacel) t hen an
organi ¢ sol vent y b used to make t hePpha of t KenwgtaBis¢é on m xt ure

m sci bl e. Exanpl esYof such solvents inclugg¢, but are not limted to,
ethers, cyclic etHers, alcohols, anineso_ ion§§, di met hyl sul f oxi de,
di mret hyl formam deA or m xtures thereof: Pl erably, the organic sol vent

is an ether of f R6OR , where R6 and!R are selected fromthe group
consi sting of hydrocarbyl noieties 15 ha in& froml to 12 carbon atons or
t oget her form a cycl oal kyl or cycloal52n¥I noi ety having from3 to 12
carbon atons. B%®erably, the organi cfsol vent is tetrahydrofuran,

t et rahydr opyran, nethanol, ethanol, propanal, isopropanal, or diethyl
ether. The organic sol vepgt shoytd preferably be added in a | arge enough
anopunt that 20 the reacqion nixture remai ns honogeneous t hroughout the
course of the reactiQ@+_ngk}§Jthaﬁnough that the reactants are not
diluted to the point of sloqnnq d the reaction. Typically, the anount
of organic solvent ranges frppm#f to about 75 % by weight. The preferred
range for typical carbonyl-qontaining reactants is 5 to 50 %

O=—=C—CH-R?

R1

Glycol Monoester
Conjugate Base
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by weight with 10 to 40 % by wei ght being especially preferred. 25 The
follow ng discussion relates to what is believed to be the nechani sm of
catal ysi sy qnh he production of glycol nonoester and the Cﬁgp/%gé & de
reactions. I'S discussion is intended nmerely to aid in the un standlng
of the invention not to limt it to any particular theory. It is believed
that the c | yst functions as a base in the_sanme way that any base 30

- known in tihe prior art functions. The differgnce is that the base
functionalfities are R uesteh@d in the catallyst cavities so that access to
themis |lijmted. Con ent | 9 WO 00/00282 PCT/ US99/ 14786 steric

crowdi ng ijn the eterm Mgy transition dtate |ini t(catgdgstY i ci pati on of
that reacftion t th oduct m x. Likdgw se, the sequestering changes
the nature of the base Fo thatCH"FQ'()'r'r'rE"(':Qﬂ'fg nt @’ﬁﬁeécoﬁb‘cgf“ﬁ?’?ld}n t hese
cases, larjge spatial repguirenents for the trjansition stgite are di sfavored
as are species requiringgoval ¢ht 5 bonding|to the base site. The base
site incorjporated into thzﬁ{al yst wall starfts the Ti schenko -conversi on by
reversi blyl renmoving a pr ot fromthe dioxangl OH group. This

di oxanal koxi de breaks do | oan acyclic aljdol hem acetal conjugate base.
Rotation gof the li into t tionforrrerly occupi ed by the Q sets the
stage for (10 the hydride |ft to the carbonyl C Pushed by the negative

charge on the O and pull by the HO conjugdte acid site on the catalyst
cavity walll, the hydride shift takes il ace ilrreversibly. The size of this

transitio speti‘es degendgggn the sizg|of the gRr g{lt%ﬂga?horﬁﬂateklg t he case

where R i g nethyl or someOther primary al kyl e m ni mim 15

dianeter gf the transition state is about 6.8 Angstromunits. Since the
gal lery igdth of nontoorilglanite is 9.6 Angstr onmgamystcaRfty pol ar rml ecul es
in the ca y according to im RE. , "Applied @yy‘Mdﬂgral ogy,

MGawH || (1962), 307- 20, there is enough roomto ‘accormodate this
transition state and the reaction can

(IX)
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physically take place. The spatial requirenments of the internediate
di oxanol 20 rearranging to formthe glycol nonoester is shown in Schene |X:
20 WO 00/ N~ O Dioxanol R RL Ol R1-CHiHIi-CHZ Rt R2 1
R d ycol fifoostelt Conj ugate Base 1 21 PCT/ u399/ 14786 Ac 5?”59‘% dol

Her ni acet al j ugat.e Base WO 00/00282 1, R H 6.8A 0. - 9 6A
PCT/ US99/ 14786Ccf & qragiljey state forthe frapsestgrfication deadyng to the Glycol and the

Glycol Diester crowds the bulky Glycol Monoester Conjugate base together with
another bulky Glycol Monoester. There are almost twice as many atoms in this
transition state as in the transition state leading to the Glycol Monoester itself. So
5 as the configurations of the two species arrange themselves to minimize steric
interactions, the spatial requirements grow. Most, but not all, of the arrangements
expand into the unrestricted spaces. _
In the one critical dimension cavity gallery width, the spatial requirement is
about 10.2 Angstroms depending on what the R group is. Since the space available
10 is only 9.6 Angstroms, the reaction cannot physically take place. Even though the
active site might be capable of catalyzing this reaction, its action is blocked
because the transition state will not fit into the available space. The spatial

requirements for this transesterification are shown in Scheme X:
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(site) (transaction state size) (catalyst cavity gallery width) 22 WO
00/ 00282 PCT/ US99/ 14786 The transition state for the transesterification
| eadi ng t col and the dycol Diester crowds the b

