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~ CATALYST FOR THE PRODUCTI ON OF GLYCOL MONOESTER RELATED APPL FONS™5 This
appl i cati wo elmesrs t he benefit under 35 U.S.C. 119 to provPcsiusosi4786
application Ser. No. 60/091,173, filed June 30, 1998, which is incorporated
herein by ref ellge clay EAFRLYSTFOR R FRODUC TIOIE €Y. ¥lolhe
invention relates to nethods tor the preparation of glycol nonoesters from
al dehydes using a base-nodified cl MONOESTERal yst. Mre particularly, the
invention relates to base-nodified clays that catal yze al dol condensati ons
and Ti schenko hydride shifts while mnimzing side reactions such as
transesterify OAS ﬁg(lJND OF THE I NVENTI ON d ycol nonoesters are
conmpounds h%%iﬁ AR 51 %ﬁ% tructure, where R and RZ are each either
hydrogen or an Wfigaplicatbnalmsehdbencfituiek Y35 0IS00Y 11938 feblibidnsd R~ 20
R--CHCHCCH2-OC-CHR R2 These conpounds have a variety of uses. For
exanpl e, gl yapplication Ses Nev. 604D &, 173 tled durieridu $998, arhi¢hnis énqoirpatatad bereinsol vent s,
pl asti ci zerz1 foﬁe epol é-l\/j nyl chl ori de and 25 pol yol efins, and coal esci ng ai ds
for |atex pRVIELTeneRi IR own gl ycol nonoester is a product from

2-met hyl propi onal dehyde, where both R and RZ in the above fornula are

met hyl groups, which is sold under the TEXANCL trade nanme by Eastnman

Chem cal CorRIELD, ORITHENVENTKeNnessee. The TEXANOL product is the premer
coal escing aid _and | eveling agent ex aiiﬂnts and is also 3Q used as a

i for |at
pl asti®i zer forTNSdNYERALAY FERES ragthgg%@ﬁ?}esp_re -glycol monagsters iy
001 00282 A typi C : ] egi.ns with an
al dol condenaga ?géns l%il%aaﬁ% g’ﬁ‘f?&%@ﬂ%%ﬁgﬁﬂ% P}ﬁ%}?%@g&gg’é‘ ’?‘(I%I | owed by a
Ti schenko hyfivéntion $¢latet to RbaRlifiedapisahat chtapre aldvhebndensationnandidi ng t he
formation of a dioxanol internediate. 5 10 15 RZ o RZ off RZ o 2 R-CHICH
~ R - CH cH disabenirg bedsiggshifts whilegningmizig e w0aeonRsuehpscH C- CHZ- O | G- CH R
d ycol '\’b“"%%atn%stezﬂﬁzaaan? ~C~Z PCT/US99114786 R-CHCH R R2 OO. R

15
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? o R'
20 o |
R'-—CH—CH—C——CH,~0—C—CH

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 TE-XANOL®
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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JO R +R2 RZ Dioxanol Although the glycol nobnoester above d6‘£I ?rb he,ester
in.the 1-position, the glycol nonoester actually exists as t xaufke'zof t he
1- and 3- WSDiRIE282 These i sonmers interconvert through an eqBCTUSSYI4AEE shown
in schene I1) at sufficiently high tenperature, in the presence of a

catal yst, or Aayﬁéaltprmssf&f&mlﬁg Blychl méadeSiersbeghié-wathl £ {ItbIRdn@shtidy) R2 R
R-CHCHCCHZ-OHO R GCHR2 to RL . Under conditions used in nost glycol
nonoest er na@ﬁmaaédqhwdﬁga\ﬁnm@gbb&hyér@miqllweé|ba|@ Tigchenkohgdrideshift i n
nunmer ous und | ahl roducts .. 5.10 15 20 R2 O | -
i Gt o o Siehid dEpidls RER PR ons, iR B enaicnsl aiigBPh 0202 -1~ 1 n 1
2 G~a -~t. mtermE’@I(eUS%/ 14786 high tenperatures, for instance, favor
transesterifications which yield glycol and glycol diester by-products.

Si npl eSester by-products are believed to occur through either an

i ntranol ecul ar Ti schenko reaction, (shown in schene II11), or through an

i nternol ecul ar CanniRZzz@rro reaction, R{ sBewnRf nOschene N). High tenperatures
favor Canni zzarro réacﬂl ons_pgoduci nd; a]S| r’rﬁ)l e||ester byrpreduct to the

excl usi on of 2hB-al@bt-Ctondensat Rbﬁ-Qﬂ-cGuc-t-c—A&-l a consqaquﬁnce of these

unwant ed by-products, the al dehyde conversi d;n rrus%&iagmoﬂ ed to lowto

noderate | evel s taldglydbe opti mumyiel ds of gRycoI ester. Even then, the
desired glycol nonoester yield rarely esxeeeds 85 to 98 percent wi t hout
extensive recycling of the transesterification products. RR'O +RR~~- R2 OR
Il (catalyst) | | R-CHCH~ R -CHCHI OR2 Ol | R--CH CH2(¥CSi npl e
Ester SRR 1 + RO ' CHR- (catalyst) rt 2G-~;,.~~ ~~~ ?. 00/ 00282
PCT/ US99/ 14786
L1 @i
R'—CH—CH—C~—CH-O—C—CH R
O -
R’ R? Lo R! R2
Glycol Monoester
Dioxanol

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.

10
R2 R o R R R
R'—CH—CH—-C—CH,-0—C—CH—R2 <=== R'—CH—CH—C—CH,-OH
OH R? o R
C—CH-R?
15 1.
o R
a

Under conditions used in most glycol monoester manufacturing processes,

competing side reactions result in numerous undesirable by-products. Moderately
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2R O+RO ROR (catalyst) R-CIHiCH ~= R-'-cHcHi o &b B.f 2
R-CHCHR OR O Ri +i i R-CHCOH CCHR- R OR2 ii i

R~-CH-CHZ WOk + ( a~lyst) Sinple Ester (N) 4 | [ WOPODUSQL2RI286~, |

~ ~ ~ ~t~r L4 ~ PCT/US99/14786 Strong bases have traditi onaIIy been used
to pr omote tiiey E&ﬁﬁ@&d&@ fof 1n94a¥&0kav'6pﬁﬂﬁs%§t%ﬁﬁc§tloﬁmﬁ!1&iﬁ)ﬂ &dycol Ahd exanpl e,
Hagenmeyer et al. Patent No. 3,081, 344, describ ow noderately basic
al um num al kgiycqielsesmr(bygmmihci’él §mhpleleste&:hy—@kq®bts arbblieyedto edcdothraxgghal yst s.
Hageneyer et al., U S Patent No. 5 3,091, 632, descrlbes how hi ghly basic
sodi um al kox¢iHEsamiraglaguler E&Fhﬂnk?lr%ﬁéﬁlééh%‘&t ig) sgherae [}, or yren

Canni zzarro ce in
catal ytic baglgehg%) )Fég{rllﬁ{ﬁ P{aﬁgtsr%ﬁ 18}?%}1&‘@{;@3 c@‘%‘*&%ﬁ?&’t ﬁ%ﬁ tg’?&&g@?%f erence in
the refati vefaaﬁn@ﬂhﬁzzaﬁo&éhetlsﬂsrmb@oﬁg sinplodte byarddidieo tleykrdusionodest er

product. Both form from hem acetal s under goi ng hydr| de 10 attacks on
car bonyl cartbenldal epndensatien pradupte. dstaconprayenser! thnspunyrred hypyeructie

onosst er 1 oThaBRR Rk DeR huloLf MRl B Gl REGRY 201 g
al dehyde andodtinsuralyitdds &f%ﬂ%ﬂ‘ﬁﬁhbé&fhrpmgﬂﬁfen tﬁé‘@ésﬁie@gg@ilco@mo?nb@ﬁéim s in the

preparation of gl ycol nonoesters are glycol, glycol ester and al cohol .
These by pr oyfeldirgreheexdeedsf&8amo0 parcsniswighqut mstansvm@cydm@fdhm in schenes

VAVEE WO 00/ 00282 L4~ PCT/ US99/ 14786 R2 R- | | R--CHCH ~ -OR 1°
@ ycol? anoe‘E‘PEFSt 1G85OpPRAVES H R i ORRR RRR-1 | | | R-CH ~H ~
"MW +R-CH ~H. ~- ~H R ORPR GHR OH | i | _| RCHIil il

CHR2 dycol OO dycol Dester (V)

15
R 0 RO R? OR
L] (catalyst) 1 |
R—CH—CH =~—> R —CH_TH
o
il
20 R'-—CH—CH
R> OR' O R?

R'—CH—CH—0Q—CH—CH—R’

: |

R ﬁ Tz .
+ RO
R'—CH—CH,— O—C——CH—R' (catalyst)

Simple Ester
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"R~.-CH | MODe2$2 2 OH R2 O R

"1 WO 00100282 R OR2 ~I | R -
, Z PCT/US99/ 14786 R R + R -CH H ~- ~H OHR2 OH dyc

CCHR2 1l Odycol Mnoestrarssptarse |

HO CHz- CH R2 Al cohol a 7 r f~r 2 ~~ ~ ~~~ ~~~2 W 00100282 R -CH CHZ-O C
CHR + Sinple Ester PCTNS99l| 4786 R R R-CHCCCHz OHR2 ~ R~ CCHR2
O dycol Mnoester R R~ R-CHCCGCCHz R OR ~R-~-CHCCGCCHR21010

G ycol Diester R~ HO CHZ-CH R2 Al cohol C~ The extent of transesterification
is generally related to the tenperature and the 5 10 reaction conditions
for the al dehyde conversion. Under |ow sinple ester production conditions,
the limting values of the transest~rification keep the glycol glycol
monoester : glycol REi ester rHaBRDO near 1: 21 ﬁ’ﬁ'hat t he maxi numyi el d of

t he gl ycol rmnoesh{ar |H; SO enaypsnt . At hi gh si|npl e ester production

condi tions, tié -gloolcy dl y::@iﬁ:mnoé%t-ef H—glGrtol diester ratio becomes
skewed toward the glycol diester as the si rrplel ester transfers its ester
group to the glycol derivatives releasing thegal cohol. At high sinple ester
production conditions coupled with the limting tr se terification

conditions, the yield of the glycol nobnoestgr may WrJ % ignificantly bel ow
rﬁ/ers

CH CHz- O C CH Si npl ~=~;
H Rl Si ITp e Est ez)lg &'ZpR“N? )
|

50 percent. Even when the transesterificati nsi ve, such as at
| ow reaction tenperatures and | ow al dehyde es, the yield r
~N'nornr

R? OR' o R?