Monoest er O%b@@@ﬁ%‘(e base together with another bul ky Gycyd&ms%%‘gt%r.
There are al nost twce as _many atons in this transi1tion state as in the
transition stateR%adi nngo@'he d ycol Mond®ster iRself. So 5 as the
.configuration§ of| the twh species arrange thensel vas to mnimze steric

i nteracti onsR -rh@*'bpﬁlH“aC—r&idjgrerrant sRgrowH-w8H—~CoutCHat al |, of the
arrangenents expand li nt tl)zthe unrestricted spac|es. |I2n {he one critical

di mensi on cavity gal QeryRwi dth, the spati al re(ﬁlh‘r@ma is about 10.2
Angstronms dependi ng dn what the R group is. Since the gpace avgilable 10
is only 9.6 Angstron§—TGETaction cannot physically ¥ak&irice. Even

t hough” t he active sit!a m'|ght be capabl e of catal yzing lhi sl{eacti on, its
action is bl ocked b&auRe the transition state will n f*'t into the

avai | abl e space. X('E?e f tial requirenments for this transesterification are
shown in Schene X828 MEM98i'80282 5 R R O RSBl H i -c2 OR2
CCHR 10 RL G GeBleRSHASE er Monoester

10

ITZ IT1
AU A voF g
15 <|3 R? <|> + R'—CH—CH-C—CH,
R?—CH-C C—CH-R? O R2
[, | 1T,
R O O R
Glycol Glycpl
Diester Conjugate Base
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Conj ugate Base 10 PCTIUS99/14786 R2 Rl RL-CHiHi-Ui2 HR2 O CGCCHR2 O
RRRR'2R R-CH i Hi -CH2 OH0 R OH R1-CH
PCT/US99/14786

Rl dycol Monoester
-CH i 15i “2030/&-2822 2HHORRR
R' R2
1
o) c
A
R' R? N
\s ’
: R
A0 S
H R! c. RI— ™"
\3 "//H \ (catalyst)
) /C\ /O -------- C=—0------ HQ-=— (base/conjugate acid)
R % o/ (site)
i\
H H \CH
[cavity gallery . 2
width] R 2{"’&.-"'-0
R \ ,‘\\\\\Rz
Nl
R!
{: 10.2A =} (transition state size)
- 9.6A > (catalyst cavity
gallery width)
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) 1l i I RLRL OO0 Gycol Diester 20 dycol Conjugate Base 24 WO
00/00282 [cavity gallery width) RLRZ RI ROCCH1 IOR2 [/ '",~1-11 O0*..o0\\

I(-Icsg.a'l'; RleGoonordd R2/ CST 0----- - =0------ H 10. 2A 9.6A (X) ger/sddidasid/ 14786

Under conditions in which the critical spacing expands due to the osmotic
pressure exerted by a polar solvent or pillaring agent, the space constraints
disappear. In this case the transesterification may take place; the high selectivity to
glycol monoesters may decrease or disappear. Replacing the single product is a

5 mixture of glycol monoester, glycol, and glycol diester. But returning the high
selectivity 1s only a matter of replacing the solvent or pillaring agent causing the
interstitial expansion so that the critical spacing returns to a more selective s_ize.

The simple ester product forms by a Tischenko / Cannizzarro reaction. The
transition state contains only two aldehyde units and is smaller than the transition

10 state forming the glycol monoester. So size constraints for the transition state in
the critical dimension are not important.

This reaction is limited by the nature of the basic sites in the catalyst. These
sites are sequestered so they function as Bronstead but not Lewis bases. They can
remove hydrogen ions due to their small size, but cannot easily react with larger

15 groups due to steric constraints. As known from the prior art, the first step in the
Tischenko / Cannizzarro reaction is an addition of the basic site in the catalyst to
the C of the aldehyde carbonyl. This covalent bond formation is very difficult for

the sequestered base sites in this catalyst, as shown in Scheme XI:

20
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(base/conjugate acid) (site) (transition state size) (catalyst cavity
gal lery wi dth) WO 00/00282 PCT/US99/ 14786 Under conditions in which the

critical gp@_gf,/fmsfxpands due to the osmotic pressure exertp@qRyof7Re! ar
solvent or pillaring agent, the space constraints disappear. In this case

the transesterification may take place; the high selectivity to glycol
nonoesters may decrease or di sappear. Replacing the single product is a 5
- m xture of glycgy npnoester, glycol, and glycol diester. But returning the
hi gh selectivi tp/ ig only a matter of replacing the solvent or pillaring
agent causipg the '_}eprsthGraI expansion so that the critical spacing
returns to a nore selective size. The sinple ester product fornms by a

Ti schenko / Canni zzarrg| reaction. The transition state contains only two
al dehyde units and is §maller than the transition 10 state formng the

gl ycol nonoester. So size constraints for the transition state in the
critical dinension are'not inportant. This reactionis |[imted by the
nature of the basic sites.in the catalyst. These, sites are sequestered so
t hey function as Bro}Ft e?d but not Lew s bases. I:zighe can remd¥e hydrogen
ions due to their  snall size, cannot easily Irea t with Iarber 15 groups
due to steric cofsTT f‘ﬁfi!"*m h&'prCot—&rt-OthEHCHst Rt ep i n
the Tischenko / Cannizzarro (rasfedi on is an addition of the basic site in
the catalyst to the C oR'Qhe al dehyde carbonyl. This coval ent bond
formation is very difficult for the sequestered base sites in this

catal yst, as shown in Schene Xl: 20 25 30 26

o—'\
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*H% ) \ (catalyst)
-

(base/conjugate acid)

(sites)
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WO 00/ 00282 PCT/US99/14786 RR O1 Il R-CHCH+ RO R2O111 1

R1-CH C O CgCH R2 (catalyst) (base/conjugate acid) (sites) (hydride)
(transfer}ySdos %OO/ 00282 PCT/ US99/ 14786 Even if this key i,E{‘ diqte were
formed, it wou react only if the carbonyl Cof t he attacking al dehyde

coul d appro H Lop. The

reactive di ff'ﬂﬂﬁls%yﬁgf%ﬁ(‘i&te %VSretfﬁ ‘gt?t Vﬁ? {‘?rg éf%ﬂ%BarPW@'lg‘?% steric
linmits on thsea{aetamglaméhme ddtiiBa @eéa%h%eeh JeBidle (Y15 AR laRlife ipsttign al so 11 mit
the ability 5 of an-attacking al'dehyde to participate in a Cannizzarro
reacti on. EXhwenBESeactive dimttiavis pgratizbtophecstdys spufaese Soable $amé stericsst r at e, not

limt, the disclos d | ent gh the inventjon is described inits
preferred fg % t%@ H?é?lé’gq‘ﬁ grnsdiatg Waglﬂtaﬂ%’dlramh%ﬂbﬂw is to be

under sf ood tjpah Mﬁ%eﬁ #ﬁg t g fromthe spirit and
scope of the |nvent| SO %8 erst%o Ia%i‘nat these exanpl es do
not define the limts under Wmch t he base- m)dlfled clay catal ysts wll

perform 15 Conparative Exanple 1. Reaction of 2-Mthyl propanal wth
Unt r eat ed CIQ%EM

The following examples are presented to illustrate, not limit, the disclosed
invention. Although the invention is described in its preferred forms and with a
10 certain degree of particularity, it is to be understood that changes can be made
without departing from the spirit and scope of the invention. It is also to be
understood that these examples do not define the limits under which the base-

modified clay catalysts will perform.

15 Comparative Example 1: Reaction of 2-Methylpropanal with Untreated Clay
Catalyst

The equipment for this experiment was a 500 milliliter round bottom flask
equipped with a magnetic stirring bar, a thermowell to monitor the internal reaction
temperature, and a reflux condenser topped with a nitrogen bubbler used to

20 maintain a nitrogen blanket over the flask contents throughout the reaction. The
charge to this equipment was 5.01 grams of powdered montmorillonite K10 clay
and 250 milliliters of dry 2-methylpropanal (d = 0.7869, 197 grams, 2.73 moles).
Stirring the contents while heating to reflux for 200 hours caused the reaction
temperature to increase from 65 °C to 82 °C.

25 Analysis of the contents at that time showed a 90.6 percent conversion of the
starting aldehyde into several dozen products. The yields of the aldol / Tischenko /
Cannizzarro products were 3.2 percent Glycol Monoester (2,2,4-trimethyl-3-
hydroxy-1-pentyl 2-methylpropanoate), 0.1 percent Glycol (2,2,4-trimethyl-1,3-
pentanediol), 0.0 percent Glycol Diester (2,2,4-trimethyl-1,3-pentane di-(2-

30 methylpropanoate)), 0.3 percent Simple Ester (2-methyl- 1-propyl 2-
methylpropanoate), and 0.3 percent Alcohol (2-methyl-1-propanol). The most
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Cat al yst The equi pnent for this experinent was a 500 mlliliter round
bottom flask equipped with a magnetic stirring bar, a thernmowell to

moni tor t | gpal reaction tenperature, and a reflux c pped
with a ni W‘%B@nﬁzﬂbm er used to 20 nmintain a nitrogen bl a%EgtﬁBgﬁgﬁ(’?he

flask contents thraughout the r ti.on. The _char t.0 thi,s_equi pnment was
5.01 grans &ﬁ’“‘b‘ff%ﬁﬂ}l@a pﬁ?ﬂ‘l‘f’ﬁ’ﬁ?ﬁ f%ﬁﬂf@f@gﬂeﬂa@fhgﬁaﬂgﬁwwv|1§-i%| iters of dry
- 2-met hyl propapaht igig= 0. 7869, 197 grams, 2.73 noles). Stirring the
contents while heating to reflux for 200 hours caused the reaction
tenperature to increase from65 'Cto 82 C. 25 Analysis of the contents at
that tinme showed a 90. ercent .conversion_of the starting al dehyde into
several doz RPN MedificationofMontmoridlonite KiO€lav henko / Canni zzarro
producis were & A snTe . AN |- 3-. hydroxy- 1
-pent;clslt 2- met h;?/ii prcgfg){g(ré\g&;%éﬁt&g% percgﬁﬁl&&e élgﬁe(f‘f,hé,ag%&?%ﬁ% ﬁly - 1,3 -
pent anedi ol Jand @ réflpedondeisefSviE200. PpRsis&f Moht@odHbite el Miylay, 1208- pent ane di - (2
30 net hyl propanoat e 0.3 percent Sinple Ester (2-nethyl- 1-pro

. . y yl 2-
net hy| pr opamHilisrs 0)§)ﬁg percentpareass sodinmdtydroxide (det hyB29,-153 cgpmmiNa(gHIhe nost

28 WD 00/ 00 PCT/\US99/ 14786..abundant  <i.ngl e pr.oduct .was.

2,4,6-tri-( %ﬁ?%%?‘%@f@’fﬁg?%ﬁ i%%%?fh?tlinﬁnﬁgﬁsheaﬁﬁ s MiXety  Eyanple 2:
NaOH- Modi f i Q@ﬂﬁ)@ﬂ&rﬁﬁmoM%rbbﬁ%létéd 0B bhe: dEdRansk aThéwbhaipdoatisRdbpaa 1 Iiter
round bottom fl ask equi pped with an overhead stirrer and a refl ux

condelser wagcnm fiffrajion of thsfmivbe nsing b imedivne petdSity plags frid@@mel.| il iters of

50 percent ueous, sadi um .hydroxide (d =.1.5329, 153 .9t NaOH, 3.83

nol gs) , and 6%‘% the %ﬂ?&@?’g}{%w t)%],S_(O @{IW}W H@tl%ﬁoiﬁg%feﬁgw?ﬁ s mxture to
reflux for GelowdsnyQelel eshshbeFRats HXEPRBYGd oJéleégﬂ{gl;df It?,osgcp%ﬁi ed of a

10 vacuum filtration of the m xture using a nedi um porosity ass frit
funnel . \Vadoursgotipéetéd the evorkugs i Theeyisld ofiths final mAtenial Wad 171le4 graadst | ons  of

distilled ter
W%85.6 percent).