. |

R'—CH—C—=0 H,C——CH—R

R 0 Tz
1 CH— A A + R'O°
R CH—CH,—0—C CH—R (catalyst)
Simple Ester
(Iv)



2 ~ ~+t .~ L~~~ WO 00100282 PCT/ US99/ 14786 of gl ycol rmnoesﬁ zr nk-Ar e,l..)i
exceeds 85-90 percent. The maxi mnumyield of glycol nonoestertfloF-thé«
aqueous cawsitgomomygst em ranges from 75 percent, as shown by BeTnssyiRasent
No. 3,447,029 to Weber et al. (2986), to 92 percent at noderate al dehyde
conversi ons, asgiWasthaPediRiBniR} Gdth Ve to}R8meRk3né foriiaRbh B8t al. 5
(1993), to 98 at | ow al dehyde conveérsions percent, as shown by Japanese

Pat ent No. 7ohdese82frer aldehydidsy &'oetxahple,(H&EHeyeBe @hudaS. Pagni Wo.cant anount s

of by-products often result, processes to prepare, glycol nongesters require
el aborat e ar?tjo%]o%‘{q’geﬁ‘iﬂgf’?f]i“t‘%moéﬁraéfi)ﬁgﬁ%%alg@"g‘%é}kgf‘ °} A€ &9PBduct fromthe
by- product s - 4%, o 18 /pnggst ers.
Processes re@gﬁe?]%%%@ggw’%&et pég&gaelzrlz&dﬁq gat(?lﬁﬁc al?%égﬁlteg%rlgéﬁﬁg’(s}dlashgat WO g’r nor e
react of s ar €3,091,630)dedtribes how tishlyabaskesbdéaunh alkexikies aregobdpldeved gl ycol

nonoester synthesis. A further need exists for a catal yst that pronotes
al dol condenEisgheake cajplysts; bt aeanasr MpanizaaTossitalyss exsept & digher gl ycol

nonoest er s ile mni m.zi unwant e -products.. MVARY OF THE
TRVENT! O 1 rietpERTar e FHeBESY Sl R B R PRERS of g1 yeo
nonoesters, 4dcagurt§ iR fitd @ffeRntemStha Pelbtiy AYRBt B fABESifpl OéstdrippbducPaRpar at i on.
A base-nodified clay of the invention catalyzes the reaction underlying

thi s new pr dbeglycolunenasisten pilubta Rothiderint frenh hehmgcetedswnrd¢rgaing bydride i nventi on
selectjvely catal yzes the reactjon d advant ageoysly. m nim zes, .Qr even
ol i mi 0t o5, MR AL DL FOHG FOMS ot SHOU e SR MER FYBATREROT s

base- nmodi f i eghefd¥rohl@heRBEALYFARe $HRINEUMERYEO AN thefel ol HnoBRAGBFAET from
d clay hasS secluded conjugate base sites and

an al dehyde. The base-nodifie
exchangeabl efromtadrydtiii¢ slaft in did lemiecetgd adf de st@bnPaldtlydebing itsaldbli nterstiti al
hydroxyl groups of .the clay have been converted to oxide sites, at |east
one struct urRdEREHEXDIMYFoup has been converted to an oxide site, and the
clay contains spfiki:ci g ' t af | har ge of .
AT Sone o ou LGB AONAER A BRSSO LR BLABS S i

base- nodi f i eglycdlalyestef hrd 3lkoslo Thsse byrptoddets rdseh fiongtransestenyfidations, Rasi ¢

sol ution under conditions sufficient to produce a clay having secl uded
conj ugat e baevayipschesid e¥dlangeabl e interstitial 9 1 WO 00/ 00282
cationic spaces. (.; t..',fvr Ar 2 ~ ~~; ~ ~2 PCT/US99/ 14786 Yet anot her
enbodi nent of the invention provides a process for preparing a 5 glycol
nonoester. This process includes heating in a reaction vessel an al dehyde
and a catal ytic amount of a base-nodified clay under conditions sufficient
to produce a glycol nonoester. The al dehyde has formula: R2 O R -CH CH 10



15 where R and Rz are independently selected fromthe group q? Eqp of
H .C _zo alkyl, C2_zo al kenyl, Cz_zo al kynyl, C3.zo cYcloalk d aryl
and the glWodbisashoest er has a formula: R2 OH R~ R~- CH CH (€ 12(”??9@)4??6
CH2-O-Cl ---CH R2 BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 depicts TMPD

i sobutyrate selectleiy as a,{unctlon of 20 isobutyral dehyde for several

cat al ysts. Flgure 2 plcts t e nonoester glycol yields for the reaction of
2- et hyl opa ggf éﬁObUtOXIde catal yst. DETAI LED DESCRI PTI ON
OF THE | i'Aivention, a gkgcol nmonoest er is prepared
by a process u5|ng 25 a ase- |ed glay t o @iz e¥%e conversion of an
al dehyde having an aIphéDHydﬂﬁgenOto ? gl ycol nonoester via an al dol
condensation foll owed by a Ti schepko dride shift. This reaction is shown
in schenme VIII1: . 10 ~r rnr 2 ~C~—CH-—R>~2 WD 00100282 R2 O3 R~-CHCH 5
PCTI US99/ 14786 RZ OH R2 O R~ R -CH—CH—C—CI-i~-C>~C—CH—R2 li R Al dehyde

A ycol Monoester 10 15 The Base -Wbdified O ~s In one enbodi nent, the
invention relates to a base-nodified clay having secluded conjugate base
sites and exchangeable intersfyfjtial cationic spaces. Preferably, in the

base-nodified clay, all interdtitial hydroxyl groups have been converted to
oxi de sites, at |east one strygtural hydroxyl group has been converted to
an oxide site, and the nodifi clay contains sufficient conjugate base

cations to bakance theRcharge of the oxide S|t Re. In otRér words, the
base-nodi fied clay con alns an act ual nunber S|tes p r unlt ceII wher e
an al kal j 1neQ%h éf% cation has e hydr oxyl

t

proton that exceeds a aIc ed nunfer o exc ang S|t per unit cel
in the UﬂﬂDdI&ied cIayR;zAnl2 cl havi ng exchangeab hy &oxggisltes may be
used in this Tnveftion.” 20525 The term "cl ays” conpass not only

cl ays, but al S|n1Iar exdhan eable mnerals. Cays are generally
nlcrocrth_rT em nlcﬁgtT F‘I2|ne or anor phouSlyedlner al conpounds of
hydr at ed S|I|cas nd hydrad al um na, magnesi as, iron oxides, and/or m nor

amounts of variou® other elenents many of which exist as point inpurities
in the silica, alum na, magnesia, and/or iron oxide phases. Cays that are
particul arly useGlykcolilieg¢racti cing the invention are the | ayered and
exchangeabl e snectite clays, the partially exchangeable and hydrated illite
clays, the hydrated chlorites, angvpther m nerals with expandabl e and
exchangeabl e



4 interstitial cation spaces. These clays include, but are nzt 'dnt to,
montnorillonites, beidellites, nontronites, saponites, steve Lov

sepi ol i t e y@esKki t es and hectorites, so- cal | ed degr aded wbknﬁm%pwmydrated
chlorites, mcas and other exchangeable and sol vatabl e m neral s including
brucites, alysm nas and 42~ ~"C ~Z WO 001 00882 PCT/ |§g99/ 14786 silica
gel s. Clays re typlcall acrdlc in their naturally occu rlng state.

Becaus {hl aci g& ¢ undesi rgbl id HLeE t| t he cIays
of the |nve§F re nD f|e l%—Xéreatrng t ensafthéa bapi Qﬂ§
cation-containing solution. The acidic or S basic c& Qg Lf a particul ar
cl ay depends | ar §®me Bsiert he nature of the water of HThe wat er may
exi st as structurally bound hyrdoxyl groups (OH groups) as mell as | oosely
bound H20. Wiile intending not to be bound by any padyeeul ar theory, it is
believed that this base-nodification gerves two purposes. First, it
neutral i zes substantially all of the fcid sites (OH sites) within the clay
and 10 replaces themw th their conjugate basic sites (O). Second, the
treatment inpregnates or dopes the clpy with cations fromthe base. The
base-nodi fied clays of the invention fan generally be characterized by the
follow ng properties. The crystalline fraction and the crystall ographic
structure, as shown by X-ray analysis, remains the sanme between the

unnodi fi ed clﬁy and th 15 cation-doped clay. The ratios of the framework

atons, such a Sr, Ng and Fe for the cation-doped clay remnains
substantkﬁ;_%aﬁ e unnmodi fied clay. Howeven, the base cation is
pr esent gg?lfl clay in a concentrationrangi ng from about

0. 005 to about 20 t ercent pr ef er abl a 21 to about 15
wei ght percent, éﬁ 3% R'preferably 0'%3 Ct?ﬂ?perce wei ght. At 20

| ow base concentrations, t e atalyst activity remains | ow since the nunber
of active sites is corres Hogrfasmal | . At hléﬁéhobase concentrations,
the clay acts nore and norg |i ke a honbgeneous base catal yst, and the
catal yst selectivity for d@dly primary aldol / Tischenko products
dimnishes. It is believed that the cation present is in the form of

cheni cal | y bounélycohdongzgtenot nerely adsorbed, because they remain in the
catal yst after repeated washings with solvent. Wile not desiring to be
bound by any theory or scientific exfflnation, it is believed that the
basified clays display unusual basic properties deriving fromthe | ocation
of the base within the highly inaccessible interior of the clay' s |ayer
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 WO 00l 00282 P
/| " ~PHPs.~ .,;~ c~ ~Z PCT/US99/ 14786 conditions of the catal yst
preparation, the unusual base properties formwhen the reagent base anions
penetrate the interior of the clay's layer structure converting the
sequestered acidic structural hydroxyl (OH) groups into their Bronstead
conjugate base form oxide (O) groups. It is believed that the cationic
counterions S renmain separate, largely within the interstitial cavity bound
by ionic forces in order to balance charge but physically too large to fit
into the clay's |ayer structure unless the outer shell of the clay |ayer is
otherwi se disrupted. It is believed that the resulting forced charge
separation serves to further increase the basicity and further enhance the
unusual basic properties. It is also believed that the nunber of basic 10
sites, and thus the activity, and is directly proportionate-to and
therefore indicated by the anbunt of ration contained within the catalyst.
It is believed that lithiumis an anonal ous exception to basified clays
descri bed above due to its small size and propensity to formless ionic or
coval ent bonds. It is believed that the [ithiumration nay penetrate the
clay's layer structure 15 along with the base anion converting hydroxyl
(OH) groups into tightly bound lithiumoxide ion pairs, (OLi) groups, and
di spl acing other ions especially in the octahedral |ayer sites. It is
believed that this pervasive infusion explains why lithium]loadings are
often 2-4 times larger than other netal qrations on a gram atom basis. 20
The base-nodified clay contains sufficient netal rations to bal ance the
charge of all oxide sites wthin the clay. Suitable netal rations include
al kaline netals, such as the group 1 alkali netals, the group 2 al kaline
earth netals, and various other netals, such as zinc, cesium rubidium and
thallium Preferred counterions are sodium potassiumand lithium A