15 The sodium content of the material also increased from 0.4 percent to 8.2

weight percent. Analysis of this material showed the critical d,, interstitial spacing

increased from 10 A to 12 A as a result of this exchange.

Example 3: Reaction of 2-Methvlpropanal with NaOH-Modified K10 Cla

20 Catalyst

This experiment used the equipment described in Example 1. The charge was
5.00 grams of the base-modified Montmorillonite K10 from Example 2 and 250
milliliters of dry 2-methylpropanal (d = 0.7869, 197 grams, 2.73 moles). During
200 hours of stirring and heating to reflux, the reaction temperature climbed from

25 65°Cto134°C.

Analysis of the product mixture showed a 94.5 percent conversion of the
starting aldehyde. The reaction yielded 95.3 Glycol Monoester (2,2,4-trimethyl-3-
hydroxy-1-pentyl 2-methylpropanoate). Other products included 0.3 percent
Glycol (2,2,4-trimethyl-1,3-pentanediol), 0.3 percent Glycol Diester (2,2,4-

30 trimethyl-1,3-pentane di-(2-methylpropanoate)), a trace (less than 0.1 percent) of
Simple Ester (2-methylpropyl 2-methylpropanoate), 0.1 percent Alcohol (2-
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renoved any residual caustic. Finally, air drying and oven drying at 300 C
for 4 hours corrpl eted the workup. The yield of the final nmaterial was

171. 4 gragy ,6 percent). 15 The sodium content of the pg} @5492“7@ SO

i ncreased from 4 percent to 8.2 weight percent Anal ysis o

material showed. the criti doo nt er | spacing increased from10 A
to 12 A as %° glff’lt’a%’i ?‘?ﬂcgbgﬁ@ﬁ%\tr?éle “%%‘é\'tﬁiﬁe 3: Reaction of

2 Nethyl propanalgutd | nNACHBAL 10O, as 20l ofslackhe exper | e
used the equi pnent described in he charge was .00 grans of

t he base- rmdmrfvrescbn\bntmbunytdldnhydefdﬂeve’ralcoahaEastsnﬂseshﬁwammlF@ﬁe Ithéliliters

of dry 2-ne ro I 7869, 197 73 noles). During 200
hours” of st w&rﬁeoaﬁﬁgmqlwgcat%yr prodised gRaler S@E&lrwore@perawaegecr i nbed
from 525 65 4ofverdpl ysis of the product m xture showed a 94.5
percent con\olge‘arlzslr 3’11 ? etrt starting al dehyde. The reaction yielded 95.3

A ycol Monoester (2,2,4-trimethyl-3- hydroxy-I-pentyl 2-nethyl propanoat e).
Q her products incl uded 0. 3 percent d ycol
(2, 2, 4-tri nePBPRALANVE LXAAPIS SEYyAapanal Wid JusE seputoIde
trrrrethyl é entane di - (2 rrethyl propanoate)) a trace (Iess than 0.1
percent) of | e Ester (2-nethyl propyl 2-nethyl propanoate), 0.1 percent
Al cohol (2 29 MSQQf)&Qﬁ&ﬁ dBbhddaRR tha IBSreRméNbph&BRBeous Batdlys 1§ per cent
other materials. gure shows TMPD i sobutyrate selectivity as a functron
of all@e hydesup@um/@rt ¢ best homogensbus gatalyst ehgeuepatable %@mhsdprovamaél ysts.

shown in Fi Led K10 cl a t al od greater
sel ecti vi ty9 ?Sldalsg ﬁiﬁfﬂ?lp%ﬂ‘gtgr f&?"%ﬂ“&@%%"é“_@tﬁwé “tﬁf‘r%ar ative
Exanpl e 4: BRagpddanitPs maph&icitiORanathehdweSofh H{E‘rﬂﬁﬁﬁ@t&,%' Agitiorat al yst

funnel, and a reflux condenser topped with a nitrogen inlet connected to a bubbler.

Flame drying all equipment under a stream of dry nitrogen and maintaining a dry
15 nitrogen blanket throughout the reaction ensured its minimum exposure to water
and air. The charge to this equipment was 500.0 milliliters of dry isobutyraldehyde
(d =0.7869, 393.5 grams, 5.456 moles) in the round bottom flask and 25 milliliters
of 1.0 M freshly prepared sodium isobutoxide in dry isobutyl alcohol. The assay of
the isobutyraldehyde showed 15 ppm water and less than 100 ppm isobutyric acid.
20 The reaction began by heating the aldehyde to reflux while stirring and adding
a few drops of the sodium isobutoxide catalyst. An increased reflux rate indicating
the onset of the reaction began after the addition of 1.5 milliliters of the catalyst
solution. Adding the catalyst drop by drop thereafter was necessary to control the
vigorous reflux. It was necessary to wait at times up to 2 minutes between each
25 added catalyst drop for the reflux rate to subside to ensure complete control of the
reaction. After the addition of 3 milliliters of the catalyst solution, the flask
contents solidified with the formation of the dioxanol. But continued catalyst
addition soon redissolved this mass. The reaction continued until the temperature
of the contents in the flask reached 132 °C. The total added catalyst volume at this
30 time was 11.3 milliliters (ca. 11 millimoles sodium isobutoxide) added over 2.2

hours.