base nDdrfred cIay may have a nrxture of 25 netal rations. A base nodi fi ed

I Y M o, T Y e e I I 1 v T 1



W~ v An' L4u WD 0~/ ~0282 PCTI US99114786 cation in the basetzr’[pqp':j{}i ekl ay
shoul d be greater than about 0.005 weight percent; nore preféerably, greater
" than about w.oboume ght percent; and nost preferably, greaterrtharochavg ght
percent. Sodium nodified clays, for exanple, can have up to three or nore
sodi um cations per unit cell giving a sodiumconcentration of 8 to 9 5

wei ght percent. Lithiumnodified clays have beenRf ound tR} have hi gh
concentrations of, [ithiumcations. Lithium nodi fil ed ¢l ayls have up to twel ve
l'ithium cations ’?er unit cePl. Iﬁe |i t hi um cBt-dH+edheer@+aCHon may be as
hi gh as 10 wej ght percent ith th bass- modi fied clay.| Pref erdbly, the

li t hi um cat iR EocEMTR T TakesRi rom 0.1 to 10 T a8d oprex'preferably
fromO0.5 to 12. Preferred base-nodified clays of the inventijon |not only
have secl uded conj ugSiteleBsige sites but al so have cavities op_spaceg
penetratable by the organic substrate adjacent to the base gites. To

achi eve these ends, the cavities preferably have a gallery dth that is

| ess than about 10.2 t~, as determ ned py the X-ray due, 15 spacing and the
clay layer width. Mre preferably, theflgallery wdth rapges from about 9 ~
to about 10.2 A It is also preferable|that the cavi %yl es are wettable.
Unwettable clays wth neutral hydrophohj c cavities, such as the talcs, or
wi th highly charged cavities having tidhtly conpl exi ng counterions, such as
the m cas, are generally unsuitable. 20 The base-nodified clay can be used
in various forns to_catal yze chem cal reactions such as those descri bed

bel ow. Accordi ngl szi n anoRher enbodi ment the invention relates to a

catal yst conpositiagn ggnprising a base-nodified clay as described above.
For instance, Rhe-GeseCrodCHatcl ay can be formed igto granul es,
particles, pellets, spheres{;, t|ab| ets, r+ngs, or extrydates and placed into
a fixed bed 25 reaRtorQ asRis cknogh in the ard. equ_l y, the mni mum

di mension of the chtal yst is qrea1er t han about 0.2 inches. In this

vari ation of tR—-@kencCi on, t nts are passed over the catal yst bed
and the crude product ||s coll tel;t ed at ‘the other %8 Alternatively, the
catal yst can be stirreas with e reactants as a slurry and the crude
product separated fromthe catalyst by filtration, gravity settling, or
centrifugation. 30 | mggbiti&ter case, the fact that the catalyst is a solid
material and substantially insoluble in the reaction nedi um makes
separation of the catalyst straightforyard. 14 WO 00100282 Z ~ ~' a~ e~~~
PCT/ 11599114786 It al so avoids nmany costly environnmental problens that are
associated with the treatnent and di sposal of aqueous waste streans

cont ai ni ng excess sol ubl e base catal ysts. Preparation of Base-Mdified

Cl avs 5 Another enbodinent of the invention is a process for preparing a
base nodified cTiyextdn of trefseserificivnds gacrdliyadlacdday tiod tetperature and then, t he
clay is treated with a basic solution of a conmpound having a basic anion or
an unchar gedrea@ioaicenditigpafar thaaldefiyde corversion. aUpdesdow sapplgestehy dr oxyl gr oup

within the cla der ndi t,l ops. suf fi ci t.0 . I havi

sect uded corl oo dRRn ORI LEk RE s R RRERIG P T BUES
spaces. The sggesdl afonobiteh dfdster HHR RYO1:0XYdo tHatAPmMARYanB Sidk bt ai ned
bel ow, be generated after the clay is treated with the conmpound. The

sol uti &n maythegbicabmoneastasiis Eqpereensi Ag highssimplgesisnpeduetiangondiionsrtied

species in a_sol.vent or as neat |i.quid. .. dis sed, abov t he basic
chtion i s preveagRsobofisct ! Blloabddteait Bt RS HRETE BV R e e
peri odi c t abjiigstdOasAhe Silipe estatitiadbicfs Rt gfcupi 16 the ghitdlARHGathR§I C ani ons
include, but are not limted to, hydroxide, am de, carbonate, silicate,
met asi | i cat erelqabing treatleghod.y At high, sithple tter produstiipaoadidionhgaimletbwith the

al um nate. Syitable unch ed speci.es incluyde, but are not limt to,
ront o, anm HBUE P RaPR RGPS, thaste S ke Byl Mongsaur il

Addi tijgnal basgis wgcfk-? i Y I dtO5h Lk r LOps that
are nolt9 20 |ﬁ%‘|ﬁﬁ§fu a I?/‘Hggi)?%:ce tﬂté‘{%ﬁg‘%ﬂ%czlgg %Qﬁaﬂgﬁ%agpggl\s\nﬁteﬁ&pﬁr tQ’her
treat ment. Muchus esloof rebatRinadempeqaouetmdiiay abdzhydecbnvarsidnearateastie izt fi cat i on
to give a base-nodified clay have a m xture of nmetal cations. The sol vent
used in the preparation of the base-nodified clays is not critical,
provided its dielectric constant or co exing ability is high enough to
serve as a 25 solvent for both the entering basic noiety and the | eaving
cation and provided that



it thoroughly wets the clay. Wetting is inportant for good bz € rexchange.
Sui.tabl e solvents include, but are not limted to, water, an ﬁ%‘lﬁl’s""“
amoni a, awoeaomws2sanmoni a, and pol ar organi c sol vents such aBCRPUR®VIA786
al cohol s, am nes, ketones, dinethyl sulfoxide, and dinmethyl formam de.

Preferred solf ol moR6bieFately ot @I TheBbiturt 9IBOE dgcand, nor e

preferably, water. One nethod of preparing a base-nodified clay wherein the
cl ay i s heatmodpoeker far3he aqheyuy dansticzsystem-rangds-PoriVDo POtcdN 82sH@T S99/ 14786

exanple, with stirrin af ref]ux, d/ or e ressure, in basi c ’
sol ution fOI’GMfEaiw@?M géﬁi@ﬁ%ﬁ?‘?’ﬁé“fﬂ%\}g? PREGeRt Pxyl (OH)
sites, inclugj L <Lt t t t , to
oxi de si tesﬁ%@gégérwﬁ%%&&é?esg,g%k@ S&% %a?%}gé\% é?gg’tg eﬂjc%ﬁé(%{gég gJ %[ases of
t he ach di ¢ hitdodxid 9ssattlew aldehpdecsonbeérgiont percntpasuhesa byriapatesPitest i ng a

slurry of a clay, for exanple, with stirring, at reflux, and/or, under
pressure, i M@ HakyWB2teITspchird ¢l GR7Arount of time sufficient to effect an

crchange of 2 byl ohuiHhat UL LIPS SRS AD o te s ©

interstitial gty mionsksters oetusre @labbiite &ldaoshRyeri hiefion Getvnedstte depapatoxicde sites
and at | east one structural hydroxyl 10 group has been converted to an

oxi de site. praéuqt&mot thobycuodiicts anddo resonyerbihgbatiroducss intdhglybelse- nodi f i ed

cl ay e not crit'calP CGener al I.lgﬁ however,, the f erat&ure shggld be within
the rihge of MRRSSETH REOSHSIESIRMIHNSGOYST ene gpzansisiiiayon solymns gt e ar apout 120
C. Likew 591mB&ereﬁc@ﬁ%taf&thhhéﬂ?mhén.n@Bus‘}F'nEéd:é’:lists hi%tangﬁlB?c{v%Ung]ycro nges from
about 0.5 h to about 100 h, 15 preferably at least 6 h. If the heating tine
i s too shor tmoagesiensyfthéscs. ek furtifer heedexmtdiof b catialysnthai promiotdsaaldrlace. 1 it

is too long, the cl.a .begin tao dec or even dec ose. The ratio of

basi oS0l b | ST A R OE B i el Theressetoy

Preferably the;:rafti ’ out 2:1 to about 100:1. Typically, the
x?ﬁuﬁl?ilﬁé)m?]\gﬁggﬁly{ LR

conversion of aciditc (OH) sites, including interstitial 20 and at

| east 1®Hne structural hydroxyls, to oxide sites (O ) can be acconplished by
heating, for_ex le, With stjrr] at reflux, and/or under pressure, for
about 4 to 2&&@2&5—1@:5 @;&Eﬁt&gﬁt preferably 10-30 percent agueous
solution of a J: i rge
excess, the acﬁﬂlgjl?agggggﬁﬁ@ést' or{1 C?Q%ﬁg@pgé%???glgﬁegﬁ?tﬁ%ggﬁ[P!?oodvc\’/g?tm’

concent r at i othe frwenti@goffére ah npevedpmteéssdoit theie prephiativhng semadefedvi | | vary
depending on the particular clay and the nunmber of. hydroxyl groups to be
converted. PHaYef tﬁs igventen patalxzssdls yergPnndsrliing this nBY dpehesy g’ﬁ@ﬂ ®eating the
cl ay, rfor exajmpl e ;i I.r I : : I r : for 6
fo 12%hour o TAP s daphickldiibte B kRl AREH0 caiiRRE prERTMA SR L
such as sodi advahmgeousiydainithizes) ion svdyalintixatds unpahted byeprodhyods. oxi de, nagnesi um
30 hydroxide, cal cium hydroxi de and the |like. A base-nodified clay of the

i nvention may aPasemEofimepteidhe Byertion ing basrmedificd waygbrigatadyees the' —— | ——7
PCT/ US991147 gt!lc?r}/ of\r'goélggcﬁi%%ogét%%oﬁfmilﬁﬁga%. ﬁgl%eq;agggno%%@doﬂ(g}ﬁ%&aw ng an

al kaline nmetal Th co h™a specl e undergoes ¢ ustion or
pyroi ysi s t ose¢ivabd cénjligdt BassRRE B9 exafpmptOint@titiaehtidiGe spaeeNt on from a
hydr oxgl group within the cl ag. A stoichionetric excess of the salt or

ot her 22 onpoubegfarably, alkintegstisiabhydsexyl greups of thelaphavabeensennyeried rekidhen

m xed with the cl o treat the.cl introducing the,salt or. other
compound 1 nt SEps ke ERterd P lerolh BT Ol BmboBle SIEERY o1 ay
i sol ated (e.fhe chy dohlairsautfidnt 30 us e biseatin 16 badnsiihe REABE of SaiBYT Ol ySi s
and /or conbustion. Suitable salts and other conpounds for this pyrolysis
or comnbust i ogxidegtoupgue i nclude, but are not limted to, carbonate,