30



Thi s experinent denonstrated that the treated clay heterogeneous catal yst
Is 10 superior to the best honbgeneous catal yst at conparabl e

2-met hyl p{,ﬁp s conversions. The equi pnent for this reacﬁé'ﬁ/ﬂsdﬁfﬁ%s% one
liter roun ottomflask equipped with a magnetic stirring bar, a

t hermowel I with ther ter n.addition, f el nd a refl condenser

topped with a ?ly%ﬁgﬁt Srﬁrgqucil%%@éet%‘tﬁwfg az?g&nlﬂ?ﬁ@é‘??orfvﬁfséﬂ?eﬁgﬁ?i ng all

- equi pnent  ufslghg AldShyRA MR redMivn HicidedFRD ki B HoR MUnBEsté @Ry4-15 Ni trogen
bl anket throughout the reaction énsured its m ninum exposure to water and

ai r. The chtamypthyla- hidroxedupanty Atmethglpbandate) IMolar yields ofbthdr y
| sobut yral deh 456 _nol es) .in the round

bottom f | as??oédes ?é{i“ﬁ;‘il ?ﬁlzispgg’;egt%éﬁgll(gfrﬁ{\;%mggﬂr&315’!3%%1&‘?%‘8),3]@&] um

i sobut oxi de,d ' l4C The ay:_of |.sqb ehyde
showe%l 15 %ér%&\?/gt@gdog%g&r%ggs’gfﬁtgﬁ%&}%?gg?n&?%g%lu@y?? cpigcr:(%pgﬂ %&’V]’?égr eaction
began by hegdr¢engSinysle Estde (Rrthethytprowf] 2unethiprspatiddte); bimp3.aperoeficithg a few

drops of the sadium i sobutoxide catalyst. An increased reflux rate
i ndi cati ng MgfgBalsnset of the reaction began after the addition of 1.5

mlliliters OfFikg% 2Cﬁ)to§)s¥ d mai ﬁ{r&%qc??ﬁ%dg‘qgr: %%e%hhgpfog)]taﬁelﬂégglfgr{c&ﬁg%ﬁ edr op

thereafter was essary to Co oro cessary

to wait at ddnWeiSioup IintnediatdlyibEIBS the tovRersidtgds, AR Rflde tngrtatnst drop for
the reflux rate to subside to ensure conplete control of the reaction.

Aft elOt he aeparespandingtodhase cpnversienssppéart e seen il Kigure 2odtuto aonyersios f | ask
contents solidified. w.th r I on of l.oxanol .. But continued

cat al yst a‘%ﬁ‘ff ftfec?ﬂgg&gﬁper%@‘ﬁé ilgﬁcggrgmtm? “cﬁgg’ﬁ?ﬁ’gﬁ}@éé’tyﬁ%yéldﬂﬂtﬂued unti |
the t enper ai Wethylftbpardate§ BRBARS pbidehth Arldl R $bmé RRAMGER il Bils GeloW t Ot &l
added catal yst volune at " this 30 time was 11.3 mlliliters ?ca 11
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high temperatures the Cannizzarro reaction is favored relative to the aldol
condensation giving the Simple Ester rather than the Glycol Monoester product.
At lower temperatures or with sufficiently basic catalysts, the free aldehyde
shuttles through the aldol route (provided there is at least one alpha hydrogen)

20 giving the Glycol Monoester instead of the Simple Ester.

Comparative Example 5: Reaction of 2-Methylpropanal with Calcium Oxide

Catalyst

This experiment demonstrated that the base-modified clay heterogeneous
25 catalyst is superior to typical heterogeneous catalysts. Experiment 3 was repeated
using 5.02 grams of calcium oxide (89.5 millimoles) as the catalyst. After heating
and stirring for 100 hours, the temperature had climbed from 65 °C to 98 °C.
Analysis showed that the conversion of the 2-methylpropanal was 98.0 percent
and the yield of Glycol Monoester was 66.0 percent. Molar yields of other
30 products included 10.3 percent Glycol, 15.7 percent Glycol Diester, 0.8 percent
Simple Ester, 0.3 percent Alcohol (2-methyl-1-propanol), and 6.9 percent other
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products included 16.7 percent @ycol (2,2,4-trimethyl-1, 3-pentanediol),
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Oxi de Catalyst This experinent denonstrated that the base-nodified clay

het erl@geneotodnstsdrgludedsy8 peceny ddeahet, 1868 Rey?ﬁnéﬁlmMetEéﬁebéeﬁlwg@tcat al ysts.
Experi nent eate us CI u I de (89.5

m | 1inoles) %Agcoihe c%‘%r%?‘&&‘mw?e ?erhaélgtqg gpef%ﬁ%‘& {nﬁlﬁ for 100 hours, the
tenperature had clinbed from65 Cto 98 C. Analysi s showed that the
conversion of the 2- nethylpropanal mas 98.0 percent and the yield of

d ycol Mono&xample e A 1buarhah wi i N4 QIS edh Kl 0X1 \

ioed 10 3"pecent Qcol, 5 B sent G yenl Dgter 00 percon:
other;531  methylbutanal (d = 0.8029, 201 grams, 2.33 moles). After heating and stirring for
150 hours, the reaction temperature had climbed from 92 °C to 157 °C.
Analysis showed that the conversion of 2-methylbutanal was 93.4 percent and
that the yield of Glycol Monoester (2,4-dimethyl- 2-ethyl-3-hydroxy-1-hexyl 2-
methylbutanoate) was 92.6 percent. Molar yields of other products included 1.7
20 percent Glycol (2,4-dimethyl-2- ethyl-1,3-hexanediol), 2.0 percent Glycol Diester
(2,4-dimethyl-2- ethyl-1,3-hexanediyl di-(2-methylbutanoate)), 0.3 percent Simple
Ester (2-methyl-1-butyl 2-methylbutanoate), 0.2 percent Alcohol (2-methyl-1-

butanol), and 3.2 percent other materials.

25 Example 8: KOH-Modification of Montmorillonite K10 Clay

Example 2 was repeated using 100 grams of 85 percent potassium hydroxide
in place of the caustic solution. All other conditions were the same. Starting with
200 grams of the Montmorillonite K10, the yield of the dried, treated product was
174 grams (87 percent). Elemental analysis showed a potassium content of 12.5

30 weight percent.
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sol ution. condltlos wer e’ t tarting With 200 granms of
t he I\/bntm)rlllonlte K10, the yield of the dried, treated product was 174
grans (87 percent)1 El enent al . anal ysi s showed a ?ot assium content of 12.5

30 wei ght paxample 10: LiOH-Modification of Montmorillonite K10 Clay

15 Example 2 was repeated using 100 grams of lithium hydroxide in place of the

.

caustic solution. The water volume was also increased to 600 milliliters in this
preparation. All other conditions were the same. Starting with 200 grams of the
Montmorillonite K10 clay, the yield of the dried, treated product was 197 grams
(98.5 percent). Elemental analysis showed a lithium content of 10.0 weight

20 percent.

Example 11: Reaction of 2-Methylpropanal with LiOH-Modified K10 Clay
Catalyst
Example 3 was repeated using 5.02 grams of the lithium hydroxide modified

25 Montmorillonite K10 from example 10 as the catalyst and 250 milliliters of 2-
methylbutanal (d = 0.8029, 201 grams, 2.33 moles) as the substrate. After heating
and stirring the reaction contents for 500 hours, the temperature in the reaction
flask increased from 65 °C to 122 °C.

Gas chromatographic analysis at this point showed the 2-methy1propanal‘

30 conversion to be 96.9 percent and the yield of Glycol Monoesters to be 88.7

percent. The yields of the other components were 4.3 percent Glycol Diester, 0.5
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percent. Exapglie pdentReaction of 2-Methyi propanal with Li O Mdified K10
Clay Catalyst Exarrple 3 was repeated using 5.02 grans of the lithium

hydr obi de nodi fied 25 Montnorillonite K10 from exarrpl e 10 as the catal yst
and 250 m | ) . : grams, 2.33 nol es)
as the subsEXaERIC Ias 05 ' RrOBan Phe €6l cd® ents for 500
hours, the t@mature in the reactlon flask |ncreased from65 Cto 122 C

Example 3 was repeated using 5.04 grams of the caustic modified

Montmorillonite KSF clay from Example 12 as the catalyst. All other conditions
15 were the same. Afier heating and stirring for 200 hours, the reaction temperature
increased from 65 "C to 130 °C.

Analysis showed the conversion of 2-methylpropanal to be 92.4 percent and
the yield of Glycol monoester (GM) to be 92.2 percent. Molar yields of other
products were 0.5 percent Glycol, 0.7 percent Glycol Diester, 0.5 percent Simple

20 Ester, 0.5 percent Alcohol, and 5.6 percent other materials including precursors to
the Glycol Ester.

A summary of the results of Examples 1, 3-7, 9, 11 and 13 are provided in
Table I, below.
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Gas chromat ographi c analysis at this point showed the 2-nethyl propanal 30
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to the Aycol Ester. A summary of the results of Exanples I, 3-7, 9, 11
and 13 are provided in Table |, below 34
Example 14 : Bench Unit Operation

This experiment demonstrated the efficiency of the base-modified catalyst on
continuous production of glycol monoesters. The base-modified Montmorillonite
K10 catalyst from Example 2 was air dried and formed into 4-6 mesh pellets.

5 Heating these pellets to 300 °C for 1 hour completed their preparation for bench
unit operation. The reactor was a 1" x 24" stainless steel pipe containing a
thermocouple to monitor the internal temperature and a pressure gauge to monitor
the internal pressure. The catalyst pellets were loaded into this reactor and 4
separate reactions were run by pumping the substrate (2-methylpropanal) through

10 the bed under a nitrogen pressure of 170 kPa. The process poremakers and results

appear in Table II, below.
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Example 15: TiOH-Modified Montmorillonite KSF Clay Preparation

A 1-Liter round bottom flask equipped with an overhead mechanical stirrer
and a reflux condenser was charged with 201.3 grams of Montmorillonite KSF
clay, 600 milliliters deionized water, and 152.7 grams of lithium hydroxide

5 monohydrate (3.640 moles). This mixture was stirred and heated at reflux
overnight. The slurry was then allowed to cool to room temperature. The solids
were separated from the liquid by centrifugation. The liquid portion was decanted
and discarded. The solids were washed by resuspending in 600 milliliters of
deionized water and centrifuging. This sequence was repeated two more times to

10 ensure removal of all soluble species. The catalyst was dried in an oven at 100 °C
with flowing air for 24 hours. The yield of the final material was 214.2 grams.

X-ray diffraction analysis of this material exhibited the characteristic
pattern for montmorillonite with a d,,, basal spacing of 10.2 A, identical to the
untreated montmorillonite KSF clay. The lithium content of the material increased

15 from 0.004 weight percent Li to 9.3 % by weight.