DT, " s e AL ST

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



substituted cycl opent adi enes, and 1, 3-di carbonyl derivatives. L GO0 e
illustrate, consider al kaline earth hydroxides, which have poor ‘561U ty
in water. Avgot/amsxe form of the cation can be dissolved in @GOISseM786
intimately m xed with the clay, then the treated clay is subjected, for
exanpl e, to pyicdliy§asesdr a 15 conbustion / pyrolysis process at 150 Cto
1250 C, thereby releasing small, neutral nolecules which are often

anhydri des of i Y6 anather eathodiment of thednyerkion Parvi¢rs & RIAKSS FUDEIANER t he

hydroxyl sites i he cl ay, affectina.th S| [ e L5 ' For -
exanp o, o mebsPl bR Sh R RS B RGP fitldeR e i on,
under oxi di Ziafi@a 6RARAIE laRHdSnt O FhAe-nidlifed Elgy hiRief¥dddEdnstshfidier@toxyl 20
proton and, thereby, affecting the basic nodification of the clay. Nitrates

siniladly depopose gtysobmonodsthe. heleldebydedws farmubondi tions. To affect this
pyrolysis or conmbustion, the clay should be heated to a tenperature |ess
than its fusing tenperature, avoiding a change in nol ecular structure of
the clay. Preferred tenperatures rang'is ﬂom about 300 Cto 500 C,
particularly for clays having a 2§ fu ind tenperature at or just above 600
C. Preparation of dvcol MnoestBrs—A&hbttelr enmbodi nent of the invention is

a process for preparing a glycol nonoester by reacting at. | east one
al dehyde in f*ﬁlére;ﬁ?'e@@dg’earﬁmdép%éﬂmﬂwwbﬁowt%ﬁ/sm*man%%t%é%%iQu@l udes

heati ng, for I ' St Ll A0~ a [ r pressure,
ina pl g’acti o%&égs@é‘i&allf#gi’ngﬂ%%%#@?’g?} %yd!l ﬁ@@g%%ﬁqﬁgéi&:}ﬁgy under

condi ti ons suidnbedt@Hastadoprigliguce a gl ycol nonoester. The overall reaction
of 17 WO 00/ 00282 2 G GEC ~2 PCT/ US99/ 14786 this process is shown in
scheme VIII: R O12 | H 12 catalyst 3 R-CHCH ~ R -CHCH ~
-CH2-O-C-CHR2 R Al dehffde OH y&l MonoestelO R Rand Rz i s each

i ndependent |y sel ected flromlthe |group considfind of H C~.zo alkyl, Cz-zo
al kenyl, Cz_zo al kRiyCHS3-Gld—~eteted@HyHO —am—aCh+—RAhere R, or Rz is an.10
al kyl, al kenyl, al kynyl, cycl oalikyl groups may be straight or branched, or
unsubstSi t ut ed or substituted. Pr&ferred al dehydes are 2-al kyl propanals, 2
al kyl but anal s, 2-al kyl pentanal s, and 2-al kyl hexanal s. As many as three

di fferent al dehydes can be used to forma glycol nonoester. M xtures of
nor e t han on®EEETIHSER WTIONOPAULE DR AWKkigse of gl ycol nonoester 15
products. Generally, it is nore economcally desirable to produce a single
gl ycol nonoest eFigreddepicts TMPD isdturtyathiterseleptiwifyeasracfinetaonpefepar e a gl ycol
nonoest er accordi ng.t.0 tf%e i nventiqn fromonly one al dehyde reactant.
Preferably, tife4 de %rrr“év?;ﬂaﬂ@r@ﬁ%s'i s in the liquid phase and can be
heat ecyg f or ?X?”i-‘lgé\ﬁe 2Wepidtsithe HdnBQstex%l}yJo? {eths foPRELQIctiBREEs -nfgAsUre, with
t he base-nodified 20 clay catal yst. e aldehyde is present In an excess
anmount and agrepaas! ushieg ssidnentsobotoxidesatadystt i on, t hereby obvi ating the need
of a separate solvent. Dependi ng upon the boiling point of the al dehyde,
the tenperature typically ranges fromabout 30 Cto 400 C, preferably
from about S@rfAlERPRESCRIPTIONIGIPEERRNENPIN| d not be so high as to
degrade the starting al dehyde or e glrycol nmonoester product. It is also
preferabl e to refdcordinghe the kivention, a giycol manbesadriopehancé by @ ppoyewsing
undesifed reactions with the air. One of ordinary skill in the art would be

abl e t© use RivFsHediisdslaytesainize thecony wqa)é)faﬁyai%éy?e PAVIREHPRAf or t he

reaction. Ad r i png a
base- mod 11 od oL ORrE 12 ElepIRNRRley B SRR A B T TRAPENE Theclild] T
rigorous i nemydrdashifti Mhis r@gctibd is shown in scheme VIII:

10



2 ~ ~~~~ a~~z WD 001 00282 needed with other syntheses. PCT/ USQZ)/EII%V-%L’JFIZe
weight ratio of al dehyde to catal yst can range from about 1000:1 to 0.1 to
1, and prefveo ods028ef rom 100: 1 to 1:1. Mre preferably, the WeCghusIvsatso i s
about 40:1. 5 The process of the invention typically affords the desired

gl ycol nonoester in yields exceeding 85% under normal al dehyde conversion
ranging from30 to 98+ % Yields of, 95 % oL greater can be achieved with

al dehyde conve@signs of SO to 98+ R, OH t?«% al dehyd re%ct ants are in
poorly m sci bI|e q i mresadysbl e | i qui d phases, 10 the Ian organi ¢ sol vent "may
be used3tﬁ1_ma&§ﬁ_t%ﬁ phases of R+heCHeaCHi-o0-m GithnOe—ThscG }* Exanpl es of
such solvents include, but are not Iin‘ite¢ to, ethers, cyclic ethers,

al cohol s, agil‘%@%é ket ones, dinethyl sul forilde, dinethyl formanide, or

m xturés th . Preferably, the organic solvent is an ether of fornula
R6OR , where R6 and R are selected fromfhemvesdip consisting of

hydr ocarbyl noieties 1 S having from1l to 12 carbon atons or together form
a cycl oal kyl or cycl oal kenyl(vilpi ety having from 3 to 12 carbon "at ons.
Preferably, the organic solvent is tetrahydrofuran, tetrahydropyran,

met hanol , et hanol, propanal, isopropanal, or diethyl ether. The organic

sol vent shoul d preferably be added in a | arge enough anmount that 20 the

reaction nixf—ré?ﬁ%—aﬁéltmmg#@@eneous t hroughout the course of the reaction,

yet syl | 9”0“9%B@émﬁ&ﬁﬁeﬁé%e%ﬂ&&ﬁ@ﬁ?el&%toddﬂdéé-%dﬁﬁ’ dt&%i? iﬁ% of sl ow ng
y ally, ve ra

down the reaction. prc the anmount of organic so es fromO

to about 75 %edhydedeiogjuizate Dase siteebnd exptageaile idterstitiyipiatiadic spaces.

car bonyl - cont ai ni n]g reactants is 5 to 50 by weight with 10 to 40 % by

wei ght ~ bei ng Peefprablyain the ppsermpdifigd clay, afhatergitiabhydiged iggeups Jrvnbeesl ates to
what is beli : [ i i qn of
gl ycol rmnoeggrg%ntggé&) ?’Hggg%ér%g@?%tg&g% sg%ucﬁjgéalc ?1120%21 é’% FW égsg?%éﬁgﬁf%{ﬁai S

i ntended mer &b ¥n bRidakitk, iafd tHeemodided 61'&?_8&1@63 aiffitiest donjigyatd K¥le Battonk @ | 1 M t.
it to any particular theor It is believed that the cataltyst functions as
1