Example 16: LiOH-Modified Montmorillonite K10 Clay Preparation
Example 15 was repeated using 205.5 g of Montmorillonite K10 clay in

place of the KSF type clay. All other conditions were essentially the same. The
20 yield of the dried material was 209.7 g. X-ray diffraction analysis of this material

exhibited the characteristic pattern for montmorillonite with a d,,, basal spacing of
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Table I'l PCTIUS99/ 14786 xp't Tenp Res Cony Prod o.(C) Tinme (% Product
Selectivities (%Y Rate (Hs)(#/ ft3 /hr) GMdy AySinple Alc DiesterEster
11043. 930 30. 70. 20. 13. 8 21293. 835. 693. 00. 61. 00. 40. 3

31523. 036, Qe 50 80. 40. 45. 7 41812 025 788. 43. 50. 60. 50. 5§C§’UE§9’147896| ycol ;
Al c: al cohol ; gyl ycol Monoest er | e 15: Li OH Modified
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wat er, and 3iovsth@rdifferent typéstdficlsyn daj e amodifeedin My medhaimrer.( 3. 640 nol es) .
This m xture was stirred and heated at reflux overnight. The slurry was
then allowed to cool to roomtenperature. The solids were separated from
the li.quid by centrifugation. The liquid portion was decanted and

di sca?ded The solids were washed by resuspending in 600 mlliliters of

dei oni zed water and centrifuging. This sequence was repeated two nore tines
to
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10 ensure renoval of all soluble species. The catal yst was dried in an oven
at 100 C with flowng air for 24 hours. The yield of the final naterial

was 214. 2 ., X-ray diffraction analysis of this material exhjihited the
char act erivg{)?@&ﬁgzttern for montnorillonite with a d6, basa:l)%%gg)kgééf 10. 2
A, identical to the untreated nontnorillonite KSF clay. The |ithium

content of tlihe clmed jnyentioitiseased 15 from 0. 004 wei ght percent Li to 9.3 %

- by weight. Exanple 16: LiOH Mdified Montnorillonite KI0 Cay Preparation
Exanpl e 15 was repeated using 205.5 g of Montnorillonite K10 clay in place

of the KSF tiype o Base-mibdified gy h&ﬁﬂ%éécid?l@& ¥ LLateB8RRYtESldy the sanme. The
20 yield of the dried material was 209.7 g. X-ray diffraction anal ysis of

t hi s mat er i gkchanpeabile wterstitial cdtmniccypeedssti ¢ pattern for montnorillonite with
a d., basal spacing of 36 WO 00/00282 PCT/ US99/ 14786 10.2 A, identical to
the untreated nontnorillonite K10 clay. The lithiumcontent of the

mat eri al i ner easedpfsand Ai0Pday B Aim PAIKESh sHintbRtifalthy] Lght. This
shows that different types of agclzvlgay can be rmglhfl?eﬁllaaﬁ gﬁ&ﬁéﬁghﬁgnner. 5 37
WO 00/ 00282 he@ETbdd8eohvietiedGo Dhide sites, whereinat dezksi e straictuial hdioagkegromsli f i ed

cl ay having, secl uded conj ugate, base sites and exchangeable interstitial
cationi c sp&agleensopveriedig ap oxidgiste.and epnigingre suffzsiont basagatipes i al |
interstitia een converted to oxide sites, wherein
at | east onlgag%{%@?ébggéEg%ﬁ%ggi?g%}%ijp has been converted to an oxide
site,10and contai ning sufficient base cations to balance the charge of said

oxi de sites. 10 ) )
A base-modified clay of claim 1, wherein the clay is selected from the

group consisting of a smectite clay, a partially exchangeable and hydrated illite
clay, and a hydrated chlorite clay; and the base cation is selected from the group
consisting of an alkaline metal cation, an alkaline earth metal cation, and mixtures

15 thereof.

4, A base modified clay of claim 3, wherein the clay is selected from the

group consisting of a montmorillonite clay, a beidellite clay, a nontronite clay, a

saponite clay, a hectorite clay, a stevensite clay, a sepiolite-palygorskite clay,
20 degraded illites, and hydrated chlorites; and the base cation is selected from the

group consisting essentially of lithium, sodium, rubidium, cesium, and potassium.

5. A base-modified clay of claim 3, wherein the base cation is lithium,
potassium or sodium.

25
6. A base-modified clay of claim 3, wherein the concentration of the base

cation ranges from about 0.005 to about 20 weight percent.

30

7. A base-modified clay of claim 6, wherein the concentration of the base

38



3. A base-nodified clay of claim1, wherein the clay is selected fromthe
group consisting of a snectite clay, a partially exchangeabl e and hydrated

illite. Clé’?%ﬂ%&’ggzoa hydrated chlorite clay; and the base cgéﬁg&ﬁlﬁg&el ected

fromthe nsi sting of an alkaline nmetal cation, an earth
nmetal cation, .and m xtures 15 thereof. 4. A base nodified clay of claim 3,
wher ei n t he caligfyrangessEom 0549 10rweightipsrcedk oup consi sting of a
-montnorillonite clay, a beidellite clay, a nontronite clay, a saponite
clay, a hectorite clay, a stevensite clay, a sepiolite-palygorskite clay,

20 degraded g. || i teebaseanétifiydlélay 6flclaii O/HavRip;a glidryt WRitaSRsCRhh Sbuk S
selected fromthe group consisting essentially of lithium sodium

rubi dium cd8i2/y and potassium 5. A base-nodified clay of claim 3,
mherekg the base -cation is lithium potassiumor sodium 25 6. A
base-rodified clay of claim3, wherein the concentration of the base

cation ranges froUheedifolprepRineQ BRQHodATEdMy IS mRRIRARE stepBf 7- A

base-nodified clay of claim®6, wherein the concentration of the base 38 WO
00/ 00282 PCTieai8®04 ¢lay 8athc asélotion congaising radnasi0 abion®r 40 unehagded specieent . 8. A
base-nodified clay,of clal.m1, havjng a Ilery width of | ess than about
10.2 A 5 o.undersobdifions ?@Jﬁmsmetagrq%g a cls¥ daving groly C@Pﬁ‘ﬁa@gﬁfﬁl?ﬁng t he
step of ”%ﬁ&%ﬁ&aﬂ%&hﬁ%d&s&i ?ca?i%fétsh?c;és.cont ai ning a basic anion or an
unchar ged speci es nder conditions s Icient to produce a clay having
secl ued conj ugate base sites and exchangeable interstitial cationic
spaces. 10 . . . . . .