a basd3in th@alﬁamthwabarghagfmwd@asw-dnmmrdsﬁtheﬁ@%mdi edralay unct i ons.
The difference js that the base.functionalities ar 2quest ered in the
catal yst cavicPMaDsEh At mumREae sl ve B odl wicte AL AIGEREE erfier biterg” 5 -
~~~ ~~~Z WO Qefi&PRRDecEH-OHDINHdIAY B hlRkipréfoRRlit REcdels 4 bfichilaied det er mi ni ng
transition state limts participation of that reaction to the final product
m x. Li kewi s@umbheofsxgbangeahle sdesisnngjecelt indheronmedified cleje base so that it

forms coval ent bond oorly. In thes ases., |lar spat.ial. requj.rements for
the transition SinamERsing srehfreaie b Hiuc BedBe B i tbisi ST ot 5
bondi @ t o t ReR@HE cidys® enctiBpBAE QoBdIP clahs BuPAEALaHIal Bihahfblat al yst wal |
starts the Tischenko conversion by reversibly renoving a proton fromthe

di oxanol (~Hmgnenals. Cliyssarelgencasbl misxochystailies kemdmiiosristallian, ercycl i ¢ al dol
hem acetal conjugate base. Rotation.of. the Hinto,the |ocation formerly

occupi ed by t ?@Pgn?rﬁlec%’?%‘&d? %@hyfﬁt?‘ﬁ%ﬁwaf‘?(%d@ﬁfi Yt he car bonyl
_C. Pushed bynihesifeadhio%fiesNAUAR nBforldfoukts¥TdaRbhd GHererhdifts feh§on ugate

acid site on the catalyst cavity wall, the hydride shift takes place
i rreversi bl y whitheexstzas point ithpuaritiasam thietsilza, lpmoiscmagrgsendsd/oniromhexide ze of
the R groups. ,But in the case where R is.nethyl. or sone other_ prinmary alkyl
PS. Clays that are particu‘?ar(lay usefu? in pract>1/cmg thesmvenuon are thg layeredy y
group,“the m m
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



15 diameter of the transition state is about 6.8 Angstrom uni #§ BSCnéel2t he
gallery width of nontnorillonite is 9.6 Angstrons with no polar nol ecul es
in the caviwQoe®@8rding to Gim R E., "Applied Oay M ner al RSgfyys99/14786
MGawH || ( 1962), 30720, there is enough roomto accommobdate this
transition skigitggand the reaction can physically take place. The spati al
requi rements of the internedi ate di oxanol 20 rearranging to formthe glycol
nonoest er i s shélaysiare tgpicalipadidic i their naradty owegngRLatR-BeRusCliCH C- CF~ O

A ~O~=-9E;GL+~3&%@$/ veSlg/Elpanacs el eé%rh%ﬁ%flénﬁge@yapf B vRpon Aace 21 -

Di oxanol (MR AEARY tHa ¥7h 2 basic catidh-ddntaifing Sbluldo @d OH
OCHR 11 R odgie g’QIGA ﬁ% e Wit 2 Dasit g R D S e e acidic

(base/ 6onj ugbasic cimratyer (of atpertichlar alag defends lasgaly en diezmtureodtled yater efavi ty
gallery width) a ~ ~~ 0/ 00282 PCT/ US99/ 14786 The
transition sl‘&‘i‘é“‘?rbrﬂi%‘éat?’r‘&ﬁ%é’é‘ftéslsf"}‘?f%’i Ly popndhyrdgxylgrovrs (@QH col and the

Rk e R T e L S A
in this particular theory, it is believed that this base-modification serves two purposes.
First, it neutralizes substantially all of the acid sites (OH sites) within the clay and
10 replaces them with their conjugate basic sites (O). Second, the treatment
impregnates or dopes the clay with cations from the base.

The base-modified clays of the invention can generally be characterized by the
following properties. The crystalline fraction and the crystallographic structure, as
shown by X-ray analysis, 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



transition state as in the transition state leading to the .Monoest er
itself. So 5 as the configurations of the two species arrange'?/fhencsedwés to
m ni m ze swerop@o2snt er acti ons, the spatial requirenents growCiVbs4/14184t not
all, of the arrangenments expand into the unrestricted spaces. In the one
critical di n@pgiieRs §ﬁtﬁbké{tal§§d prépatatiérd tib urfubiea] SRR praperli@ifoth WRALhE S about
10. 2 Angstrons depending on what the R group is. Since the space available
10 i s only SegeeAnbast apions pmwateeh@mtmr@drchecnla}ﬁh;as'ccsimcylre ekwepirgce. Even

hetion | o briberaened acsttr AR oh A Rb e IS Bt Boastett o che
avail able s
Shown 1 sordaiegbiBsSRA Bial L0Y RFERRNEs ‘f%‘eg%@b%t%%f%%%@%%%ﬁ%%bf&%é

R2 R~ © R2 rBhalsepinate] labpely withitHRe int&sti@iticavityHbounddyiiotde f62ed drdéw C- CH- R2
CCHR2 O R~ O Rt dycol Mnoester dycol Conjugate Base Monoester R2
R~ R~- CH ~H tebalapcecharge bulqpbzzswally teo.lapge toj fitpiptojthe elpp's Ryergiructhuee epler® O R2

1 R B S B8 B i A IROTEE 01

Rz/ QT O rcsulfmg.fomed@ﬁ@‘g@ hardtidaHeveRtd further incrddgd ﬁie Gasicity-and¥rthét R

10. 2A 9. 6A (X ~ ~~~ ~~~2 PCT/ US99/ 14786 (catal yst) E-- (base/conjugate
acid) (sit e)enbamrthcr wiusyaldrasic @regiertiss. (tigrlsopsticved\thattheyaumbsrypfWpsie h) 25
10 sites, and thus the activity, and is directly proportionate to and therefore indicated

by the amount of cation contained within the catalyst.

It is believed that lithium is an anomalous exception to basified clays
described above due to its small size and propensity to form less ionic or covalent
bonds. It is believed that the lithium cation may penetrate the clay’s layer structure -

15 along with the base anion converting hydroxy! (OH) groups into tightly bound
lithium oxide ion pairs, (OLi) groups, and displacing other ions especially in the
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 analysi.s 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

13
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WD 007 00282 ~'t.:~ LI ~u PCT/US99/ 14786 Under conditions in whi ¢t the il
criitical spacing expands due to the osnotic pressure exerted by a pol ar
sol vent orwpiobi0epst ng agent, the space constraints di sappearPCI/Hs®whumécase
the transesterification my take place; the high selectivity to glycol

nonoest ers rgakofl BLthe BaR-Mbdidicd 3P 8RGuld Be Rreadr MhntddEuts) 068 RelphPPednti S @ 5
m xture of glycol nonoester, glycol, and glycol diester. But returning the

hi gh sel ect impreypréferably, greatemthtanabowf0. | wgl ght pergent andsodst graferablypi | | ar i ng
agent causing the inferstitial expansion.so that the critical spacing -
returns to agqﬁ%?réh%f &g Ber§F9eé%$W@'9°9H%é céasYtS rB’faé’ﬁR]E’tcaP&PH‘fs)ulbﬁp a

Ti schenko / tkaBRl &Ras £d?iiﬁrﬁ|%§ttiéxﬁ r UM cdll SViHgld RRivtd drikehPitidh J1% 8% Y two

al dehyde units and is snaller than the transition 10 state formng the

gl ycol5 nonoestight.peffensi ze constraints for the transition state in the
critical dinmensiqn are nqgt inportant. This reaction is limted by the
nature of the bd %mgn?‘aged flayhigave besn gpé‘f’d trhavedigh eangentrations gfiest ered so

one duet o Thar OER 1ERRHodRls AN anBRRTS vl AEHARAN o HET 57"

groups due teellstTae lithieRratibmtoticentraidonkigvise 4sHsh 418 Weight p&téntid the first
step in the Tischenko / Cannizzarro reaction is an addition of the basic

site in the beae-aiogiftedicday Hgeferabdy, thenlthing etipgecopeantrgtion rangps Somd/hicent bond
Rt L S
R0 R R O [ C e D [Caralyat). (baze) Con ugate Bor - (s T8s) (X)
27 2 ~ -cogugateDasri®6 b00agPhave cavities or spaces penetratable by the organic
substrate adjacent to the base sites. To achieve these ends, the cavities preferably
have a gallery width that is less than about 10.2 A, as determined by the X-ray dy, -
15 spacing and the clay layer width. More preferably, the gallery width ranges from
about 9 A to about 10.2 A. It is also preferable that the cavities are 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 ar:d 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.

14



PCT/ US99/ 14786 Even if this key internediate were forned, it gﬁul oLl €2

only if the carbonyl C of the attacking al dehyde coul d approa t«!he Iz r| de

(*H) in awoam®disze direction. The only reactive direction PET/PaaKT| to

the catalyst surface. So the same steric limts on the stability of this

possi bl e ke 4188 evdTBSmahE DY eflvidbafedthlPrébleMe tiabhdeiasbsochutddl wal iRt t acki ng

al dehyde to participate 1n a Canni zzarro reaction. EXAMPLES The foll ow ng

exanpl es ar argaimeardanédisposal bf amieous wastesiteamsgontainingpexdesscobbdabasavent i on.

Al t hough the invention is described in its preferred fornms and with a 10

certain degrcé%ﬂ)bgfs-parti cularity, it is to be understood that changes can be

made Wtho“tprgﬁgﬁc}d %%E%#@@d ép{i;élt and scope of the invention. It is

al so to be erst oo ese anpl es do not define the |limts under

whi ch 3 he base Amuthér eatbodimgnt oétiel ipedrsionid dprpees%tﬁasrrpreﬁﬁn@mrmaﬂs-atl ve Exanpl e

| : Reaction of 2-Methylnronanal with Untreated Clay k Catal Xst The

equi prent  f gpodified claxpdpipreate ybaseamasifiedielpy pf the érrvepﬁerhahqoﬁw sriRleds k

equi pped wit 1 i nt ernal
»Ulgi"%g&q@?él JF&‘J é&gﬂgm?ﬁ havil ta%%élg‘léﬁﬁh rwgﬁ&%% &!’i'@s

reaction te X condender o en bubbl er
used to 20 rmpmabﬂa&u@tﬁﬁgogmtdﬁlmhathyamm gﬂaep wltasitheratyama& t hr oughout
the reaction. The charge to this equipnent was S.01 grans of powdered

nmont r nor i | | cendisiond eufficiept tamgodige areldy havingseeludgd anylgzt&mhyllqﬁraoéanal (d =
0. 786 197 the cont tin

Cef LUl f or | A06hHEsrDe lpRRM Ehio P sRAcr e ara fh B bR Be B F o 65
to 82 C. 25 M2y SasQdxp Iak}@d%rbtv@m)tesgeﬁéra&aa&eﬁm@aa§ hovetePwRR e per cent
conversion of the startlng al dehyde 1 nto several dozen products. The yields
of the al dolco&npﬁusdhé‘hksoltltldiamay Mdecmtpmmahsbﬁabmoear@omorpnhuent d ycoI

Monoester (2,2, 4-trinethyl droxy- 1- noat e

percent d gd&Chfge‘;Squﬁ?{%ﬁﬁ Fnti’%ﬁéﬁgﬁﬁ@éi%lﬁg‘ﬁ Se@éﬁ@ tth@%?tco Di ester
(2,2,4-trimgg) nt

(2,2, 41} TR B 1 d eI EABR TR0 e e aRoner