10. A process of claim 9, wherein the clay is heated in a solution containing a

Bronsted base.

11. A process of claim 10, wherein the solution is aqueous solution of an

15 alkaline metal hydroxide.

12. A process of claim 11, wherein the alkaline metal hydroxide is selected
from lithium hydroxide, sodium hydroxide or potassium hydroxide and the clay is
heated for 0.5 to 100 hours.

20
13. A process of claim 9, wherein the clay is mixed with a solution of a salt or
other compound having an alkaline metal and then subjected to pyrolysis or a

combustion/pyrolysis process.

25 14. A catalyst composition comprising catalytic amount of a base-modified

clay according to claim 1.

15. A catalyst composition according to claim 14, wherein the base-modified
clay is in the form of a granule, particle, pellet, sphere, tablet, ring or extrudate.
30

16. A process for preparing a glycol monoester comprising the step of heating
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10. A process of claim9, wherein the clay is heated in a solution
containing a Bronsted base. 11. A process of claim 10, wherein the

solution i s solution of an 15 alkaline netal hydrqxi A
process of&(g?’g/f@ng 1, wherein the al kaline netal hydroxide ??s&ggﬁyge% & from

| i t hi um hydr.oxi de,. sodi um hydroxi de or potassi um hydroxide and the clay is
heated for ONBTELEBFEsEUrs. 20 13. A process of claim9, wherein the clay

is mxed with a !M%l@%xyﬁghgviﬁ %?orﬁfulaﬁ‘tdl—ﬁ@ ound having an al kal i ne
e

nmetal and then subjec to pyrolysis or a conbustion/pyrolysis process.
25 14. A catwhersR! endRdsretindbpedeitly seledi€ famahey fiotp 26@4iHngIT R C, ,,
base-nodi fied clay according to claim1. 15. A catal yst conposition
accordi ng t lieflabmm &m?ane%hmmSM§WMimB\éﬁtlw¢ 1 Sydlealkyleatidor m of a
granulse, partilgle pell et, sphere, tablet, ring or extrudate. 30 16. A
process for & q’i ng a glycol nonoester conprising the step of heating 39

WO 00/00282 PCTI 5994k 4Ay8O amburit of §BadelABdiie§ eRY, @) an al dehyde having a
formula R CHRRZCHO, where R and R2 are independently selected fromthe

group consi smdegconflitigns §1ffiz@nt talpkgduce @21y201 mbkessidr haGAg 2dommdy ny| |

substituted or u i - o |, and 5 aryl; and b) a
catal yti c anount r@ﬂ@@%ﬂb%ﬁ@ﬁﬁﬁ%ﬁ%ﬁ%%der conditions sufficient to
produce a glycol nonoester having a formula Rl CHR2CH(OH)CR CH2ZR2Q2CR
CHR2. 10 17. A process of claim 16, wherein the base-nodified clay has all

interBditiall7. A process of claim 16, wherein the base-modified clay has all interstitial
hydroxyl groups converted to oxide sites, and at least one structural hydroxyl
group has been converted to an oxide site, and the base-modified clay contains
sufficient base cations to balance the charge of said oxide groups, and wherein the
base-modified clay is derived from the group consisting of a montmorillonite clay,

15 a beidellite clay, a nontronite clay, a saponite clay, a hectorite clay, a stevensite

clay, a sepiolite-palygorskite clay, degraded illites, and hydrated chlorites; and the
conjugate base cation is selected from the group consisting essentially of lithium,

sodium, rubidium, cesium, and potassium.

20 18. A process of claim 16, wherein the weight ratio of aldehyde to base-
modified clay is about 40:1.

19. A process of claim 16, wherein R! and R? are independently selected from

the group consisting of H and C, _,, alkyl.

25
20. A process of claim 16, wherein the aldehyde is selected from the group
consisting of 2-alkylpropanals, 2-alkylbutanals, 2-alkylpentanals, and 2-
alkylhexanals.

30 21. A process of claim 16, wherein the step of heating is conducted in an inert

atmosphere at a temperature ranging from about 50 °C to 250 °C.
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hydr oxyl groups converted to oxide sites, and at |east one structural

hydr oxyl group has been converted to an oxide site, and the base-nodified
clay cont %85 /0035';” ci ent base cations to bal ance the char T 599?4796 oxi de
groups, and m%ereln the base-nodified clay is derived fromthe group
consisting of a nontnorillonite clay, 15 a beidellite clay, a nontronite
clay, a sapdfit e‘AtP‘é’g??ssé)fﬁgtIPdfsi vhergingle heatigg step s eqnducted 3 the 5

- sepiolite-p i : LLLItes hydrated chlorites; and
t he conjugg%%gﬁgégh%g??gﬁ%?%ggg%§@$g3h9¥%ﬁ%%&ﬁ%ﬁoup consi sting
essentially of lithium sodium rubidium cesium and potassium 20 18. A
process of claim 16, wherein the weight ratio of aldehyde to base- nodified
clay is about 40:1. 19. A process of claim1l6, wherein R and R2 are

i ndependently selected from the group consisting of Hand Cl-10 al kyl. 25
20. A process of claim 16, wherein the al dehyde is selected fromthe group
consi sting of 2-al kyl propanal s, 2-al kyl butanal s, 2-al kyl pentanals, and 2-

al kyl hexanal s. 30 21. A process of claim 16, wherein the step -of heating is
conducted in an inert atnosphere at a tenperature ranging fromabout 50 C
to 250 C. 40 WO 00/00282 PCT/ US99/ 14786 22. A process of claim 16, wherein
the heating step is conducted in the presence of up to 75 wei ght percent
of an organic solvent. 41
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