Al cohd§ ( 2- netduydr-siitghle pretab tationT BuitabletbadiB aniofls inelude;-hut ere1dt URIRAIH0282

PCT/ US99/ 14786 ahundant singl e product
2,4,6-tri - 3? @mm )carboeatg St‘ll“iaH%(Q??éasﬁﬁathP@SB}éﬁ’%é’Pf?‘mSJ?’&oﬁate’Exarrpl e 2:

NaOH Modi f| [ ni. 1.6 g]g% liter
round bottofnt@%asﬁ Iaall. 3% oé\%r 1ea sa?%e;g:gg?&gﬁgglgd%g#u?ﬁ% condenser
was 200. 3 ngnﬁfedmeoth anint nkdlEnalkali, ma4e), am'dlalldalumetalsumﬁlgzﬁﬁ)s per cent
aqueous sodi um hydroxi de (d = 1.8329, 153 83 nol es), and 400
mililiters ofd lﬂa@aérbwswawseéﬁdnﬁ%wmjlwvgs %%hﬂra@lqna ﬂi“’éﬂﬁBPtf or 6
hour s G0l el g1, BASE pGIERAAASe ol vAE KitR GANG Rbétt Lgouum
f||tr |ono m Xt ur e using a e umporosMygass r|t unnel

Washi ng the basid @impoandsimay B tiseddnthelbide-mddifidativeto gioe nibasesmofiifidiist i | | ed
wat er renoved any residual caustl ¢. Finally, air drying and oven drying at
300 C for 4 H%P%V%Wt@teé’é‘ﬂ CHMeup. The yield of the final material was
171.4 grans (8 al so

i ncreased from %f?cggér}gqel%%d o %ngsﬁ?g ?ﬁggg‘%&ﬁ{}édlﬁnaﬁ% lslg'n?l %F&f[nﬂ%ls mat eri al

showed the cprovidedlitsdddectiidéctisibi b @mpsi@dng atglityris higheadugh weeh@ asat o 12 ~1
as a result of this exchange. Exanple 3: Reaction of 2-Meth | ~nro~anal with
NaOH RBdi f i etplven fenboph thg cateriag pasic maiety endtheileaving qatien and provified thatnt

descri bed i Nit lt:ﬁ(orggghel\y %‘vets ng cl%? ab@e%ﬂ@ss 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
30 ammonia, dimethy] formamide and, more preferably, water.

One method of preparing a base-modified clay wherein the clay is heated, for
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5.00 grans of the base-nodified Montnorillonite K10 from Exanp%g g'"anﬂ-> §50
mlliliters of dry 2-nethyl propanal (d = 0.7869, 197 grans, 2.

" During 200WRMM2EE stirring and heating to reflux, the readGIg#H99/14786
tenperature clinbed from25 65 Cto 134 C. Analysis of the product m xture
showed a 94. Bxampleamtth stimivigr a8 ireftuxg ind/rewrslieapriebsnge, dh d ®hic eolutitie for@act i on

yi el ded 95. 3 ycol Monoester (2,2,4-trinethyl-3hydroxy-1-pentyl

2- met hyl pr opavféateés ameyri of tiphe dQ GRRvET %&lpmowlé %’éﬁ&@mm@qﬁw

2,2, 4-t 4 30°
§r| met hyIrI msgm( Stl%aalt%é@ %E%Hé ﬁjﬁacl’turgl laé’ano (§ogd¥§ %SC(B )(eis‘ie ls‘glﬁgerﬁi 0.1
percent) of ﬁiemadl@ diet afe tﬁaccr@&gayé pdsewﬂthaaaatc RIXYPARRAPRIferaBlyl tHRer cent

Al cohol (2 29 ~V..~ ~~u~ WO 001 00282 PCT/ US99/ 14786 et hyl propanol) and
4.0 pebcent prasess ingludesihehting a:$lgw@facbluofnsexmpeg\gplbsmmtarsﬁmect| vity as

a function of Ideh de conversi.on. fo but hyde fog. sever

catalyste, ABEHOTRIT RS D S AP Ry Ol ge S L et
produced gregg @ich%ﬁ‘é@&ftd st Yor%\iﬁétmﬁmﬂk/gﬁta%fdd ﬁfég%n%é)iurﬁkgse&%ﬂ@ ﬁgnvers! on.
Conpar ati ve Exanpl e 4. Reaction of h~propanal w th Sodi um I'sobut oxi de

Cat al yst Thi Mex pmferatiyf thd beatingtshatlddohtimte writié all irgetstdlal dhydyoxtyb pmupgeneous
rior to the best ho eneous  cat al yst at conparabl e

t al t i 1
- et %; p'ripaggféufaadwmmnv% Gl iR At 1% Qe EeRIRMYAERYE one
liter boundngg}uﬁ)qu)é&s g&wdp &e@nt@ magneti c stirnng bar, a thernowel |
te

wi th therno an additron unn and a reflux condenser topped with a
nitrogen inlet d‘har@cﬁ@dcdxﬂlt&mbWrepmatiﬁxﬁdf&hdbasengochﬁéd dguapmit under a
stream of dry nitrogen and naintaining a dry 15 nitrogen bl anket throughout

the reacti onCEfGlr E@nerally.doweHemihepBRURRIY @W@t@rwﬁﬁa the rangqRbabahr ge to
h || b d,= 0.7869,
363" 5 gr ans. DSCARR B0y preledefl ol 46 0¥ ahd ARS8 G TRSif 15 (oo

1.0 M freshl yeaRfigPaimeds ﬁ&cihumu mtgéh@mnydﬁanges f6n abs@WS Yo ab&ahobh The
assay of the isobutyral dehyde showed 15 ppm wat er and | ess than 100 ppm

i sobutlyri c aprederably arteastrtety cifitmhasting Himgys meﬁhpﬁgalt meutficieahgtieaseo ref | ux
while stirrin daddl a sodi um . sobut oxi de cat al yst.
A 1 et ehsca HaiiSn Sl 4 gtk Hif RS lonkoe B0 ORI Fokn B f L e
the addi ti ondedondpoae.MThe tatiblof basi®@Folitién ©al1A) sholldHY gttatethadBbuld: tohe

cat al yst dra/g by drop thereafter was necessary to control the vigorous

ref | ux. ¥ weaghss Seaferably theatatio zangep from ahout 120 gbonitl€8:1pet ween each 25

dded t | yst th f | t t
control of tne HeRBelGe SERIpYRY skl riOM) i mERRR S g ©
catal vt sol yhd Qeast BRe sthRBdcalABALSALS tSOHil8bitds§O)Wah Be bBRrbHBd bpn of the

di oxanol . But continued catal yst addition soon redissolved this nass. The
reacti on conteatingdfarexahpleheith etipimgasturefwo fand/heunden prasswre, for abant dtask
reached 132 volume at this.30 t

Th dded
mililiters ?é&‘“’%i‘t‘(f)h%? Qﬁﬁs‘?‘g'épcg%fa‘?}&mslbé@dtffﬁ% f geou Rl ‘:é‘[rm %mzlsﬁéurs
2 6 f~~~ ~u~2,30 D00 28theBedd {YPPREAAK BhgbBRle¥S i a‘&uaﬁ Bb&eﬂfr&?diﬁ% nBt Xt Ure

showed a 95.7 percent conversion of the Starting al dehyde. The reaction
yi el ded 58. 2 cpacaialtho@hylowbr ddpoergsation nfdy, lﬁqldterlpn@rﬂry:hmfgumysjrﬁxgtmg- pentyl

2- met pr opanoat Vb |eI ds of other ts | 6, 7 percent
d ycol?( 2, 2, Ami‘isl"ﬁét"ﬁwé ’p%ﬂ’t‘gﬁé?ﬁ"b‘i“)‘ar Cl "p’é‘f‘B ?ﬁotfl%va@éwl Di ester
(2,2,4tr|ne t Sinple
Ester (2-net WS?SS%@? 9@%%%r§%p oate &Hit egﬁé}g%%%gﬁp&gtaﬁeﬁmt erials.
Fi gure 2 showsatidpethereiay, mr exhmayile,ywiieh @tanhg,ratzeﬂmd; Byd/opureieapressias, far 6 unct i on

of conversion. |Imediately bel ow the conversion axis, the reflux
t enper at wes 19 %B?‘l“éé’péﬁ OrRgraest aqpeeus %‘H@r‘glaéﬁékaélﬁpé&‘?mx@ S€BRSi n Figure

2, 8t 10 conygisl.ong aemggeé;g)dpqme by alon S HAEAKRLART 00Ut

(2,2,4-tr|rre I oxXy-
30 hydroxide, calcwm hydroxide and the like.

A base-modified clay of the invention may also be prepared by mixing the
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2-rnet'hyl propanoat e) exceed 89 percent. And at some |ocati ogfﬁié,- ald,
bel ow 25 percent. The factors limting the yield of the ald | YTy siéivénko
product arwQai@oi2ansesterification into the diester and t heCHI§9GH78nd t he
conpeting Cannizzarro 15 reaction occurring before the al dehyde has

under gone anglaplvithla sohnidangatsabor other donglouhehpenganialkslind@etabinni zzarr o
reaction is favaored relative to the aldol condensation giving the Sinple
Ester rat hercamhipationevith ¢ sprciovni andagogscompustionqr pyesliss teeyipdradiagices or

with sufficigntl iccatalvsts, the fre | dehyde shutt] es, through the
A dol “route FRFstraRRHERL ARl Bl S AP BRI g ng 1« ne
d ycol Mnoegbighiohifricadest oftthesal drRtiRr EshEsund o RR aRESIVEd APl e 5:
Reaction of 2-Methyl propanal with Calcium Oxi de atal st This experinment

denonsi r at edapprepriatesol vend endrigh inivel witl theredayde trgetibo gty A8treduciigythe i s
superior to typical heterogeneous catalysts..,Experinment 3 was repeated
using 5. 02 gl Ster SSMBPYTAL BA (8 ol tuckirer hablae) S thepaemAtRdenyi | ¢ or
heating and ghy fsbiaft@l Q' bg@@mmaﬂs gnd the GehtBIDIEY SiBjERed RDyeblysREHd fdrom 65 C
to 98 C. Anal ysis showed that the conversion of the 2-nethyl propanal was

98. 0 per cent camsiistiie Huitdble sflts Ghg other ddmmasdefor tins pBE61Bispercoemustidvb| ar
yi el ds of other 30 products included_ 10.3 percent dycol, 15.7 percent

G ycol Di estleFhniguegnglade. it ars ngs fimited o carbpnate, hicaebariateanites, putrite,
R

2- Met hyl pr opaubafitutddtdyclspsntdéiends) snddgs-dicafdonyidesivetiagr i ment denonstr at ed
that the base-npdified clay, heterogeneous catalyst is superior to shape

sel ective but i he ssiraieecarisidsr alalinesagth bydroxides, svhich basieinosn solabiligsing epeat ed

using 5.00 g f Y. | i . < AL heat | tirring
for 400 houré’%ﬁh’g Sp g%}laeeég@lﬁrftéﬁec@%g% tfe?%%()é%h@ ¢ 8&%@ %%%E%Y;ﬁ{sl?%dsshomd
that the conwgh$hedlafthelr tietriexted tRP ¥ bjcoRE, 6 exanisIe, a8 Pyrainds bihat the yield

of Glﬁcol Monoester was 26.8 percent. Ml argg/l el ds of other 10 products
i ncl udi®d 8. scqrabustiom / pyTobistd prodess &t 150’ cdad 23 ¥ therebst igleasing 6mply cent

d ycol, 28.2 rcen col. .Di ester, .and.18..8 percent..other material s.
el & 7 FRaef Gflesiied s st AehamSRed SChEERBERAL oD ay Cat al xst
Experi ment 3 id@fah RAcwith thedydidk91 §iteh s hetRiy28Rcimg fhieldedifddbagé- 2 15
met hyl but anal Ed = 0.8029, 201 grans, 2.33 mlﬁ?. After heating and

€

stirring formbgiicaden sFortexamples 8 meinh carbapate wouldalepemipese emitithgfoatheno2 C to

157 C. Anal ysis. shqued . si on._pf 2- | b | 3.4
por cent  and EISE O BAS oz diEing BN is0 ol o o T e Y S
2- et hyd - 3- hygroteryankt; HR¥bY, ;’ffé%gyﬂem&iam&ﬁﬁaaﬁw%f%c@ypaﬂmf& sitMMrBr yi el ds

of other products included 1.7 20 percent dycol (2,4-dinethyl-2-
et hyl - 1, 3- hestenosposs Y0, amoxidgrendse pxid@iveconditipes t By affext thigipymelysis or2-

L LA BT e AR L
but anoi ), aNghnefarite! SRS bRBkndTR RlolddhBir stAR s SN Mel1d. HgkinbRdi Ti cati on
of Montnorillonite KI0 O av Exanple 2 was repeated using 100 grams of 85

per cent pot atsipgnatings ramgesifrommbphtaddd °Cfto 0@ °C qastidutarlydioutiapshavidgia ot her
condi % ons re the sane. Startigg\ge\égtn 200 grams of the Montrnorillonite
K10, the yi eftFUig CRRErafire ator Jpsta rGduct was 174 grans (87 percent).

El ement al anp_%gliagogg?%go@m@ﬁ&gum content of 12.5 30 weight percent. 32
2 ~ ~—~C ~~21

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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PCT/ US99114786 Exanple 9: Reaction of 2-Meth~propanal with KO-I-ir\]/@ -f-q e@rK10
Clay Catal ~,s t Experinent 3 was repeated using 5.01 grans of t ot LYEF um
hydr oxi de MSIP¥02E Montmorillonite K10 from exanpl e 8 as t h&CEASAYIAIR6 and
250 mlliliters 5 of dry (less than saturated with water) 2-nethyl propanal
(d = 0.8029, tidorroggsamsshom3B sehwmesYIlls t he substrate. After heating and
stirring for 500 hours, the tenperature clinbed from65 Cto |34 C. Gas
chromat ographi ¢ anal ysis of the product at this point showed the conversion
of 2-nethyl butanal was 94.7 percent and the yield of dycol Mpnoester 10
was 91.9 percent. The yields of the other ﬁr odycts were 3.6 percent dycol
Diester, 0.8 perrénto dycol, 0.1 percént ? nplfe Ester, 0.9 p& cent Al cohol,
0.6 percent gl yc¢| noesteetalygdr ecur soris, and 2,.7 ercent | t har mazteri al s.
ExanQ e 103 R+O¢ i catiomof GidrrCHon G e Rile-@rae—18HERhpl e 2 was
repeated using 100 granms of |ithium hydroxide li n place of the caustic

sol ution. The WREEHe vol une was al so | ncreasedR'o 600 milliliters in this
preparation. Al other conditions were the sane. Starting with 200 grans of
the Montnorillonite K10 clay, the yield of t®lcolMaadesterreat ed product was
197 grans (98.5 percent). El errea;@ anal ysis showed a |ithiumcontent of
10. 0 wei ght 20 percent. Exanple'T1l1. Reaction of 2-Methylpropanal wth

Li OH Modi fi ed K10 ClaY Cad Exanpl e 3 was repeated using 5.02 grans of the
li thium hydr exbaer MdaEl fldegend MRy §Bdctdd @othike %%9;) Eér%mtﬁg%@‘l?i,%_loo as the
catalyst and 2S0 nilliliters of 2 nethylbutanal (d = 0.8029, 20¥ grans,

2. 33 nol es) akyl, Kg,ikenyt, &1, ¢ .alkdiyk IC, hegtioatkyhnmdd styl.r Whege Rher Resani on

contents for 500 hours, the te rature in the reaction flask increased
from @88 c toaﬁ‘iba .ent%aélkwlo?a&?%@wiﬁm@swﬁfﬁ%lg EOEIPFF‘%CIE& ?t showed the
2- met hyl prop i t %ﬁé‘ﬁ- ﬂ‘ﬁ@’ ield of dycol
Monoest ers tgﬁ%gsnggﬁeg%ggﬂ%hg&.ﬁgfb&egfag%hg@st e St rrkﬁ%r%dégents were 4.3
per cent QG ycalkybuesiBy 2-alkyipedfinalsZand 2-alkyRexshaldD 001 00282 PCT/ US99/1 4786

percent dycol, 0.1 percent Alcohol, 0.2 percent, Sinple Ester, 1.0 percent
gl ycol ester présmanyas thrgedifferent gldehydas can be usad4n deygy 2 ghyicel maneestery anpl e

12: NaOH Modifl i i i I r epeat ed
using 200 gr yn‘%ﬁ‘g%s %@%ﬁ%ﬁg‘gﬁﬁ@%@F%’lég{’:‘éege’mg‘fréﬁb%ﬁ%%ﬁ?’l%’éér‘]%feé K10. All
ot her 1sondi t ipfudactee Genéralty SeivenorSeasriontigaliv ddsirafl taypradaced sihgle glycol

Montnorillonite KSF clay, the yield of the dried, treated product was 171.5
grans (85.8 prmeesienproduick K it tiereierg pyafegedsiogweniras ghaplmereasicent of 11.0

et Wb 1 od et i RS Bhl Qe MRAEE RIS 6 5 0 grame of

t he caustic nodiPkéfexdbly, 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 50 °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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Mont mori |l onite KSF clay from Exanple 12 as the catalyst. Al l9@t GEC G0
conditions 15 were the sane. After heating and stirring for 200 hours, the
reacti on twopesneBure i ncreased from65 Cto 130 C. Anal ysi spchused 4tdie
conversion of 2-nethyl propanal to be 92.4 percent and the yield of dycol
nonoest er ( GMdedavieotler mRE&ent . Ml ar yi el ds of other products were 0.5
percent dycol, 0.7 percent Aycol Diester, 0.5 percent Sinple 20 Ester,
0.5 percent Al dbkoteighimaticcofalgabyde tt catalyst cameenge frah‘saﬁontl(mﬁ htp @i dcur sors

to the Glycl ter. JA su f the resu f Exanp] es .1, 7, 9, 11 and
13 are provi'd %‘gjs &’faab&' g"m 89v1 I3 ore?r%é@b& the wei rBWGﬁO‘g@?{ Tabl e |
PCT/ US99/ 14384 xanpl eal dehydecatal yst% to yield of Gh4% conversion of

al dehydel- net hyl pr opanal ntreated K10

cl ay3.290. 63- rrﬂﬁllay)kqmesmfnhé afVchticrdiybicellly #6kds the desired glycol monoester in

cl ay95. 394. 54 met hy anal odi um i sqbut oxi de58. 29S. 75- net hyl pr opanal al crm
oxi de66. 098 Yirdd g?)/N&fia\noz@alM@zéeswel?smwwgtﬁﬁraﬁama nodi fi ed

K10 cl ay92. 693
K ay31%94 % Y"é?%%&fd&?’ é%g%g%—gn% c %ﬂlete\)gﬁ %'iéla(?dehyde conversions of 50 to

cl ay88. 796. 98395kt hyl propanal aOH nodi fied KSF cl ay92.292. 4 Exanple 14 :
Bench Unit Operation This experinent denonstrated the efficiency of the
base- nodi f i ed dbhglaldshydareadants mmu@omhommlmr iomigcipteliquid pbasss.er s.  The
base- ppdi fi Mont nor.i | l.onit e r dried and

f
pose P o TR hotFehe iyt e e bRt PR resiaBGe@ind o 1 honr

conpl et ed t hgkdibRl FRamplcs 8N siBsoRRAGINIIM bRPKE Abi mxteﬂmee{heﬁcawhcwas alr”
X 24" stainless steel pipe containing a therm)coup e to nonitor the

i nternal teetieraelepbolarmhinegpkelones; dingrilyg sulfoxidamimothyt feemamids; nal  pressure.
The cat al yst .eIIes r oaded into .this reacto 4 se e reactions
were run %y -sr}berfﬁg %ﬁ%ﬁ%?%t% ?@%Pﬂ)"/?‘ﬁﬂ%b‘éﬁ Fyo r}ﬁ-ﬂ%‘ﬂ}ﬁﬁf&@%&t he bed

under a nit R@&?@RpM%@saéawﬁo&Rﬁ%@g cBAOSEDS mgaﬁ;z% [ moffitdsresul ts-
appear in Table Il, bel ow. 00Z WO™001 00282 Table 11

PCT/ U309/ 14 h86ing fitom b td Erparb@) RemsDir hagefter Srivomeycldliiil odopdloBkemdt i viti es

%WProd Rate #~ft3 /hrGMd y Diesterd ySi npl e
(% m01etythav1/ng from 3 to 12 carbon atoms rlgxtf)efcrably, 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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Est erAl c1l 043. 930. 795. 50. 30. 70. 20. 13. 8 %f Drg e
| 21.293. 835. 693. 00. 61. 00. 40. 34. 431523. 036. 891. 41. 50. 80. 40. 45. 741812."025./88.
" 43.50. 60. 59099/0828%] y: gl ycol; Alc: alcohol; G dycol MnoBSTEFIMAZGI e
15: LiOH+ Modified Montnorillonite KSF Cav Preparation A 1-Liter round

bot t om f | asksteripuirpwdnhgyin tthe mte devemirdag trapsti@nstatallinsits partéripation of thaef | ux

condenser was charged with 201. 3, grans of R/gnt norillonite KSF clay, 600
mlliliters Ga5ORit Ee el erodughining slkewige dhe scauesterng ehenasrthe Ratye of
nonohydr at e i ) i at reflux
over ni ght. T‘%’g b%%%ro r yétﬁggowgg%&éﬁt)g&gﬁo\gﬁgby h{eég?aosg% gﬁg‘%@% ure. The

sol i ds were mgpigdnddresifor tidnrindRtion stise areldisfawned ad 41 8pdcd reqiliing édiMdieit porti on
was decanted and di scarded, The solids were washed by resuspending in 600
mllil$ters indigtothelbasewde.er and centrifuging. This sequence was repeated

two nore tines 40,10 ensure renoyval of al ol ubl i es.. The catal yst
was dried in anflbe\/beaﬁe site %Bﬂ’&‘%ﬁ‘fwt‘% ﬁ’&ﬁfatﬁb's;wwft&ﬁ? g%elﬁgﬁcgko The yield of
the final medibdionWSreddrdibl @hRWg 2prof Fiinh tHeAdibk 201 OPPEsap. STRE this
material ea:hibited the characteristic pattern for nontnorillonite with a
due, basal stiaximatkosidelfredks-downiinteraniacpdlictaddalhemiavetad adrguigatobasaori | | onit e
KSF clay. The |i.thi ntent of the material .ipcreased 15 from 0. 004

wei ght per czﬁ?‘aﬂ?n ?'g‘ﬂ]giglf’%@V]mtlﬁﬂgf.’“@‘é(r?ﬁ?@”i‘ggy ﬁF SRS dhe stags for

Mont illong K18 & TelL ?ﬂ‘.é'ii_c j 205.5 ¢
of I\/bmgl)dtj nor i thﬁ?'te lf?éﬁg g{‘?%uaﬁr"g g%'ePE%ﬁ%?ﬁg S %E%Eﬁﬁﬁﬁf?o er

condi ti ons weulkeddy3iknHAE drijudabecacidisiee onlthe c2@lyyi @lvity afallt the hydiiéelshift er i al
was 209.7 g. X-ray diffraction analysis of this nmaterial exhibited the
char act eri st {2kespaaedrgversiblihont norillonite with a due, basal spacing of 36

2 G GEC 2C2 WO / ~ ] ' reated
nmont nori | | oni teﬁ%fgg%?%ﬁ %gﬁl%?tsé?%%%ghquér?{l tg% gi? ﬁéf%g?eérl% gﬁyﬁ%@?}éased
from 0. 002 wheghde witsre€ Rk nldthyll @r Sorfle dthey privaig/ilkyl Broup, deawmirminat di f f er ent
types of clay can be nodified in the sane manner. 37 2 6 D~ ~O-Z The

ci ai mbd i nvedigmsier phthe trangitign s@tesis 2pgit Ot Apastionyunitsy|Specsithergallsst er
corpr ' 51 14 %@@Bgﬁog&n@%ﬁ@%@ AhgsEagE Wi du‘eéfﬂsqia?r'moei}cu %eiﬁlﬂgee@(r having a

formula R ere an epen y selec romthe group
consi sting ofcchldifg todBriml, RVE., “Aphliéd @hypﬁyéralogﬁ,zmc@ﬂawmg19529@307-t uted or

unsubstituted C3_2o0 cycloal kyl, and aryl; and b) a catalytic anount of a
base- nodi f i ed0.¢heayis amoygh recnth accemeogatieftiug itiansition stptegad dlee wagfiopeahn

Craim 1. whobDeialy bEED G TrE ShitA S nget PR e SR oyt - or oups

convepped t OreahiinSid Rm tAOSlyds1 thedehtePRRhSWH UE BtHetle IIRYdr oXyl group has
been converted to an oxide site, and the base-nodified clay contains

sufficient base cations to bal ance the charge_of said oxide groups, and
wherein the base-nodified clay is derived fromthe group consisting of a
nontnorillonite clay, 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 fromthe group consisting essentially of lithium sodium

rubi dium cesium and potassium
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3. A process of claim1, wherein the weight ratio of al dehysﬁg@ﬁ[ﬁ e
base-nodified clay is about 40:1. 4. A process of claiml, erein RRZ are
i ndependerw090/88B2cted fromthe group consisting of H and CCTASIYI4NGE . S |
A process of claiml, wherein the aldehyde is selected fromthe group

consi sting of 2al kyl propanal s, 2-al kyl butanal s, 2-al kyl pentanals, and

2- al kyl hexanals. process of claigh l,gWherein the step of heating is
conducted in gn i at nosphere at a|tenpeyature ranging from about 50 C

to 25U C. 7. -claiml, rei nXthe heating step is conducted in
t he prese 0 t wei ght pegcent ahc@egani ¢ solvent. -38
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<SJmr xcB} xsni d_ZU] ca] ca] ga] ca] cla] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca]ca]
cAa]ca]ca]ca]c“a]ca]ca]céic“a]c ¥cj]ca UV] ca] ca] cal 2ST] n|

56=| w mhc”Y] ca] ca] ca] ca] cia] ca] c(a] qa] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] c"a]
ca] ca] c(a] ca] ca] ca] c(%ﬁ‘c&d}‘c Hc&fcChbcalcajcal " %1 < HL |

Cl ~"%vytoje [Uc"a]ca]c*a]ca]ca]c

aJca] ca] ca]c, a]ca] ca] c, a] ca] @a] 8%1] cal] ca] ca

UV] ca] ca] ca] ca] c, a] ca] ca] c&a] ca] ca] ca] ca] cal] ca! % 19>T\ px} Whl {)ytoje [V]]
c*a] ca] c*a] ca] ca] ca] cal] c&fcaic ca] ca] ca] cal] ca] caU] ca] caU] ca] ca] ca] ca]
cal c*a] ca] ca]c*a] ca]c*a] ca] c*a] §!)ET[]_bksx/6KNCRYiu}xsnid_ZLﬂca]ca]ca]ca]
cajca]ca]c"aU c a]cal]cal] ca] caRca]lca]c*a]ca]c*a]ca]ca]ca]calc

aJ cal c*a] ca] cal] cal] ca] ca] ca] ca] ca! &6>A8?[ !Ig!!

"b" ~yt oi d_zZU] ca] ca] ca] ca] &lyer] Metpestal ca] ca] ca] ca] caV] ca] ca] caV] ca] caV] ca] ca] c
aJca] ¢ aU c a] ca] ca] ca] cafeng ] cal ca] c(a! b""" >###; $$3;
WRBBOBOBE &, & && T {vgl gb] X] c] c*a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
alcalcalcalcalcalc"ayc
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0% & () - (}"<bCG#10! &Y 10%ib4b& ()-310%| & ()-!; FL*10%14& () -!
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NS _@ #10W0PM0OEBHE () -1 L109%&R () --109%&' () -9(109%& ()-! 9( 10%18118'859@147!399( 109D
D& ()-< L |

Ch| aBj @#10't01“1ilé)c%s{t1bn stalfeg g tamsysteriftion Dea&iél@%% Glycdilabd e () - $10%& (
)-| ~WJ3j _@0 10% | & ()- '0 109%& ()- '0 10%& ()- !'yO0 10%& () -

Il 109%&' () -! @Blvo qrpwﬂs‘}mmgl.l@_@%&t Mpnoesgr ConJugate base together with

@o0%} & ()-!!10%& 10,10 10& (A )/19T wWU3~\ =1 9
Qoo ()1 acPERGB MY (ST toapti aTETe #S sEion o) 2 B B i
%00/;@ E g Jpx}trzﬁﬁmlon%ga’tel&/fﬁtﬁf) a6k state RARTE YiHe G109 1bhods kP ¥ée1£ ) So
%40988%' () - Oa: tﬁ@é«f&if(g)!faﬂbﬁs of th ¥4 Epalics Jarraivgelhibth &gl (9s-t8 hﬁl%rﬂizé stegic 10
100 WzZ[\z[PE:! 1 10/ 10/ 10/L:  10% & ()-I 9m' 1096008 1( I'N #10% / & () -!
interactions, the spatial requirements grow. ost 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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% U8 ()-ys10% U& ()-fs10% U& ()-Y 10% U& ()-'"'"f'"' ' dBYNC! ! %% LSR0%e
)-10% U& é - S10% U& () - 10% U& ()-10% U&' ()-S10% b Ly
y- (P %’ B%YNCI! 10 f#210% U& ()-9%40% U& ()-1 ! 10% BET(YS9914786
)-1{10% & ()-'!"S109%&KUkU& ()-(()*)x){))dEYNCI! 10 L-10% U& ()-L-10%
) - +S10% U&Under ¢aymditigtis (1) whighObé Ciitiqa) spacirigl@pands due to the osmotic
)_
)_

FEEERER

* * *Y*7* a* I 10 | $10%JUL' - 10 10 U 10 U . 10%
?S#?*I\/I ogrggsuﬁe %xgrtexdq;oy@ polar sohgé:nt or plfﬁ(ar(lrzg agent, l‘t{ne 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 Brénstead 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 X1:
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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 dozcﬁ 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-trim:=,thyl-l ,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-propy! 2-
methylpropanoate), and 0.3 percent Alcohol (2-methyl-1-propanol). The most
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Example 2: NaOH-Modification of Montmorillonite K10 Clay

5 The charge to a 1 liter round bottom flask equipped with an overhead stirrer
and a reflux condenser was 200.3 grams of Montmorillonite K10 clay, 200
milliliters of 50 percent aqueous sodium hydroxide (d = 1.5329, 153 grams _NaOH,
3.83 moles), and 400 milliliters of water. Stirring and heating this mixture to
reflux for 6 hours completed the base exchange. The workup consisted of a
10 vacuum filtration of the mixture using a medium porosity glass frit funnel.

Washing the filter residue with 3 x 150 milliliter portions of distilled water

removed any residual caustic. Finally, air drying and oven drying at 300 “C for 4

hours completed the workup. The yield of the final material was 171.4 grams

(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 dg, interstitial spacing

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

Example 3: Reaction of 2-Methylpropanal with NaOH-Modified K10 Clay
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 "Cto 134 °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 ;;ercent
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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NaOH-modified K10 clay catalyst produced greater selectivity over a greater range

5 of aldehyde conversion.

omparative Example 4: Reaction of 2-Methylpropanal with Sodium Isobu-toxide

Catalyst
This experiment demonstrated that the treated clay heterogeneous catalyst is
10 superior to the best homogeneous catalyst at comparable 2-methylpropanal
conversions. The equipment for this reaction was a one liter round bottom flask
equipped with a magnetic stirring bar, a thermowell with thermometer, an addition
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. Afier 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 témperature
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.
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Figure 2 shows the main product yields for 2-methyl propanal as a function of

conversion. Immediately below the conversion axis, the reflux temperatures

10 corresponding to these conversions appear. As seen in Figure 2, at no conversion
does the yield of the aldol / Tischenko product (2,2,4-trimethyl-3-hydroxy-1-pentyl
2-methylpropanoate) exceed 89 percent. And at some locations it falls below 25
percent. The factors limiting the yield of the aldol / Tischenko product are its
transesterification into the diester and the glycol and the competing Cannizzarro

15 reaction occurring before the aldehyde has undergone any aldol condensation. At
high temperatures the Cannizzarro reaction is favored relative to the aldo!
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 58.0 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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10 products included 8.8 percent Alcohol, 13.8 percent Simple Ester, 3.6 percent

Glycol, 28.2 percent Glycol Diester, and 18.8 percent other materials.

Example 7: Reaction of 2-Methylbutanal with NaOH-Modified K10 Clav Catalyst

Experiment 3 was repeated using as the substrate 250 milliliters of 2- -
15 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 Montmorilionite 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 ;;roduct was
174 grams (87 percent). Elemental analysis showed a potassium content of 12.5

30 weight percent.
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Diester, 0.8 percent Glycol, 0.1 percent Simple Ester, 0.1 percent Alcohol, 0.6

percent glycol monoester precursors, and 2.7 percent other materials.

Example 10: TiOH-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 Cla
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-methylpropanal
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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Example 13: Reaction of 2-Methvlpropanal with NaOH-Modified KSF Cla

Catalyst

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. After 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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xample aldehyde catalyst % to yield | % conversion

of GM of aldehyde
1 2-methylpropanal untreated K10 clay 3.2 90.6
3 P-methylpropanal INaOH-modified K10 clay 95.3 94.5
4 2-methylpropanal odum isobutoxide 58.2 95.7
5 2-methylpropanal alcium oxide 66.0 98.0
6 2-methylpropanal INaY zeolite 26.8 96.7
7 2-methylbutanal INaOH-modified K10 clay 92.6 93.4
9 2-methylpropanal JKOH-modified K10 clay 91.9 94.7
11 R-methylpropanal iOH-modified K10 clay 88.7 96.9
13 b-mcthylpropanal aOH-modified KSF clay 92.2 92.4

Example 14 : Bench Unit Qperation

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.

35



)2 e['\ 10% U& ()- \ 10% U& ()- \ 10% U& ()- \ 10% W& ()- z@bc ubiBEGHp?

U&-()- )2 e[ \ 10% U& ()- \ 10% U& ()- \ 10% U& ()- \ 10%

10% U&' () - WOOEP0282 1006 U ()- \ 10% U& ()- \ 10% U& ()- \

Z@bC 10!\

ug&' -
10*%(1)0@9?014782@mc
101\ 10% U& ()- )2 e[ \ 10% U& ()- \ 10% U& ()- \ 10% U& ()- \ 10% U& () -

$)./1Z@bC 10!'\ 10% Table II
Exp’t] Temp| Res | Conv Product Selectivities (%) Prod
No. | (°C) | Time { (%) Rate
(Hrs) (#/12 /hr)
GM Gly Gly | Simple | Alc
Diester Ester
1 104 39 307 955 0.3 0.7 0.2 0.1 3.8
2 | 129 | 3.8 |356] 93.0 0.6 1.0 ] 04 03] 44
3 152 30 }368] 914 1.5 0.8 0.4 0.4 5.7
4 181 20 | 257 ] 884 35 0.6 0.5 0.5 5.8

Gly: glycol; Alc: alcohol; GM: Glycol Monoester

Example 15: LiOH-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 dy, basal spacing of
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10% U&' () - \101D%, tdenfidal to th fuhtrediéd montmorillonite K10 clay. The lithium content

of the material increased from 0.002 weight percent Li to 9.0 % by weight. This

shows that different types of clay can be modified in the same manner.
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6. A process of claim 1, wherein the step of heating is conducted in an inert atmosphere at a
temperature ranging from about 50° C. to 250° C.

7. A process of claim 1, wherein the heating step is conducted in the presence of up to 75
weight percent of an organic solvent.
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